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Abstract
Meningitis and meningococcal septicemia are potentially life-threatening illnesses; young people in educational institutions have been

repeatedly exposed to outbreaks of meningococcal infections. Since invasive meningococcal disease is preceded by pharyngeal carriage of

Neisseria meningitidis, ascertaining the prevalence of meningococcal carriage in this population is of utmost importance. The aim of this

study was to determine the rate of meningococcal carriage in students of Shahid Beheshti University of Medical Sciences. This cross-

sectional study was conducted on pharyngeal swab specimens of 251 healthy asymptomatic students from November 2019 for one year.

A questionnaire was used to find correlation between isolation of Neisseria spp. and the place of residence, number of roommates,

antibiotic use in the last month, and smoking. One sample from each student was used for culture on general and selective culture media

for Neisseria spp. Polymerase chain reaction was used for the final diagnosis of Neisseria meningitidis. Participants in the study included 222

medical students (88.4%), 23 nursing students (9.2%) and 6 radiology students (2.4%). Mean (IQR1) age of students was 23 years, 134

students were female, (53.4%); 234 students were single, (93.2%). 92 students (36.7%) lived in dormitories. Neisseria were isolated from

18 specimens (7.2%), of which 11 (4.4%) were pigmented bacteria. PCR assay did not detect Neisseria meningitidis in any of the samples.

This study showed that meningococcal bacteria were not detected in any of the oropharyngeal specimens from students participating in

the study during the one-year study period.
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Introduction
Neisseria meningitidis (meningococcus), is a gram-negative

diplococcus, divided into thirteen serotypes, among which,
serotypes A, B, C, Y, W135 are responsible for most human

disease [1].The clinical spectrum of invasive meningococcal
disease is very diverse and may range from moderate fever,

meningitis, septicemia, to multiple organ damage and even
This is an open access arti
death within a few hours of diagnosis [2]. According to the
World Health Organization (WHO), outbreaks and epidemics

continue to occur, mainly in poor resource countries, espe-
cially the African meningitis belt [3]. Complications of men-

ingitis include hearing loss and long-lasting neurological
disability [2] Up to 10% of the Human population may carry

this bacterium in their nasopharynx without exhibiting any
symptoms, (asymptomatic carriers); the carriage rate may rise
to 25–80% during epidemics. Most people with meningitis, do

not have a history of direct contact with symptomatic pa-
tients, thus, asymptomatic carriers remain as an important

source of disease transmission. Therefore, it becomes
important to identify meningococcal carriers in high-risk

communities in order to intervene and prevent disease
[4–6]. The disease occurs in the absence of specific anti-

bodies [7].
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People attending mass gatherings, (like pilgrimage trips), and

those living in in crowded environments such as military bar-
racks, mines, student dormitories, prisons, and sanatoriums are

more exposed to this disease than others. Smokers or those
who smoke hookah have a much higher risk of becoming

meningococcal carriers [8].University students are at a higher
risk for colonization because they tend to gather together in
work places, living quarters, and various extra-curricular ac-

tivities [9].The direct effects of this on our hospitalization rate
and health economy prompted us to examine the rate of

pharyngeal colonization of meningococcus in students of Shahid
Beheshti Medical University.
Materials and methods
This is a cross sectional study conducted on medical and
paramedical students in Shahid Beheshti University of Medical

Sciences and Health Services (2019–2020). The sample size
was calculated to 250 people using RAO (Raosoft 2004) sample

size calculator software with confidence interval of 95% and
error level of 5%. The sampling method was non-randomized.
Based on the necessary coordination with the Deputy Minis-

ter of Education of Mofid Children’s Hospital, list of medical and
paramedical students taking their course were recruited for

pharyngeal sampling to provide the required number of sam-
ples. The objectives of the study were told to the students and

written consent was obtained from them. If satisfied, de-
mographic data including, age, sex, weight, place of residence,

(whether living in student hostel or not), marital status and
tobacco use, travel to Karbala and antibiotic use in the past 30

days were entered in the information form. Each student was
sampled once during the study period from November 2019 till
October 2020; specimens were collected during all seasons.

Samples were obtained from posterior part of the oropharynx
and tonsil crypts using standard sterile swabs passed orally to

the posterior oropharynx and deeply rotated in place [10].The
swab was placed on Trypticase soy broth supplemented with

15% glycerol at −80 °C for follow up and subsequent opera-
tions. The samples were initially cultured on Blood agar, an

unselective medium, and GC agar selective medium enriched
with V.C.N.T. Supplement (Vancomycin 600 μg, colistin 1500
micrograms and trimethoprim 1000 micrograms per 200 ml of

culture medium, Quelab, Canada) and sheep blood (7%). The
grown colonies were assessed for similarity to morphology of

Neisseria. Suspected colonies were analyzed for positive oxidase
reaction and gram staining was done to confirm cellular

morphology as well. Isolation of Neisseria species and their
pigmented or non-pigmented types were recorded for each

sample and PCR method was used for the final diagnosis of
© 2022 Published by Elsevier Ltd, NMNI, 45, 100953
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Neisseria meningitidis. In this method, DNA of suspected col-

onies was separated by a DNA extraction kit (Nucleic Acid
Extraction Kit, DNAbiotech, China). A total of 3 μl of DNA, 1

μl of primers targeting ctrA gene (F: GGCTTCAGCT-
TATCGCTTTCTGAAGCC and R: TCTGCCTCACTGCCA-

TAACC), in 12.5 μl of Ampliqon mastermix was used. PCR
conditions for this reaction were included 1 cycle at 50 °C for 2
min; 95 °C for 2 min; 35 cycles at 95°C for 5 s, followed by 50°

C for 10 s followed by one cycle at 60°C for 20 s that was done
in a thermal cycler. The obtained data were analyzed using SPSS

(Ver 25) software and calculated using descriptive and analytical
statistics. Normal quantitative variables as mean, standard de-

viation and range and Nonparametric quantitative variables as
median, quadratic range and qualitative variables as number and

percentage Are displayed. Fisher exact and Mann–Whitney and
T-test and logistic analysis were used. Significance level in these
tests was P<0.05%
Results
Two-hundred twenty-two Medical students, (88.4%), 23
nursing students, (9.2%) and 6 radiology students, (2.4%)

participated in this study. 134, (53.4%) were female. Mean age
of the participants was 23 years, (age range 19–34years). 234,

(93.2%) were single and 92 (36.7%) lived in student hostels.
Number of persons living together had the range of (1–5

persons) the median, (IQR1) was 3 (2). Forty-one participants,
(16.3%) had used antibiotics during the previous month; 22

(8.8%) were smokers and 27 (10.8%) were passive smokers.
Twelve individuals, (4.8%) had been exposed to crowded places

during a recent travel to Karbala in the Arbaeen Walk. Neisseria
grew in pharynx of 18 (7.2%) cases, 11 (4.4%) were pigmented.
In one case there was both pigmented and non-pigmented

Neisseria so Non-pigmented Neisseria were isolated from 8
persons (3.2%). Polymerase Chain Reaction, (PCR) was nega-

tive for Neisseria meningitidis in all of the studied samples irre-
spective of the season of sample collection (Table 1).
Discussion
The prevalence of meningococcal carriers varies from country
to country and even in different geographic locations of a

country and changes during time [11]. In the present study, we
studied the incidence of meningococcal carriers in students of

Shahid Beheshti University of Medical Sciences in Tehran, aged
19 to 35 years of age, during their internship period. The results

showed that none of the subjects were carriers of meningo-
coccus. In the study by Sadeghi et al. in 2018, prevalence of
nses/by-nc-nd/4.0/).
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TABLE 1. Comparison of risk factors by result of throat

culture of university students Shahid Beheshti Medical

Sciences

Variables Negative n [ 233
Neisseria spp
n [ 18 P-valuea

Age (yrs) (median (IQR)) 22.7 ± 1.02 23.4 ± 1.15 0.008
Weight (kg) (mean ± SD) 69.4 ± 16.4 67.7 ± 21.2 0.681
Number of people residing

together in one place (no.)
(median (IQR))

3 (2) 3 (3) 0.623

Sex
� Female 126 (54.1%) 8 (44.4%) 0.470

� Male 107 (45.9%) 10 (55.6%)

Field of study 204 (87.6%) 18 (100%)
� General practitioner 212 (91%) 17 (94.4%)

� Others 217 (93.1%) 17 (94.4%)

Marital status
� Single 16 (6.9%) 1 (5.6%) 0.461

� Married 87 (37.3%) 5 (27.8%)

Housing 146 (62.7%) 13 (72.2%)
� Dormitory 212 (91%) 17 (94.4%)

� Nondormitory 207 (88.8%)

Smoking 21 (9%) 1 (5.6%)
� Negative 207 (88.8%) 17 (94.4%)

� Positive 26 (11.2%) 1 (5.6%)

Exposure to second-hand smoke
� Negative 222 (95.3%) 17 (94.4%)

� Positive 11 (4.7%) 1 (5.6%)

Recent travel to Karbala in the
Arbaeen

� Negative 193 (82.8%) 17 (94.4%)

� Positive 40 (17.2%) 1 (5.6%)

History of antibiotic use during
the previous month

� Negative

� Positive

aMann–Whitney test.
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meningococcal carriers among male students of Kerman Uni-

versity of Medical Sciences living in dormitories was about 6.8%
[12] and Islaminejad (2006), studied the prevalence of menin-

gococcal pharyngo-tonsillar carriage on 750 samples from New
entrants to Kerman University of Medical Sciences who were
examined before and after accommodation in the dormitory.

Seventy-seven samples (10.3%) were colonized with meningo-
coccus; 28 cases (7.2%) were detected in the first sampling, at

admission to the university and 49 cases (13.6%) were identified
in the second sampling two months later; difference in the

percentage was statistically significant (P = 0.008) [13]. In a
This is an open access artic
study performed in Turkey between October 2013 and March

2015, Neisseria meningitidis was detected in 3 of the 475 naso-
pharyngeal swabs from asymptomatic medical students,

revealing a prevalence of 0.6% [14]. Nasopharyngeal samples
from 437 health care professionals at a tertiary university pe-

diatric hospital in Australia were studied in 2020; colonization
rate of meningococcus was 1.14 % [15]. The prevalence of
meningococcal carriers in dormitory students in South Korea

was reported as 11.8% and 14% four weeks apart in 2012 [16].
Oropharyngeal carriage of Neisseria meningitidis was found to be

12.7–14.6% in 1837 samples collected from 1487 students of
Rhode Island University during two survey rounds [6]. In

December 2014, after nasopharyngeal swabs of 2 students from
a dormitory in Tokyo had tested positive for meningococcus,

nasopharyngeal swabs from all students in that dormitory were
collected; pharyngeal colonization was found to be 33.7% in
students residing in the same dormitory, [17]. Globally, the

incidence of meningococcal disease ranges widely from 1 to
1000 cases per 100,000 population [18].

In our study, cases of meningococcal colonization in stu-
dents’ throats were zero. Transmission of Neisseria meningitidis

is from person to person through dispersion of respiratory
droplets. The reason for the low rate of colonization with

meningococcus in our study may be the use of masks and other
preventive measures, including less communication and social

distancing due to the COVID19 pandemic. In the 2015 Break-
well study, meningococcal throat colonization rates were
higher in male students [6].In the review of the literature, the

relationship between different variables and colonization was
not studied in other Neisseria Species and this was done in our

study. The relationship between age and pharyngeal coloniza-
tion varies in different studies. In one study, colonization

increased with age and in another, it decreased [10,19]. There is
no study that has assessed the effect of body weight on

meningococcal colonization. In a German study (2019) of
asymptomatic meningococcal throat colonization in adults,
married people were more likely to be colonized [20]. Living in

a dormitory and having at least three roommates increases the
rate of colonization [14]. In a study of pharyngeal carriage of

meningococcus in Brazil (2014) the overall pharyngeal carriage
of meningococcus in 11–19 years old children was 4.9% and it

was higher when mother was the only smoker in the home
[21].Tobacco use and passive smoking in the last 30 days had a

significant relationship with pharyngeal colonization in students,
as reported from a study done in the United States in 2015 [6]

The rate of pharyngeal colonization with meningococcus in Hajj
pilgrims has decreased due to vaccination and ciprofloxacin
consumption before leaving for the trip to Mecca [22]. We

could not find studies about pharyngeal colonization with
meningococcus in Karbala pilgrims and in our study also
© 2022 Published by Elsevier Ltd, NMNI, 45, 100953
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meningococcal pharyngeal colonization was not identified in any

of the 12 students who had joined the Arbaeen Walk in Kar-
bala. According to Breakwell et al. antibiotic use in the last 30

days is associated with increased meningococcal pharyngeal
colonization [6].The PCR sensitivity in the diagnosis of menin-

gococcus in the pharyngeal swab is 56% and the possibility that
this technique could indicate the absence of meningococcal
carriers is 89.9% (Negative Predictive Value) [23].We used this

method to detect meningococcal pharyngeal colonization. The
sensitivity of the PCR method is about 60% and the probability

of false negatives is not very low. But because NPV is high in this
study, the value of correctness of negative cases increases. It

should be noted that PCR is currently the most accurate
method for detecting the presence of meningococcus. Several

researchers including Sadeghi et al., Diaz et al., and Breakwell
et al. have used the PCR method to identify meningococcal
pharyngeal colonization [6,12,19].
Conclusion
Meningococcal pharyngeal colonization is not expected to be
zero in students due to their lifestyle and dormitory life. Our

findings indicate that the possibility of pharyngeal colonization
with Neisseria meningitidis in individuals in the second and third

decades of life in our society is low. The reason may be due to
good hygiene practice, especially during the Covid pandemic,

or the low prevalence of meningococcal colonization in our
society. However, we must be wary of the possibility of

meningococcal infection in children with symptoms or risk
factors.
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