
Al-Azhar University-Gaza

Deanship of Postgraduate Studies

Faculty of Science

Biology Department

Biological Sciences Master Program

Meningococcal Carriage among Healthy
University Students of Gaza Strip, Palestine

By:

Yaser Shehda Khalil Barhoum
(B.Sc. Laboratory Medicine)

Supervisors

Dr. Nahed Ali Al Laham
Assoc. Prof. of Medical &
Molecular Microbiology

Dr. Basim Mohammed Ayesh
Assoc. Prof. of Molecular

Genetics

A Thesis Submitted in Partial Fulfillment of Requirements for the Degree of
Master in Science (Biological Sciences)

2017





i

Meningococcal Carriage among

Healthy University Students of

Gaza Strip, Palestine



ii

Thesis Approval



iii

Declaration

I hereby declare that this entire thesis submitted for the master degree is the

result of my own work and that, to the best of my knowledge and belief, it

contains no material previously published or written by another person, nor

material which to a substantial extent has been accepted for the award of any

other degree at Al-Azhar university or any other educational institutions,

except where due acknowledgment has been made in the text.

Name: Signature: Date:

Yaser Shehda Khalil Barhoum Yaser Barhoum June, 2017

Copy right.

All Rights Reserved: No part of this work can be copied, translated or
stored in any retrieval system, without prior permission of the authors.



iv

Dedication


]105[ سورة التوبة: 



















*************************************

To the first teacher of all nations, Prophet MOHAMMED (peace be upon

him). Hoping its acceptance by almighty ALLAH, the ultimate source of

every knowledge.

To my amiable family, God bless them.

To my friends.

To my teachers.

To all of them I dedicate this modest humble work.



v

Acknowledgement

All praise to ALLAH (Al-mighty), The Beneficent, the Merciful, without his

mercy and guidance this work and other works never has been started nor

completed. I praise to Him (Al-mighty) as much as the heavens and earth

and what is between or behind.

I would like to express my sincere thanks and gratitude to my supervisors

Dr. Nahed Al Laham and Dr. Basim Ayesh for their supervision on my

thesis. It is a great honor for me to work under their guidance. I gratefully

acknowledged them for support, encouragement, patience, professionalism,

and sincere corporation, throughout my research and the great valuable

scientific help, which lead to the emergence of this work in its current form.

My thanks extend to all the academic and administrative staff of Al-Azhar

university, especially to  the biology department for their teaching, guidance,

and their great efforts for giving me the opportunity to study for master

degree. In addition, I would like to thank all participating students for their

understanding and willingness to participate in this study.

I would like to thank all experts, those who helped me in reviewing the

questionnaire, and special thanks to Dr. Nabil El Aila, Assistant Professor

of Medical & Molecular Microbiology, Faculty of Applied Sciences,

Department of laboratory Medical Sciences, Al-Aqsa University-Gaza, for

his support and valuable suggestions.

My thanks for Palestinian Ministry of Health (MOH) for support and

encouragement to develop and improve our skills, experience, knowledge in

the field, and for permission and giving me the opportunity to carry out my

practical work at the central laboratory-MOH.



vi

My great thanks to Mr. Fouad Ahmed, Director of laboratories and blood

banks Unit, MOH, and Mr. Housam Quaider, Director of Central

Laboratory, MOH, for their whole support and encouragement.

Special thanks to Mr. Asad Salama for his assistance skillful in data and

specimen collection. I am also deeply grateful for All the staff of Central

Laboratory, MOH, especially microbiology department (Mrs. Jehad Obaid

and Mrs. Nidaa Abu Ghanima) and molecular biology department (Mr. Rami

Al Masri, Mr. Hany Mokied and Mrs. Sabreen Elkordi) for their unlimited

help and great efforts to conduct this study.

I am indebted to Mr. Ahmed Al Afifi, Head of Microbiology Department,

Al Nasser Pediatric Hospital for his knowledge, support and interest in this

research and provision of positive samples.

My thanks and gratitude is extended to everyone who had gave a hand and

contributed in this work.

Finally, no words are ever enough to describe special and sincere

appreciation to my family (my parents, my wife, my brother, my sisters), my

friends, and my study colleagues for their understanding and invaluable

support, especially my amiable parents for their help to overcome all the

difficulties aroused during this research, continuous support, stimulation,

encouragement, endless patience, and love.



vii

Abstract

Meningococcal Carriage among Healthy University Students of

Gaza Strip, Palestine

Background: Invasive meningococcal disease is a worldwide health

problem and a life threatening illness. It is a major cause of morbidity and

mortality particularly among infants and young children. On the other hand,

the adolescents and young adults have the highest rates of meningococcal

carriage. Therefore, they are considered to be a primary reservoir for

transmission of microbes to other individuals, such as infants and young

children, within their families.

Objective: The main objective of this study was to estimate the rate of

meningococcal nasopharyngeal carriage (N. meningitidis) and to investigate

the nasopharyngeal carriage risk factors among a cohort of healthy university

students in Gaza Strip, Palestine.

Materials and methods: A cross-sectional, descriptive study was performed

during the period from January to November 2016. Throat swabs were

collected and questionnaires were obtained from 405 apparently healthy

students aged 18-24 years at three faculties of Al-Azhar university in Gaza

Strip, Palestine. Swabs were cultured on enrichment and selective media. N.

meningitidis was identified and typed by standard microbiology methods and

conventional PCR.

Results: In this study, we identified 18 out of 405 students as asymptomatic

carriers of N. meningitidis (4.4%) by using conventional multiplex PCR

technique targeting two conserved meningococcal genes ctrA and crgA.

Though, using enrichment and selective media, no isolate was detected. Out

of these 18 N. meningitidis isolates, only one isolate was positive for ctrA
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alone (5.6%), one isolate was positive for crgA (5.6%) and the rest 16

(88.8%) were positive for both genes. Genotyping of the most common five

serogroups (A, B, C, Y, W135) was determined by multiplex PCR for the 18

isolates. We found that all N. meningitidis isolates were not belonging to any

of the aforementioned serogroups (non-groupable or not capsulated). In our

study, none of the studied risk factors was statistically significantly

associated with meningococcal carriage among our tested population,

although some of these risk factors showed clear association but did not

reach statistical significance value.

Conclusions and Recommendation: The results of this study showed that

meningococcal carriage rate is lower than that recently reported in Europe,

Asia, and Latin America. The low meningococcal carriage rate and the high

proportion of non-groupable strains of N. meningitidis were observed in our

study among university students, which could explain the low incidence rate

of this disease in Gaza Strip. We recommend to extend the carriage study to

other universities and other age groups for better understanding and

evaluation the epidemiology of invasive meningococcal disease in Palestine.

Keywords: Neisseria meningitidis, Asymptomatic carriers, Serogroups,

University students, Risk factors, ctrA, crgA, Gaza Strip.
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الملخص

فلسطین-في قطاع غزةالمكورات السحائیةالطالب الجامعیین األصحاء الحاملین لمیكروب 

یھدد الحیاة. وھو سبب رئیسي للمرضیة اً ومرضعالمیةً صحیةً داء المكورات السحائیة مشكلةً یعتبر 

والشباب . من ناحیة أخرى، فإن المراھقین خاصةوالوفیات بین األطفال الرضع واألطفال الصغار

ھذا المصدر األساسي النتقال نلدیھم أعلى معدالت لحمل المكورات السحائیة. وبالتالي، فھم یعتبرو

.إلى أفراد آخرین، مثل األطفال الرضع واألطفال الصغار، داخل أسرھمبالمیكرو

) N. meningitidisإن الھدف األساسي لھذه الدراسة ھو تقییم نسبة الحاملین للمكورات السحائیة (

والتحري عن عوامل خطورة نقل المكورات السحائیة بین )Nasopharynx(داخل البلعوم األنفي

مجموعة من الطالب الجامعیین األصحاء في قطاع غزة، فلسطین.

. 2016ھذه الدراسة ھي دراسة مستعرضة وصفیة ، أجریت خالل الفترة من ینایر إلى نوفمبر 

-18أصحاء تتراوح أعمارھم بین ن أربعمائة وخمسة طالبٍ جمعت مسحات الحلق واالستبیانات م

من جامعة األزھر في قطاع غزة، فلسطین. وزرعت العینات على علمیة سنة من ثالث كلیات 24

خاصة لتنمیة النیسیریا السحائیة، وقد تم تحدید النیسیریا السحائیة أخرى بیئة زراعیة عامة و

تفاعللى إ، باإلضافة و المصلیةلفحوصات الكیمیائیةمن خالل الصفات المظھریة و اھاوتشخیص

).PCR(المتسلسلالبلمرة

كانوا حاملین للنیسیریا السحائیة % 4.4في ھذه الدراسة، تم التعرف على ثمانیة عشر طالباً بنسبة 

conventionalمن أصل أربعمائة وخمسة طالب باستخدام تقنیة دون ظھور أي أعراض علیھم 

multiplex PCR عزالت النیسیریا السحائیة الثمانیة عشر تضمنت عزلة واحدة فقط كانت إیجابیة .

وحده، وباقي العزالت الستة عشر كانت crgAلجین وبالمثل%، 5.6وحده بنسبة ctrAلجین 

) للسالالت serogroupsالمصلیة (األنواعتم تحدید وقد ٪. 88.8بنسبة یجابیة لكال الجینین معاً إ
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conventional multiplex PCR) من خالل استخدام A ،B ،C ،Y ،W135(األكثر شیوعاً 

. حیث وجدنا أن جمیع عزالت النیسیریا السحائیة ال تنتمي إلى أي من السالالت لجمیع العزالت

لوحظ أنھ ال یوجد أي عامل من كما. (non-groupable or not capsulated)المذكورة أعاله 

استھا قد ارتبط بعالقة ذات داللة إحصائیة مع نسبة الحاملین للمكورات عوامل الخطورة التي تم در

رة أظھرت عالقة طعوامل الخھذه الالسحائیة بین أفراد مجتمع الدراسة، على الرغم من أن بعض 

واضحة ولكن لم تصل قیمة الداللة اإلحصائیة.

أقل من تلك المعدالت التي الحاملین للمكورات السحائیةوتشیر نتائج ھذه الدراسة إلى أن معدل 

الحاملین ذكرت في اآلونة األخیرة في أوروبا وآسیا وأمریكا الالتینیة. ولوحظ أیضاً أن معدل 

من non-groupableالمنخفض باإلضافة إلى النسبة العالیة من السالالت للمكورات السحائیة

نخفاض المستمر في معدل حدوث النیسیریا السحائیة في دراستنا بین طالب الجامعات، ربما یفسر اال

نوصي بھذا النوع من الدراسات لكي تشمل جامعات وفئات وعلیھ فإنناالمرض في قطاع غزة. 

تقییم وبائیات مرض التھاب السحایا في فلسطین.للفھم أفضل و،عمریة أخرى

، طالب أعراض، األنواع المصلیةظھورالنیسیریا السحائیة، الحاملین دونالكلمات المفتاحیة:

، قطاع غزة.ctrA،crgAالجامعات، عوامل الخطورة، 
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Chapter 1

Introduction

1.1 General Background

Invasive meningococcal disease (IMD) is a worldwide health problem and a

life-threatening illness. It is a major cause of morbidity and mortality

particularly among infants and young children (Jafri et al., 2013). Globally,

at least 1.2 million cases of bacterial meningitis occur every year, out of

which 135,000 are fatal. Approximately 500,000 of these cases and 50,000

of the deaths are due to Meningococcus (Verma & Khanna, 2012; and

Jafri et al., 2013).

The causative agent of IMD is the bacterium Neisseria meningitidis

(Meningococcus) and presents either as meningitis or bloodstream infection

(meningococcemia) (Campsall et al., 2012). The disease is often severe,

associated with high case fatality rate (CFR) of 5–10% and significant

sequelae in approximately 20% of the patients who survive the disease such

as hearing loss, neurologic damage, or loss of a limb (CDC, 2014; and

Norheim et al., 2014).

N. meningitidis is an obligate human commensal, which commonly

colonizes the nasopharyngeal mucosa of the human, the normal environment

of the Meningococcus. The bacterium is transmitted between individuals via

direct contact or through dispersion of respiratory droplets from an infected

person to a susceptible person. The incubation period is 2-10 days, often 3

days, which is the period of communicability (Caugant et al., 2007;

Caugant & Maiden, 2009; and Verma & Khanna, 2012). Most of the

infections are subclinical with many infected people becoming carriers

without any detectable symptoms. This phenomenon commonly referred to



2

as asymptomatic carriage (Caugant et al., 2007; Caugant & Maiden, 2009;

and Verma & Khanna, 2012). The majority of individuals at any time

throughout their life will harbor the bacterium asymptomatically in the

throat; few carriers develop invasive disease, usually occurring shortly after

acquisition of the bacterium by a susceptible host (Caugant et al., 2007).

The highest incidence of nasopharyngeal carriage of N. meningitidis is in

closed and semi-closed populations, especially those residing in

overcrowded spaces; such as school-going children, college students, Umrah

visitors, pilgrims, household contacts of meningococcal patients and military

recruits. In such individuals, the meningococcal transmission increases

dramatically and the carriage rates can reach 100% (Caugant et al., 2007;

Caugant & Maiden, 2009; Bidmos et al., 2011; Durey et al., 2012; and

Jounio et al., 2012).

Up to 5-10% of population is asymptomatic nasopharyngeal carriers of N.

meningitidis. These carriers are crucial to the spread of the infection. The

disease mainly affects young children, but the adolescents and young adults

have the highest rates of meningococcal carriage (Jounio et al., 2012; and

WHO, 2014).

Age is one of the most important factors influencing meningococcal carriage

rates, so the carriage rates are very variable among human populations

(Caugant et al., 2007; and Caugant & Maiden, 2009). Studies performed

in Europe and North America have shown that carriage rates are very low in

the first years of life, then sharply increase in teenagers and reach a peak in

20-24 year olds. Carriage rates decrease to less than 10% in older ages

(Caugant et al., 2007; Caugant & Maiden, 2009; and Germinario et al.,

2010). Another Study have shown that the pharyngeal carriage varies by age
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group from 0.7 % in children less than 4 years up to 32 % among young

people aged 20-24 years (Rodriguez et al., 2014).

In addition to age, a number of risk factors have been shown to be associated

with meningococcal carriage. There are slightly more carriers in males than

in females (Caugant et al., 2007). Some living conditions and habits also

appears to increase the risk for carriage such as overcrowding, sanitation,

active and passive smoking, alcohol consumption, number of kissed people

and low socioeconomic status in some populations (Caugant et al., 2007;

Caugant & Maiden, 2009; Espinosa de los Monteros et al., 2009; and

Rodriguez et al., 2014). Individuals with low immunological status and

respiratory tract infections of viral or bacterial origin may be at high risk to

become carriers (Caugant et al., 2007; Caugant & Maiden, 2009; and

Espinosa de los Monteros et al., 2009). The disease has seasonal variations,

with the greatest incidence being observed during the winter, early spring

months, and specific climatic conditions such as dry seasons and dust storms

(Espinosa de los Monteros et al., 2009; and WHO, 2014). These risk

factors have been found to be independently associated with carriage in

multivariate analysis, but the number and closeness of social contacts might

be the most important factors (Caugant et al., 2007; and Caugant &

Maiden, 2009).

Despite high rates of meningococcal carriage in many or most human

populations, the disease is rare with annual incidence rates that vary from 1

to 1000 cases per 100,000 individuals in different parts of the world

(Caugant & Maiden, 2009). Meningococcal disease in Europe and North

America usually occurs as sporadic cases, while many countries suffer from

endemic meningococcal disease (Caugant & Maiden, 2009). Some of these

countries, mostly in the developing world, suffer from repeated epidemics of

meningococcal disease (CDC, 2014). The incidence of meningococcal
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infection in high-income countries is low (from 1 to 5 cases per 100,000

people). While in low-income countries such as the “meningitis belt” in sub-

Saharan Africa, the incidence can reach as high as 1000 cases per 100,000

people (Campsall et al., 2012).

In the Middle East and North Africa (MENA) region of WHO, N.

meningitidis consistently reported to be one of the leading causes of bacterial

meningitis (Ceyhan et al., 2012). The neighboring countries for Palestine

are Egypt, Syria, Jordan, Lebanon, and Israeli occupation have IMD

incidence of 0.1, 0.07, 0.3, 0.15, and 1.22 per 100,000 population

respectively (Ceyhan et al., 2012). Other MENA countries such as Saudi

Arabia, Sudan, Iran, and Turkey have IMD incidence rates of 0.09, 13.26,

0.14 and 0.88 per 100,000 population respectively (Ceyhan et al., 2012).

1.2 Statement of the Problem

Meningococcal disease mainly affects young children, but the adolescents

and young adults have the highest rates of meningococcal carriage.

Therefore, they are considered to be a primary reservoir for transmission of

microbes to other individuals, such as young children and infants, within

their families (Harrison et al., 2015).

Therefore, carriage studies are important to improve our understanding of

the epidemiology and pathogenesis of meningococcal disease, there have

been no documented data or previous studies published have been reported

on the epidemiology of meningococcal carriage or acquisition in Palestine,

and particularly in Gaza Strip. In addition, the risk factors for this carriage

has never been evaluated and to the best of our knowledge this study is the

first to address this issue.
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1.3 Justification of the Study

Palestine as a country in the Middle East has intermediate incidence rate (2-

10 cases per 100,000 population/year) of meningococcal disease.

Meningococcal meningitis is an endemic disease with seasonal and

governorate variations in Gaza Strip and sporadically reported in West Bank

(PHIC-MOH, 2015). In 2015, 60 cases of meningococcal disease were

reported in Palestine with an incidence rate of 1.3 per 100,000 population,

three cases in West Bank with an incidence rate 0.1 per 100,000 population

and 57 cases in Gaza Strip with an incidence rate 3.1 per 100,000 population

(PHIC-MOH 2016).

According to a study conducted by Al Jarousha & Al Afifi, (2014), in Gaza,

they found that the most common isolated pathogen that causes bacterial

meningitis was N. meningitidis (47.9%).

The majority of cases were registered between infants and children aged less

than 5 years (about 70%). In addition, in the years 2012, 2013, 2014 the

incidence rate of meningococcal disease in age group (>14 years) was 1.9,

3.6, 4.3 respectively and this registered a continuous increased compared to

the previous years (MOH, 2014; MOH, 2016).

In Palestine, the meningococcal vaccine has not been applied yet in

Palestinian expanded program of immunization (EPI), except some of the

immune-compromised patients, Umrah visitors, and pilgrims.

According to epidemiological studies, when the carrier rate exceeds 20%, the

community is in danger of an epidemic, usually caused by the predominant

carrier serogroup. However, it should be stressed that many epidemics occur

not at times of high pharyngeal carriage, but when the rates of acquisition of
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infection are increasing, and particularly in persons newly infected with the

organism (Pavlopoulou et al., 2004).

In addition, the persistence of carriage in vaccinated individuals would

provide a reservoir of meningococcal infection for non-immune individuals,

so the carriage in populations should be monitored (Jordens et al., 2002).

Although carriage studies are important to improve our understanding of the

epidemiology and pathogenesis of meningococcal disease, there have been

no documented data or previous studies published have been reported on the

epidemiology of meningococcal carriage or acquisition among university

students in Palestine, probably because of the intermediate incidence of the

disease and to the best of our knowledge this study is the first to address this

issue.

For all of the above-mentioned facts, we believe that the identification and

detection of N. meningitidis and their serotypes could enable us to estimate

the magnitude of the problem in Gaza Strip and to set up the appropriate

control and prevention measures. In addition, we believe that the study could

participate in applying specific vaccines based on the serogroups identified

in this study.



7

1.4 Objectives

General Objective

To estimate the rate of meningococcal nasopharyngeal carriage (N.

meningitidis) and to investigate the nasopharyngeal carriage risk factors

among a cohort of healthy university students in Gaza Strip, Palestine.

Specific Objectives

1. Detection and estimation the meningococcal carriage rate among our

study population using conventional techniques (culture).

2. Detection and estimation the meningococcal carriage rate among our

study population using molecular techniques (PCR).

3. Molecular characterization (PCR) of the isolated N. meningitidis for

the most prevalent serogroups (A, B, C, W135 and Y).

4. Finding out the possible risk factors associated with meningococcal

nasopharyngeal carriage.
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Chapter 2

Literature review

2.1 History of Meningococcus

Meningococcal disease was first reported in the 16th century by Willis

(English physician); he was described an outbreak of a spotted fever. In

1805, Vieusseux was the first well documented description of an outbreak of

meningococcal disease in Eaux Vives, near Geneva, Switzerland (CDC,

2015). The bacterium was first isolated from the cerebrospinal fluid (CSF) of

patients and identified it as the cause of meningitis by Anton Weichselbaum

in 1887; he called the organism Diplococcus intracellularis (Yazdankhah &

Caugant, 2004; and CDC, 2015). Meningococcus was first isolated from

the throat (nasopharyngeal carriage) by Kiefer (German microbiologist) in

1896 and he differentiated meningococcus from gonococcus (Yazdankhah

& Caugant, 2004; and Cartwright, 2006).

2.2 Meningococcal Disease

IMD is a worldwide health problem and a life threatening illness. It is a

major cause of morbidity and mortality particularly among infants and young

children (Jafri et al., 2013). Globally, at least 1.2 million cases of bacterial

meningitis occur every year and 135,000 of which are fatal. Approximately

500,000 of these cases and 50,000 of the deaths are due to meningococci

(Verma & Khanna, 2012; and Jafri et al., 2013).

The causative agent of IMD is the bacterium N. meningitidis

(meningococcus). The disease often severe and presents either as meningitis

or bloodstream infection (meningococcemia), which are associated with high

CFR of 5–10% and significant sequelae in approximately 20% of the

patients who survive the disease such as hearing loss, neurologic damage, or
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loss of a limb (Campsall et al., 2012; CDC, 2014; and Norheim et al.,

2014).

2.3 Meningococcal Carriage

Humans are the only natural hosts for meningococci. The bacterium

transmitted between individuals via direct contact or through dispersion of

respiratory droplets from an infected person to a susceptible person. N.

meningitidis is an obligate human commensal, which commonly colonizes

the nasopharyngeal mucosa of the human and become part of the transient

flora of the upper respiratory tract. The incubation period is 2-10 days, often

3 days, which is the period of communicability. The organism can be found

for 2–4 days in the nose and pharynx and for up to 24 h after starting an

antibiotic regimen. Most of the infections are sub-clinical with many

infected people becoming carriers without any detectable symptoms. This

phenomenon commonly referred to as asymptomatic carriage (Caugant et

al., 2007; Caugant & Maiden, 2009; and Verma & Khanna, 2012). The

majority of individuals at any time throughout their life will harbor the

bacterium asymptomatically in the throat; few carriers develop invasive

disease, usually occurring shortly after acquisition of the bacterium by a

susceptible host (Caugant et al., 2007).

2.4 Neisseria meningitidis

N. meningitidis has become the leading cause of bacterial meningitis in

children after the dramatic reductions in the incidence of S. pneumoniae and

H. influenzae type b infections resulting from corresponding vaccination

(Rüttimann et al., 2014).
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2.4.1 Biology of the Meningococcus

The virulence of N. meningitidis is influenced by multiple factors: capsule

polysaccharide expression, expression of surface adhesive proteins {outer

membrane proteins (OMPs) including pili, porins, opacity proteins, iron

sequestration mechanisms, and endotoxin}. N. meningitidis also has evolved

genetic mechanisms resulting in a horizontal genetic exchange, antigenic

variation, and molecular mimicry, allowing the organism to successfully

adapt at mucosal surfaces and invade the host (Rouphael & Stephens,

2012).

N. meningitidis like other gram-negative bacteria, cell envelope consists of

an outer membrane, a peptidoglycan layer, and a cytoplasmic or inner

membrane. The outer membrane has an outside layer primarily composed of

lipopolysaccharide (LPS), actually a lipooligosaccharide (LOS), and proteins

and an inside layer composed of phospholipids that contains proteins

primarily responsible for regulating the flow of nutrients and metabolic

products (Figure 2.1). The outer membrane is surrounded by a

polysaccharide capsule that is necessary for pathogenicity and protects the

bacterium during the invasion process because it helps the bacteria to resist

phagocytosis and complement-mediated lysis. The OMPs and the capsular

polysaccharide, make up the main surface antigens of the organism and the

prime target for mucosal and humoral immunity (Yazdankhah & Caugant,

2004; Rouphael & Stephens, 2012; and CDC, 2015).

The structure of peptidoglycan of different N. meningitidis strains consists of

a maximum of two layers with different variations in the degree of cross-

linking and O-acetylation. The O-acetylation of peptidoglycan results in

resistance to lysozyme and to other muramidases. Also, peptidoglycan

structures are recognized by components of the innate immune system.
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While, meningococcal LPS or LOS (endotoxin) plays a role in the adherence

of the meningococcus and in activation of the innate immune system

(Rouphael & Stephens, 2012).

Acquisition of meningococci through exposure to respiratory secretions and

attachment on human upper respiratory mucosal surfaces by N. meningitidis

are the first steps in establishing a human carrier state and IMD. Multiple

structures, termed major and minor adhesions, facilitate meningococcal

adherence. Major adhesins include: pili which initiate the primary adherence

to the epithelial cell surfaces and are involved in facilitating the uptake of

DNA by meningococci, and opacity proteins (Opa and Opc). Examples of

minor adhesins include NadA (neisserial adhesinA), NhhA (Neisseria hia

homologue A), App (adhesion and penetration protein), and MspA

(meningococcal serine protease A). Other molecules play role in adhesion

and colonization of meningococci: iron binding proteins enable

meningococci to acquire iron, a basic component essential for growth during

colonization and disease. Meningococcal iron acquiring proteins include

haemoglobin-binding protein (HmbR), transferrin-binding proteins (TbpA

and TbpB), and lactoferrin binding protein (LpA, LpB), hemoglobin-

haptoglobin complex(HpnA and HpnB), and possible siderophore

homologues. In addition, N. meningitidis expresses two distinct porins, PorA

and PorB are also involved in host cell interactions and as targets for

bactericidal antibodies(Yazdankhah & Caugant, 2004; Rouphael &

Stephens, 2012).
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Figure 2.1: Cross-sectional view of the meningococcal cell membrane (Rouphael &

Stephens, 2012).

2.4.1.1 Genetic Structure of Neisseria meningitidis

2.4.1.1.1 Capsule Polysaccharide Expression

Capsular polysaccharide synthesis, takes place in the cytoplasm. Then the

subsequent translocation of the polysaccharide chains to the cell surface. The

genes involved in polysaccharide biosynthesis and cell surface translocation

are clustered at a single chromosomal locus, termed capsule locus (cps)

(Frosch & Vogel, 2006). As illustrated in figure 2.2, the genetic

organization of cps is conserve among the serogroups. The capsule

expression genes are located in four operons: one that encode capsule

biosynthesis {called syn (for capsule biosynthesis) or sia (for sialic acid

biosynthesis), depending on which nomenclature system is used} and three
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that encode the capsule transport to the cell surface (ctr genes) (WHO,

2011).

For serogroups B, C, Y and W135, the first three genes of the syn operon are

highly conserved in all these serogroups, as they exhibit the same function,

i.e. the synthesis of capsule polysaccharide precursors (monomeric sialic

acid). The fourth gene product is a polymerase that catalyzes the formation

of polymers (polysialic acid) with specificity for function, nucleotide

sequence, and linkage for each of the previous four serogroups. In

serogroups B and C, the products of a four-gene operon (synABC plus the

polysialyltransferase gene synD [Nmen B] or synE [Nmen C]) are

responsible for biosynthesis of the sialic acid (also known as N-

acetylneuraminic acid, NeuNAc, or NANA) homopolymer. While in

serogroups Y (synF) and W135 (synG), the polymerases link heteropolymers

of sialic acid plus either glucose [6-D-Glc1→4)-Nacetylneuraminic

acid2→6)] or galactose [6-D-Gal1→4)-Nacetylneuraminic

acid2→6)] respectively.

Expression of the poly-N-acetylmamosamine-1-phosphate capsule polymer

of serogroup A requires the sacABCD operon (formerly known as

mynABCD, while expression of the poly-N-acetyl-D-glucosamine-1-

phosphate capsule of serogroup X requires the xcbABC.

The genes oatC (serogroup C) and oatWY (serogroup W135 and Y), are

located downstream of syn operons, co-transcribed with the syn operons and

encode O-acetyltransferases which substituted the sialic acid residues in the

polysaccharide molecule with O-acetyl groups (Frosch & Vogel, 2006; and

WHO, 2011).
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lipA and lipB code for proteins that add a phospholipid-anchoring group on

to the polysaccharide reducing end before transport. ctrE and ctrF, formally

known as lipA and lipB respectively, are also involved in capsule transport.

Many nongroupable, carried meningococci lack all or part of the cps; those

lacking the entire locus (capsule null) have a genetic configuration at this

position like those of N. gonorrhea and N. lactamica, which are not known

to synthesize capsule (WHO, 2011).

Figure 2.2: Genetics map of capsule gene complex (cps) of N. meningitidis (WHO,2011).

2.4.1.1.2 Mechanisms of Capsular Polysaccharide Transport

The export of capsular polysaccharide to the cell surface is an ATP-

dependent process requiring the action of an ATP-binding cassette (ABC)

transporter system. The capsule transport operon (ctrABCD) encodes ATP-

dependent export proteins. The genes of ctr operon are share high similarity

with ABC transporters and they highly conserved among the major disease
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causing serogroups (A, B, C, W-135,Y and X). The ctrD gene encodes the

ATP binding protein (CtrD) of the transporter complex, CtrD characterized

as an ATP-hydrolyzing enzyme. The ABC transporter proteins CtrC and

CtrD direct the translocation of the polysaccharide through the inner

membrane. Transport of the polysaccharide through the inner and outer

membranes is tightly coupled. Translocation through the outer membrane is

enabled by the auxiliary protein CtrA, which forms a β-barrel structure. The

translocation zones of the inner and outer membrane are stabilized through

CtrB, which links CtrA to the inner membrane, Figure 2.3 (Frosch & Vogel,

2006; and WHO, 2011).

Figure 2.3: Hypothetical model of the capsular polysaccharide

transport system (Frosch & Vogel, 2006).

Conventional and real time PCR assay targeting ctrA, (which is the first gene

in the capsule transport operon and its highly conserved among the major

disease causing serogroups A, B, C, W-135,Y and X), have been developed

for detection of all encapsulated and some non-encapsulated (nongroupable)

N. meningitidis (WHO, 2011).
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2.4.1.1.3 Adaptation and Phase Variation

A characteristic feature of the meningococcus is the ability to modulate the

expression of surface molecules. Especially those structures, that play a role

in the interaction with the host. Strong experimental evidence suggests that

the capsule inhibits binding to and invasion of epithelial and endothelial

cells. In contrast, the capsule is required for protection against the innate

immune system and therefore is a prerequisite for systemic infection (Frosch

& Vogel, 2006).

Indeed, carriage meningococcal isolates are often noncapsulated

(nongroupable). This is due to either genetic down-regulation of the capsule

expression (phase variation) or the absence of the genes involved in capsule

expression. The latter strains are referred to as capsule null locus (cnl)

meningococci (Gasparini et al., 2014).

Thus, modulation of capsule expression and phase variation between the

capsular and acapsular state (i.e. capsule production in meningococcal

strains can switch on and off at a high frequency “Capsule switching”) are

important events required for the colonization and invasion of the infected

human host. Phase variation and the control of capsule expression are occur

due to genetic identity of parts of the capsule loci and is the result of

horizontal exchange by transformation and recombination in the locus of

serogroup specific capsule biosynthesis genes (Frosch & Vogel, 2006; and

Rouphael & Stephens, 2012). For example, the reversible inactivation of

the siaA gene by insertion and exact excision of a naturally occurring

insertion sequence element, termed IS1301. Interestingly, IS1301, which is

present also in other serogroups, can reversibly inactivate the O-

acetyltransferase genes oatWY in serogroup W135 and Y strains, thus
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resulting in modification of the capsular polysaccharide in these serogroups

(Frosch & Vogel, 2006).

The loss of capsule facilitate adherence to oropharyngeal mucosa, thus

enhances the capability of meningococci to colonize the human nasopharynx

and to avoid human defence systems. The requirement of an acapsulate state

for intimate adhesion of meningococci to epithelial and endothelial cells

suggests that capsule expression is regulated upon contact with target cells.

The crgA gene (contact-regulated gene A), which encodes a 299-amino-acid

protein belonging to the LysR family of transcriptional regulators (CrgA),

which controls a number of meningococcal genes during intimate adhesion.

Among those genes that are negatively regulated by CrgA (i.e. CrgA

represses the expression of these genes) are pilC1, pilE, and sia genes

involved in adhesin, pilin, and capsule biosynthesis, respectively.

Inactivation of the crgA gene decreases meningococcal adhesion to epithelial

cells and abolishes intimate adhesion. Thus, transcriptional control of

capsule expression is part of the complex events of attachment and invasion

of host cells (Yazdankhah & Caugant, 2004; Ieva et al., 2005; and

Frosch & Vogel, 2006).

2.4.1.1.4 The sodC of Meningococcus

The ctrA may be the most frequently targeted gene to detect N. meningitidis

using PCR. However, the cps, including ctrA, is subject to rearrangement,

and 16% or more of carried meningococci have been shown to lack ctrA

completely. Invasive nongroupable meningococci can undergo similar

rearrangements of the capsule region, although these events may be less

common than in carriage isolates(Thomas et al., 2011).
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The human nasopharynx may harbour diverse pathogenic bacteria, like N.

meningitidis, H. influenzae, S. pneumoniae, as well as non-pathogenic

bacteria, such as N. lactamica and the Moraxella. Transformation with DNA

released from other bacteria during mixed colonization of the nasopharynx

can result in transfer of foreign DNA to the chromosome of N. meningitidis.

However, as demonstrated by transformation studies, the pathogenic

Neisseria rarely take up DNA from bacterial species other than those in its

own genus. One exception is the introduction of the gene that encodes H.

influenzae superoxide dismutase (sodC) into the meningococcus by a

horizontal gene transfer event (Yazdankhah & Caugant, 2004).

The copper, Zinc cofactored superoxide dismutase gene, (Cu, Zn-sodC), is

not genetically linked to the cps and located 1.23 Mb from the cps in the

2.27-Mb N. meningitidis serogroup B strain MC58 genome and encodes the

virulence factor Cu, Zn Sod. The Cu, Zn Sod is a periplasmic enzyme,

making it theoretically less susceptible to antigenic variation due to selective

pressure than a cell-surface exposed molecule. There are no reports of

meningococci that lack sodC, suggesting its importance to the survival of the

organism in vivo and a strong selective pressure for its retention. However,

sodC is not found in other Neisseria spp (Thomas et al., 2011).

Recently a real-time PCR assay was developed and validated to detect all

meningococci regardless of encapsulation status. This assay targets the Cu,

Zn sodC gene which detects encapsulated meningococci, but it is also useful

for detecting nongroupable meningococci that do not contain an intact ctrA,

as will be recovered during carriage studies. For this reason, it is

recommended that sodC be used for detection of N. meningitidis, if possible

(WHO, 2011).
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2.4.2 Microbiology of the Meningococcus

N. meningitidis is a gram-negative bacterium and belong to the bacterial

family of Neisseriaceae. N. meningitidis is a fastidious bacterium, dying

within hours on inanimate surfaces, non-spore forming, non-motile, non-acid

fast, is either an encapsulated or unencapsulated, and appear diplococcus

with a “kidney” or “coffee-bean” shape under the microscope (Figure 2.4).

N. meningitidis, however, tends to undergo rapid autolysis in stationary

phase. It  is closely related to N. gonorrhoeae, and to several nonpathogenic

Neisseria species, such as N. lactamica. It requires aerobic environment with

5-10% CO2 , optimum temperature 35–37 °C and enriched media containing

blood (such as blood agar and chocolate agar) for optimal growth. N.

meningitidis colonies on blood agar are medium-sized, gray or non-

pigmented, non-hemolytic, round, convex, smooth, moist, and glistening

with a clearly defined edge (Figure 2.5). While N. meningitidis colonies  on

chocolate agar appear as large, colorless-to-grey, opaque colonies (Figure

2.6). Thayer Martin Medium also used for selective isolation of N.

gonorrhoeae and N. meningitidis from specimens containing mixed flora

collected from throat, vagina, rectum and urethra. Thayer Martin Medium

contain antibiotics to make the medium selective such as vancomycin

inhibits gram-positive bacteria, colistin inhibits gram-negative bacteria,

nystatin inhibits fungi and trimethoprim inhibit swarming Proteus. N.

meningitidis colonies  on Thayer Martin Medium appear as medium to large,

blue-gray, mucoid (Thayer & Martin, 1966; Martin et al., 1967; Martin

& Lester, 1971; and MacFaddin, 1985).

N. meningitidis are oxidase positive because they possess the enzyme

cytochrome c. In additions N. meningitidis oxidize glucose and maltose, but

not sucrose and lactose. The following tests are recommended to confirm the

identity of cultures that morphologically appear to be N. meningitidis. N.
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meningitidis can be identified using Kovac’s oxidase test and carbohydrate

utilization test. If the oxidase test is positive, carbohydrate utilization testing

(CTA or API NH) should be performed. If the carbohydrate utilization test

indicates that the isolate may be N. meningitidis, serological tests to identify

the serogroup should be performed (PHAC, 2011; WHO, 2011; Rouphael

& Stephens, 2012).

Figure 2.4: Intracellular gram-negative diplococci and leukocytes in the CSF from a
patient with meningococcal meningitis. The arrow denotes diplococci in proximity and
within leukocytes (Rouphael & Stephens, 2012).
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Figure 2.5: N. meningitidis colonies on a blood agar plate (WHO, 2011).

Figure 2.6: N. meningitidis colonies on a chocolate agar plate (WHO, 2011).
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N. meningitidis are classified by using serologic methods based on

immunological reactivity and structure of the polysaccharide capsule into 13

serogroups: A, B, C, D, 29E, H, I, K, L, W135, X, Y and Z. Patient strains

are encapsulated and only six serogroups (A, B, C, W135, X and Y) cause

more than 90% of the invasive disease worldwide and have been associated

with hyperendemic and epidemic disease (Yazdankhah & Caugant, 2004;

Caugant & Maiden, 2009; WHO, 2011; Rouphael & Stephens, 2012; and

CDC, 2015). In contrast, some strains cause asymptomatic nasopharyngeal

carriage are lack capsule and therefore serologically are not serogroupable

(Yazdankhah & Caugant, 2004; and CDC, 2015).

The genetic differences among the capsule biosynthesis operons of

meningococcal serogroups have facilitated the development of PCR assay

targeting serogroup-specific genes for capsule biosynthesis to determine the

capsule genotype of a meningococcal isolate, Table 2.1 (WHO, 2011).

Table 2.1: Serogroup capsule type and gene targets for genotyping PCR assays

(WHO, 2011).

Sero-
group

Capsule type
Gene

Target
Name

Alternate
Gene Names

A (1→6)-N-acetyl-D-mannosamine-1-phosphate sacB

B 2→8)- N-acetylneuraminic acid synD
siaD
siaD of B
siaDB

C 2→9)- N-acetylneuraminic acid synE
siaD of C
siaDC

W135 6-D-Gal1→4)-Nacetylneuraminic acid2→6) synG
siaD of W135
siaDW

X (1→4)-N-acetyl-D-glucosamine-1-phosphate xcbB

Y 6-D-Glc1→4)-Nacetylneuraminic acid2→6) synF
siaD of Y
siaDY
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Meningococci are further classified into serosubtype, serotype, and

immunotype is based on PorA, PorB, and LOS structure, respectively.

Meningococcal typing has used multiple techniques including pulsed-field

gel electrophoresis (PFGE), multilocus enzyme electrophoresis (MLEE),

multilocus sequence typing (MLST), and PCR (Rouphael & Stephens,

2012; and CDC, 2015).

2.5 Epidemiology of Meningococcal Disease

2.5.1 Global Epidemiology of Meningococcal Disease

Despite high rates of meningococcal carriage in many or most human

populations, the disease is rare with annual incidence rates that vary from 1

to 1000 cases per 100,000 individuals in different parts of the world

(Caugant & Maiden, 2009).

The incidence of meningococcal infection in high-income countries is low

(from 1 to 5 cases per 100,000 people). While in low-income countries such

as the “meningitis belt” in sub-Saharan Africa, the incidence can reach as

high as 1000 cases per 100,000 people (Campsall et al., 2012).

The disease may also present different epidemiological features. In some

areas hyperendemic disease occurs, with incidence rates of 5–10 cases per

100,000 and these increased incidence waves can last for several decades.

Cases can also occur in clusters and localized outbreaks, but the most

dramatic epidemiological manifestations are the periodic large countrywide

epidemics or pandemics that occur in some parts of the world. The epidemic

and pandemic disease appears restricted to which extends from Ethiopia in

the East to Senegal in the West “meningitis belt” (Caugant & Maiden,

2009).
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The large epidemics in Africa have been, with a few exceptions, associated

with serogroup A meningococci, which have essentially disappeared from

Europe and North America since World War II. Serogroup B meningococci,

which are generally absent in sub-Saharan Africa, are the primary concern in

industrialized countries, where they have been responsible for hyperendemic

waves of disease. Outbreaks of serogroup C meningococcal disease occur

worldwide, especially in adolescents and young adults and serogroup Y

meningococci have emerged as an important cause of disease in North

America in the past 10 years or so, while serogroup W135 and X

meningococci have been responsible for epidemics in sub-Saharan Africa

since 2002 (Caugant & Maiden, 2009).

European Region

With the exception of a few countries in the eastern part of the European

Region, good surveillance data are available from most European countries.

Serogroup B and C are responsible for the majority of disease, and

implementation of a meningococcal immunization program with adequate

vaccine coverage has contributed to decreasing endemic rates so that no

country now falls in the high-endemicity group. Recent epidemiological

surveillance indicates an increase of serogroup Y IMD in some parts of

Europe, which is now the third most common serogroup after B and C (Jafri

et al., 2013).

Region of the Americas

In the United States, the epidemiology of meningococcal disease has

changed dramatically over the past hundred years. Approximately 800-1,500

cases of meningococcal disease occur annually in the United States, a rate of

0.3–0.5/100,000 population. Serogroups B, C, and Y each cause

approximately one-third of meningococcal disease cases in the United States.
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The proportion of cases caused by each serogroup varies by age; serogroup

B causes over 50% of cases in infants younger than 1 year of age, while

serogroups C, Y, and W135 cause 75% of meningococcal disease in those 11

years and older. Serogroup A disease is exceedingly uncommon in the

United States, while serogroup Y disease has emerged in importance. The

proportion of meningococcal disease caused by serogroup Y increased from

2% during 1989–1991 to 37% during 1997–2002 (MacNeil & Cohn, 2011).

The epidemiology of IMD in Latin America has not been well-

characterized but marked differences occur among countries. The

information is not uniform and the quality of the reported data is poor in the

region. The overall incidence per year varied from < 0.1 cases per 100,000

inhabitants in Mexico to 1.5 cases per 100,000 in Brazil (Rüttimann et al.,

2014). Uruguay remains the only country from this region to have

experienced high rates of IMD within the past 20 years. Argentina, , Chile,

Columbia, and Venezuela have experienced low levels of IMD (Jafri et al.,

2013). Many IMD cases in Latin America are caused by serogroups B and C,

but the emergence of serogroups W and Y has been reported in some South

American countries. Serogroup A disease is now rare in the region

(Rüttimann et al., 2014).

African Region

The African Meningitis Belt has the highest annual incidence of

meningococcal disease in the world with superimposed frequent epidemics

that constitute a major public health burden. Outbreaks in the sub-Saharan

region coincide with the dry season, which has led to a hypothesis for the

potential role of low humidity and seasonal dust-wind blowing from the

Sahara (the Harmattan) in damaging the mucosa and producing irritant

coughing that aids transmission. Serogroup A meningococcus causes the
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majority of disease in this area, at population level. Serogroup X, previously

a rare cause of sporadic meningitis, has been responsible for outbreaks

between 2006 and 2010 in Kenya, Niger, Togo, Uganda, and Burkina Faso,

the latter with at least 1,300 cases of serogroup X meningitis among the

6,732 reported annual cases (Jafri et al., 2013).

South-East Asia Region

Korea and Thailand are the only countries from this region with published

population-based estimates, which demonstrate low endemic rates. India has

experienced repeated serogroup A epidemics, the most recent in 2005.

Sporadic and incomplete data from India, Bangladesh, Indonesia, Nepal, and

Pakistan preclude their classification, and no data are available from Sri

Lanka (Jafri et al., 2013).
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2.5.2 Epidemiology of Meningococcal Disease in the MENA Region

In the MENA region, N. meningitidis consistently reported to be one of the

leading causes of bacterial meningitis. The neighboring countries for

Palestine are Egypt, Syria, Jordan, Lebanon, and Israeli occupation have

IMD incidence of 0.1, 0.07, 0.3, 0.15, and 1.22 per 100,000 population

respectively. Other MENA countries such as Saudi Arabia, Sudan, Iran, and

Turkey have IMD incidence rates of 0.09, 13.26, 0.14 and 0.88 per 100,000

population respectively (Ceyhan et al., 2012).

Serogroups A, B, C, and W-135 have been documented as causing disease in

Saudi Arabia(Ceyhan et al., 2012). Sudan and Saudi Arabia have high

endemic rates of serogroup A disease and have also experienced outbreaks in

recent years during the hajj season with serogroup W-135 (Jafri et al.,

2013). Serogroups data were available for Israeli occupation, where

serogroups B and C were most frequently responsible for disease, in addition

to the less frequently detected serogroups A, W-135, and Y. In Turkey,

serogroups W-135 and B were most reported, with serogroups A and Y also

observed, while in Iran, where serogroup B, and more commonly serogroup

C, were documented (Ceyhan et al., 2012).

2.5.3 Epidemiology of Meningococcal Disease in Palestine

Palestine as a country in the Middle East has intermediate incidence rate (2-

10 cases per 100,000 population / year) of meningococcal disease.

Meningococcal meningitis is an endemic disease with seasonal and

governorate variations in Gaza Strip, whereas it is sporadic in the West Bank

(PHIC-MOH, 2015). In 2015, 60 cases of meningococcal disease were

reported in Palestine with an incidence rate of 1.3 per 100,000 population,

three cases in West Bank with an incidence rate 0.1 per 100,000 population
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and 57 cases in Gaza Strip with an incidence rate 3.1 per 100,000 population

(PHIC-MOH 2016).

Figure 2.7: Annual Reported Incidence Rate of Meningococcal Disease per 100,000 of

Population, Gaza Strip and West Bank, Palestine, 2000-2015 (PHIC-MOH, 2016).

In Gaza Strip as seen on figure 2.7, the yearly incidence of N. meningitides

diseases in years 2000-2011 fluctuated between "6.8 to 12.6" per 100.000

population. In the years 2012-2015, the incidence rate registered a

continuous decrease compared to the previous years. In the year 2013, a total

of 84 cases were reported with an incidence of 4.9 per 100.000 population

while in the year 2014, a total of 68 cases were reported with an incidence of

3.9 per 100.000 population (MOH, 2014).

As seen on figure 2.8, there was a male predominance than female in Gaza

Strip. The meningococcemia cases was 60.4% among males and 39.6%

among females. While meningococcal meningitis cases was 77.8% and

22.8% respectively (MOH, 2016).
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Figure 2.8: Distribution of Neisseria Meningitides diseases by gender in Gaza Strip,

2015 (MOH, 2016).

The majority of cases were registered between infants and children aged less

than 5 years (about 70%) as seen on figure 2.9 and figure 2.10. In addition,

in the years 2012, 2013, 2014, 2015 the incidence rate of meningococcal

disease in age group (>14 years) was 1.9, 3.6, 4.3, 1.8 respectively and this

registered a continuous increased compared to the previous years (MOH,

2014; MOH, 2016).

Figure 2.9: Incidence rate of Neisseria Meningitides Diseases by age group in Gaza

Strip, 2012-2014 (MOH, 2014).

(Blood stream infection)
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Figure 2.10: Incidence rate of Neisseria Meningitides Diseases by age group in Gaza

Strip, 2015 (MOH, 2016).

According to the geographical distribution as shown in figure 2.11, it is

observed that during the year 2014 the highest incidence rate per 100.000

population was reported in North governorate (7.5). The reported incidence

was similar in Gaza and Khan-Younis governorates (3.6 per 100.000

population), while in the Rafah it was 2.3 and in Mid-zone it was 1.2 per

100.000 population. In the year 2013, the geographical distribution was

totally different, where Gaza Governorate reported a high incidence rate (6.1

per 100.000 population) followed by Khan-Younis governorate (5.6 per

100.000) while the lowest incidence rate was in Rafah (1 per 100.000

population). It is observed that significant changes were observed in the

geographical distribution in the year 2013 and 2014 compared to the year

2012 especially in Rafah governorate, where the incidence rate dramatically

declined from 16.4 to1 and 2.3 per 100.000 population after the outbreak

(MOH,2014).
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Figure 2.11: Geographical distribution of Neisseria Meningitides diseases per 100.000

population in Gaza Strip, years 2012-2014 (MOH, 2014).

According to the type of clinical manifestation, It is observed that there is a

continuous increase of meningococcal meningitis (MM) cases in the last

years compared to MC (meningococcemia) cases, figure 2.12. In the years

2009-2013, the incidence of MC cases was higher than the incidence of MM

cases reported during these years while in the year 2014, the incidence of

MM cases was higher which reflects more or less the international

distribution of these types (MOH, 2014). In the year 2015 as seen in figure

2.13, the incidence of MC cases was much higher than the incidence of MM

cases (MOH, 2016).

Figure 2.12: Distribution of Neisseria Meningitides diseases by type of disease in Gaza

Strip, years 2009-2014 (MOH, 2014).

Meningococcemia
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Figure 2.13: Distribution of Neisseria Meningitides diseases by type of disease in Gaza

Strip, 2015 (MOH, 2016).

As shown in figure 2.14, during the year 2014, seven cases were died with a

CFR of 10.3% reflecting a good decrease comparing to the last two years

2012 and 2013 where it was 23.3% and 11.3% respectively. The highest

CFR reported among children aged less than 5 years. All deaths were

registered among MC cases (CFR: 17.9%) and no deaths were registered

among MM cases (MOH, 2014). In contrast, during the year 2015, the CFR

increased to 19.3% and CFR among MC cases was 20.8%(MOH, 2016).

Figure 2.14: Annual Case Fatality Rate of Neisseria Meningitides diseases in Gaza
Strip, 2004-2014 (MOH, 2014).
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In a study by Al Jarousha & Al Afifi, (2014), evaluated the epidemiology,

clinical characteristics of bacterial meningitis and the risk factors associated

with developing the infection in three hospitals of Gaza Strip, Palestine.

They found that the common isolated pathogens were N. meningitidis

(47.9%), S. pneumoniae (15.1%), H. influenzae (13.7%), E. coli (11.0%),

Enterobacter spp. (6.8%), Citrobacter spp. (2.7%), Providencia spp. (1.4%),

and Pseudomonas aeruginosa (1.4%). The common recorded symptoms

were fever (78%), neck stiffness (47%), vomiting (37%), poor feeding

(19%), and irritability (16%). Statistical analysis showed that there was

statistical significance association between developing of the infection and

malnutrition (low hemoglobin level), high house crowdness and irritability

(P-value <0.05).

Other study by Ghuneim et al., (2013), observed that 151 cases (mean age

of 149 cases 4.4 years, and two cases aged 50 years and 59 years) of

confirmed meningococcal disease were reported during 2011 in five main

hospitals in Gaza Strip, Palestine: 117 (77%) meningococcal septicaemia and

34 (23%) meningococcal meningitis. With a population of 1,588,691, the

overall incidence was 9.5 per 100 000 population in the Gaza Strip. Only N.

meningitidis serotype B (no available vaccine) was identified in 22 of 32

culture-positive cases (17 meningococcal meningitis and 5 meningococcal

septicaemia). CFR was 17% (25 children) with meningococcal septicaemia.

Al Jarousha & Abu Shaban, (2008), examined 1,048 CSF samples from

clinically diagnosed meningitis patients by microscopic and culture. 95 (8%)

samples were positive for N. meningitidis and 10 (0.9%) samples positive for

meningococcemia. The percentage of bacterial isolates was highest in new

borne and infants and in patients of 1-4 years age group. The low

socioeconomic status was the main risk factor for development of infection.

The only serogroup of N. meningitidis, which found in Gaza Strip were



35

serogroups B and W-135. Serogroup B was more prominent in North Gaza,

Gaza, and Rafah, while serogroup W135 was more prominent in

Khanyounes.

2.6 Meningococcal Infection

2.6.1 Pathogenesis

N. meningitidis transmitted between individuals via direct contact or through

dispersion of respiratory droplets from an infected person to a susceptible

person (Caugant et al., 2007; Caugant & Maiden, 2009; and Verma &

Khanna, 2012). IMD typically develops within 2 weeks of colonization of

the pharyngeal mucosa (Campsall et al., 2012). For colonization of the

human nasopharynx, the microorganism must adhere to the mucosal surface,

utilize locally available nutrients, and evade the human immune system

(Yazdankhah & Caugant, 2004).

N. meningitidis initiates infection by attaching to host cells by surface-

associated filaments called type IV pili that allow the bacterium to penetrate

through the mucus layer down to the epithelium (Campsall et al., 2012).

Then attach to specific receptor sites such as CD46 and other proteins

expressed on epithelial cells in the oropharynx (Yazdankhah & Caugant,

2004). Subsequently other molecules, including different group 5 opacity

proteins, in the outer membrane contribute to a firmer contact between the

meningococci and the host epithelial cells (Brandtzaeg, 2006). The

regulatory protein CrgA also appears to play a central role in meningococcal

adhesion (Yazdankhah & Caugant, 2004). In addition to N. meningitidis

IgA1 protease, cleave single peptide bonds in the proline-rich sequence that

exists in the hinge region of human IgA1. Thereby evade a first-line defense

mechanism (secretory IgA on the mucosal surface) and facilitating the
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attachment of meningococci to the mucosal epithelial cells (Yazdankhah &

Caugant, 2004; and Brandtzaeg, 2006).

After adhesion, the meningococci start to multiply locally and influence the

physical appearance of the epithelium cells (cytoskeletal rearrangement), and

then meningococci are gradually engulfed by the epithelial cells

(endocytosis) (Brandtzaeg, 2006; and Campsall et al., 2012). Then

exocytosis allows N. meningitidis to enter the bloodstream, where rapid

bacterial growth occurs (doubling time of approximately 30 minutes)

(Campsall et al., 2012): due to the presence of human transferrin and

lactoferrin, are sources of iron, a basic component essential for growth of

meningococci (Yazdankhah & Caugant, 2004). This rapid growth leads to

a high burden of bacteremia and survive host defense mechanisms in the

intravascular space, then invade the blood-brain barrier (BBB) and facilitates

entry of the organism into other sterile compartments (e.g., central nervous

system (CNS)) and multiply in subarachnoidal space (SAS). At this point N.

meningitidis releases its endotoxin, LOS and as a result leukocytes,

endothelial cells, and other cells in the CNS are stimulated to produce

proinflammatory mediators such as cytokines and prostaglandins, which

leads to an increased permeability of the BBB. This last effect enhances the

migration of leukocytes, i.e., granulocytes, macrophages and monocytes,

which can eliminate the bacteria in the SAS but can also harm the CNS. The

increased permeability of the BBB also promotes leakage of plasma into the

CNS, with development of an inflammatory exudate, cerebral edema,

elevation of intracranial pressure, and alteration of cerebral blood flow (Van

Furth et al.,1996; and Campsall et al., 2012).

Cytokine activation is an important event in the pathogenesis of

meningococcal disease, and has considerable bearing on the clinical course.

A fine balance must be achieved, because underactivation will result in an
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inadequate immune response, whereas overactivation can be extremely

destructive. Multiple cytokines play an important regulatory role in the

control of acute phase of meningococcal infection. Tumour necrosis factor α

(TNF-α), and interleukins (IL-1, IL-6) are major early response cytokines

that trigger. A number of studies have documented high levels of cytokines

including TNFα, IL-1β, IL-6, IL-8, IL-10, and interferon γ in meningococcal

sepsis (Kvalsvig & Unsworth, 2003; and Pathan et al., 2003).

2.6.2 Clinical Features

IMD generally occurs within the first 2 weeks following colonization before

the development of immunity (Campsall et al., 2012). The common clinical

manifestations of IMD include meningitis, bacteremia, and pneumonia

(MacNeil & Cohn, 2011).

Meningitis is observed in approximately 50% of invasive cases and the early

symptoms of meningococcal meningitis, is similar to other forms of acute

purulent meningitis. It is characterized by sudden onset of fever, headache,

and neck rigidity (Brudzinzki Sign). These symptoms are often nonspecific

and challenge the early diagnosis of a meningococcal infection. Sometimes,

it is accompanied by nausea, vomiting, photophobia (eye sensitivity to light),

leg pain (Kering Sign), and altered mental status (MacNeil & Cohn, 2011;

Campsall et al., 2012; and CDC, 2015). In infants, symptoms may have a

slower onset, signs may be nonspecific, and neck stiffness may be absent

(MacNeil & Cohn, 2011). In younger children, misery may be the dominant

clinical feature while in infants, poor feeding, irritability, a high-pitched cry,

and a bulging fontanelle are typical findings (Pollard & Nadel, 2006).

Approximately 40% of meningococcal disease cases present as bacteremia

(MacNeil & Cohn, 2011; and Campsall et al., 2012). Meningococcemia

(bloodstream infection or meningococcal sepsis) occurs in 5% to 20% of
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these cases (CDC, 2015). This condition is characterized by abrupt onset of

fever and a characteristic petechial or purpuric rash that may progress to

purpura fulminans, headache, flu-like symptoms (especially myalgia),

vomiting, and abdominal pain. The clinical course can include hypotension,

acute adrenal hemorrhage, multiorgan failure, shock, and death (Pollard &

Nadel, 2006; MacNeil & Cohn, 2011; and CDC, 2015). Patients with

severe meningococcemia often respond poorly to treatment, and death can

occur within hours of onset (MacNeil & Cohn, 2011).

Pneumonia occurs in approximately 10% of cases and occurs most

frequently in older persons. Much less common manifestations of

meningococcal disease include myocarditis, endocarditis or pericarditis,

arthritis, conjunctivitis, urethritis, pharyngitis, otitis media and cervicitis

(MacNeil & Cohn, 2011; Campsall et al., 2012; and CDC, 2015).

The case-fatality rate of IMD is 9% to 12%, even with appropriate antibiotic

therapy. The fatality rate of meningococcemia is up to 40% (CDC, 2015).

As many as 20% of those who survive invasive disease have permanent

sequelaes: such as hearing loss, limb loss from gangrene, extensive skin

scarring, mild to moderate cognitive defects, or seizure disorders (MacNeil

& Cohn, 2011; and CDC, 2015).

2.6.3 Risk Factors for Acquiring N. meningitidis

The highest incidence of nasopharyngeal carriage of N. meningitidis is in

closed and semi-closed populations, especially those residing in

overcrowded spaces; such as school-going children, college students, umrah

visitors, pilgrims, household contacts of meningococcal patients and military

recruits. In such individuals, the meningococcal transmission increases

dramatically and the carriage rates can be reach to 100% (Caugant et al.,
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2007; Caugant & Maiden, 2009; Bidmos et al., 2011; Durey et al., 2012;

and Jounio et al., 2012).

Up to 5-10% of population is asymptomatic nasopharyngeal carriers of N.

meningitidis. These carriers are crucial to the spread of the infection. The

disease mainly affects young children, but the adolescents and young adults

have the highest rates of meningococcal carriage (Jounio et al., 2012;

Rüttimann et al., 2014; and WHO, 2014).

Age is one of the most important factors influencing meningococcal carriage

rates, so the carriage rates are very variable among human populations

(Caugant et al., 2007; Caugant & Maiden, 2009; and Rüttimann et al.,

2014). Studies performed in Europe and North America have shown that

carriage rates are very low in the first years of life, then sharply increase in

teenagers and reach a peak in 20-24 year olds, then decrease in older ages

(Caugant et al., 2007; Caugant & Maiden, 2009; and Germinario et al.,

2010). Other study has shown that the carriage rate was 3% in children less

than 4 years and increased to 24–37% in the age group 15–24 years. Then

carriage rates decrease to less than 10% in older age (Yazdankhah &

Caugant, 2004). In another study the pharyngeal carriage was varied by age

group from 0.7 % in children less than 4 years up to 32 % among young

people aged 20-24 years (Rodriguez et al., 2014).

In addition to age, a number of risk factors have been shown to be associated

with meningococcal carriage include:

1. Living conditions and habits:

- Overcrowding: crowding living quarters, college dormitory,

military barracks, Umrah visitors, and Pilgrims.

- Sanitation
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- Smoking (passive or active) is one of the strong risk factors

because it decreases salivary IgA levels, affects oral flora and

interferes with the action of respiratory mucosa ciliary cells.

- Alcohol consumption might also facilitate attachment of N.

meningitidis to the pharyngeal mucosa by an irritating and/or

drying effect.

- Number of kissed people

2. Immune system deficiencies:

- Lack of immunity to N. meningitidis

- Functional or anatomic asplenia

- Complement deficiency: C5-9, properidin, factor H or factor D

- Human Immunodeficiency Virus (HIV)

- Hypogammaglobulinemia

- Individuals with recent respiratory tract infections of viral or

bacterial origin may be at high risk to become carriers

3. Contact with meningococcal patients or carriers:

- Household contact

- Health care worker and microbiologist that handles N.

meningitidis

4. Seasonal variations:

- The greatest incidence being observed during the winter and

early spring months

- Specific climatic conditions (dry seasons and dust storms)

5. Socioeconomic conditions: people with low socioeconomic status,

whatever their ethnic origin, are more likely to be carriers and

develop meningococcal disease

6. Gender: there are slightly more males carriers than females
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7. Certain genetic factors: such as polymorphisms in the genes for

mannose-binding lectin and tumor necrosis factor may also be risk

factors

These risk factors have found to be independently associated with carriage in

multivariate analysis, but in a number of recent studies, it appears that the

number and closeness of social contacts might be the most important factors

(Yazdankhah & Caugant, 2004; Caugant et al., 2007; Caugant &

Maiden, 2009; Espinosa de los Monteros et al., 2009; MacNeil & Cohn,

2011; Campsall et al., 2012; Rodriguez et al., 2014; WHO, 2014; CDC,

2015; and Coch Gioia et al., 2015).

2.6.4 Diagnosis

N. meningitidis should be suspected as a pathogen in any patient presenting

with signs and symptoms of meningitis. The early treatment is very

important, because of the invasive and fulminant nature of this disease.

However, delaying antimicrobial therapy while awaiting the results of

diagnostic tests is associated with worse outcomes for patients with IMD,

and should be avoided (Campsall et al., 2012).

The CSF in patients with meningococcal meningitis has a similar appearance

to that in patients with other forms of bacterial meningitis. The median

leukocyte count is 1200/mL with a neutrophilic predominance; the median

protein concentration is 1.5 g/L, and glucose level less than 2.2 mmol/L.

When CSF is obtained before the initiation of antibiotics (Campsall et al.,

2012).

Although the diagnosis of meningococcal disease should rely on clinical

suspicion, microbiological confirmation is important to guide public health

management and exclude alternate causes. IMD is typically diagnosed by

isolation of N. meningitidis from a normally sterile site. The isolate comes
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from blood, CSF, throat and aspirates or skin biopsies, but it can also be

from joint, pleural, or pericardial fluid (Pollard & Nadel, 2006; and

MacNeil & Cohn, 2011). However, sensitivity of bacterial culture may be

low, particularly when performed after initiation of antibiotic therapy (CDC,

2015). A Gram staining of CSF is commonly used for identification of N.

meningitidis and continues to be a reliable and rapid method for presumptive

identification and showing gram-negative diplococci strongly suggests

meningoacoccal meningitis (MacNeil & Cohn, 2011; and CDC, 2015).

In addition to bacteriology for definitive detection and identification, latex

agglutination can be used for rapid detection of meningococcal capsular

polysaccharides in CSF, although false-negative and false-positive results

can occur. Antigen agglutination tests on serum or urine samples are

unreliable for diagnosis of meningococcal disease (Pollard & Nadel, 2006;

MacNeil & Cohn, 2011; and CDC, 2015).

In many countries, molecular diagnosis now are used to detect

meningococcal DNA. This is particularly used for confirmation of diagnosis

in patients in whom antibiotics have been pre-administered. An initial

screening PCR for a conserved meningococcal gene followed by a

serogroup-specific PCR to amplify the siaD gene when the first round is

positive allows serogroup-specific diagnosis (Pollard & Nadel, 2006). Real-

time PCR detects DNA of meningococci in blood, CSF, or other clinical

specimens. A major advantage of PCR is that it allows for detection of N.

meningitidis from clinical samples in which the organism could not be

detected by culture methods, such as when a patient has been treated with

antibiotics before obtaining a clinical specimen for culture. Even when the

organisms are nonviable following antimicrobial treatment, PCR can still

detect N. meningitidis DNA. Because of the severity of meningococcal

disease, it is critical to treat the patient as soon as infection is suspected, and
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not to delay to obtain culture or laboratory results first (MacNeil & Cohn,

2011). Real-time PCR for detection of the meningococcal ctrA gene, in

clinical specimens has greater than 90% sensitivity with optimized DNA

extraction methods and specificity is 100%. Other screening PCR based on a

gene involved in adhesion to host cells, the crgA gene, and also found

greater than 90% sensitivity and specificity in clinical specimens using a

multiplex PCR that also determined serogroup. DNA from serogroup A

meningococci, has been amplified using a specific PCR for an open reading

frame, orf-3, between the ctrA gene and the galE gene that is not found in

other meningococci (Pollard & Nadel, 2006).

2.6.5 Treatment and Prophylaxis

Because of the risks of severe morbidity and death, effective antibiotics

should be administered promptly to patients suspected of having

meningococcal disease without waiting for laboratory confirmation

(MacNeil & Cohn, 2011). Patients with suspected N. meningitidis infection

should be placed on contact and droplet isolation until at least 24 hours after

the initiation of appropriate antibiotic therapy (Campsall et al., 2012).

Persons who have had close contact with patients who have meningococcal

disease are at greatly increased risk for contracting the disease and secondary

cases may be reduced by prevention of infection and proper control

measures. The primary means of preventing the spread of meningococcal

disease is antimicrobial chemoprophylaxis (MacNeil & Cohn, 2011; and

Campsall et al., 2012). Risk of secondary disease among close contacts is

highest during the first few days after the onset of disease, which requires

that chemoprophylaxis be administered as soon as possible (MacNeil &

Cohn, 2011).
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The local public health authority should also be contacted to facilitate

chemoprophylaxis among all identifiable close contacts. Although the

process of identifying all potential close contacts is laborious and time

consuming, chemoprophylaxis has been shown to decrease the risk of

invasive disease by up to 89% in household contacts. Therefore, it is

important that chemoprophylaxis with an appropriate antibiotic be initiated

within 24 hours of contact with an infected patient (Campsall et al., 2012).

On the other hand, administration of prophylactic antibiotics is not

recommended more than 2 weeks after a potential exposure to N.

meningitidis, because of the very low risk of invasive infection (i.e.

antibiotics is probably of limited or no benefit) (MacNeil & Cohn, 2011;

and Campsall et al., 2012). Multiple antimicrobial agents, including

penicillins, are effective against N. meningitidis. For patients who receive

penicillin, eradication of nasopharyngeal carriage with rifampin,

ciprofloxacin, ceftriaxone, or azithromycin is recommended prior to

discharge from the hospital (MacNeil & Cohn, 2011).

2.6.6 Vaccination for Prevention of Meningococcal Disease

The development of meningococcal vaccines began in the 1960s with the

most significant progress taking place during the past decade (Rüttimann et

al., 2014). Although vaccines are generally not provided to patients during

an episode of critical illness, their provision to otherwise healthy outpatients

provides an additional effective means of preventing the spread of infections

with N. meningitidis (Campsall et al., 2012). Approximately 7–10 days are

required after vaccination for development of protective antibody levels

(MacNeil & Cohn, 2011). Multiple vaccines against meningococcus have

been developed, with differences pertaining to the serogroups included (i.e.

A, C, W-135, and/or Y), and the presence or absence of conjugation to
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diphtheria or the tetanus toxoid to improve immunogenicity (Campsall et

al., 2012).

2.6.6.1 Types of Meningococcal Vaccines

1. Meningococcal Polysaccharide Vaccine (MPSV4)

The first MPSV4 was licensed in the United States in 1974. These

vaccines for serogroups A, C, Y, and W are available in mono- and

polyvalent formulations. The current quadrivalent A, C, Y, W-135

polysaccharide vaccine (Menomune, sanofi pasteur) was licensed in

1978 (CDC, 2015). They proved to be safe and effective in

controlling outbreaks and epidemics. However, their immunogenicity

in infants and young children is limited, especially against serogroup

C, they exert only transitory and incomplete effect in reducing the

colonization and the transmission of the meningococci in the

vaccinated population and convey hyporesponsiveness after repeated

doses compared with glycoconjugate vaccines. Therefore, MPSV4

have been increasingly abandoned in the pediatric population

(Rüttimann et al., 2014).

2. Meningococcal Conjugate Vaccine (MCV4)

These vaccines are produced by coupling capsular polysaccharides to

carrier proteins. These conjugate vaccines elicit a higher antibody

response than polysaccharide vaccines and generate antibodies that

have greater functional activity (Rüttimann et al., 2014).

There are two MCV4 are licensed in the United States, the first:

Menactra (sanofi pasteur) was licensed in 2005 and consist of N.

meningitidis serogroups A, C, Y and W-135 capsular polysaccharide
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antigens conjugated to diphtheria toxoid protein. The second:

Menveo (Novartis) was licensed in the United States in 2010 and

consists of two components: lyophilized meningococcal serogroup A

capsular polysaccharide conjugated to a cross-reactive, nontoxic

mutant of diphtheria toxoid (CRM197) and capsular polysaccharide of

serogroups C, Y, and W135 conjugated to CRM197. Both vaccines are

licensed for persons aged 2–55 years (Rüttimann et al., 2014; and

CDC, 2015).

3. Serogroup B Vaccines

Serogroup B vaccines have been effective against outbreaks. These

protein- based vaccines developed mainly with the immunodominant

outer-membrane protein called porin A, which is retained in the

outer-membrane vesicle (OMV). This approach has been used to

develop 3 different tailor-made vaccines to successfully control

meningococcal B outbreaks caused by homologous strains in Cuba,

New Zealand and Norway. The main limitation of OMV-B vaccines

is their strain-specific response and inability to generate bactericidal

antibodies against heterologous strains, particularly in infants.

Recently a vaccine has been developed that contains 3 recombinant

proteins, factor H binding protein, Neisserial adhesin A and Neisseria

heparin binding protein, which together are collectively expressed in

the vast majority of serogroup B strains are immunogenic and elicited

bactericidal activity. A four-component vaccine (4CMenB vaccine)

comprising the 3 previously mentioned proteins plus a detoxified

OMV from a specific meningococcal B strain (NZ 98/254) has been

developed (Rüttimann et al., 2014).



47

2.6.6.2 Implementation and Need for Meningococcal Vaccination

The Advisory Committee on Immunization Practices (ACIP) recommends

routine vaccination of persons with MCV4 vaccine at 11 or 12 years of age,

with a booster dose at 16 years of age. After a booster dose of MCV4,

antibody titers are higher than after the first dose and are expected to protect

adolescents through the period of increased risk through 21 years of age. For

adolescents who receive the first dose at 13 through 15 years of age, a one-

time booster dose should be administered, preferably at age 16 through 18

years. Healthy persons who receive their first routine dose of MCV4 at or

after age 16 years do not need a booster dose. Routine vaccination of healthy

persons who are not at increased risk for exposure to N. meningitidis is not

recommended after age 21 years. A booster dose is not recommended for

healthy persons 22 years of age or older even if the first dose was

administered at 11 through 15 years of age (MacNeil & Cohn, 2011; and

CDC, 2015).

Vaccination is also recommended for certain persons who have an increased

risk for meningococcal disease, including: 1) college freshman living in

dormitories, 2) microbiologists who are routinely exposed to isolates of N.

meningitidis, 3) military recruits, 4) persons who travel to or reside in

countries in which meningococcal disease is hyperendemic or epidemic,

particularly countries in the sub-Saharan Africa “meningitis belt”, persons

who have persistent complement component deficiencies (e.g. C5-9,

properidin, factor H, or factor D), 6) persons who have anatomic or

functional asplenia, 7) some persons with HIV infection, 8) vaccination is

required by the government of Saudi Arabia for all travelers to Mecca during

the annual Hajj. These high-risk persons should be revaccinated every 5

years as long as their increased risk continues (MacNeil & Cohn, 2011; and

CDC, 2015).
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2.6.6.3 Vaccination and Prevention of Meningococci in Palestine

Vaccination is one of the most important public health interventions for

prevention and control of vaccine preventable diseases. Palestinian MOH

adopted a comprehensive Palestinian EPI to prevent 11 vaccine-preventable

diseases that occur mainly in infants and children, Table 2.2. The strength of

the Palestinian immunization program plays an important role in improving

child health through reduction of morbidity and mortality caused by targeted

vaccine preventable diseases. The main target diseases for which vaccines

are used through EPI are Tuberculosis (TB), Poliomyelitis (polio),

Diphtheria-Tetanus-Pertussis (DTP), Measles-Mumps-Rubella and

congenital rubella syndrome (MMR), Hepatitis B, H. influenza type b (Hib)

and Pneumococcal disease (MOH, 2014).

Table 2.2: National immunization schedule in Gaza Strip, 2013 (MOH, 2014)

Age at
vaccination

Vaccine Against Type of vaccine

At birth Tuberculosis, Hepatitis B BCG, HB1

1 month Poliomyelitis IPV1

2 months
Poliomyelitis, Diphtheria, Pertussis, Tetanus,
Heamophilus Influenza Type B, Hepatitis B,
Pneumococcal Disease

IPV2 & TOPV1
DTP1+Hib1+HB2

PCV1

4 months
Poliomyelitis, Diphtheria, Pertussis, Tetanus,
Heamophilus Influenza Type B, Hepatitis B,
Pneumococcal Disease

TOPV2

DTP2+Hib2+HB3

PCV2

6 months
Poliomyelitis, Diphtheria, Pertussis, Tetanus,
Heamophilus Influenza Type B, Hepatitis B

TOPV3,

DTP3+Hib3+HB4

12 months
Pneumococcal Disease,

Measles, Mumps, Rubella

PCV3

MMR1

18 months
Poliomyelitis, Diphtheria, Pertussis, Tetanus,
Measles, Mumps, Rubella

TOPV4, DTP4, MMR2

6 years Poliomyelitis, Diphtheria, Tetanus TOPV5, DT

15 years Tetanus, Diphtheria Td



49

In Palestine, there is no routine immunization against meningococcal disease

in EPI, except some of the immune-compromised patients, Umrah visitors,

and pilgrims. The implementation of universal vaccination with either

MPSV4 or MCV4 is currently under consideration by the Palestinian

Authority (MOH, 2014).

2.7 Immune Response Elicited by Meningococcal Carriage

Immunity to IMD is dependent upon the presence of serum immunoglobulin

G (IgG) which together with complement elicits bactericidal activity toward

the infecting organism. Infants may be protected from meningococcal

disease by the presence of maternal IgG, which is obtained passively during

gestation and lactation. Maternal immunity will be replaced by acquired

immunity. Meningococcal carriage rates increase gradually in childhood and

reach a peak at around 16 to 20 years, while decrease steadily with

increasing age. In contrast, serum IgG antibody levels remain low until

adolescence and then steadily increased. Exposure to non-pathogenic

Neisseria and other cross-reacting species in the nasopharynx increases the

level of specific antibodies during childhood. The members of the neisserial

genus share several cross-reactive antigens, so N. lactamica and N.

meningitidis share a high homologous structures. Carriage of commensal

Neisseria, especially N. lactamica, is associated with a high titer of

antibodies against N. meningitidis. Sera from mice immunized with N.

lactamica and boosted with N. meningitidis have been shown to kill

meningococci. The absence of capsule in N. lactamica indicates that OMPs

and LOS are the major sources of this immunological activity (Robinson et

al., 2002; Yazdankhah & Caugant, 2004).
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Later on in life, exposure to meningococci and asymptomatic carriage will

result in further immunity. Mucosal immunity in carriers can be detected by

increasing concentrations of IgA in saliva. Small quantities of complement

proteins have been identified in saliva of carriers in confrontation with N.

meningitidis. Mucosal immunity is not able to prevent the colonization of the

nasopharynx by meningococci, but it plays an important role in preventing

the invasion of epithelial cell.

Humoral immunity has an essential role in protection against meningococcal

infection, and carriage of Neisseria causes an increased bactericidal antibody

response. Antibody studies indicate that carriage of some strains of N.

meningitidis leads to the development of a response directed against the

OMPs, particularly PorA, PorB and Opa, and against the LPS. The response

is strain-specific, but some degree of cross-reactivity with heterologous

strains is developed. The response may last several months after the carried

strains have been lost. The anti-meningococcal antibodies have protective

properties through binding of meningococcal surface antigens, activation of

the complement system that causes phagocytosis or direct bactericidal

killing.

Cellular immunity and cytokine production in relation to meningococcal

disease and carriage are poorly understood. In vitro study of T-cell responses

were investigated by stimulating peripheral blood mononuclear cells from

healthy individuals with a whole-cell lysate of a meningococcal strain. Using

intracellular staining and flow cytometry, the expression of the cytokines

among activated CD4 cells was measured. The authors concluded that an

unbiased T-helper cell subset response was elicited by meningococcal

carriage (Yazdankhah & Caugant, 2004).
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2.8 Related Studies

Neal et al., (2000), observed that carriage rates of meningococci among

university students increase rapidly in the first week of term, with further

increases during the term. This study, performed at the University of

Nottingham, UK, showed the carriage rate increased in the first week of term

from 6.9% on day 1, to 11.2% on day 2, to 19.0% on day 3 and to 23.1% on

day 4. The average carriage rate during the first week of term in October

among students living in catered halls was 13.9%. By November, this had

risen to 31.0% and in December, it had reached 34.2%. Independent

associations for acquisition of meningococci in the autumn term were

frequency of visits to a hall bar, active smoking, being male, visits to

nightclubs, and intimate kissing. Lower rates of acquisition were found in

female only halls.

Espinosa de los Monteros et al., (2009), carried out a pilot study to

discover the frequency of colonization and the distribution of the different N.

meningitidis serogroups isolated from nasopharyngeal samples. The samples

collected from teenagers (15-19 years old) living in social rehabilitation

centers (SRC) and university teenagers (UT) as well as healthy children

under five years old attending day care centers (DCC) in Mexico City. The

swabs were inoculated on 5% sheep blood agar and Tayer Martin agar, and

incubated at 37°C for 24 h with a 5% CO2 atmosphere; the colonies of N.

meningitidis were selected. Using the group-specific antiserum agglutination

technique, the serogroup of each of the isolates was identified. Total

prevalence of N. meningitidis was 1.6% (37 out of 2,310). In teenagers living

in SRC, the prevalence was 2.9% (23 out of 774),in DCC children was 1.9%

(14 out of 736) and no isolations from the UT students. The most frequent

serogroups were Y (29.7%), C (24.3%), and B (10.8%).
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Germinario et al., (2010), evaluated the carrier rate and the serogroups of

N. meningitidis circulating in a sample of students from the university of

Bari, Puglia, Italy. He found that the prevalence of carriage of N.

meningitidis was 2% (12 of 583). He detected carriers of B, Y and W135

serogroup and no carrier of serogroup C was found.

Ala'aldeen et al., (2011), conducted a large repeated cross sectional study

during September 2009, December 2009, and March 2010 analyzing

pharyngeal swabs from students in all academic years at Nottingham

University, UK to determine the significance of changes in overall

meningococcal and serogroup Y-specific carriage rates among students.

Pharyngeal swab samples were spread onto selective agar and incubated at

37°C in air containing 5% CO2. After 48 h, colonies suggestive of Neisseria

spp. were examined for positive oxidase reaction; single colonies were

confirmed as meningococci by amplification of meningococcal genes crgA

plus ctrA and/or porA. PCR based serogrouping was performed. He found

that high carriage rates of meningococci among first-year students increased

from 23.2% in late September to 55.7% by mid-December and remained at a

similar level in March. While among second and third-year students, carriage

rates were 34.2% and 30.5% respectively in September, and remained at

similar levels throughout the academic year. Serogroup Y was found to be

the most frequent serogroup.

Bidmos et al., (2011), performed meningococcal carriage study with a

cohort of 190 first-year students recruited from six residential halls at

Nottingham University, UK. Pharyngeal swabs were obtained on four

occasions between November 2008 and May 2009. Direct plating and

culture on selective media were succeeded by identification and

characterization of meningococci using PCR-based methodologies. They

found that the overall carriage rate at the initial time point was 47%
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)89/190 ( which increased to 62% (39/63) over the course of the study. They

also observed three serogroup Y clones and one serogroup 29E clone were

highly prevalent in particular residential halls in November 2008, which is

indicative of rapid clonal expansion since the start of the academic year.

Persistent carriage of the same meningococcal strain for at least 5 to 6

months was observed in 45% of carriers, with infrequent evidence of

antigenic variation in PorA. Sequential carriage of heterologous

meningococcal strains occurred in 36% of carriers and involved strains with

different capsules and antigenic variants of PorA and FetA in 83% of the

cases. These clonal replacement strains also exhibited frequent differences in

the presence and antigenic structures of two other surface proteins, NadA

and HmbR. This study highlights the low level of antigenic variation

associated with persistent carriage but, conversely, the importance of

alterations in the repertoire of antigenic variants for sequential carriage of

meningococcal strains. Rapid clonal expansion of potentially pathogenic

strains in residential halls has implications for the implementation of public

health interventions in university populations.

Durey et al., (2012), performed a longitudinal study in the first week of

March 2009 among first year Korean College students who resided in a

student dormitory at the start of the academic year to determine the rates of

carriage of N. meningitidis and these changes thereof after one month,

together with risk factors and serogroups. A posterior pharyngeal swab was

taken from all participants. This was repeated four weeks later. Swabs were

directly plated onto Thayer-Martin media. N. meningitidis strains were

confirmed by conventional methods. Serogroups determined by PCR for A,

B, C, Y, and W135 serogroups. He concluded that the meningococcal

carriage rate among first year Korean College freshmen students who resided

in a dormitory did not significantly increase over 4-week interval between
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first and second cultures. The overall carriage rates changed from 11.8% to

14.1%. Serogroup C was found to be the most frequent serogroup (5

isolates), while 3 isolates were found from serogroup B.

Ashgar et al., (2013), evaluated the prevalence of nasal carriage of N.

meningitidis among Umrah visitors and pilgrims during Umrah and hajj

season. Nasopharyngeal swabs were inoculated on chocolate agar and

selective modified Thayer Martin agar (MTM, Sigma), and incubated at

37oC in CO2 incubator. The N. meningitidis colonies identified by

conventional methods, and confirmed by VITEK 2 systems. Serogrouping

was performed by using specific antisera latex slide agglutination for (A, B,

C, D, X, Y, Z, and W135). In this study, the carriage rate of N. meningitidis

among the Umrah visitors was (2.5%) before performing Umrah and (5.7%)

after performing Umrah. While the carriage rate of N. meningitidis among

the pilgrims was (7.3%) before performing Hajj and (11.1%) after

performing Hajj. The serotypes isolated from Umrah visitors during the

Umrah season, 20 were of Poly (A, B, C, D) serotypes, 8 were of serotype B,

13 were of serotype Poly 2 (X, Y, Z), 2 were of serotype W135. While,

serotype isolated from pilgrims during the Hajj season, 42 were of Poly (A,

B, C, D) serotypes, 16 were of serotype B, and 17 were of serotype Poly 2

(X, Y, Z).

Mandal et al., (2013), investigated a prolonged outbreak of serogroup B

disease associated with a university in the United States. The authors

identified 13 meningococcal disease cases (7 confirmed, 4 probable, and 2

suspected) involving 10 university students and 3 university-linked persons.

One student died. Ten cases were determined to be serogroup B. Factors

significantly associated with disease were Greek society membership, >1

kissing partner, and attending bars.
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Gasparini et al., (2014), carried out longitudinal carrier study from January

2011 to October 2012 in adolescents and young adults from 14 to 22 years of

age attending two secondary technical schools in Genoa, Italy (173 subjects).

A posterior pharyngeal swab from behind the uvula, the posterior wall of the

oropharynx, and both tonsils were taken. The swabs were immediately plated

on selective medium. The plates were then incubated at 35 to 37°C for 36 to

48 h in a 5 to 10% CO2 atmosphere. Subsequently, a morphological

evaluation of bacterial colonies was performed and N. meningitidis

confirmed by PCR amplification for the presence of the conserved genes

crgA and ctrA. Serogroups were assessed by a standard bacterial latex

agglutination test. In addition, the molecular detection of the capsular groups

A, B, C, W, X, Y, Z, and E was accomplished by PCR. Overall, 32 subjects

(18.5%) had results that were positive for meningococcal carriage in at least

one visit (average monthly carriage rate, 12.1%). Only five subjects tested

positive at all four visits. The majority of positive subjects were colonized by

cnl (34.4%) and capsular group B strains (28.1%), accounting for 23.5% and

29.4% of the total number of isolates, respectively.

Rodriguez et al., (2014), obtained swab sample from the posterior pharynx

and tonsils from 500 healthy students from different faculties of the

Universidad de Chile, Santiago, Chile, aged 18-24 years, during October

2012. The samples were transferred in a maximum of 5 h from collection to

the Microbiology Laboratory, then inoculated on chocolate agar and Thayer-

Martin agar, incubated at 37◦C in humidified atmosphere with 5% CO2, and

evaluated after 24 and 48 h. Colonies were identified by conventional

methods. Serogrouping was performed by slide agglutination with

meningococcal serogroup A, B, C, W and X antisera. He found that 20 (4%)

positive for N. meningitidis. Of positive strains 20% were serogroup B, 15%

W, and the rest non-groupable. The median age was 20 years, 50% were
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men. Of the risk factors evaluated, 24% were current smokers, 16% shared a

room, 72% had kissed someone during the last month, 64% had gone to pub,

and 76% had consumed alcohol in the same period of time.

Coch Gioia et al., (2015), obtained oropharyngeal swab samples from 200

individuals (100 students and 100 employees) at a teaching hospital from

Brazil. These individuals were 20-60 years old. The swabs plated

immediately on modified Thayer Martin medium. Suspected colonies of N.

meningitidis were identified phenotypically and characterized genotypically

by the presence of the ctrA gene. Meningococcal carrier prevalence was 9%

(95% CI 5-13%). Risk factors associated with meningococcal carrier were:

mean age of 26.5 years, male gender, bar attendance frequency and number

of persons/house. Of 18 isolated meningococcal strains, 14 were non-

groupable, 3 corresponded to serogroup B and 1 to serogroup 29E. The

frequency of serotypes and serosubtypes was heterogenous, with a slight

predominance of serotypes 4 and 7 and serosubtypes P1.7 and P1.5. Most

strains (n = 13) were susceptible to the antimicrobials tested. The ctrA gene

(PCR) was identified in 9 (64.3 %) of the 14 non-groupable strains,

suggesting virulence in most of the NG isolated strains.

Harrison et al., (2015), performed a prospective cohort study to measure the

impact of a MCV4 on serogroup Y meningococcal carriage and to define the

dynamics of carriage in high school students. Oropharyngeal swab

specimens were collected from 3311 students aged 15-21years at 8 high

schools, 4 each in Maryland and Georgia, during a school year. Swabs were

inoculated directly onto Thayer Martin improved medium and placed in

Mitsubishi boxes to generate a CO2-enriched atmosphere during holding and

transport. Suspected colonies of N. meningitidis and serogroups were

identified phenotypically and characterized genotypically by PCR
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methodologies. The authors found that the prevalence of meningococcal

carriage was 3.21%-4.01%. Phenotypically nongroupable strains accounted

for 88% of carriage isolates. There were only 5 observed acquisitions of

serogroup Y strains during the study; therefore, the impact of MCV4-DT on

meningococcal carriage could not be determined.

Moreno et al., (2015), carried out a study to determine the prevalence of

meningococcal carriage and the phenotypic and genotypic characteristics of

isolates collected from a sample of students in the city of Bogotá, Colombia.

A total of 1459 oropharyngeal samples were collected from students aged

15–21 years attending secondary schools and universities. Swabs were plated

on a Thayer Martin agar and N. meningitidis was identified by standard

microbiology methods and PCR. The authors observed that the overall

carriage prevalence was 6.85%. Carriage was associated with cohabitation

with smokers, and oral sex practices. Non-groupable and serogroup Y

isolates were the most common capsule types found.
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Chapter 3

Materials and Methods

3.1 Study Design

This study is a cross-sectional, descriptive study.

3.2 Target Population

The target population of the present study comprised university students

aged 18-24 years from three faculties of Al-Azhar university in Gaza Strip,

Palestine. The three faculties that were selected included science, applied

medical sciences, and pharmacy.

3.3 Setting of the Study

The present study was carried out in Al-Azhar university, where the throat

swabs were collected from the students who agreed to participate. While the

practical part was performed in the central laboratory- MOH in Gaza Strip,

Palestine.

3.4 Period of the Study

The study was conducted during the period from January to November 2016.

3.5 Sample Size and Sampling

- The study sample size was 405 apparently healthy students,

calculated for a confidence level equal to 95% and accuracy degree

(margin of error) equal to ±5% (Israel, 1992).

- The students were selected according to stratified random sampling

method, which provides a high probability of achieving a
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representative sample and meets assumption of many statistical

procedures for this study. The sample size from each faculty was

proportional to its students’ number and gender as indicated by the

data obtained from the deanship of admission and registration (Table

3.1).

Table 3.1: The number of recruited students according to faculty and gender.

Faculty Science
Applied
Medical
Sciences

Pharmacy
Total

Gender M F M F M F

No. of faculty students 325 304 360 748 188 705
2630

Total No. 629 1108 893

No. of recruited
students

50 47 56 115 29 108
405

Total No. 97 171 137

3.6 Eligibility Criteria

3.6.1 Inclusion Criteria

Any student aged 18-24 years, studying in the science and medical faculties

(science, applied medical sciences, and pharmacy) of Al-Azhar university

had the same chance and weight to be included in this study.

3.6.2 Exclusion Criteria

Any student who has any of the following conditions was excluded from this

study:

- Previous meningococcal disease.

- Chronic diseases; such as diabetes, any kidney disease, any liver

disease, respiratory diseases (specially pneumonia), congenital or
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acquired immunodeficiencies (hemato-oncological diseases, systemic

corticosteroids for longer than seven days, or use of

immunosuppressors).

- Use of antibiotics within one week before the time of sample

collection.

3.7 Ethical and Administrative Considerations

- The present study was adopted and approved by Scientific Research

and Ethics Committee of the Biology Department, Al-Azhar

University, Gaza. In addition, approval letter was obtained from the

Helsinki Committee for Ethical Approval in Gaza Strip (Annex 1)

and from the MOH (Annex 2).

- Every participant was given a full explanation about the study

purposes before collection of the specimen and asked for agreement

on participation in this study by signing an informed consent.

3.8 Pilot Study

A pilot study was carried out involving 20 students not included in the study

sample. The pilot was carried out to confirm the validity and suitability of

the questionnaire; to evaluate the efficiency of the reagents, and to optimize

the used techniques. Any misunderstanding and/or ambiguity were taken into

consideration and dealt with accordingly.
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3.9 Materials

3.9.1 Microbiology Materials

3.9.1.1 Bacterial Culture Media

All bacterial culture media used in the present study were purchased from

Himedia (Bombay, India), and prepared according to the manufacturer’s

instructions. These include Thayer Martin Medium Base, Blood Agar Base,

and Amies Transport Medium with Charcoal.

3.9.1.2 Chemicals and Reagents

- Gram stain kit (Himedia, India)

- Oxidase discs (Himedia, India)

- N. meningitidis antiserum A, B, C, W, and Y (Difco, Becton

Dickinson, USA)

- McFarland standard 0.5

- Sterile distilled water

- Sterile normal saline

- Alcohol 70%

3.9.1.3 Disposables

The following disposables were purchased from local suppliers in Gaza
Strip:

- Sterile cotton swab

- Falcon tubes (10 ml)

- Tongue depressor

- Petri dishes

- Plastic loop

- Micro tubes, 2ml Capacity (safe-lock) (Biologix, China)

- Autoclave tape
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- Glass slides

- Syringe 5ml

- Needle

- Sterile cup

- Gloves

- Foil

3.9.1.4 Apparatus and Equipment

- Incubator 37◦C (Jouan, USA)

- CO2 Incubator (Thermo Electron Corporation Model 6500, USA)

- Microscope (Olympus, USA)

- Safety cabinet (BK1, France)

- Refrigerator (Amcor, “Israel”)

- Autoclave (Tuttnauer, USA)

- Vortex Mixer (Digisystem, Taiwan)

- Digital Balance 4 digits (Mettler, Switzerland)
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3.9.2 Molecular Biology Materials

3.9.2.1 Chemicals and Reagents

The chemicals and reagents used in this study are summarized in Table 3.2.

Table 3.2: A list of chemicals and reagents

Reagent Supplier

Primers Hy. labs “Israel”

MyTaq Red Mix, 2X Bioline, England

50 bp DNA Ladder Bioline, England

Agarose Bioline, England

Ethidium bromide Promega, USA

Tris-Acetate EDTA (TAE) buffer Promega, USA

Nuclease-Free Water Invitrogen, USA

Sterile normal saline Local suppliers

3.9.2.2 Disposables

The major disposables used in this study are listed in Table 3.3.

Table 3.3: A List of disposables

Item Supplier

Sterile polydacron swab Copan, Italy

Micro Tubes, 2ml Capacity Biologix, China

Micro Tubes, 1.5ml Capacity Biologix, China

Micro Tubes, 0.2ml Capacity Biologix, China

Micropipettes tips Labcon, USA

Disposables Powder Free Gloves SensiCare, Malysia
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3.9.2.3 Major Equipment Used in the Present Study

The major equipment that were used are listed in Table 3.4.

Table 3.4: A list of major equipment used in the present study

Instruments Manufacture

Thermocycler Eppendorf, Germany

Submarine gel
electrophoresis apparatus

Cleaver Scientific Ltd, UK

Microcentrifuge Eppendorf, Germany

UV-transilluminator Scie. pals LTD, UK

Microwave LG, Korea

Refrigerator -70 ºC Napco, Czech Republic

Refrigerator -20 ºC LG, Korea

Vortex Mixer Eppendorf, Germany

Micropipette Eppendorf, Germany

Safety Cabinet Heraeus, Germany

Thermomixer Eppendorf, Germany

Ice block Eppendorf, Germany
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Table 3.5: A list of primers used in the present study

Target
Gene

(Serogroup)

Primer
ID

Sequence 5’3’

PCR
Product

Size
(bp) R

ef
er

en
ce

ctrA
F753 TGTGTTCCGCTATACGCCATT

113

(W
H

O
, 2

01
1)

R846 GCCATATTCACACGATATACC

sodC
F351 GCACACTTAGGTGATTTACCTGCAT

127
R478 CCACCCGTGTGGATCATAATAGA

crgA
crgAF GCTGGCGCCGCTGGCAACAAAATTC

230

(T
ah

a,
 2

00
0)

crgAR CTTCTGCAGATTGCGGCGTGCCGT

orf-2 (A)
AF CGCAATAGGTGTATATATTCTTCC

400
AR CGTAATAGTTTCGTATGCCTTCTT

siaD (B)
BF GGATCATTTCAGTGTTTTCCACCA

450
BR GCATGCTGGAGGAATAAGCATTAA

siaD (C)
CF TCAAATGAGTTTGCGAATAGAAGGT

250
CR CAATCACGATTTGCCCAATTGAC

siaD
(W-135)

WF CAGAAAGTGAGGGATTTCCATA
120

WR CACAACCATTTTCATTATAGTTACTGT

siaD (Y)
YF CTCAAAGCGAAGGCTTTGGTTA

120
YR CTGAAGCGTTTTCATTATAATTGCTAA
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3.10 Methods

3.10.1 Sampling and Data Collection

3.10.1.1 Questionnaire Collection

The students were interviewed to fill the study questionnaire under guidance

of the researcher and his assistant laboratory technician. It was a close-ended

questionnaire, constructed and performed in English language, and was

designed for matching the study needs (Annex 3). The questionnaire was

evaluated and approved by three experts (Annex 4). The first part of the

questionnaire was concerned with socio-demographic and socioeconomic

data (gender, age, governorate, faculty and the academic year, family income

and employment status). The second part of the questionnaire evaluated the

health status of enrolled students (recent symptoms of upper respiratory tract

infection, meningococcal vaccination, current and recent antibiotics use). It

also evaluated risk factors for nasopharyngeal meningococcal carriage

described in the previous studies with some modifications (Neal et al., 2000;

Durey et al., 2012; Rodriguez et al., 2014; and Coch Gioia et al., 2015).

The evaluated risk factors included: number of people in the house, room

sharing, smoking, sharing of drinking glasses or eating utensils, and

frequenting coffee shops in last month.

3.10.1.2 Samples Collection

After each student has completed the questionnaire, the researcher collected

two swabs from the throat and/or from behind the uvula, the posterior

pharynx and tonsils. One swab was placed in the Amies transport medium

with charcoal for culturing purposes (Rodriguez et al., 2014) and the other

emulsified with 200 µl of sterile normal saline in a sterile 2 ml eppendorf

tube for molecular diagnosis of N. meningitidis by PCR technique (Jordens
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et al., 2002). The samples were transported from site of collection to the

central laboratory - MOH within a maximum of three hours.

3.10.2 Isolation of N. meningitidis

The first swab, which was placed in the Amies transport medium with

charcoal, was inoculated on Blood agar, Chocolate agar and Thayer-Martin

agar, incubated at 37°C for a period ranging from 24 to 48 hours (depending

on the growth of the colonies) in a humidified atmosphere with 5-10% CO2

(Rodriguez et al., 2014). Subsequently, a morphological evaluation of

bacterial colonies, gram stain, and oxidase test was performed. All colonies

recognized as oxidase positive gram-negative diplococci, were subcultured

on Chocolate agar, and were then incubated at 37°C for 24 hours in a 5 to

10% CO2 atmosphere. If necessary, colony subculture was repeated in order

to preserve the organism (Gasparini et al., 2014; Rodriguez et al., 2014).

Moreover, 0.5 McFarland standard suspensions were prepared by

emulsifying the isolated colonies in 500 µl of 0.85% saline and stored at -

70°C until confirmation with molecular analysis. Control serogroup B N.

meningitidis isolate obtained from Al Nasser pediatric hospital in Gaza were

used as positive control in each run and confirmed by the same test

procedures (Figure 3.1-3.4). Moreover, the oxidase positive gram-negative

diplococci colonies were stored in 10% skim milk and 15% glycerol solution

at -70°C (WHO, 2011).
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Figure 3.1: N. meningitidis colonies on a chocolate agar plate (appear as large,

colorless-to-grey, opaque colonies)

Figure 3.2: N. meningitidis colonies on a chocolate agar plate
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Figure 3.3: N. meningitidis colonies on a blood agar plate (appear as grey and

unpigmented, round, smooth, moist, glistening, convex and with a clearly defined

edge).

Figure 3.4: N. meningitidis colonies on a blood agar plate
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3.10.3 DNA Extraction from Control N. meningitidis and N. meningitidis

Isolates

The second swab, which was emulsified in 200 µl of normal saline, was

broken off, inverted, returned to the tube, and then centrifuged for 15 min at

15,000 Xg. The swab was then discarded, and the washings were stored at -

70°C as needed. Swab washings were thawed, boiled for 10 min, cooled on

ice, and then centrifuged for 10 min at 12,500 Xg. The supernatant solution

was transferred to a fresh tube and used immediately for PCR or stored at -

70°C until analysis with PCR (Jordens et al., 2002).

About 50 µl from previously prepared and stored 0.5 McFarland standard

suspensions were thawed, boiled for 10 min, cooled on ice, and then

centrifuged for 10 min at 12,500 Xg. The supernatant solution (45 µl) was

transferred to a fresh tube and used immediately for PCR or stored at - 70°C

until analysis.

3.10.4 ctrA and sodC PCR Amplification

To identify N. meningitidis, all samples were screened by conventional PCR

amplification for the presence of the two conserved genes ctrA and sodC

(WHO, 2011). Suspected N. meningitidis isolates and a control strain of N.

meningitidis were confirmed by the same test procedures. The two conserved

genes were determined by a multiplex PCR. The PCR amplifications was

carried out in a final volume of 20μl containing; 0.4 µM of each of the

primers F753, R846, F351 and R478 (Table 3.5), 10 µl of 2X MyTaq Red

master mix and 5 µl DNA. The cycling conditions consisted of initial

denaturation at 95 ºC for 5 minutes followed by 37 cycles of denaturation at

95 ºC for 1 minute, annealing at 62 ºC for 30 seconds, and extension at 72 ºC

for 30 seconds. This was followed by a final extension step at 72 ºC for 10

minutes. All PCR products were resolved on 3% agarose gel, stained with
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ethidium bromide and visualized with a UV transilluminator. A

representative examples of agarose gel electrophoresis pictures for ctrA and

sodC PCR amplification are shown in the (Figure 3.5).

Figure 3.5: A representative picture of agarose gel electrophoresis for the ctrA and

sodC genes of N. meningitidis amplified by a multiplex PCR.

Top row: Lane 1: DNA Ladder, Lane 2: N. meningitidis serogroup B positive control, Lane
3-14: samples; Bottom row: Lane 1: DNA Ladder, Lane 2: N. meningitidis serogroup B
positive control, Lane 3-12: samples, Lane 13: Negative control (Normal saline), Lane 14:
Blank H2O negative control. Electrophoresis was done on a 3% agarose gel and stained with
ethidium bromide. The sizes of the expected PCR product from this multiplex PCR are 113
bp (ctrA) and 127 bp (sodC).
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3.10.5 ctrA and crgA PCR Amplification

To identify N. meningitidis, all samples were screened by conventional PCR

amplification for the presence of the two conserved genes ctrA (WHO,

2011) and crgA (Taha, 2000). Control strain of N. meningitidis and

suspected N. meningitidis isolates were confirmed by the same test

procedures. The two conserved genes were determined by a multiplex PCR.

The PCR amplifications was carried out in a final volume of 25μl

containing; 0.4 µM of each of the primers F753, R846, crgAF and crgAR

(Table 3.5), 12.5 µl of 2X MyTaq Red master mix and 5 µl DNA. The

cycling conditions consisted of initial denaturation at 95 ºC for 5 minutes

followed by 37 cycles of denaturation at 95 ºC for 30 seconds, annealing at

60 ºC for 30 seconds, and extension at 72 ºC for 30 seconds. This was

followed by a final extension step at 72 ºC for 10 minutes. All PCR products

were resolved on 2.5 % agarose gel, stained with ethidium bromide and

visualized with a UV transilluminator.

3.10.6 N. meningitidis Serogroups Identification

3.10.6.1 Serotyping of N. meningitidis Isolates by Latex Agglutination

N. meningitidis serotyping were performed by the slide agglutination method

with polyclonal antisera for the most common five serogroups (A, B, C, Y,

W135) (Difco, Becton Dickinson, USA). According to false negative

reactions that observed with a control strain of N. meningitidis serogroup B,

we excluded these antisera and did not go further using it.

3.10.6.2 Genotypic Serogrouping of N. meningitidis by PCR

The genotyping was performed by PCR according to Taha, (2000). For the

detection and identification of serogroups A, B, C, Y, W-135, two multiplex

PCRs were performed simultaneously with oligonucleotides targeting the
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siaD gene (serogroups B, C, Y, and W135) and a gene cassette of orf-2

required for the biosynthesis of the capsule of serogroup A (Taha, 2000).

The first multiplex PCR amplification was carried out in a final volume of

25μl containing; 0.4 µM of the primers BF, BR, CF, CR, YF and YR (Table

3.5), 12.5 µl of 2X MyTaq Red master mix and 5 µl DNA. The cycling

conditions consisted of initial denaturation at 95 ºC for 5 minutes followed

by 37 cycles of denaturation at 95 ºC for 1 minute, annealing at 62 ºC for 30

seconds, and extension at 72 ºC for 30 seconds. This was followed by a final

extension step at 72 ºC for 10 minutes. The second multiplex PCR

amplification was carried out in a final volume of 25μl containing; 0.4 µM of

the primers AF, AR, WF and WR (Table 3.5), 12.5 µl of 2X MyTaq Red

master mix and 5 µl DNA. The cycling conditions consisted of initial

denaturation at 95 ºC for 5 minutes followed by 37 cycles of denaturation at

95 ºC for 1 minute, annealing at 59 ºC for 30 seconds, and extension at 72 ºC

for 30 seconds. This was followed by a final extension step at 72 ºC for 10

minutes. All PCR products were resolved on 2% agarose gel, stained with

ethidium bromide and visualized with a UV transilluminator.

3.10.7 PCR Quality Control

A blank water control was included in each PCR run to exclude

contamination and carryover and two controls were used to assess the

validity of multiplex PCR. DNA prepared from N. meningitidis isolate in

normal saline was used to exclude failure of amplification. Furthermore,

possible inhibition of amplification by materials present in the throat was

excluded by inoculating N. meningitidis control isolate into one specimen

collected from the throat and found negative for the two PCR targets. The

control inoculum was treated the same way as every specimen from

preparation of DNA to gel electrophoresis. Moreover, testing of the control
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inoculum was repeated, three months later, to excluded DNA destruction due

to frequent freezing and thawing.

3.11 Statistical Analysis

The data were analyzed statistically using the Statistical Package for the

Social Sciences program (Version 22, IBM SPSS Corporation). Descriptive

analysis and appropriate statistical tests such as chi-square and independent-

samples t-test were performed. P-values of ≤ 0.05 were considered

statistically significant.

3.12 Limitations of the Study

We were delayed in conducting this study about 7 months because of the

supplier company did not bring supplements for Thayer martin media on

proposed time. Not only this delay, but we found a problem in Thayer martin

media (Himedia) supplements after conducting several experiments with

positive samples. As a result, we were forced to use the Blood agar and

Chocolate agar as alternative media.

In this study, we used conventional PCR technique, but not real time PCR

due to shortage in financial support where real time PCR needs probes that

are expensive. The sodC primers were designed for real time PCR and no

previous published studies about detection sodC by conventional PCR

existed. Even though, we tried it in a conventional multiplex PCR run along

with ctrA gene but found that sodC gene was not highly sensitive and

specific for N. meningitidis. So we replaced sodC primers by crgA primers

that work fine in a conventional multiplex PCR.

In our study, we excluded polyclonal antisera for N. meningitidis (Difco,

Becton Dickinson, USA) and did not go further using it. Because of false
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negative reactions that observed with a control strain of N. meningitidis

serogroup B.

In this study , due to shortage in financial support we were unable to use

biochemical tests such as API NH or sugar fermentation on CTA for

conformation of N. meningitidis.

There is little if any published epidemiological data and molecular studies

from adjacent Arab countries on this topic. In addition, and to our best

knowledge and search, there is no previous published study in Palestine

related to this study.

The information in the questionnaire was self-reported and may be biased to

some extent. Moreover, some students refused to participate in this study, so,

we increased the sample size and duration of collection to overcome such

limitation.



77

Chapter 4

Results

4.1 Description of the Study Population

4.1.1 Distribution of the Study Population by Gender and Faculty

Swabs and questionnaires were obtained from 405 apparently healthy

students at three faculties of Al-Azhar university in Gaza Strip, Palestine

(Science, applied medical sciences, and pharmacy faculties). The sample size

from each faculty was proportional to its student's number and their gender.

Table 4.1 illustrates the distribution of the study population by gender and

faculty: 102 (25.2%) were from the faculty of science, 172 (42.5%) from the

faculty of applied medical sciences and 131 (32.3%) from the pharmacy

faculty.

Table 4.1: Distribution of the study population by gender and faculty.

Variable

Faculty

Total
Science
No. (%)

Applied
Medical
Sciences
No. (%)

Pharmacy
No. (%)

G
en

de
r Male 52 (12.8) 55 (13.6) 41 (10.1) 148 (36.5)

Female 50 (12.3) 117 (28.9) 90 (22.2) 257 (63.5)

Total 102 (25.2) 172 (42.5) 131 (32.3) 405 (100)
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4.1.2 Distribution of the Study Population According to Governorate

The majority of the participants in this study were from Gaza governorate

195 (48.1%), followed by North Gaza 69 (17.0%), Med. Zone 66 (16.3%),

and Khanyounis 49 (12.1%), whereas Rafah governorate represented the

least number of participants 26 (6.4%) (Table 4.2).

Table 4.2: Distribution of the study population according to governorate.

Governorate (living region) No. %

North Gaza 69 17.0

Gaza 195 48.1

Med. zone 66 16.3

Khanyounis 49 12.1

Rafah 26 6.4

Total 405 100.0

4.1.3 The Socio-demographic and Socioeconomic Characteristics of the

Study Population

The socio-demographic and socioeconomic characteristics of the study

population are described in Table 4.3. About 36.5% of the enrolled students

were males and 63.5% were females. The median age of the study subjects

was 20 years old. The median number of people per house and number of

bedrooms in house was 7 members and 3 rooms, respectively. None of the

enrolled student lived in dorms and 94.8% share their bedrooms.

According to the family income, 17 (4.2%) participants belonged to a high

socioeconomic status, 351(86.7%) to medium and 37(9.1%) to a low status.
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The majority of the enrolled students were not smokers (350 students;

86.4%) compared to the smoker students (55 students; 13.6%).

It is noted that 40.2% (n=163) of the enrolled student were frequenting

coffee shops in the last month, while 59.8% (n=242) were not. We also noted

that 47.9% (n=194) of the enrolled students were sharing drinking glasses,

water bottles, or eating utensils, while 52.1% (n=211) were not sharing these

above-mentioned items. Moreover, the number of students who routinely

used to brush their teeth was 333 (82.2%), compared to 72 students who did

not routinely brush their teeth was (17.8%).

Most of the enrolled students 90.1% (n=365) were attending their classrooms

by general transportation, while 7.4% (n=30) used to come to the university

by special transportation and 2.5% (n=10) used other transportation (e.g.

walking and biking) to reach the university.

The students who have knowledge about meningitis were 61.5% (n=249),

while the students who have no knowledge about meningitis comprised

38.5% of the study population (n=156).



80

Table 4.3: Distribution of the study population according to socio-demographic and
socioeconomic characteristics.

Characteristics Results

Age median (pc 25–75) * 20(19–21)
Gender:

Male N* (%) 148 (36.5)
Female N (%) 257 (63.5)

Family income level**:
High N (%) 17(4.2)
Medium N (%) 351(86.7)
Low N (%) 37(9.1)

Employment Status:
Employed N (%) 5(1.2)
Unemployed N (%) 400(98.8)

Number of people per house median (pc 25–75) 7(6–9)
Number of bedrooms in house median (pc 25–75) 3(3–4)
Sharing the bedroom:

Yes N (%) 384(94.8)
No N (%) 21(5.2)

Smoking:
Yes N (%) 55(13.6)
No N (%) 350(86.4)

Type of transportation to reach the university:
Special transportation N (%) 30(7.4)
General transportation N (%) 365(90.1)
other transportation*** N (%) 10(2.5)

Frequenting coffee shop last month:
Yes N (%) 163(40.2)
No N (%) 242(59.8)

Sharing drinking glasses, water bottles, or eating utensils:
Yes N (%) 194(47.9)
No N (%) 211(52.1)

Brushing teeth:
Yes N (%) 333(82.2)
No N (%) 72(17.8)

Knowledge about meningitis
Yes N (%) 249(61.5)
No N (%) 156(38.5)

*pc: percentiles, N: Number
** Family income level was self-reported by the students themselves
*** examples of other transportations include walking or biking.
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4.2 Isolation and Identification of N. meningitidis

4.2.1 Meningococcal Nasopharyngeal Carriage Rates (N. meningitidis)

In this study, we identified 18 out of 405 students as asymptomatic carriers

of N. meningitidis by using conventional multiplex PCR technique. The

percentage of nasopharyngeal carriage of N. meningitidis among our

investigated population was 4.4%. Though, using enrichment and selective

culture media, there was no isolate was detected.

Out of these 18 N. meningitidis isolates, one isolate was positive for ctrA

alone (5.6%), also one isolate was positive for crgA alone (5.6%) and the rest

16 (88.8%) were positive for both genes. An example of agarose gel

electrophoresis picture for ctrA and crgA PCR amplification is shown in

Figure 4.1. However, using conventional multiplex PCR for ctrA and sodC,

we did not achieve any results.
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Figure 4.1: A representative picture of agarose gel electrophoresis for the ctrA and

crgA genes of N. meningitidis amplified by a multiplex PCR.

Lane 1: DNA Ladder, Lane 2: N. meningitidis serogroup B positive control, Lane 3-6:

samples (lanes 3-5 were negative; lane 6: positive for crgA), Lane 7: Negative extraction

control, Lane 8: Blank H2O negative control. Electrophoresis was done on a 2.5% agarose

gel and stained with ethidium bromide. The sizes of the expected PCR product from this

multiplex PCR are 113 bp (ctrA) and 230 bp (crgA).
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4.2.2 Serogrouping of N. meningitidis

Using N. meningitidis polyclonal antisera, we did not achieve any results.

The genotyping of the most common five serogroups (A, B, C, Y, W135)

was determined by multiplex PCR for the 18 isolates. We found that all N.

meningitidis isolates were not belonging to any of the tested serogroups

(non-groupable or not capsulated). An example of an agarose gel

electrophoresis picture for the genotypic serogrouping PCR amplification is

shown in Figure 4.2.

Figure 4.2: Example of an agarose gel electrophoresis picture for the genotypic

serogroups A, B, C, Y, W135 of N. meningitidis by a multiplex PCR.
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Top row: PCR amplification of the siaD (serogroups B, C, and Y); bottom row: PCR

amplification of the siaD (W135) and orf-2 (serogroup A). Lane 1: DNA Ladder, Lane 2: N.

meningitidis serogroup B positive control, Lane 3-7: N. meningitidis isolates, Lane 8:

Negative extraction control, Lane 9: Blank H2O negative control. Electrophoresis was done

on a 2% agarose gel and stained with ethidium bromide. The sizes of the expected PCR

product from this multiplex PCR are 450 bp (serogroup B), 400 bp (serogroup A), 250 bp

(serogroup C), and 120 bp (serogroups Y and W135). The band which appear at 50 bp in all

lanes are primers dimer.

4.3 Relationship between Meningococcal Nasopharyngeal Carriage

and Nasopharyngeal Carriage Risk Factors

4.3.1 Relationship between Meningococcal Nasopharyngeal Carriage

and Socio-demographic Characteristics

4.3.1.1 Gender

As shown in Table 4.4, six out of the 148 males (4.1%) were carriers, while

12 out of the 257 females (4.7%) were carriers. There was no statistically

significant association between gender and meningococcal nasopharyngeal

carriage was established (P-value = 1.0).

Table 4.4: Distribution of N. meningitidis carriers by gender.

Gender

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total
Chi-Square

(χ2)
P- value

Male 6 (4.1) 142 (95.9) 148 (100)

0.772 1.0

Female 12 (4.7) 245 (95.3) 257 (63.5)

F:  Frequency
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4.3.1.2 Governorate

The distribution of meningococcal nasopharyngeal carriage rates by

governorate was as follows: Rafah governorate has the highest rate 7.7%

(2/26), followed by North Gaza 7.2% (5/69), Med. zone 4.5% (3/66), Gaza

3.6% (7/195), and Khanyounis have the lowest rate 2% (1/49). No

statistically significance relationship was found between governorate and

meningococcal nasopharyngeal carriage (P= 0.712) (Table 4.5).

Table 4.5: Distribution of N. meningitidis carriers by governorate.

Governorate

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

North Gaza 5 (7.2) 64 (92.8) 69 (100)

0.136 0.712

Gaza 7 (3.6) 188 (96.4) 195 (100)

Med. zone 3 (4.5) 63 (95.5) 66 (100)

Khanyounis 1 (2) 48 (98) 49 (100)

Rafah 2 (7.7) 24 (92.3) 26 (100)

F:  Frequency

4.3.1.3 Age and Family Size

Table 4.6 shows that the mean age of carrier students (20.39±1.34) is higher

than non-carrier students (20.25±1.65), and this difference did not reach a

statistical significance (P= 0.717). In addition, the mean number of people

per house for carrier students (6.39±2.64) is lower than non-carrier students



86

(7.49±2.65), and this difference also did not reach a statistical significance

level (P= 0.087).

Table 4.6: Relationship of age and number of people per house with meningococcal

nasopharyngeal carriage.

Variable
Carrier

No.= 18

Mean (±SD)

Non-carrier

No.= 387

Mean (±SD)

t- value P- value

Age (years) 20.39 (1.34) 20.25 (1.65) 0.363 0.717

Number of

people per house
6.39 (2.64) 7.49 (2.65) -1.715 0.087

SD: standard deviation

4.3.2 Relationship between Meningococcal Nasopharyngeal Carriage

and Socioeconomic Characteristics

Table 4.7 shows the difference in percentage between the carrier and non-

carrier students according to family income level. The carriage rates among

families with medium income level was 83.3% (15/18), followed by 16.7%

(3/18) among those with low income level, and no carriers among families

with high income level. Furthermore, the carriage rate among unemployed

students (94.4% [17/18]) is higher than among employed students (6.6%

[1/18]). However, meningococcal nasopharyngeal carriage rate was found to

be not statistically significantly related with family income level (P= 0.712)

or employment status (P= 0.09).
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Table 4.7: Relationship between meningococcal nasopharyngeal carriage and

socioeconomic characteristics.

Variable Category

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Family
income

level

High 0 (0.0) 17 (4.4) 17 (4.2)

1.975 0.16Medium 15 (83.3) 336 (86.8)
351

(86.7)

Low 3 (16.7) 34 (8.8) 37 (9.1)

Employment
status

Employed 1 (5.6) 4 (1.0) 5 (1.2)

2.877 0.09

Unemployed 17 (94.4) 383 (99.0)
400

(98.8)

F:  Frequency

4.3.3 Relationship between Meningococcal Nasopharyngeal Carriage

and Bedroom Sharing

Table 4.8 shows that all carrier students (100% [18/18]) shared their

bedrooms with one more individual with contrast to non-carriers (94.6%).

However, this difference was found to be not statistically significant (P=

0.311).

Table 4.8: Relationship between meningococcal nasopharyngeal carriage and

bedroom sharing.

Bedroom

sharing

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total Chi-Square

(χ2)
P- value

Yes 18 (100) 366 (94.6) 384 (94.8)
1.028 0.311

No 0 (0.0) 21 (5.4) 21 (5.2)

F:  Frequency
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4.3.4 Relationship between Meningococcal Nasopharyngeal Carriage

and Overcrowding

Table 4.9 shows that the overcrowding (number of individuals per house/

number of bedrooms in house) for carrier students (1.85±1.01) is lower than

non-carrier students (2.18±0.81), and this difference did not reach a

statistical significance (P= 0.094).

Table 4.9: Relationship between meningococcal nasopharyngeal carriage

and overcrowding.

Variable
Carrier

No.= 18

Mean (±SD)

Non-carrier

No.= 387

Mean (±SD)

t- value P- value

Overcrowding 1.85 (1.01) 2.18 (0.81) -1.678 0.094

SD: standard deviation

4.3.5 Relationship between Meningococcal Nasopharyngeal Carriage

and Smoking

Table 4.10 shows that the number of smokers among carrier students 16.7%

(3/18) was higher than among non-carrier students 13.4% (52/387). The

differences were not statistically significant in terms of meningococcal

nasopharyngeal carriage rate and smoking (P= 0.696).
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Table 4.10: Relationship between meningococcal nasopharyngeal carriage and

smoking.

Smoking

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total
Chi-Square

(χ2)
P- value

Yes 3 (16.7) 52 (13.4) 55 (13.6)

0.153 0.696

No 15 (83.3) 335 (86.6) 350 (86.4)

F:  Frequency

4.3.6 Relationship between Meningococcal Nasopharyngeal Carriage

and Frequenting Coffee Shop Last Month

Table 4.11 shows the relationship between meningococcal nasopharyngeal

carriage and frequenting coffee shop during the last month. Six out of the 18

carrier students (33.3%) were frequenting coffee shops during the last

month, while 66.7% (12/18) were not. However, again there was no

statistically significance association between these variables mentioned (P=

0.541).

Table 4.11: Relationship between meningococcal nasopharyngeal carriage and

frequenting coffee shop last month.

Frequenting

coffee shop

last month

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Yes 6 (33.3) 157 (40.6) 163 (40.2)

0.374 0.541

No 12 (66.7) 230 (59.4) 242 (59.8)

F:  Frequency
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4.3.7 Relationship between Meningococcal Nasopharyngeal Carriage

and Sharing Drinking Glasses, Water Bottles, or Eating Utensils

Table 4.12 shows that 33.3% (6/18) of carrier students were sharing drinking

glasses, water bottles, or eating utensils, while 48.6% (188/387) were sharing

these above-mentioned items among non-carriers. Nonetheless, there is no

statistically significance association between meningococcal nasopharyngeal

carriage rate and sharing drinking glasses, water bottles, or eating utensils

(P= 0.206).

Table 4.12: Relationship between meningococcal nasopharyngeal carriage and

sharing drinking glasses, water bottles, or eating utensils.

Sharing drinking

glasses, water

bottles, or eating

utensils

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Yes 6 (33.3) 188 (48.6) 194 (47.9)

1.602 0.206

No 12 (66.7) 199 (51.4) 211 (52.1)

F:  Frequency

4.3.8 Relationship between Meningococcal Nasopharyngeal Carriage

and Brushing teeth

Table 4.13 shows that the carriage rate among students who were not

routinely brushing their teeth was 33.3% (6/18) lower than students who

routinely used to brush their teeth 66.7% (12/18). Yet, this large difference

did not reach statistical significance result (P-value = 0.078).
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Table 4.13: Relationship between meningococcal nasopharyngeal carriage and

brushing teeth.

Brushing

teeth

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Yes 12 (66.7) 321 (82.9) 333 (82.2)
3.111 0.078

No 6 (33.3) 66 (17.1) 72 (17.8)

F:  Frequency

4.3.9 Relationship between Meningococcal Nasopharyngeal Carriage

and Type of Transportation to Reach the University

Table 4.14 shows that 16 (4.4%) of carrier students out of 365 is coming to

the university by general transportation, while 1 (3.3%) carrier student out of

30 used to come to the university by special transportation. Yet, another 1

(10%) carrier student out of 10 used other transportations (e.g. walking and

biking) to reach the university. These differences in the carriage rate and

type of transportation were not statistically significant (P =0.49).

Table 4.14: Relationship between meningococcal nasopharyngeal carriage and

type of transportation to reach the university.

Type of

transportation

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Special
transportation

1 (3.3) 29 (96.7) 30 (100)

0.476 0.49General
transportation

16 (4.4) 349 (95.6) 365 (100)

other
transportation

1 (10) 9 (90) 10 (100)

F:  Frequency
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4.3.10 Relationship between Meningococcal Nasopharyngeal Carriage

and Family History of Meningococcal Infection

Table 4.15 shows that none of the carrier students have a family history of

meningococcal infection compared to 5.2% of non-carriers. However, the

meningococcal nasopharyngeal carriage rate was not found to be statistically

significant in association with family history of meningococcal infection (P=

0.323).

Table 4.15: Relationship between N. meningitidis carriage state and family history

of meningococcal infection.

Family history of

meningococcal

infection

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Yes 0 (0.0) 20 (5.2) 20 (4.9)

0.976 0.323

No 18 (100) 367 (94.8) 385 (95.1)

F:  Frequency

4.3.11 Relationship between Meningococcal Nasopharyngeal Carriage

and Knowledge about Meningitis

Table 4.16 shows that the carriage rate among percentage of carrier students

who have knowledge about meningitis was 66.7% (12/18) which was

slightly higher than non-carrier students who have this knowledge 61.2%

(237/378). Again, this difference did not reach a statistical significance (P=

0.644).
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Table 4.16: Relationship between N. meningitidis carriage state and knowledge

about meningitis.

Knowledge

about

meningitis

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

Yes 12 (66.7) 237 (61.2) 249 (61.5)
0.214 0.644

No 6 (33.3) 150 (38.8) 156 (38.5)

F:  Frequency

4.3.12 Relationship between Meningococcal Nasopharyngeal Carriage

and the Academic Year for Students

The distribution of carrier students by the academic year showed that (7.7%)

of the carriers were in their fifth academic year . Then followed by fourth

and third year students who comprised 7.6% and 4.8% of the carriers

respectively. Whereas, first and second year students, represented 4.3% and

1.8% of the carriers respectively. However, differences between these

figures and those of the non-carrier students (Table 4.17) were not

statistically significant (P= 0.203).
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Table 4.17: Distribution of N. meningitidis carriers by the academic year for
students.

The

academic

year

Carrier

No.= 18

F. (%)

Non-carrier

No.= 387

F. (%)

Total

Chi-

Square

(χ2)

P-

value

First 4 (4.3) 90 (95.7) 94 (100)

1.622 0.203

Second 2 (1.8) 109 (98.2) 111 (100)

Third 5 (4.8) 100 (95.2) 105 (100)

Fourth 6 (7.6) 73 (92.4) 79 (100)

Fifth 1 (7.7) 12 (92.3) 13 (100)

Sixth 0 (0.0) 3 (100) 3 (100)

F:  Frequency
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Chapter 5

Discussion

5.1 Meningococcal Nasopharyngeal Carriage Rates

Meningococcal carriage prevalence has been found to be variable within and

between countries (depending on the population characteristics), and also

between age groups (Rodriguez et al., 2014; Moreno et al., 2015).

The most remarkable finding of this study is that the meningococcal carriage

rate among healthy university students aged 18-24 years old of Gaza Strip,

Palestine was 4.4%. These findings were similar to the prevalence of

meningococcal carriage in a study conducted in Chile among university

students aged 18-24 years old, which was 4% (Rodriguez et al., 2014). This

similarity may be due to the absence of crowdedness in students because of

the lack of dorms in the university system and most students live with their

families.

On the other hand, meningococcal carriage rate in this study was higher than

that reported in Georgia and Maryland (about 3%; Harrison et al., 2015), in

Italy (2%; Germinario et al., 2010) and in Mexico (1.6%; Espinosa de los

Monteros et al., 2009). The low carriage rates found in the previously

mentioned studies may be attributed to the immunization of these

populations with specific antibodies against the most prevalent types of N.

meningitidis. In contrast, such immunization is uncommon in our study

population.

A recent study conducted in Colombia showed that meningococcal carriage

prevalence among adolescents and young adults aged 15-21 years old was

6.85% (Moreno et al., 2015), which was a little bit higher than the carriage
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rate in this study. Although, the university students in Colombia usually live

at home and not at the university hostels for the duration of their degree.

Another recent study in Brazil showed that meningococcal carriage

prevalence among young adults aged 20-60 years old was 9% (Coch Gioia

et al., 2015), which was higher than the carriage rate in this study among

university students aged 18-24 years old. This difference in the prevalence of

meningococcal carriage may be due to the age of the cohort, where the age

range of the population of the Brazilian study was wider.

In Italy, a study carried out by Gasparini et al., (2014), showed that the

meningococcal carriage rate among 14-22 years old students was 18.5%,

which is higher than the carriage rate in our study. This difference could be

due to the sample size and laboratory methods used.

In Korea, a longitudinal study showed that meningococcal carriage rate was

initially 11.8%, then after 4 weeks the test was repeated on the same target

population and observed the rate increased to 14.1% (Durey et al., 2012).

This difference may be due to presence of crowded students’ dorms in

Korea, but not in Gaza Strip, Palestine.

Our observed carriage rate was also much lower than that reported for

university students in the UK. For example, Ala'aldeen et al., (2011) and

Bidmos et al., (2011) reported that the rates of meningococcal carriage

among university students have reach up to 55% and up to 62% respectively.

Another study in the UK conducted by Neal et al., (2000) showed that

meningococcal carriage rate among university students reach up to 34%.

These high carriage rates were attributed to the fact that these students used

to live in highly crowded dorms and share several risk factors for acquisition

of N. meningitidis.
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Overall, the results of this study are found to be lower than the average

meningococcal carriage rate (10-35%) which was recently reported in

Europe and Africa (Moreno et al., 2015).

According to our results, conventional PCR using sodC should not be used

for diagnosis of N. meningitidis. However, WHO recommend to use sodC

by real time PCR (WHO, 2011).

5.2 Meningococcal Serogroups

The distribution of serogroups also has seasonal geographical variations in

both carriers and invasive disease, and can change over time (Espinosa de

los Monteros et al., 2009; and Moreno et al., 2015).

In this study, we found that all N. meningitidis isolates of asymptomatic

carriers (100%) were not groupable (not capsulated).

In this study, the N. meningitidis strains of asymptomatic carriers showed no

serologic and genotypic diversity. A previously published study conducted

by Al Jarousha & Abu Shaban, (2008) in Gaza Strip showed a serologic

diversity of strains from symptomatic patients with meningococcal disease.

They found that the serogroups B and W-135 were the most common.

In agreement with several previous studies, we found a high proportion of

non-groupable strains of N. meningitidis among carriers. For example,

Harrison et al., (2015) and Coch Gioia et al., (2015) reported that the

proportions of non-groupable strains among university carrier students was

88% and 77.7% respectively. The non-groupable strains of N. meningitidis

were the most common (65%), followed by serogroup B (20%) and

serogroup W-135 (15%) among 18-24 years old university students in Chile

(Rodriguez et al., 2014). In a group of Colombian adolescents and young

adults (15-21 years old), the non-groupable and serogroup Y isolates of N.
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meningitidis were the most common (Moreno et al., 2015). Similarly, a

study carried out in Korea reported that the non-groupable strains of N.

meningitidis was the most common (50%), followed by serogroup C (31.3%)

and serogroup B (18.7%) (Durey et al., 2012).

On the other hand, the proportion of non-groupable strains of N. meningitidis

in this study was much higher than that reported in Italy (about 34.4%)

among students aged 14-22 years old (Gasparini et al., 2014). Serogroups

B, W-135 and Y of N. meningitidis were the most frequent among university

students in Italy (Germinario et al., 2010). Studies in the UK conducted by

Ala'aldeen et al., (2011) and Bidmos et al., (2011) reported a high

prevalence of serogroup Y strains of N. meningitidis among university

students. In Mexico, the most frequent serogroups of N. meningitidis among

carriers were Y (29.7%), C (24.3%) and B (10.8%) (Espinosa de los

Monteros et al., 2009). Meningococcal carriage studies in Europe reported

that approximately 40% of the strains of N. meningitidis among carriers are

not groupable, while in the meningitis belt lower proportions of not

groupable strains have been reported (Moreno et al., 2015).

5.3 Meningococcal Nasopharyngeal Carriage Risk Factors

Different important and related risk factors that associated with acquiring

meningococcal carriage were investigated in this study. Surprisingly, in our

study none of the studied risk factors was statistically significantly

associated with meningococcal carriage state among our tested population.

Although some of these risk factors showed clear association, this

association did not reach a statistically significant value. This may be

attributed to the low number of carriers which did not allow enough

differences to reach a statistical power.
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The present study showed that the male carriers (4.1%), while female

carriers (4.7%) in the group studied. However, no statistically significant

association between gender and carrier state was established. These findings

differ from that reported by Coch Gioia et al., (2015) and Moreno et al.,

(2015), in which the male gender was more frequently associated with the

carrier state than females, perhaps as a result of the number and quality of

social contacts of male individuals. Accordingly, the lack of significance in

our study may be due to the fact that the female participants were much more

represented in the study population than male participants.

In this study the highest rate of meningococcal nasopharyngeal carriage rate

was found in Rafah governorate (7.7%), followed by North Gaza (7.2%), the

Med. zone (4.5%), Gaza (3.6%), and Khanyounis (2%). These variations in

results may be due to the high- population density, especially in the North

Gaza governorate.

People with low socioeconomic status, whatever their ethnic origin, are more

likely to be carriers and develop meningococcal disease (Yazdankhah &

Caugant, 2004). In our study, the carriage rates among families with

medium income level was the highest (83.3%), followed by those with low

income level (16.7%), and no carriers were detected among families with

high income level. The reason why most of carriers are coming from

medium income level is attributed to the fact that most of our cohort in this

study are classified as having medium income.

The overcrowding has often been associated with higher meningococcal

carriage rate, because house crowdedness may play an important role in the

acquisition and transmission of infection across the respiratory system

(MacNeil & Cohn, 2011; Coch Gioia et al., 2015). The present study did

not reflect this association and reported that the household crowding for
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carrier students (1.85±1.01) is lower than non-carrier students (2.18±0.81).

Furthermore, our results showed that the bedroom sharing with one or more

individuals was probably associated with the carrier state, even though the

association was not found to reach a statistical significance. This would

indicate that there was no effect of sharing the bedroom on the carrier state

of N. meningitidis among these study subjects. Therefore, although

agglomeration and cohabitation enhance carrier state, we must take into

account not just the number of individuals who live in the same house or

who share the same bedroom, but also the age and social behavior of these

individuals (Coch Gioia et al., 2015).

Smoking is one of the strongest risk factors that has been found associated

with meningococcal carriage because it decreases salivary IgA levels, affects

oral flora and interferes with the action of respiratory mucosa ciliary cells

(Yazdankhah & Caugant, 2004; Coch Gioia et al., 2015). However, in this

study, smoking was not associated with the meningococcal carrier state. This

may be due to the low number of smokers and short- term of smoking as

most of the study population is females and females usually don’t smoke in

our population because of cultural barriers.

Coffee shops are places where there is usually a high population density,

which enhance person to person contact. Yet again, in this study there is no

statistically significant association between meningococcal carrier state and

frequenting coffee shops during the last month. In contrast, several studies

reported that frequenting pubs, bars, and nightclubs were associated with

meningococcal carriage state (Neal et al., 2000; Durey et al., 2012; Mandal

et al., 2013; Rodriguez et al., 2014; and Coch Gioia et al., 2015).

In this study, we found that there is no statistically significant association

between the meningococcal carrier state and sharing drinking glasses, water
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bottles, or eating utensils. In addition, brushing teeth was not associated with

meningococcal carrier state. This would indicate that there was no effect of

above mentioned items on the carrier state of N. meningitidis among these

study subjects.

Neal et al., (2000), observed that carriage rates of meningococci among

university students increases in the first week of term, with further increases

during the term. In this study, we found that the highest carriage rate of N.

meningitidis was among fifth year students (7.7%) and fourth year students

(7.6%). Although, no statistically significant association was found between

the carrier state and the academic year of study. This may be attributed to

high prevalence of known risk factors (as smoking, frequenting coffee shops

during the last month, and sharing drinking glasses, water bottles, or eating

utensils) for meningococcal acquisition among fifth and fourth year students.

Furthermore, the high social mixing among fifth and fourth year students

because of their dealing and their relationships with different groups of

society, especially after undergoing field training program in hospitals and

clinics where most our tested population are biomedical science students.

The low meningococcal carriage rate found in our study could be one of the

reasons which explains why meningococcal disease incidence in Gaza Strip,

Palestine is lower than those usually reported among high and middle-

income countries (Ceyhan et al., 2012; Jafri et al., 2013).

According to the previous published reports on the prevalence of

meningococcal carriage rate among university students, the results obtained

here were not the expected for this age group. This could be explained by

several factors may have contributed for the unexpectedly low carriage rate

as follow:
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First, there are no crowded dorms in Palestinians universities, the university

students often live with their families. In contrast, in countries with high

meningococcal carriage rates like the UK, and Korea, the majority of

students live in crowded dorms (Neal et al., 2000; Ala'aldeen et al., 2011;

Bidmos et al., 2011; and Durey et al., 2012). Therefore, they are highly

exposed to the closed quarters and overcrowded conditions. Furthermore, the

presence of highly related risk factors for carriage such as active smoking,

visiting hall bars and night club, and intimate kissing are present in those

countries but almost all absent from Gaza Strip.

Second, low prevalence of known risk factors for meningococcal acquisition

among the students in our study could explain the low meningococcal

carriage rate. This may be attributed to Islamic social behavior of

Palestinians students, which is more conservative. Absence of hall bars and

night club might also prevent them from being overly exposed to some

behavior risk factors.

Third, the highly overuse, misuse and abuse of antibiotics by population in

Gaza Strip and without doctor’s prescriptions and guidelines. Antibiotics

may kill or inhibit the growth of the bacteria and the chance for colonization

or infection by N. meningitidis may be decrease.

Fourth, the highest rates of meningococcal carriage may be related with the

appearance of outbreaks, while during the endemic period of the

meningococcal infection the carriage rate could be as high as 10%; thus,

active attention of this fact is always advisable (Espinosa de los Monteros

et al., 2009). In Palestine meningococcal meningitis is an endemic disease

and no outbreaks were reported in Gaza Strip during the study period

(PHIC-MOH, 2015). Therefore, in Gaza Strip the meningococcal carriage

rate was less than 10%. Moreover, the incidence of meningococcal infection
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in college students is similar to the incidence in the general population of the

same age (Moreno et al., 2015). Therefore, the low carriage rate found in

our study cohort could explain the low incidence of meningococcal disease

in Gaza Strip.

Fifth, the low meningococcal carriage rate and the high proportion of not

groupable strains of N. meningitidis were observed in our study among

university students, this may be back to continuous decrease in disease

incidence rate in Gaza Strip, probably through the mechanisms of natural

immunity which reduced meningococcal transmission. Furthermore, not

groupable strains of N. meningitidis unlikely to cause invasive disease.

So, collectively all these above-mentioned factors together may play role in

overestimation or underestimation the results of meningococcal carriage rate

obtained in this current study.
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Chapter 6

Conclusion and Recommendation

6.1 Conclusion

 The most remarkable finding of this study is that the meningococcal

carriage rate among healthy university students aged 18-24 years old

of Gaza Strip, Palestine was 4.4%.

 Using multiplex PCR technique, we found that all N. meningitidis

isolates of asymptomatic carriers were not groupable (not

capsulated).

 None of the studied risk factors was statistically significantly

associated with meningococcal carriage state among our tested

population, although some of these risk factors showed clear

association but did not reach statistical significance value.

 The present study showed that the female carriers were more than

male carriers in the group studied. However, no statistically

significant association between gender and carrier state was

established.

 The absence of crowded dorms in Palestinians universities and the

low prevalence of known risk factors for meningococcal acquisition

among the students in our study could explain the low meningococcal

carriage rate we found.

 The highly overuse, misuse and abuse of antibiotics by population in

Gaza Strip and in most instances without doctor’s prescriptions and

guidelines, is probably an important factor that contributed for the

low meningococcal carriage rate in our study.



106

 Overall, the low meningococcal carriage rate and the high proportion

of non groupable strains of N. meningitidis were observed in our

study among university students, could explain the continuous

decrease in disease incidence rate in Gaza Strip, probably through the

mechanisms of natural immunity which reduced meningococcal

transmission. Furthermore, non groupable strains of N. meningitidis

unlikely to cause invasive disease.

 Overall, the results of this study showed that meningococcal carriage

rate is lower than that recently reported in Europe, Asia, and Latin

America.

 According to our findings, conventional PCR using sodC should not

be used for diagnosis of N. meningitidis. However, real time PCR can

be used according to the WHO guidelines.
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6.2 Recommendation

 We recommend to extend the carriage study to other universities and

other age groups for better understanding and evaluation the

epidemiology of IMD in Palestine.

 More carriage studies with molecular characterization of the

meningococcus are needed to determine the predominant serogroups

and also to improve the control of invasive disease.

 Continued surveillance and monitoring for asymptomatic carriers of

meningococcus is important. So, we suggest to conducting a

longitudinal studies (i.e. repeating the throat samples during long

follow-up periods) to gain information on the duration of carriage,

acquisition rates in populations, and to determine whether the carried

strain is the same over time or change.

 In Palestine, the meningococcal vaccine has not been applied yet in

Palestinian expanded program of immunization (EPI), except some

of the immune-compromised patients, Umrah visitors, and pilgrims.

Therefore, we suggest to follow WHO immunization policy for

meningococcal disease, that will help in preventing of meningococcal

disease in Gaza Strip, especially among infants and children.
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