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Abstract

Purpose

The aim of the study was to estimate the meningococcal carriage rate and to identify the

genotypic characteristics of the strains isolated from healthy military recruits and university

students in order to provide data that might increase our understanding on the epidemiology

of meningococcus and obtain information which helps to evaluate the potential effects on

control programs such as vaccination.,

Methods

A total of 1420 oropharyngeal single swab samples were collected from military recruits and

university students on voluntary basis, aged 18–26 years. New York City Medium was used

for culture and the suspected N. meningitidis colonies were identified by Gram stain, oxi-

dase and rapid carbohydrate utilization tests. Further characterisation was carried out by

molecular methods (multiplex PCR, MLST, WGS).

Results

The overall carriage rate was of 12.7%; 15% and 10.4% for recruits and university students

respectively. MenB (39.4%) was the most prevalent followed by MenY (12.8%) and MenW

(4.4%). Among the initial 76 Non Groupable (NG) isolates, Whole Genome Sequence Anal-

ysis (WGS) revealed that 8.3% belonged to MenE, 3.3% to MenX and 1.1% to MenZ, while,

53 strains (29.4%) were finally identified as capsule null. Genetic diversity was found among

the MenB isolates, with 41/44 cc and 35 cc predominating.

Conclusion

Meningococcal carriage rate in both groups was lower compared to our previous studies

(25% and 18% respectively) with predominance of MenB isolates. These findings, help to
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further our understanding on the epidemiology of meningococcal disease in Greece.

Although the prevalence of carriage seems to have declined compared to our earlier stud-

ies, the predominant MenB clonal complexes (including 41/44cc and 35cc) are associated

with invasive meningococcal disease.

Introduction

Invasive Meningococcal disease (IMD) is a life threatening illness with annual incidence vary-

ing from 1–1000 per 100 000 in different parts of the world. Neisseria meningitidis, is a patho-

gen of global significance causing sporadic cases and most importantly periodic epidemics

with high mortality rates [1]. IMD is almost exclusively caused by encapsulated meningococci

expressing one of 12 serologically distinct serogroups such as A, B, and C and to a lesser extent

Y and W, belonging to many diverse lineages. The capsule is an important virulence factor

protecting the bacterium from opsonophagocytosis in the bacteremic stages [2].

The human naso-pharynx is a known reservoir for meningococcal asymptomatic carriage.

Studies performed in Europe have shown that asymptomatic carriage is an age-dependent

phenomenon showing low prevalence in the first years of life, with a sharp increase in teenag-

ers and young adults [3] and also associated with factors such as active and passive smoking,

concomitant viral or bacterial respiratory infections, low socioeconomic status and crowding

conditions. In closed and semi-closed populations, such as military recruits and university

students, transmission increases and carriage rates may then reach higher percentages

[1, 4, 5, 6].

The relation between carriage rate and invasive disease is not clearly understood. Carriage

studies can provide valuable information on epidemiology, pathogenesis, serogroup distribu-

tion and possible transmission patterns, information which helps understanding the potential

effects of control programs, such as vaccination [7].

An effective meningococcal vaccine could have multiple benefits, as demonstrated by recent

studies on the implementation of conjugated MenC vaccine in UK showing 67% reduction

(from 0.45% to 0.15%) in the prevalence of serogroup C carriage in adolescents one year after

the introduction of this particular vaccine [8]. Furthermore, a reduction of meningococcal dis-

ease incidence was also observed in both vaccinated and non-vaccinated groups, as a probable

consequence of enhanced herd protection [9,10]. Thus, when introducing new meningococcal

vaccines and assessing their effectiveness, it is also essential to consider their effect on the

meningococcal carriage dynamics.

In Greece, the monovalent conjugate vaccine for MenC was introduced in January 2001

and included in the national immunization program in 2005 in older children and adolescents,

with estimated vaccination coverage from 20.7% (2001) to 51.4% (2005) [11]. Since April 2011,

the quadrivalent meningococcal conjugate vaccine (MCV4) was included in the national

immunization programme as a booster dose in adolescents 11–16 years old.

The main objectives of this study were (a) to estimate the meningococcal carriage rate in

healthy individuals living under semi-closed conditions (military recruits) and university

students aged between 18–26 years old, (b) to identify the genogroups and compare those

with previous carriage studies in similar populations in Greece, and (c) to obtain baseline

data on genogroups and genotypes that may serve for future comparisons and estimations

of the possible effect of immunization with the new multicomponent Men B vaccine

(4CMenB) which is not yet broadly implemented in Greece on the dynamics of meningo-

coccal carriage.
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Material and Methods

Study design and population

Two cross-sectional studies were performed to collect pharyngeal swabs from healthy young

adults (military recruits and university students). The studies were carried out in January 2014

in a central military camp in Peloponnese (military recruits) and in May 2015 in Athens (uni-

versity students). For the military recruits, the study population was defined as all new recruits

joining the military camp in specific dates (day 1, and 7 of recruitment). As for the university

students, sampling was performed during their annual national conference in Athens and

came from different universities all over Greece. It is noted that participants from both groups

were sampled on voluntary basis.

Permission for the surveys was obtained from the Ministries of Defence and Education.

Prior to sample collection, the participants responded ad hoc to a structured self-administrated

questionnaire including information on age, region of origin, smoking habits, recent mild

infections of the upper respiratory tract and meningococcal vaccination status for both conju-

gated vaccines (MenC and MCV4). A written informed consent form was then signed, and a

same unique identifier was used in both the inoculation plate and the filled questionnaire.

Sample size was calculated on the assumption of meningococcal carriage rate of 25% (mili-

tary recruits) and 18% (university students NMRL 2002, unpublished data) as described previ-

ously [12]., In order to calculate at 95% confidence level for the anticipated frequencies (p),

with a margin of error ± 3%, the estimation on the sample size was 800 and 630 for the military

recruits and university students respectively (OpenEpi, Version 3).

Specimen collection and bacterial identification

Pharyngeal single swabs were collected from the posterior wall behind the uvula by trained

staff. The swabs were directly plated in New York City Medium (OXOID LTD, Basingstoke,

Hampshire, England) and incubated at 370 C in the presence of 5% CO2. Culture plates were

examined at 24 and 48 hours for suspected N. meningitidis colonies.

Further identification was carried out by the use of Gram’s stain, oxidase test and rapid car-

bohydrate utilization tests. All isolates were preserved at -70˚C in Heart Infusion Broth for fur-

ther analysis. Genogroups were determined by multiplex PCR targeting specific genes for

MenB, MenC, MenA, MenW/Y in all meningococcal isolates as previously described [13]. Fur-

ther analysis of isolates negative for genogroup-specific PCR assays was carried out by Whole

Genome Sequencing (WGS). In brief, genomic DNA was extracted by the use of GenElute™
Bacterial Genomic DNA Kit (Sigma-Aldrich Co LLC) according to the manufacturer’s instruc-

tions. The WGS was performed on purified genomic DNA (gDNA) by parallel high-through-

put ‘next generation’ sequencing (NGS) technologies by means of illumina Nextera technology

(Illumina Inc., San Diego, CA, USA) according to the manufacturer’s protocol.

Clonal Complexes (cc) were defined as the sequence types (ST) which were grouped by

their similarity to a central allelic profile including any ST that matches the central genotype at

four or more loci. The cc for MenB and negative for genogroup specific PCR isolates were

determined by the WGS analysis and the data were investigated with de novo assembly and

population annotation to characterize meningococcal genomes as described previously [14].

Statistical methods

The present study is a descriptive epidemiological study, endpoints were estimates without for-

mal hypothesis testing. For meningococcal carriage rate estimates, the numerator was the total

number of carriers and the denominator was the total number of participants. The odds ratios
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(OR) between exposed and non-exposed were compared for some known factors associated

with meningococcal carriage and the respective 95% confidence intervals were calculated by

the use of Open Epi, v3 program. In addition, multivariable analysis using a logistic regression

model was performed in order to assess independent associations, while adjusting for potential

confounders. All statistically significant factors in the univariate analysis were included in the

model (SPSS v.20.0). The Z- test for two population proportions was used and a two-tailed

p<0.05 was considered as significant.

Ethical approval

The study was approved by the Committee of Bioethics and Research Ethics of the National

School of Public Health.

Results

A total of 1420 participants were enrolled; 680 military recruits and 740 university students.

Sampling in military recruits was carried out in two stages: 336 were sampled during their 1st

day in the military camp, while the remaining 344 were examined 7 days after their admission

due to recruitment system in Greece.

According to the questionnaires, the median age for military recruits and university stu-

dents was 20 and 21 years respectively. Regarding their reported place of origin, the subjects

were from all over the country. Only a low number (1.5%) of students were living in the uni-

versity house of residence while the rest were living in their own apartments.

The majority were non smokers (65.1%; 925/1420). Among the 493 smokers, 77% (379/

493) were military recruits, while 23% (114/493) were university students. Nineteen percent

(264/1403) had experienced a mild upper respiratory tract infection within 2 weeks prior to

sampling.

Available data on vaccination status were recorded mainly for the MenC vaccine; 54.7%

(372/680) of the military recruits and 72.2% (534/740) of the university students reported to be

vaccinated. The highest vaccination rate was recorded in participants from Attica (58.6 and

76% among the recruits and students respectively). In contrast, regarding the vaccination sta-

tus on MCV4 vaccine, the majority of the participants (100% and 79.9% of the military recruits

and university students respectively) responded that their status was not known (˝S1 Table˝).

Among the 1420 pharyngeal samples, 180 N. meningitidis isolates were recovered, rendering

an overall carriage rate of 12.7%; 15% (103/680) in the military recruits and 10.4% in university

students (77/740).

Univariate analysis revealed that age (18–21 years), active smoking and living in crowded

conditions were all positively associated to meningococcal carriage. In contrast, mild upper

respiratory tract infection was not associated with carriage as shown in ˝Table 1˝. In addition,

Table 1. Factors associated with meningococcal carriage in the studied population.

Carriers(n = 180) Non carriers(n = 1240) OR 95% CI p-value

Associated factor N (%) N (%)

Age group (18–21 years) 132 (73.3) 778 (62.7) 1.633 1.151–2.317 0.005

Active smoking 89 (49.4) 404 (32.63) 2.019 1.473–2.768 <0.001

Living in semi closed conditionsa 60 (33.3) 295 (23.8) 1.602 1.144–2.242 0.007

Prior mild respiratory tract infection 27 (15) 237 (19.3) 0.739 0.479–1.141 0.168

a University students living in a student residence and recruits examined 7 days after their admission in the military camp (n = 355)

doi:10.1371/journal.pone.0167404.t001
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multivariable analysis revealed that smoking (OR = 1.91, p = 0.000), age group 18–21

(OR = 1.81, p = 0.001) and living in crowded conditions (OR = 1.45, p = 0.04) were indepen-

dently associated with a higher risk of carriage.

As participants originated from all over the country (˝S2 Table˝); (˝S1 Fig˝), the meningo-

coccal carriage rate in relation to their place of origin was analysed. Univariate analysis

revealed that there was no statistically significant association between carriage and place of ori-

gin (p = 0.615) (˝S3 Table˝).

The 180 meningococcal isolates belonged to several genogroups. According to the gen-

ogroup-specific multiplex PCR, 71 (39.4%) were identified as MenB, 23 (12.8%) MenY, 8

(4.4%) MenW and 2 (1.1%) MenC. For the remaining 76 which were negative for genogroup

specific PCR, WGS analysis revealed that 8.3% belonged to MenE, 3.3% to MenX and 1.1% to

MenZ, while 53 strains (29.4%) lacked the genes required for capsule synthesis and transport

and were identified as capsule null strains (cnl) (˝Table 2˝).

No significant differences were observed between the two examined groups with the excep-

tion of MenY which was found in higher proportion in university students at marginal signifi-

cance level (˝Table 2˝).

MenB was the most predominant in all age groups in both populations; in particular, 44.7%

(46/103) and 32.5% (25/77) was identified in military and university students respectively, iso-

lated from carriers all over Greece and was the most prevalent among those from Northern

Greece accounting for 60% (18/30) of all isolates recovered from carriers from this region.

MenY was isolated mostly in the younger age group (18–21 years old), and at a higher pro-

portion in university students compared to military recruits (23.2% vs 10.5%, p<0.05). No sig-

nificant differences were observed in the distribution of the remaining genogroups in relation

to age (“Fig 1”).

Clonal complexes (cc) were determined for 145 isolates belonging either to MenB, or were

negative for genogroup specific PCR which were identified as MenX, MenE, MenZ and cnl:

126 were assigned to 19 different cc, while 19 isolates were not assigned to any cc (singletons).

Specifically, MenB isolates were distributed into 6 distinct clonal complexes; 41/44cc was the

most predominant (21/70; 30%) followed by 35cc (16/70; 22.9%) and 213cc (10/70; 14.3%).

Moreover, MenX isolates were distributed into 3 clonal complexes: 1157cc (n = 3), 174cc and

865 cc (1 strain each) and MenE isolates were assigned also to 3 clonal complexes (1157cc

being the most prevalent 73.4%; 11/15). Finally, among 53 cnl isolates, 48 were assigned into 9

clonal complexes represented mainly by 1136cc (34%) and 198cc (31.2%) and to lesser extent

by 53cc and 1117cc (10.4% each), while 6 isolates remained unassigned (˝Fig 2˝).

Table 2. Genogroup distribution among the carrier isolates in both studied groups.

Total Recruits University students p-value

Genogroup n % n % n %

B 71 39.4 46 44.7 25 32.5 0.20

C 2 1.1 2 1.9 0 0 0.21

W 8 4.4 3 2.9 5 6.5 0.25

Y 23 12.8 9 8.8 14 18.2 0.06

X 6 3.3 2 1.9 4 5.2 0.23

Z 2 1.1 2 1.9 0 0 0.22

E 15 8.3 8 7.8 7 9.1 0.75

cnl 53 29.4 31 30.1 22 28.6 0.82

Total 180 100 103 100 77 100

doi:10.1371/journal.pone.0167404.t002
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Discussion

In order to study meningococcal pathogenesis, the understanding of N. meningitidis carriage is

fundamental, since it might provide key information in the connection between carriage and

disease [8]. Furthermore, extensive typing of invasive and carriage strains is necessary in order

to monitor changes in circulating meningococcal strains due to vaccine implementation and

possible selection for particular existing strains, since conjugate vaccines against meningococci

have been used worldwide with the exception of the recent licensure of serogroup B vaccine

[8].

A gradual decrease in incidence has been observed in Greece during the last 20 years. The

overall IMD incidence during 1995–1999 was 1.46 per 100 000 and 1.6 per 100 000 during

2000–2005 [15], with a further decline during 2006–2012 (0.71 cases per 100,000 population)

Fig 1. Genogroup distribution by age and examined group

doi:10.1371/journal.pone.0167404.g001

Fig 2. Genogroup assignment of the 145 meningococcal isolates to clonal complexes

doi:10.1371/journal.pone.0167404.g002
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and the last three years ranging from 0.61 (2013) and 0.59 (2014) to 0.52 (2015) per 100,000

population, with the disease appearing to be more frequent among children in the 0–4 age

group and less frequent in the 5–14 and 15–24 age groups [16].

Several parameters were associated with meningococcal carriage in our study population

such as positive association between carriage and younger age, active smoking and living in

semi-closed communities which is in accordance with previous studies in UK [4, 17], Norway

[18] and Greece [12].

Overall, a lower carriage rate than expected was observed for both groups. Among the mili-

tary recruits, a lower carriage was observed (15% vs 25%; p<0.05) [12]. This is in line to a simi-

lar study from Finland (2004–2005) (2,2% vs 38%) [7]. Furthermore, as shown during 1986–

1998 on the European level, prior to vaccine implementation, high carriage rates were

observed among the military recruits. For instance, the carriage rates in Denmark were as high

as 41–46% during 1992–1993, 38% in Finland (1986), 16–32% in Italy (1988) and 16–24% in

Poland (1998) [7].

Similar observations were reported in non-military young adults which, rates ranged from

21.7–36.1% in Czech Republic (1996), 14.6–47% in UK (1997–1998) and 28.3% in Norway

(1991) [7].

Moreover, regarding university students, the carriage rate was also lower than expected

according to our previous studies (10.4% vs 18%; p = 0.002) (NMRL2002, unpublished data)

even lower compared to recent European carriage studies with rates ranging from 23.2% -

34.2% for first- and second year students respectively, living in university residence halls in

UK [19] and 22.5% among technical secondary school students 18 years of age in Italy [20].

This might be due to the fact that the majority of the university students in Greece rarely live

in student residencies during their academic studies.

This lower carriage rate observed in both groups compared to our previous studies 20 years

ago for recruits [12] and students (NMRL 2002, unpublished data) may be due to several fac-

tors such as reduction to smoking habits and vaccination.

A significant reduction on smoking habits was observed between the participants in previ-

ous and the current meningococcal carriage studies; 64.9% of the military recruits were smok-

ers in the previous carriage study [12], while 55.7% reported to be active smokers in 2014

(p = 0.00016). Regarding the university students, a higher reduction on active smoking was

observed; 47% vs 15.4% for the studies 2002 and 2015 respectively (p = 0.00).

MenC vaccination coverage, which found to be as high as 83.4% in adolescents in 2009 [21]

and the introduction of MCV4 since 2011 could have contributed to the lower carriage rates in

the present study. In addition to the well-known 67% reduction in the prevalence of serogroup

C carriage one year after the introduction of MenC vaccine [8] recent evidence was provided

by a clinical study regarding the impact of MCV4 vaccine on carriage among UK university

students. According to this study, a 36.2% carriage reduction was observed for serogroups

CWY while, a 39% reduction in carriage was observed for serogroup Y, 3–12 months after vac-

cination. [22].

MenB was predominant in both studied groups however, a remarkable two fold higher rate

was observed among the military recruits, compared to our previous studies (44.7% vs 23%,

p<0.05) while no change was observed among university students. This observation is of no

surprise since during 1995–1999, MenB and MenC accounted for 43% (185/428) and 44%

(187/428) of IMD cases respectively. Since 2000, MenB IMD cases increased dramatically from

49.6 (80/161) to 86.8% (46/53) (2012) with a simultaneous decrease of MenC cases from 12.4%

(20/161) (2000) to zero (2012). In addition during 2013–2015 MenB IMD cases predominates

accounting for 86.8%; 46/53 (2013), 66.7%; 38/57 (2014) and 79.6%; 39/49 (2015) while, only 9

MenC cases were identified during the above three years [16].
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A significant increase among the MenY strains was observed among the university stu-

dents, reaching 18.2% compared to previous studies in which no MenY was identified (NMRL

2002, unpublished data). The later, is in agreement with recent studies in UK showing a signif-

icant increase in MenY carriage among students ranging from 1.7% to 2.9% (1997 and 2009

respectively) [19], reaching 5.5% in the first year university students aged 19–25 in 2011 [23].

In addition, this genogroup was the second most frequent in the military recruits; a significant

increase being observed in comparison to our previous studies (8.7% vs 2.8%, p = 0.015). It is

worth noting, that until recently, MenY was of minor importance among the invasive strains

in Europe accounting for less than 2% of reported IMD cases mainly isolated among the

elderly. However, an increase of MenY cases has been reported in various European countries

since 2010 and a shift to younger age groups was also observed [24]. Similarly, an increase was

observed in Greece from 2% (2013) and 3.5% (2014) to 8.1% for 2015 [16]. The increase

among carriers 18 to 19 years old underlines the potential of this genogroup to become impor-

tant also in Greece.

An increase in MenW isolates among the recruits was observed in comparison to previous

studies (2.9% vs 0.8%) and a decrease (6.5% vs 10.8%) among the university students; however,

no statistical significance (p = 0.13 and p = 0.42 respectively) was observed.

As for MenC, only two of 180 isolates belonged to this genogroup (1.1%), both recovered

from recruits, while none of the carrier isolates in the university student’s group belonged to

this genogroup. This might be due to the introduction of MenC vaccine in Greece since 2001

and its effect on carriage, as according to their vaccination status response, 63.8% had been

vaccinated (76.2% of univeristy students and 55% of recruits). Of note, the fact that the two

MenC carriers reported to be vaccinated might indicate the phenomenon of waning immunity

[25].

MenA, globally a leading cause of epidemic IMD, was not found in the present study. This

is in line with the fact that MenA for a long time have only sporadically caused invasive disease

in Europe and are rare in healthy individuals, although this particular genogroup was the most

prevalent among the carrier isolates from ethnic Greek school children (1995) as well as from

invasive isolates between 1999–2003 in Greece [26, 27].

Another interesting finding is the decrease in the proportion of the negative to genogroup

specific PCR isolates compared to previous studies (42.2% vs 60%), with a further reduction

(29.4%) due to the identification of cnl isolates by the application of the whole genome

sequence analysis, highlighting its potential usefulness on the characterization of meningococ-

cal carriage isolates.

Among the negative to genogroup spesific PCR isolates, MenE, a rather rare genogroup,

was identified as the third most frequently isolated genogroup (8.3%) in both studied groups

(7.8% among recruits and 9.1% among university students). To our knowledge, there is a lim-

ited number of published reports on its isolation from carriers; 7.5% of the isolates were identi-

fied as MenE in a recent carriage study among students 11–19 years old from Brazil [28].

Furthermore, 6 MenX isolates were identified. Although until 2013 there were no MenX

IMD cases in Greece, one fatal case of IMD caused by this capsular group was reported in 2014

[16].

A known association between certain genogroups and particular clonal complexes was con-

firmed. The application of the MLST technique showed that the major types (sequence types,

ST) prevailing in our country during the period 2004–2014 among the MenB IMD cases were

the ST-269 (14,7%), ST-32 (10,5%), ST- 162 (5,7%) and to lesser extent 41/44cc (5.6%) [29].

The latter clonal complex, one of the most prevalent hyperinvasive lineage being associated

mainly with the MenB IMD in Europe and elsewhere [30] was the most prevalent (30%)

among the MenB asymptomatic carriers. This observation is of a great concern and must be
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under close surveillance since this particular lineage can potentially cause epidemic waves such

as the New Zealand epidemic [31].

The clonal composition of the 53 cnl isolates was highly diverse represented mainly by

1136cc and 198cc. This comes in agreement with previous studies at a European level as well

as studies in Latin America in which this diversity seem to be a stable feature [30, 32].

The inadequacy of data on MCV4 vaccination status, was one possible limitation in our

study emphasizing the need for the introduction of a centralized immunization information

system (enabling recording and recall) and the implementation of school entry mandates, as

had been suggested previously [21].

Some other possible limitations could be that the sampling was performed in different season

and years; military recruits (January 2014) and university students (May 2015). However, as

shown previously, carriage rates do not appear to vary by season [33]. In addition, similar annual

IMD incidence was notified for both years (0.61 and 0.59 / 100 000 for 2013 and 2014 respec-

tively) [16]. Another possible limitation could be that sampling in the military group was per-

formed in two stages (1st and 7th day of recruitment). However our results showed that there was

no significant change on the carriage rate (13.1% vs 17.1% in both days respectively), (p = 0.14).

Despite these possible limitations, the present study provides an overview on the circulation

of meningococcal strains isolated from individuals sharing a defined age group as well as a

comparison to previous studies on the same groups 20 or more years earlier. Information pro-

vided on meningococcal carriage in Greek healthy young university students and military

recruits, suggesting an overall decrease in meningococcal carriage rate.

Moreover, our findings, during the pre-MenB vaccination era in Greece, demonstrate a

predominance of MenB among carriers with the prevalence of the hyperinvasive lineage 41/44

cc which was found to present a majority of carried meningococci

The increasing prevalence of MenB carriage among both university students and military

recruits indicates the need of further investigations on the possible coverage of 4CMenB vac-

cine on these strains by Meningococcal Antigen Typing System (MATS) analysis as was car-

ried out previously for invasive isolates [34]. Measurement of the expression of vaccine

antigens in MenB carriage isolates in correlation with bactericidal titres might provide evi-

dence of local immune response in the nasopharynx [35].

These data, could serve as basis for future comparisons and estimations as long term car-

riage studies are warranted for early detection of changing the genogroup distribution in

countries where immunisation campaigns are either introduced or to be introduced. A future

study possibly performed after the introduction of the 4CMenB vaccine in similar groups will

be of great help for monitoring the impact of the aforementioned vaccine on nasopharyngeal

carriage.

Supporting Information

S1 Fig. Map of the different geographical regions in Greece

(DOCX)

S1 Table. Reported vaccination status among the participants

(DOCX)

S2 Table. Participants by place of origin

(DOCX)

S3 Table. Univariate analysis for association between place of origin and meningococcal

carriage

(DOCX)

Meningococcal Carriage in Military Recruits and University Students in Greece

PLOS ONE | DOI:10.1371/journal.pone.0167404 December 1, 2016 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167404.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167404.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167404.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167404.s004


Acknowledgments

The MLST data were obtained from the WGS data carried out at University of Oxford (Dept.

of Zoology). The authors would like to thank Prof Martin Maiden and Dr Holly Bracher for

their great help on assembling, annotation and curation of the data and Dr Arnold Bosman

and Prof Michael Catchpole (ECDC) for critical reviewing of the manuscript. The authors also

would like to thank the Ministries of Defence and Education for their permission and support.

Author Contributions

Conceptualization: GT.

Data curation: GT KK AX KT.

Formal analysis: KT AJ GT.

Investigation: KT KK AX NM AP VP MT GT.

Methodology: GT KK AX KT.

Project administration: GT.

Software: KT KK GT.

Supervision: GT.

Writing – original draft: KT GT AJ KK.

Writing – review & editing: KT GT AJ MT VP.

References
1. Caugant DA. Population genetics and molecular epidemiology of Neisseria meningitides. APMIS. 1998;

106:505–525 PMID: 9674888

2. Harrison OB, Claus H, Jiang Y, Bennett J, Bratcher H, Jolley K, et al. Description and nomenclature of

Neisseria meningitidis capsule locus. Emerg Infect Dis. 2013; 19:566–573 doi: 10.3201/eid1904.

111799 PMID: 23628376

3. Christensen H, May M, Bowen L, Hickman M, Trotter CL. Meningococcal carriage by age: a systematic

review and meta-analysis. Lancet Infect Dis. 2010; 10(12):853–61 doi: 10.1016/S1473-3099(10)70251-

6 PMID: 21075057

4. MacLennan J, Kafatos G, Neal K, Andrews N, Cameron JC, Roberts R, et al. Social behavior and

meningococcal carriage in British teenagers. Emerg Infect Dis. 2006; 12(6):950–957 doi: 10.3201/

eid1206.051297 PMID: 16707051

5. Olcen P, Kjellander J, Danielsson D, Lindquist BL. Epidemiology of Neisseria meningitidis; prevalence

and symptoms from the upper respiratory tract in family members to patients with meningococcal dis-

ease. Scand J Infect Dis. 1981; 13:105–109. PMID: 6797052

6. Caugant DA, Hoiby EA, Rosenqvist E, Frholm LO, Selander RK. Transmission of Neisseria meningitidis

among asymptomatic military recruits and antibody analysis. Epidemiol Infect. 1992; 109: 241–253.

PMID: 1397113

7. Soriano-Gabarro M, Wolter J, Hogea C, Vyse A. Carriage of Neisseria meningitidis in Europe: a review

of studies undertaken in the region. Expert Rev Anti Infect Ther. 2011; 9 (9):761–774 doi: 10.1586/eri.

11.89 PMID: 21905785

8. Maiden MC, Ibarz-Pavon AB, Urwin R, Gray SJ, Andrews NJ, Clarke SC, et al. Impact of meningococ-

cal serogroup C conjugate vaccines on carriage and herd immunity. J Infect Dis. 2008; 197(5):737–43

doi: 10.1086/527401 PMID: 18271745

9. Campbell H, Borrow R, Salisbury D, Miller E. Meningococcal C conjugate vaccine: The experience in

England and Wales. Vaccine. 2009; 27(2): 20–29

10. Trotter CL, Ramsay ME. Vaccination against meningococcal disease in Europe: review and recommen-

dations for the use of conjugate vaccines. FEMS Microbiol Rev. 2007; 31(1):101–107 doi: 10.1111/j.

1574-6976.2006.00053.x PMID: 17168998

Meningococcal Carriage in Military Recruits and University Students in Greece

PLOS ONE | DOI:10.1371/journal.pone.0167404 December 1, 2016 10 / 12

http://www.ncbi.nlm.nih.gov/pubmed/9674888
http://dx.doi.org/10.3201/eid1904.111799
http://dx.doi.org/10.3201/eid1904.111799
http://www.ncbi.nlm.nih.gov/pubmed/23628376
http://dx.doi.org/10.1016/S1473-3099(10)70251-6
http://dx.doi.org/10.1016/S1473-3099(10)70251-6
http://www.ncbi.nlm.nih.gov/pubmed/21075057
http://dx.doi.org/10.3201/eid1206.051297
http://dx.doi.org/10.3201/eid1206.051297
http://www.ncbi.nlm.nih.gov/pubmed/16707051
http://www.ncbi.nlm.nih.gov/pubmed/6797052
http://www.ncbi.nlm.nih.gov/pubmed/1397113
http://dx.doi.org/10.1586/eri.11.89
http://dx.doi.org/10.1586/eri.11.89
http://www.ncbi.nlm.nih.gov/pubmed/21905785
http://dx.doi.org/10.1086/527401
http://www.ncbi.nlm.nih.gov/pubmed/18271745
http://dx.doi.org/10.1111/j.1574-6976.2006.00053.x
http://dx.doi.org/10.1111/j.1574-6976.2006.00053.x
http://www.ncbi.nlm.nih.gov/pubmed/17168998


11. Kafetzis D, Stamboulidis K, Tzanakaki G, Kourea Kremastinou J, Skevaki C, Konstantopoulos A, et al.

Meningococcal group C disease in Greece during 1993–2006: the impact of an unofficial single-dose

vaccination scheme adopted by most paediatricians. Clinic Microbiol Infect. 2007; 13 (5): 550–552

12. Blackwell CC, Tzanakaki G, Kremastinou J, Weir DM, Vakalis N, Elton RA, et al. Factors affecting car-

riage of Neisseria meningitidis among Greek military recruits. Epidemiol Infect. 1992; 108: 441–448

PMID: 1601077

13. Drakopoulou Z, Kesanopoulos K, Sioumala M, Tambaki A, Kremastinou J, Tzanakaki G. Simultaneous

single-tube PCR-based assay for the direct identification of the five most common meningococcal ser-

ogroups from clinical samples. FEMS Immunol Med Microbiol. 2008; 53:178–182 PMID: 18623625

14. Bratcher HB, Corton C, Jolley KA, Parkhill J, Maiden MC. A gene-by-gene population genomics plat-

form: de novo assembly, annotation and genealogical analysis of 108 representative Neisseria meningi-

tidis genomes. BMC Genomics. 2014; 15:1138 doi: 10.1186/1471-2164-15-1138 PMID: 25523208

15. Tzanakaki G, Mastantonio P. Aetiology of bacterial meningitis and resistance to antibiotics of causative

pathogens in Europe and in the Mediterranean region. Inter J Antimicrob Agents. 2007; 29:621–629

16. Tzanakaki G National Meningitis Reference Laboratory: Annual Reports Available at: http://www.esdy.

edu.gr/files/001_ Dimosias_Dioikitikis_ Ygieinis/EKAM/ApologismoiEKAM.pdf

17. Stuart J, Robinson P, Cartwright K, Noah N. Effect of smoking on meningococcal carriage. The Lanset.

1989; 334 (8665):723–725

18. Caugant DA, Høiby EA, Magnus P, Scheel O, Hoel T, Bjune G, et al. Asymptomatic carriage of Neis-

seria meningitidis in a randomly sampled population. J Clin Microbiol. 1994; 32(2):323–330 PMID:

8150942

19. Ala’Aldeen DA, Oldfield NJ, Bidmos FA, Abouseada NM, Ahmed DW, Turner DP, et al. Carriage of

meningococci by university students, United Kingdom. Emerg Infect Dis. 2011; 17(9):1761–1763

20. Gasparini R, Comanducci M, Amicizia D, Ansaldi F, Canepa P, Orsiet A, et al. Molecular and serological

diversity of Neisseria meningitidis carrier strains isolated from Italian students aged 14 to 22 years. J

Clin Microbiol. 2014; 52 (6): 1901–1910 doi: 10.1128/JCM.03584-13 PMID: 24648565

21. Sakou II, Tsitsika AK, Papaevangelou V, Tzavela EC, Greydanus DE, Tsolia M. Vaccination coverage

among adolescents and risk factors associated with incomplete immunization. Eur J Pediatr. 2011;

170:1419–1426 doi: 10.1007/s00431-011-1456-z PMID: 21465121

22. Read R, Baxter D, Chadwick DR, Faust SN, Finn A, Gordon SB, et al. Effect of a quatrivalent meningo-

coccal ACWY glycoconjugate or a serogroup B meningococcal vaccine on meningococcal carriage: an

observer-blind, phase 3 randomised clinical trial. The Lancet. 2014; 384:2123–2131

23. Jeppesen CA, Snape MD, Robinson H, Gossger N, John TM, Voysey M, et al. Meningococcal carriage

in adolescents in the UK to inform timing of an adolescent vaccination strategy. J of Infect. 2015; 71

(1):43–52
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