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Background: Meningococcal disease and outbreaks are a risk during mass gatherings such as the Umrah religious pilgrimage to the
Kingdom of Saudi Arabia (KSA). We aimed to investigate the carriage of Neisseria meningitidis among the 2019 Umrah pilgrims and
determine the circulating serogroups and their antibiotic susceptibility profiles.

Methods: We conducted a cross-sectional study among adult Umrah pilgrims from 17th to 29th April 2019 in Mecca city, KSA.
A questionnaire was administered to each participant, and an oropharyngeal swab was obtained. Microbiological techniques were used
to isolate, identify and serogroup N. meningitidis from the swabs. E-tests were used to determine the susceptibility of the isolates to
nine antibiotics.

Results: The study enrolled 616 pilgrims from 17 countries with a mean age of 53.8 years (+13.1, range = 19-91) and a male-to-female
ratio of 1.1:1. Nearly 39% of the respondents had no formal education, 32.5% declared having an underlying health condition and 17.2%
were current or past smokers. During their Umrah stay, most pilgrims reported sharing accommodation (98.5%) and never using a face
mask (98.5%). Also, 34.6% reported suffering from influenza-like symptoms and 11.8% used antibiotics. N. meningitidis was isolated
from three pilgrims (carriage rate of 0.49%), two were serogroup A and one was serogroup B. Antibiotic susceptibility results were
available for one isolate (serogroup B) which showed resistance to ciprofloxacin and decreased susceptibility to trimethoprim-
sulfamethoxazole.

Conclusion: Carriage of N. meningitidis among Umrah pilgrims was low. However, invasive serogroups were identified, including an
isolate resistant to ciprofloxacin used for chemoprophylaxis. Meningococcal disease preventive measures for Umrah should be
regularly reviewed and updated accordingly to reduce the risk of the disease and future pilgrimage-associated outbreaks.

Keywords: mass gatherings, meningococcal disease, antibiotic resistance, public health, vaccine

Introduction
Meningococcal disease is a serious public health issue globally with significant morbidity and mortality burdens.! Among
survivors, up to 20% suffer from complications and sequelac. Meningococci are spread through direct contact with
oropharyngeal secretions, and asymptomatic carriers are the primary source of Neisseria meningitidis transmission.”
However, only a minority of those who acquire carriage go on to develop meningococcal disease, most of which is
caused by six serogroups (A, B, C, W, X, and Y).? Given the seriousness of the disease, its rapid progression, its high
mortality rate and sequelae, and its outbreak potential, meningococcal disease is a significant public health threat in
crowded settings and mass gatherings.*>

The Hajj and Umrah religious mass gatherings take place in Mecca in the Kingdom of Saudi Arabia (KSA). Over
10 million Muslim pilgrims from around the world attend these events each year. More than 2 million participate in Hajj,
which takes place over five specific days of the 12th month in the Islamic calendar.® Compared to Hajj, Umrah is

Infection and Drug Resistance 2022:15 4685-4696 4685
Received: 17 May 2022 © 2022 Yezli et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 1 August 2022
Published: 23 August 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8762-5403
http://orcid.org/0000-0001-5075-7392
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yezli et al Dove

performed almost all year-round, and its rituals are shorter in duration. The number of foreign Umrah visitors has
increased significantly in the last decade, and according to the Saudi Vision 2030, the number is expected to reach
30 million by 2030.° The international nature of the Hajj and Umrah, their scale and demographic characteristics, as well
as the crowded settings and shared living at these events increase the risk of meningococcal disease and its
transmission.* As such, a number of local and international outbreaks of the disease were associated with these mass
gatherings.” These include serogroup A disease outbreaks in 1987 and throughout the 1990s and two international
serogroup W outbreaks in 2000 and 2001.” Comprehensive preventive measures including compulsory vaccination with
the quadrivalent vaccine significantly reduced meningococcal disease cases in KSA and eliminated pilgrimage-
associated outbreaks.”®

Although meningococcal disease and outbreaks associated with Umrah have been reported in the past,’ little is known
about N. meningitidis carriage during the pilgrimage or the circulating serogroups and their antibiotic susceptibility
profiles.”'® Given the current lack of meningococcal disease cases associated with Umrah, continued surveillance of the
characteristics of the N. meningitidis carrier state among Umrah pilgrims will assist in understanding the changing
epidemiology of the organism and in predicting and possibly preventing outbreaks during future pilgrimages. This is
particularly relevant given that the current compulsory meningococcal vaccination measures for Umrah do not cover
serogroups B or X.'' The present study aims to investigate the carriage of N. meningitidis among Umrah pilgrims in
2019, circulating serogroups and antimicrobial resistance of the carried isolates.

Methods

Study Design, Location and Population

This is a prospective cross-sectional carriage study conducted from the 17th-29th April 2019 in Mecca city, KSA. The
study population included adult (=18 years) Umrah visitors attending the pilgrimage during the study period. The sample
size was calculated based on an estimated population size during the study period of 500,000 and using a margin of error
of 2%, a confidence interval of 95% and an estimated carriage rate of 5%, based on the results of the most recent carriage
study conducted among Umrah pilgrims.'® The minimum sample size estimated for the study was 457. We enrolled
a larger sample size of 616 pilgrims to account for errors and non-respondents.

Enrolment and Data Collection

Convenience sampling methodology was used to enroll Umrah pilgrims at their places of residence. After obtaining
informed consent, a questionnaire was administered to pilgrims by the study team, collecting demographic, health and
travel data as well as other information related to their stay in KSA. The questionnaire was produced and administered in
English or Arabic. In case the pilgrim did not speak either languages, the questionnaire was administered through the
pilgrim’s native language, via the study team or with the aid of a translator.

Sample Collection and Processing

For each participating pilgrim, an oropharyngeal swab was taken by trained staff and placed into transport media
(3-Transwab® MW176S, Medical Wire & Equipment, Wiltshire, UK). Swabs were transferred to be processed at
the laboratory within 5 hrs (from collection to processing).

Microbiological Identification of Neisseria meningitidis

Swabs were plated on Neisseria selective agar plates (Thayer-Martin with VCNT antibiotic supplement, Merck Life
Science UK Limited, Dorset, UK) and incubated for 48 hrs at 37°C in 5% CO,. The bacterial isolates were examined
for purity and colony morphology and tested using Gram stain (Quimica Clinica Aplicada, S.A., Tarragona, Spain)
and Kovac’s oxidase test (Biomerieux SA, Marcy I’Etoile, France). Gram-negative, oxidase-positive cocci of
potential meningococcal colonies were subcultured on blood agar plates at 37°C in 5% CO, for 24 hrs for
biochemical identification using API® NHI test (Biomerieux SA, Marcy I’Etoile, France). N. meningitidis isolates
were stored by freeze preservation at —80°C in tryptone soya broth (TSB) with skim milk and 15-20% glycerol.
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Serogrouping of the Isolates

Capsular antigenic typing of isolated N. meningitidis was performed using slide coagglutination test using commercially
available N. meningitidis antisera and according to the manufacturer’s instructions (Difco, Sparks, USA). Serogrouping
was performed for the following serogroups: A, B, C, D, W, Y, X, and Z. Positive controls (provided by the Saudi
Ministry of Health, Riyadh, KSA) were included for quality control.

Antimicrobial Susceptibility Testing

E-tests were used to determine susceptibility to nine antibiotics according to the manufacturer’s instructions (Biomerieux
SA, Marcy I’Etoile, France). Briefly, isolates were first subcultured onto blood agar plates, and a standard inoculum (0,5
McFarland) was used for the tests. Plates were inoculated and then incubated in an inverted position in a 5% CO,
atmosphere for 24 hrs at 37°C. The minimum inhibitory concentration (MIC), in pg/mL, for each antibiotic was then
determined. The antibiotics tested were as follows: Benzylpenicillin, Azithromycin, Cefotaxime, Ceftriaxone,
Trimethoprim-Sulfamethoxazole, Ciprofloxacin, Rifampicin, Amoxicillin and Ampicillin. Breakpoints of the Clinical
& Laboratory Standards Institute (CLSI) (Performance Standards for Antimicrobial Susceptibility Testing, 31st Edition,
2021) were used for azithromycin and trimethoprim-sulfamethoxazole. The interpretive standards and MIC breakpoints
recommended by the European Committee on Antimicrobial Susceptibility Testing (EUCAST) (Version 11, 2021) were
used for the rest of the antibiotics.

Results

Characteristics of the Study Population and Stay in KSA

The study enrolled 616 Umrah pilgrims originating from 17 countries in the Middle East, South Asia, Africa and Europe
(Table 1), mainly Algeria, Iraq and Sudan (Figure 1). The study population had a mean age of 53.8 years (+ 13.1, range =
19-91) and a male-to-female ratio of 1.1:1. Nearly 39% of the respondents had no formal education and 32.5% declared
having an underlying health condition (Table 1). Hypertension and diabetes were the most common comorbidities
present, respectively, in 58.9% and 53.8% of those with underlying health conditions. A minority of pilgrims (4.7%)

Table | Characteristics of the Umrah Pilgrims Enrolled in the Study

Variable Number Percentage (%)
Pilgrims enrolled 616
Gender 584
Male 312 534
Age (years) 580
<25 12 2.1
>25-35 52 9.0
>35-45 69 1.9
>45-55 170 29.3
>55-65 184 317
>65 93 16.0
Country of residence 611
Africa 325 532
Middle East 154 252
(Continued)
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Table | (Continued).

Variable Number Percentage (%)
South Asia 126 20.6
Europe 6 1.0

Level of education 604
No formal education 234 387
Primary education 99 16.4
Secondary education 128 21.2
University/higher education 143 237

Occupation/status 442
Other occupations 425 95.3
Health worker I 2.5
Military recruit 6 1.3
Student 4 0.9

Underlying health conditions 606
Yes 197 325

Chronic kidney disease | 0.2
Chronic liver disease 0 0.0
Chronic lung disease 7 1.2
Cardiovascular disease 33 54
Hypertension 16 19.1
Cancer | 0.2
Immunosuppressive illness 0 0.0
Diabetes 106 17.5
Stroke 0 0.0

Travel outside current country of residence in the previous 6 months 610
Yes 36 59

Visited KSA in the past year 600
Yes 56 9.3

Reasons for visiting KSA in the past year 53
Hajj 15 283
Umrah 36 67.9
Other 6 1.3

Smoking (Current) 611
Yes 50 82

(Continued)
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Table | (Continued).

Variable Number Percentage (%)
Vaccination

Meningococcal 56 100

Pneumococcal - -

Yellow fever 55 100

Polio - -

Influenza 12 100
Visited/planning to visit Medina 375

Yes 358 95.5
Wore a mask during Umrah 610

Never 601 98.5

Always | 0.2

Most of the time I 0.2

Sometimes 5 0.8

Rarely 2 0.3
Shared a room during Umrah 263

Yes 259 98.5
Currently suffusing ILS 598

Yes 207 34.6
Used antibiotics during Umrah 606

Yes 72 1.8
Used antibiotics during the previous week 608

Yes 49 8.0

Abbreviations: KSA, Kingdom of Saudi Arabia; ILS, Influenza-like symptoms.

reported having a status that increases their risk of N. meningitidis carriage (ie, healthcare worker, student, and military
recruit).

Nearly 8% of the respondents declared that they were smokers and have been smoking for 2—50 years (mean = 25.7
years, £13.5). Another 9% reported having smoked in the past but had stopped. Travel information indicated that 36
(5.9%) respondents had traveled outside their country of residence in the previous 6 months, visiting countries in Africa,
Asia, the Middle East, Europe and the USA. Similarly, 9.3% of pilgrims declared visiting Saudi Arabia in the
previous year, mainly to perform Umrah (Table 1).

Information on vaccination status was available for a minority of pilgrims, all of whom declared having received
meningococcal (56 pilgrims), yellow fever (55 pilgrims), or influenza (12 pilgrims) vaccines. Of those reporting
meningococcal vaccination, eight also reported the type of vaccine taken, all of whom received the conjugate ACWY
vaccine. The reported mean time between meningococcal vaccination and arrival to KSA was 44.1 days (+51.1, range
10-202). The majority (87.3%) of pilgrims reporting yellow fever vaccination were from Sudan.
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Figure | Country of residence of the enrolled 2019 Umrah pilgrims.

With the exception of six KSA residents, at the time of recruitment, pilgrims had spent a mean of 9 days in Saudi
Arabia (+4.5, range 145 days). Most pilgrims (95.5%) declared that they did visit or plan to visit the holy city of Medina
as part of their Umrah. Similarly, the majority of pilgrims (98.5%) reported never using a face mask during their Umrah
stay and 34.6% declared suffering from influenza-like symptoms at the time of enrolment (Figure 2). These were mainly
cough (50.7%), sore throat (28.7%) and muscle/joint ache (21.5%). Antibiotic use was reported by 11.8% of pilgrims,

Muscle\joint ache
Headache

Runny\stuffy nose

|

Sore throat

Cough

Fever

No symptoms

%

Figure 2 Influenza-like symptoms among the enrolled 2019 Umrah pilgrims.
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mainly ciprofloxacin (50%) and amoxicillin (22.4%). Pilgrims who reported having taken ciprofloxacin were mostly
from Iraq (55.5%) or Sudan (33.3%).

Culture results

Of the 616 swabs cultured on Thayer-Martin selective agar, 61 (9.9%) showed bacterial growth (Table 2). Neisseria
genus was the most common accounting for 54.1% of all growth on the selective agar, followed by Haemophilus (24.6%)
and Moraxella (21.3%). N. meningitidis represented only 4.9% of all growth on Thayer-Martin agar and its carriage rate
among the Umrah pilgrims was 0.49% (3/616). The most commonly carried organisms were Neisseria spp. (3.25%),
H. influenzae (2.27%) and Moraxella spp. (1.62%). Among the identified N. meningitidis, 2 (66.7%) were serogroup A,
and 1 (33.3%) was serogroup B. Hence, the overall carriage rates of these serogroups among pilgrims were 0.32% and
0.16%, respectively.

Antimicrobial Susceptibility
Only one of the three N. meningitidis isolates (serogroups B) was available for antimicrobial susceptibility testing
(Table 3). The isolate was sensitive to the tested penicillins, 3rd-generation cephalosporins, rifampicin and the macrolide

azithromycin but was resistant to ciprofloxacin and showed decreased susceptibility to trimethoprim-sulfamethoxazole.

Table 2 Bacteria Isolated from Oropharyngeal Swabs Obtained from Umrah Pilgrims

Growth on Selective Media | Carriage Rate Among Pilgrims
(n=61) (n=616)

Isolate n % %

Neisseria spp. 20 328 3.25
Haemophilus influenzae 14 23.0 2.27
Moraxella spp. 10 16.4 1.62
Neisseria lactamica 6 9.8 0.97
Neisseria meningitidis 3 49 0.49
Moraxella catarrhalis 3 49 0.49
Neisseria cinerea 2 33 0.32
Neisseria polysaccharea 2 33 0.32
Haemophilus parainfluenzae | 1.6 0.16

Table 3 Antimicrobial Susceptibility of Neisseria meningitidis Serogroup
B Isolated During the Umrah Study

Antibiotic MIC (pg/mL) Interpretation
Benzylpenicillin 0.064 Sensitive®
Ampicillin 0.094 Sensitive®
Amoxicillin 0.023 Sensitive®
Cefotaxime 0.016 Sensitive®
Ceftriaxone 0.016 Sensitive®
Ciprofloxacin 0.04 Resistant®
Rifampicin 0.008 Sensitive®
Azithromycin 0.023 Sensitive©
Trimethoprim-sulfamethoxazole 3.0 Intermediate©

Notes: "European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints,
CClinical & Laboratory Standards Institute (CLSI) breakpoints.
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Table 4 Characteristics of Neisseria meningitidis Carriers During Umrah

Variable Carrier | Carrier 2 Carrier 3
Serogroup B A A
Gender Female Male Female
Age (years) 58 47 64
Nationality Algeria India Afghanistan
Country of residence Algeria India Afghanistan
Level of education NFE NFE NFE
Underlying health conditions None None NR
Travel outside current country of residence in the past 6 months No No No
Visited KSA in the past year No No No
Current smoker No Yes No
Meningococcal vaccine NR NR NR
Pneumococcal vaccine NR NR NR
Yellow fever vaccine NR NR NR
Polio vaccine NR NR NR
Influenza vaccine NR NR NR
Duration of stay in KSA 10 days 8 days 12 days
Wore face mask during Umrah Never Never Never
Shared room during Umrah Yes (4 people) Yes (4 people) Yes (3 people)
Currently suffering ILS No No Yes
Used antibiotics during Umrah No No No
Used antibiotics in the previous week No No No

Abbreviations: KSA, Kingdom of Saudi Arabia; ILS, influenza-like illness symptoms; NFE, No formal education; NR, not reported.

Characteristics of N. meningitidis Carriers

Characteristics of the three N. meningitidis carriers are presented in Table 4. Pilgrims were older in age, nationals of
Algeria, India and Afghanistan and had spent 8—12 days in KSA at the time of enrolment. None of the carriers had formal
education, traveled outside their country of residency in the previous 6 months or traveled to KSA in the previous year.
At the time of the study, one carrier was a smoker and another declared having influenza-like symptoms. None of the
carriers used antibiotics, and all shared accommodation with 3—4 people during their Umrah stay. Carriers did not report

their vaccination status.

Discussion

In this cross-sectional study, we investigated the carriage of N. meningitidis among Umrah pilgrims in 2019. We report
a low carriage rate and identified three isolates: two serogroup A and one serogroup B. The latter was sensitive to
antibiotics used for meningococcal disease therapy but showed resistance or reduced susceptibility to some agents used
for chemoprophylaxis including ciprofloxacin. Most Umrah pilgrims reported sharing accommodation and visiting
Medina during their pilgrimage. Also, the majority did not wear facemasks during the event and a sizable proportion
reported suffering influenza-like symptoms and taking antibiotics.

Meningococcal disease and outbreaks have been reported in various mass gatherings including during the Hajj and
Umrah pilgrimages.”’*'? Umrah-associated outbreaks occurred mainly during the early 1990s and were principally due to
serogroup A.” Strict preventive measures including compulsory vaccination with the quadrivalent vaccine eliminated
such outbreaks at these events.”* However, meningococcal disease remains an important public health threat at Umrah
due in part to the evolving epidemiology of the disease and the presence of risk factors. In addition, the current Umrah
meningococcal disease preventative measures do not protect against all invasive serogroups and do not necessarily affect
carriage and transmission as the polysaccharide vaccine is still widely used.*'' Moreover, increased prevalence of

antibiotic resistance among N. meningitidis isolates worldwide, including Muslim-majority countries, is concerning.'*'
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Given the lack of meningococcal disease cases in Umrah in recent years, surveillance and tracking of carrier state among
pilgrims and investigating the antimicrobial susceptibility profiles of carried isolates are important.

In the current study, carriage rate of N. meningitidis among Umrah pilgrims was low (0.5%), and all isolates were
invasive serogroups. The rate is lower than those previously reported among Umrah or Hajj pilgrims but in line with low
carriage rates found in recent studies among these populations.”'*'>!® Wilder-Smith et al investigated 160 Singaporean
pilgrims returning from Umrah in 2001,” post the serogroup W Hajj-associated outbreak.” The carriage rate was only
1.3%, significantly lower than that found in returning Singaporean Hajj pilgrims (17%; p < 0.001) in the same year.'’
None of the Umrah pilgrims carried serogroup W, whereas 90% of the isolates from returning Hajj pilgrims were
serogroup W. Ashgar et al reported an overall carriage rate of N. meningitidis of 4% among Umrah visitors compared to
7.3% (p < 0.0001) among Hajj pilgrims in 2009.'" The carriage rate increased from 2.4% before Umrah to 5.7% after
Umrah. Out of the 80 N. meningitidis isolated from Umrah pilgrims, 10% were serogroup B and 2.5% were serogroup W,
respectively. The differences in carriage rates observed between Hajj and Umrah may be explained by the fact that the
length and intensity of interaction among pilgrims during the Hajj is greater than that during the Umrah. The use of only
culture methods to detect N. meningitidis, the fact that most of our study population were older adults, and the increased
use of the conjugate vaccine among pilgrims in recent years, could all have contributed to the low carriage rate observed
in our study compared to older reports.

All isolates in our study were invasive serogroups including one serogroup B. The current compulsory Hajj and
Umrah meningococcal vaccines do not cover serogroup B.'' The latter has been increasingly isolated at higher
proportions among Hajj pilgrims, both before Hajj and among returning pilgrims.'>'®'®!? Tezer et al investigated
N. meningitidis carriage among 229 Turkish Hajj pilgrims vaccinated with the quadrivalent conjugate vaccine pre and
post the 2018 Hajj. Carriage rate was 3.9% at the time of departure with all positive samples being serogroup B. Upon
returning to Turkey,1 (0.4%) pilgrim, who was not a carrier before the pilgrimage, was positive for serogroup B.'®
Importation, acquisition and transmission of serogroup B is a major threat at both Hajj and Umrah given the potential for
serogroup B disease and outbreaks at these events and the increase prevalence of serogroup B disease worldwide.*'! Due
to lack of information on vaccination among carriers in our study, it is not possible to ascertain the impact of the
meningococcal vaccine technology on carriage. A recent study did not find a significant association between the type of
vaccine used and N. meningitidis carriage among Hajj pilgrims.'® Moreover, a systematic review conducted in 2020 did
not find evidence of reduction in carriage for multivalent ACWY or serogroup B vaccines.?’

Umrah pilgrims in our study originated from 17 countries in South Asia, Africa, Europe and the Middle East,
reflecting the international nature of the pilgrimage.®'*?! Pilgrims were generally older males, with a significant
proportion having low or no formal education and underlying health conditions (mainly diabetes and hypertension).
These results are similar to what was reported from other Hajj and Umrah studies.?' ** In one cross-sectional survey
among 1012 Umrah pilgrims in 2019, participants represented 41 nationalities, 65% were male, 33% were >50 years old,
and 38.5% had secondary or lower education.”' In our study, 32.5% of participants reported having underlying health
conditions which is comparable to that reported in studies of Umrah pilgrims from Egypt (35%),>* Malaysia (25%),* and
various nationalities (38%)."

Data on vaccination status was collected from a small number of pilgrims who reported being vaccinated against
meningococcal disease, yellow fever or influenza. Rates of vaccination with the mandatory meningococcal vaccine were
reported to be high among Hajj pilgrims, but lower among Umrah pilgrims.'>?'> One study in 2019 found that only
41.3% of Umrah pilgrims reported meningococcal disease vaccination, while the rate was even lower (30%) among
Malaysian pilgrims in 2018.2"?° For other vaccines, studies from both Hajj and Umrah report a low uptake of non-
compulsory vaccination among pilgrims, although the uptake is slightly higher among the at-risk populations.?'*26-28
For instance, recent studies among Umrah pilgrims reported that the uptake rate of influenza and pneumococcal
vaccinations were 14.5-51% and 12-27.6%, respectively.”'**°%° In light of the above, the small number of respondents
in our study and the potential for recall bias, our results are likely to be an overestimation, particularly for non-
compulsory vaccinations.

Given the small number of isolates identified, we did not investigate factors associated with carriage of N. meningitidis.
A recent report among Hajj pilgrims found that gender, age, education level, smoking status, antibiotic use, length of stay in
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KSA, vaccine type and timing as well as the number of pilgrims in shared accommodation had no statistically significant
impact on N. meningitidis carriage.'® However, many of the above factors, including crowding, age, gender and smoking, have
been reported as risk factors for meningococcal carriage and disease in other settings.>*°>' We found that the majority of
pilgrims shared accommodation during Umrah, visited or planned to visit Medina and reported never wearing a mask during
the pilgrimage. In another study from Umrah 2019, all respondents reported visiting Medina during their pilgrimage and
30.1% never wore a face mask in crowded areas during Umrah.?' These factors can increase the risk of transmission of
respiratory pathogens among pilgrims. The lack of mask wearing in our study is particularly relevant given that more than
a third of pilgrims were suffering from influenza-like symptoms and that concurrent upper respiratory infections increase the
risk of meningococcal carriage and disease.”? Studies from Hajj reported that use of face masks can lead to a substantial
decrease in the incidence of influenza-like illness among pilgrims.**~** Therefore, pilgrims’ attitude to face mask wearing
requires further investigations to improve uptake.

The one isolate investigated for antibiotic susceptibility was sensitive to the tested penicillins, 3rd-generation
cephalosporins, rifampicin and azithromycin but exhibited resistance to ciprofloxacin and decreased susceptibility to
trimethoprim-sulfamethoxazole. In a study conducted in 2009, all 80 N. meningitidis isolates from Umrah pilgrims were
susceptible to cefotaxime, ceftriaxone and meropenem. Resistance to ciprofloxacin, azithromycin and rifampicin was
reported in 3.8%, 6.3% and 3.8% of the isolates, respectively.'® Although antibiotic use is associated with lower

N. meningitidis carriage rate,*>*¢

overuse and misuse of these agents is driving antibiotic resistance worldwide. We
report that 11.2% of participants used antibiotics during Umrah, which is slightly higher than what reported in 2001 (7%)
but lower than what is observed in Hajj.”” Ciprofloxacin resistance is mainly linked to mutation in the gyrA gene, while
resistance to trimethoprim-sulfamethoxazole or sulfisoxazole has been attributed to folP gene polymorphisms.*®*
Ciprofloxacin-resistant N. meningitidis is an ongoing concern with isolated identified worldwide in recent years.*
Identification of ciprofloxacin-resistance in our study is particularly relevant as the agent is the antibiotic of choice
used for chemoprophylaxis as part of the Hajj and Umrah meningococcal disease preventive measures.®

Our study has a number of limitations. The cross-sectional study design and the enrollment strategy, including the
potential for volunteer bias, limit the generalizability of our findings. In addition, we used questionnaires to collect data;
therefore, responses obtained were prone to information bias and some sections of the questionnaire, such as vaccination
status, had a low response rate. Also, we used culture-based methods to isolate N. meningitidis. Using molecular
techniques in combination with culture would have resulted in a better sensitivity. Finally, we were able to subculture
only one of the three N. meningitidis isolates for antimicrobial susceptibility testing, hence we did not report results for
the other two isolates.

In summary, we investigate meningococcal carriage among Umrah pilgrims in 2019 just before the height of the
COVID-19 pandemic. We report low carriage rate of N. meningitidis but the presence of invasive serogroups including
serogroup B, which is not covered in the current compulsory vaccines for the pilgrimage. Umrah conditions such as
crowding, shared accommodations and travel between holy sites can facilitate transmission of N. meningitidis among
pilgrims and local residents and could potentially lead to disease and outbreaks including internationally via returning
pilgrims. Preventive measures against respiratory infections are currently heightened, given the COVID-19 pandemic;
however, these should be monitored post pandemic to ensure pilgrims continue to exhibit good practice. Health
awareness campaigns on meningococcal disease preventive measures among Umrah pilgrims should aim to improve
knowledge and affect practice and should be administered to pilgrims before departure to KSA and information
reinforced during their stay in the country. In addition, given reports of non-optimum uptake of the meningococcal

vaccine, ensuring the stricter implementation of compulsory vaccination among Umrah pilgrims is a priority.

Ethics Approval and Consent to Participate

The study was approved by the King Fahad Medical City Ethics Committee and the Institutional Review Board (IRB log:
18-423E) and was performed in accordance with the relevant guidelines and regulations and in compliance with the
Declaration of Helsinki. The Ethics Committee and IRB approved verbal consent process for participation given the
observational nature of the study and the use of anonymous questionnaires, which did not include any identifiers or
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personal information of the participants. Trained researchers obtained verbal consent from all participants and docu-

mented it on the survey forms.
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