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Emre Aycanb, Aygun Memedovae, Arzu Karlik, Gulçin Bozlui, and Solmaz Celebih
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ABSTRACT

ARTICLE HISTORY

The serogroup epidemiology of invasive meningococcal disease (IMD), which varies considerably by
geographic region and immunization schedule, changes continuously. Meningococcal carriage data are
crucial for assessing IMD epidemiology and designing f potential vaccination strategies. Meningococcal
seroepidemiology in Turkey differs from that in other countries: serogroups W and B are the predominant
strains for IMD during childhood, whereas no serogroup C cases were identiﬁed over the last 10 y and no
adolescent peak for IMD was found. There is a lack of data on meningococcal carriage that represents the
whole population. The aims of this multicenter study (12 cities in Turkey) were to evaluate the prevalence
of Neisseria meningitidis carriage, the serogroup distribution and the related risk factors (educational
status, living in a dormitory or student house, being a household contact with Hajj pilgrims, smoking,
completion of military service, attending bars/clubs) in 1518 adolescents and young adults aged 10–24 y.
The presence of N. meningitidis DNA was tested, and a serogroup analysis was performed using
polymerase chain reaction. The overall meningococcal carriage rate was 6.3% (n D 96) in the study
population. A serogroup distribution of the 96 N. meningitidis strains isolated from the nasopharyngeal
specimens revealed serogroup A in 5 specimens (5.2%), serogroup B in 9 specimens (9.4%), serogroup W
in 64 specimens (66.6%), and serogroup Y in 4 specimens (4.2%); 14 were classiﬁed as non-grouped
(14.4%). No serogroup C cases were detected. The nasopharyngeal meningococcal carriage rate was 5% in
the 10–14 age group, 6.4% in the 15–17 age-group, and 4.7% in the 18–20 age group; the highest carriage
rate was found in the 21–24 age group (9.1%), which was signiﬁcantly higher than those of the other age
groups (p < 0.05). The highest carriage rate was found in 17-year-old adolescents (11%). The carriage rate
was higher among the participants who had had close contact with Hajj/Umrah pilgrims (p < 0.01) or a
history of upper respiratory tract infections over the past 3 months (p < 0.05). The nasopharyngeal
carriage rate was 6.3% among adolescents and young adults in Turkey and was similar to the recent rates
observed in the same age groups in other countries. The most prevalent serogroup was W, and no
serogroup C cases were found. In conclusion, the present study found that meningococcal carriage
reaches its peak level by age 17, the highest carriage rate was found in 21 - to 24 - year-olds and the
majority of the carriage cases were due to serogroup W. Adolescents and young adult carriers seem to be
a potential reservoir for the disease, and further immunization strategies, including adolescent
immunization, may play a role in the control of IMD.
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Neisseria meningitidis is one of the major causes of meningitis,
sepsis and bacteremia, although it rarely results in clinical presentations such as focal infections, arthritis, and pneumonia.
Invasive meningococcal infections are among the infections
associated with the highest risk of morbidity and mortality
worldwide.1 In addition to a higher mortality rate, despite all
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therapeutic interventions, 10–20% of survivors may suffer from
serious sequelae (e.g., amputation, skin necrosis, deafness, mental retardation) to meningococcal infections.2 N. meningitidis is
divided into 13 different serotypes based on the type of polysaccharide capsule, among which 6 serotypes (A, B, C, W, X and
Y) account for the most common life-threatening invasive
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meningococcal infections.2-5 N. meningitidis is a microorganism that is naturally found in the ﬂora of the human throat,
which is its only reservoir. Determining the carriage rates and
serotypes for meningococcal infections are closely related to
the epidemiology of invasive infections. Age is one of the most
important factors that inﬂuence the meningococcal disease and
carriage. Meningococcal infections commonly occur in children under the age of 5 y. In some countries (e.g., the United
States, the United Kingdom), a secondary peak associated with
the disease is seen in adolescents and young adults. Although
they do not have a clinical presentation, adolescents and young
adults play a role in the transmission of the disease.2,6 In addition to age, changes in the carriage rate are associated with gender, crowding, geographical conditions, smoking, current viral
or bacterial upper respiratory tract infections and lower socioeconomic status.2,5-7 Visiting Saudi Arabia for the Hajj/Umrah
pilgrimage has also been shown be one of the risk factors affecting carriage and disease.1,8
A surveillance study showed that invasive meningococcal
infections in Turkey differ from those in other countries.8 It
was shown that the disease was most common in children
under 5 y of age, and no secondary peak was observed in adolescence between 2005 and 2014.9-11 It has been demonstrated
that serogroup W, which is considered the most common cause
of disease worldwide, was also the most common cause of invasive disease in Turkey, followed by serogroup B; however, no
cases of serogroup C were observed.8-11 No carriage data are
available for Turkey because all of these studies were conducted
either in a single center or in wide range of age groups; further,
the meningococcal carriage rate varied from 1.23% to 28%.12
Characterizing N. meningitidis carriage in adolescents and
young adults and serogroups in Turkey will improve our
understanding of the epidemiology of invasive meningococcal
infections and vaccination schedules. The objective of the present study was to characterize the nasopharyngeal carriage of N.

Figure 1. Neisseria meningitidis carriage according to age.
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meningitidis, determine the serogroups among the N. meningitidis isolates and evaluate demographic and other risk factors
associated with carriage in adolescents and young adults aged
10–24 y in Turkey.

Results
The study included 1518 patients aged 10 and 24 y who were
enrolled at 13 sites in 12 provinces between January 1, 2015,
and May 31, 2015. Of these 1518 adolescents and young adults,
747 were male, and 771 were female, with no signiﬁcant difference in sex (p > 0.05). The participants were divided into 4 age
groups. The participants aged between 10 and 14 y were
included in Group 1 (n D 522), the participants aged between
15 and 17 y were included in Group 2 (n D 311), the participants aged between 18 and 20 y were included in Group 3 (n D
279), and the participants aged between 21 and 24 y were
included in Group 4 (n D 406). The analysis was based on 1501
participants who completed the risk factors section in the questionnaire for evaluating the risk factors associated with meningococcal carriage in the study participants. The number of
participants who also attended a private teaching school was
237 (15.7%); 300 (19.9%) lived in a dormitory or a student
house; 40 (2.7%) had a family history of meningitis; 40 (2.7%)
had completed military service; 137 (9.1%) had relatives who
were Hajj or Umrah pilgrims; 254 (16.9%) smoked or living
with smokers; 704 (46.9%) attended mass areas such as cafes/
cinemas and/or bars once a week or more; and 801 (53.3%) had
a history of upper respiratory tract infection over the past 3 y.
Of these 1518 adolescents and young adults, 96 (6.3%) had N.
meningitidis isolated from the nasopharyngeal samples by PCR.
An analysis of the entire study group showed a carriage rate of
0.3% for serogroup A, 0.6% for serogroup B, 0.9% for serogroup
NG, 4.2% for serogroup W, and 0.3% for serogroup Y.

1184

R. T. TEKIN ET AL.

Table 1. The prevalence of Neisseria meningitidis carriage rate with serogroup distribution among adolescents/young adults and age groups.

Age groups
10–14 years
15–17 years
18–20 years
21–24 years
Gender
Boys
Girls
Neisseria meningitidis
Serogroup
A
B
C
W
Y
Non-groupable

n/N

Prevalence (%)

95% CI

26/522
20/311
13/279
37/406

4.9
6.4
4.6
9.1

(3.05–6.75)
(3.68–9.12)
(2.14–7.06)
(6.3–11.9)

48/747
48/771
96/1518

6.4
6.2
6.3

(4.64–8.16)
(4.5–7.9)
(5.08–7.52)

5/1518
9/1518
—
64/1518
4/1518
14/1518

0.3
0.6
–
4.2
0.3
0.9

(0.02–0.58)
(0.21–0.99)
—
(3.19–5.21)
(0.02–0.58)
(0.42–1.38)
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p < 0.05; Meningococcal carriage rate in 21–24 y comparing the other age groups.

The meningococcal carriage rates by age and age groups are
shown in Fig. 1. The highest carriage rate (11%) was found in
those aged 17 y. An evaluation of the carriage rate by age
groups showed a carriage rate of 5% in the 10–14 age group,
6.4% in the 15–17 age group, 4.7% in the 18–20 age group, and
9.1% in the 21–24 age group. The highest carriage rate was
found in the 21–24 age group and was signiﬁcantly higher than
those of the other age groups (p < 0.05) (Table 1).
A serogroup distribution of the 96 N. meningitidis samples
isolated from the nasopharyngeal specimens revealed
serogroup A in 5 specimens (5.2%), serogroup B in 9 specimens
(9.4%), serogroup W in 64 specimens (66.6%), and serogroup Y
in 4 specimens (4.2%). The N. meningitidis samples isolated
from 14 (14.4%) specimens were classiﬁed as non-grouped.
Serogroup W was the most dominant, with a rate of 66.6%, and
no serogroup C specimens were identiﬁed (Figs. 1–2).
An analysis of the effect of risk factors on carriage showed
no correlation between the meningococcal carriage and attending a private teaching school, living in a dormitory or student
house, presence of a relative with a history of meningitis, military service, current smoking or exposure to smoking, and frequently attending mass areas such as cafes, cinemas, and bars
(p > 0.05). However, the risk factor “being a household contact
of Hajj or Umrah pilgrims” was signiﬁcantly higher in the participants with meningococcal carriage than in those without

Figure 2. Neisseria meningitidis serogroup distribution according to age.

(17.7% vs. 8.5%, respectively; p D 0.04). Another risk factor, a
history of URTI in the past 3 months, was 58% in the group of
participants with meningococcal carriage but was 45.8% in
those without meningococcal carriage (p < 0.05). (Table 2).
An individual analysis of age groups by risk factors showed that
the number of household contacts with Hajj and Umrah pilgrims
was statistically higher in the 10–14 age group with meningococcal
carriage compared with those without meningococcal carriage
(30.7% vs. 9.95%, respectively p D 0.04). No statistically signiﬁcant
difference was found between the carriage group and non-carriage
group of the 14–17 and 18–20 age groups for “being a household
contact of Hajj or Umrah pilgrims” (p > 0.05). In the 21–24 age
group, with the highest rate of carriage, the rate of participants
“being a household contact of Hajj or Umrah pilgrims” was signiﬁcantly higher in the carriage group than in the non-carriage group
(16.2% vs 5.73%, respectively; p < 0.05).

Discussion
The present study showed that the carriage rate (6.3%) of N.
meningitidis among adolescents and young adults aged 10–25 y
in Turkey was similar to the rate reported globally. A serogroup
analysis showed that the most dominant serogroup isolated
from the specimens with meningococcal carriage was
serogroup W (66.6%), followed by non-groupable (14.4%),
serogroup B (9.4%), serogroup A (5.2%), and serogroup Y
(4.2%). No serogroup C was detected among our participants.
Our results for meningococcal carriage in the 10–24 age group
(dominance of serogroup W, absence of serogroup C) are compatible with the epidemiology of the childhood invasive meningococcal infections in Turkey.9-11 An analysis of the age
distribution showed that the highest rate of carriage was in the
21–24 age group and in those aged 17 y. The present study
showed that the risk factors included being a household contact
of a Hajj or Umrah pilgrim and having a history of upper respiratory tract infection over the past 3 months. We found that the
other risk factors evaluated, including attending a private teaching school, residence in a dormitory or a student house, family
history of meningitis, smoking or exposure to smoking, and
military service, were not signiﬁcantly signiﬁcant.
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Table 2. Risk factors for Neisseria meningitidis carriers and non-carriers.
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Private teaching school
Residence in dormitory or
Family history for menigitis
Military service
History of Hajj/Umrah or travel to Saudi Arabia
in the past 1 y for householders
Smoking
Attendance to crowded places such as cafes,
cinemas, bars, stadiums, and shopping
center
History of upper respiratory tract infection
(URTI) in the past 3 months

Neisseria meningitidis carriers
% (95% CI)
(n D 96)

Non-carriers
% (95% CI)
(n D 1422)

p

17.7 (10.0–25.3)
30.2 (21.9–39.3)
2.56 (0–5.72)
0
17.7 (10.0–25.3)

15.6 (13.7–14.9)
19.2 (17.1–21.2)
4.1 (3.1–5.2)
3.8 (2.8–4.7)
8.5 (7.0–9.9)

p > 0.05
p > 0.05
p > 0.05
p > 0.05
p D 0.04

18.7 (10.9–26.5)
46.8 (36.8–56.7)

16.7 (14.7–18.6)
46.9 (44.3–49.4)

p > 0.05
p > 0.05

58.3 (48.4–68.1)

45.8 (43.2–48.9)

p < 0.05

Meningococcal carriage rarely causes systemic infection, but
it is a prerequisite for the development of an infection.13 There
is a complex relationship between carriage and invasive disease.
Although the disease is common in hyper-invasive strains, it
can also occur in non-pathogenic strains.5 It has been demonstrated that although meningococci are carried in nasopharynx
in 5–10% of individuals, the carriage rate increases to 40–50%
in closed and crowded places such as dormitories and barracks
and can even reach 100% during outbreaks; further, the risk of
acquiring the infection increases 100- to 1000-fold in cases of
having close contact with a meningococcemia patient compared with the overall population.14 The present study found a
meningococcal carriage rate of 6.3% in the 10–24 age group. In
2004, Pavlopoulou et al.15 found an overall carriage rate of 4%
in a study of 554 cases aged 2–29 y in Greece. In a study performed in Spain in 2000, Garcia et al.16[showed that the carriage rate varied from 3.1% to 9.7%, whereas another Spanish
study reported that the carriage rate was 8% before 20 y of age
and decreased to 3.3% after 20 y of age.17 Claus et al.18 found
that the carriage rate was 1.7% in children aged 3 to 6 y and
increased to 18.1% between 15 and 21 y of age. In a 2004 Czech
study in students, Krizova et al.19 reported a carriage rate of
16% in the 15–19 age group. In a 1998 study in Norway,
Bevanger et al.20 found that the carriage rate was 36.4% in the
18–19 y age group, whereas Patrick et al.21 reported a carriage
rate of 7.9% in 2003 in the UK. In a study conducted in Brazil
in 2012,22 the overall carriage rate was 9.8% in 1208 adolescents
and young adults aged 11–19 years; serogroup C was the most
common serogroup, whereas serogroup W was at found a rate
of 0.25%. In 2005, the carriage rate was found to be 2% in 750
children and adolescents aged 2–19 y in Uganda, and the highest carriage rate was found in the 16–19 y age group, at 4.7%.23
Similarly, other studies found a carriage rate of 9.9% in Czech
Republic, 10.6% in Greece, 9.6% in Norway in 1991,24 6.2% in
Nigeria in 1999,25 and 2.7% in Morocco, 4.5% in Umman, and
1.7% in Sudan.26 The ﬁgures that we found are similar to those
reported very recently in Chile and Colombia. In 2013, the carriage rate was 6.5% in the 10–19 age group in Chile,27 and an
overall carriage rate of 6.85% was detected in Colombia in a
study of 1459 cases aged 15–21 y.28 A review of studies in
Turkey shows that they are usually performed in a single region
and include a limited number of participants, ﬁnding a carriage
rate ranging from 1.2% to 28%.12 Bakir et al.29 isolated
N. meningitidis in 17 out of 1382 asymptomatic children aged

0–10 y and found a carriage rate of 1.23%; the most prevalent
serogroup was Y, and there was no presence of serogroup C,
similar to our study. The present study included adolescents
and young adults from 12 provinces of Turkey and found a carriage rate of 6.3%, which is the most representative of the country so far. In a UK study including 1040 children and young
adults aged 10–25 y over 6 months, Jeppesen et al. found that
the carriage was most prevalent in serogroups B and Y.30 Similarly, carriage studies in Europe found that serogroups B and C
were common, but serogroup A was among the major
serogroups in the sub-Saharan meningitis belt. Serogroup W
has been reported to be dominant in the Middle Eastern countries.31-32
The carriage rate varies with age and the incidence of invasive disease. Although the carriage rate in Europe and North
America is very low in early years of life, it increases rapidly
during adolescence and young adulthood. In a 2013 metaanalysis, Cohn et al. showed that the meningococcal carriage
rate increased from 4.5% in infants to 23.7% in 19-year-olds.33
Similarly, in our study, an analysis of carriage rates by age
showed that the carriage rate was 5% in the 10–14 age group,
6.4% in the 15–17 age group, and 4.7% in the 18–20 age group
and was highest in the 21–24 age group, at 9.1%. An individual
analysis of each age group showed that the carriage rate was the
highest in 17-year-olds in the 10–24 age group, which suggests
the presence of an adolescent peak for carriage that was not
observed for invasive diseases in Turkey. In a study of 500 Chilean young adults aged 18–24 y conducted in 2012, Rodriguez
et al.34 found a meningococcal carriage rate of 4%. During this
period, there was an outbreak of invasive meningococcal infection associated with serogroup W in Chile. The carriage rate in
our 21–24 age group was 9.1%, which was higher than the rate
in Chile. In the same age group, the carriage rate was 11.8% in
Korea35 and 35% in North America.36 The lower rate in Chile
compared with other regions was attributed to the fact that
none of the participants in the study resided in a dormitory, a
student house or a crowded room.
The epidemiological data on invasive meningococcal infections have been regularly monitored in Turkey since 2005.9-11
In an ongoing study in 14 provinces over 8 years, Ceyhan et al.
indicated that there was an increase in serogroup W, although
N. meningitidis is responsible for the childhood meningitis in
Turkey.10 It can be explained by the Hajj pilgrimage, which is
among the effective risk factors associated with carriage in

Downloaded by [78.183.240.221] at 07:18 09 August 2017

1186

R. T. TEKIN ET AL.

Turkey. In a study of specimens collected before and after the
Hajj, Ceyhan et al.37 showed that the prevalence of carriage was
13% before and reached 27% after pilgrimage; 91% of the specimens were positive for serogroup W. In a review of 27 reports
on invasive meningococcal infections over the past 40 y in Turkey, Bakir et al.12 found that the serogroup W was not common
during the 1970s but became the most common invasive pathogen over time. Although serogroup W does not seem to be the
most common cause in Turkish studies on carriage, we found
that it was the most frequent cause, with a rate of 66.6%.
A review of serogroup W in Turkey showed that it was ﬁrst isolated from a soldier in 200138; however, most meningitis cases
were reported to be associated with the serogroup W between
2005 and 2012.10 After demonstrating the association of
serogroup W with Hajj and Umrah pilgrims, the meningococcal ACWY polysaccharide vaccine is now being used in travelers partaking in the Hajj and Umrah pilgrimage, and the
conjugated vaccine has been introduced in individuals younger
than 55 y of age since 2014 in Turkey.8 During the 2005–2013
period, there was no infection associated with serogroup C,
which was considered the most common meningococcal
serogroup in many European countries.10 Similarly, we found
no serogroup C carriage in the present study.
An analysis of the risk factors that were described previously
as being associated with meningococcal infections, including
attending a private school, residence in a dormitory or student
house, military service, and attending crowded places such
cafes, cinemas, and bars, showed that these factors did not have
a signiﬁcant effect on carriage. An individual analysis of age
groups indicated no association between meningococcal carriage and these risk factors in any age groups. Unlike our study,
a 2014 Japanese study in a dormitory of 900 people, including
those with serogroup carriage, found that the mean age of students was 21 y and that the overall carriage rate was 32.2%.
This study showed that the carriage rate was increased in students who had lived in the dormitory for longer periods.39
A UK study in 14057 adolescents aged 15–19 y reported that
the overall carriage rate was 16.7% and that active and/or passive smoking, attending crowded places such as pubs and bars,
and intimate kissing increased the risk of meningococcal carriage 4-fold.40 In our study, smoking and/or exposure to smoking was not described as a risk factor. Murray et al.41 published
an analysis of 18 reports that examined smoking and exposure
to smoking in children in 2012 and showed that smoking signiﬁcantly increased the risk of meningococcal disease. This
increased risk is also reﬂected in carriage, and even passive
smoking represents an increased risk for carriage. Similar to
our study, Rodriguez et al.34 found that active or passive smoking was not a risk factor for carriage in Chile. Additionally, in a
study of 554 cases aged 2–19 y (with a carriage rate of 4%),
Pavlopoulou et al.15 showed that passive smoking was not a
statistically signiﬁcant risk factor.
For the risk factor of being a household contact of a Hajj pilgrim, we found that close contact with a Hajj pilgrim was a signiﬁcant risk factor in all age groups compared with those
without any contact. With respect to age groups, the risk was
higher particularly in the 10–14 and 21–24 age groups. Ceyhan
et al. evaluated the carriage by the Hajj pilgrims who acquired
serogroup W carriage at the Hajj and found that 10 of the 11

family members (91%) were positive for serogroup W carriage.37 In a study on characterizing the meningococcal
serogroup with acquired carriage, all of the W isolates were
identical to W135:2a:P1.5.2, a Hajj-associated clone of the
serogroup W isolates.42 A US study reported that vaccinated
pilgrims leaving the country with no serogroup W carriage
returned home with serogroup W at a rate of 0.8%.43
The present study found that URTI experience over the past
3 months was a signiﬁcant risk factor for meningococcal carriage.
In a study of 1208 cases in Brazil, de Moraes et al.22 showed that
crowded places, passive smoking, attending night clubs and having
a history of URTI increased the risk of meningococcal carriage. In
this respect, a history of URTI represents a risk, as shown in our
study. Unlike our study, Pavlopoulou et al.15 reported that a recent
history of URTI was not a signiﬁcant risk factor.
The limitations of the present study included the fact that we
conducted a meningococcal screening on the nasopharyngeal
specimens by using PCR method but not a routine bacterial
culture. Therefore, we could not perform a gene lineage analysis
of the strains in our isolates. It would be beneﬁcial to perform
this analysis to examine whether the serogroup W strains were
associated with the Hajj.
The second invasive meningococcal infection peak that has
been observed in adolescents and young adults in the USA and
some European countries is not seen in Turkey. However, the
prevalence of meningococcal carriage in adolescents and young
adults is similar to those found in other countries. For the distribution of invasive meningococcal infections, Ceyhan et al. found
that serogroup W was the most dominant in a study conducted
in 2005, and they found that there were no cases with serogroup
C carriage. Although there is no invasive disease peak during
adolescence in Turkey, the distribution of carriage serogroups
was similar to invasive disease in the present study, with
serogroup W as the most common and an absence of serogroup
C. Our results indicate that the meningococcal carriage proﬁle
in adolescents and young adults may provide insight into the
serogroup distribution of the invasive disease. With respect to
the vaccination of risk groups, which is among the vaccination
strategies for preventing meningococcal infections, it may be
beneﬁcial to vaccinate adolescents and young adults to eliminate
the risk of transmission. In the UK, conjugated vaccines containing serogroup W have been introduced during adolescence following the recent increase in cases with serogroup W. Further
large studies are required to evaluate the effect of conjugated
vaccine administration to at-risk groups with carriage (the Hajj
and Umrah pilgrims and adolescents) on the overall prevalence
of disease and distribution of serogroups.
Serogroup W is the most common serogroup isolated in
Turkey, and no serogroup C carriage was detected. Because it is
similar to the distribution of invasive disease serogroups in
Turkey, we believe that the meningococcal carriage in adolescents and young adults may be effective in the seroepidemiology of invasive disease.

Material and method
The aim of the present study was to determine the prevalence
of nasopharyngeal carriage of N. meningitidis in adolescents
and young adults aged 10–24 y in Turkey. After determining
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the study sites, an approval was obtained from the Ethics Board
of the Eskişehir Osmangazi University (Approval No.
80558721/327 dated 15.11.2014). The study was fully ﬁnanced
by the Scientiﬁc Research Projects of the Eskisehir Osmangazi
University (2014/455).
In Turkey, meningococcal vaccination is not part of the routine vaccination schedule during childhood. Quadrivalent
meningococcal vaccines are administered to children >
9 months of age in private practice (according to the vaccine
licensure), but the coverage rate is less than 5%. During the
time of the study, a quadrivalent meningococcal polysaccharide
vaccine had been administered to people traveling for Hajj or
Umrah. The age for mandatory military service is 20 years, and
all men enlisted in the army are required to receive a single
dose meningococcal polysaccharide vaccine.
We recorded the province, age (birth date), sex, the school
attended, number of students in the classroom, if any, residence
(dormitory or house), number of roommates/housemates, military service (for cases older than 20 y of age), history of Hajj/
Umrah or travel to Saudi Arabia over the past year for householders, smoking exposure, attendance at crowded places such
as cafes, cinemas, bars, stadiums, and shopping centers, and
history of upper respiratory tract infection (URTI) over the
past 3 months for each participant enrolled in the study.
The nasopharyngeal swab samples from the cases were collected into transport medium by principal investigators after
receiving consent from the participants. Charcoal-impregnated,
cotton-tipped swabs were used for all throat cultures. Samples
were transported using Stuart’s transport medium. All laboratory analyses in the study were performed by the Laboratory of
the Pediatric Infectious Diseases of Hacettepe University.
DNA extraction
DNA was extracted using QuickGene DNA Tissue Kit S DT-S
using the semi-automated QuickGene-Mini80 instrument
(Autogen/FujiFilm, Holliston, MA, USA) following the manufacturer’s instructions. First, 10 ml EDT (proteinase K) and
200 ml LDT (lysis buffer) solution were added to 200 ml samples and mixed thoroughly by vortexing for 15 seconds at the
maximum ﬂash spin down. The mixtures were incubated at
56 C for 10 min with ﬂash spin down, and 200 ml >99% ethanol was added. They were then mixed thoroughly by vortexing
for 15 sec at maximum ﬂash spin down. Lysate was used to
transfer all contents of the micro tube into QuickGene cartridges. Samples were transferred to QuickGene cartridges and
placed in the QuickGene Mini80 apparatus, and DNA binding,
washing, and elution were accomplished through pressurization. DNA was eluted with 200 ml Elution buffer.
PCR ampliﬁcation
To identify the bacterial agent, simultaneous single-tube multiplex PCR assay was performed. The speciﬁc targets were ctrA
gene for N. meningitidis. In each assay, the ﬁnal reaction mixture of 50 ml contained 15 ml of each DNA sample, 1xPCR
buffer, 3 mM MgCl2, 200 mM of each deoxynucleotide triphosphate, 0.6 ml of each corresponding oligonucleotide primer and
1 U of Taq polymerase. The PCR assay was performed using a
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DNA thermal cycler (Gena Amp PCR SYSTEM 9700 Foster
City, CA, USA) under the following conditions: a ﬁrst cycle of
denaturation at 95 C for 5 minutes followed by 35 cycles of
95 C for 25 seconds, 57 C for 40 seconds, and 72 C for 60 seconds. The samples found to be positive for Neisseria meningitidis serogroup prediction (A, B, C, W and Y) were based on the
oligonucleotides in the siaD gene for serogroups B, C, W and Y
and in orf-2 of a gene cassette required for serogroup A. For
serogroup determination, the ampliﬁcation reactions (50 ml)
contained 15 ml of each DNA sample, 60 mM TrisHCl (pH
8.8), 17 mM (NH4)2SO4, 5 mM of MgCl2, 0.5 mM each deoxynucleotide triphosphate, 0.3 ml corresponding oligonucleotides
and 1 U of Taq Polymerase. The PCR conditions were as follows: denaturation at 94 C for 3 minutes, followed by 35 cycles
of 92 C for 40 seconds, 55 C for 30 seconds, and 72 C for
20 seconds in thermal cycler. A ﬁnal cycle of elongation at
72 C for 10 minutes was performed following these cycles. All
amplicons were analyzed on a standard 2% agarose gel. A negative control consisting of distilled water and a positive control
consisting of the reference strain was included in each test.
Sample size calculation and statistical analysis
According to the recent census data, the population of adolescents
and young adults aged 10–24 y is 18.750.000. Considering the previous studies. which reported a prevalence rate of N. meningitidis
carriage varying from 1% to 20%, we calculated a sample size of
1350 people with a statistical power of 90% and an a cut off of
5%. We increased the sample size by 10 percent to 1500 people,
considering the external conditions that might have arose during
the study. We selected 12 provinces, which represent the country
both demographically and geographically, and included 13 centers
located in these provinces in our study. We determined the sample size based on the ratio of the last census data for provinces of
each of the 11 study sites to overall population. We planned to
enroll cases for each age group between the ages of 10 and 24,
equal in number and sex. All statistical analyses were performed
using the SPSS 16.5 for Windows (Chicago, IL, USA) software. A
frequency analysis was used for all descriptive tests. A 95% conﬁdence interval (CI) for the means and proportions was also calculated. Association of nasopharyngeal meningococcal carriage rate
with some risk factors was analyzed with the chi-square test. A
p-value < 0.05 was considered statistically signiﬁcant.

Compliance with ethical standards
Ethical approval: An approval was obtained from the Ethics Board of the
Eskisehir Osmangazi University (Approval No. 80558721/327 dated
15.11.2014). All procedures performed in this trial were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent Informed consent was obtained from each participant and/or a parent or legal guardian
for every individual participant included to this study.
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polymerase chain reaction
upper respiratory tract infection
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