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Abstract

Streptococcus pyogenes, also known as Group A streptococcus (GAS), causes a wide
variety of diseases in children and adults, and it frequently infects the pharynx and
skin; pharyngitis and tonsillitis are one of the commonest diseases caused by this
pathogen. GAS evaded by many virulence factors, however, the most significant part
is the M protein, which plays a major role in its pathogenicity. Over 225 M protein
types have been identified so far by the emm typing technique. Identification and
emm typing of GAS is an essential part of epidemiological and pathogenic studies of
streptococcal diseases, as different regions of the world have different common emm
types. This diversity and the different distribution of the emm types among regions
cause an obstacle in developing an effective vaccine. Currently, there are many
studies on a 26 polyvalent vaccine targets a certain common emm types in the high-
income countries, such as the USA, Canada, and Europe while this vaccine has low
coverage in the low-income countries and the pacific. As there are not enough
information about the distribution of GAS and diversity of the emm types in the UAE
and the region, it would be difficult to evaluate the efficacy and the coverage of the
proposed 26 polyvalent vaccine for the UAE and the region. The main objective of
this thesis is to establish the carriage rate of Group A Streptococcal throat
colonization among healthy school children in Al Ain, to identify the common emm
types from the positive GAS isolates and to compare our findings with the most
common emm types used to develop the 26-polyvalent vaccine. Total of 500 throat
swabs samples were collected from 500 school children aged from 5-10 years old
(250 male students and 250 Female students) from primary schools from Al Ain city

in the UAE. The samples were collected during the month of October 2015 and
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November 2015, and cultured on blood agar using the standard microbiological
techniques for GAS identification. Only10% (50/500) of the school children carried
GAS in their throats and a total of 50 GAS isolates were analyzed and emm typed
using the sequence emm typing technique. A total of 7 different emm types were
detected from the 50 GAS isolates, where emm3 was the most common which
accounted for 24 (48%) followed by emm12 and emm1, which represented 10 (20%)
and 4 (8%) respectively. These findings indicate that only 23% of emm types from Al
Ain is covered by the 26-poly vaccine which considered a poor coverage in contrast

to the 90% coverage in the western region.

Keywords: GAS, emm types, emm sequence typing, M protein, and pharyngitis.
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Chapter 1: Introduction

1.1 Streptococcus pyogenes

Streptococcus pyogenes, commonly known as group A streptococcus (GAS) is a
gram-positive bacteria that appear to be arranged in chains under the microscope
(Figure 1). This prevalent and versatile bacterium is responsible for a broad spectrum
of human diseases, ranging from superficial skin infections to an occasionally lethal
syndromes leading to millions of dollars in healthcare expenditure (Cunningham,
2003). GAS spreads by respiratory secretions and fomites through asymptomatic
carriers where the upper respiratory tract is the site where mostly the infections take
place (Patterson, 1996). GAS has several powerful virulence factors that allow it to
escape the innate immune responses of the host (Cole et al., 2011; Olsen el at., 2009;
Olsen and Musser, 2010). It is characterized by being covered with a hyaluronic acid
capsule (Kendall et al., 1941) and forming a B-haemolysis type when it is streaked on
blood agar (Figure 2). In addition to that, GAS responds to a range of host
environmental conditions to keep its metabolic activities intact (Kreikemeyer et al.,

2003).

LEY

L

Figure 1: Streptococcus pyogenes (GAS)



Figure 2: Streptococcus pyogenes causes B-haemolysis on blood agar

Consequently, these properties of GAS help the bacteria to cause a wide range of
localized and invasive diseases, such as pharyngitis, impetigo, cellulitis, necrotizing
fasciitis, and toxic shock syndromes (Aziz and Kotb, 2008). Despite of all the
advances in hygiene procedures and methods of prevention, GAS remains a very
successful bacterium that is responsible for more than half a million deaths globally
each year (Carapetis et al., 2005) due to pharyngitis, impetigo, scarlet fever, cellulitis
and erysipelas and invasive infections such as necrotizing fasciitis, myositis and
streptococcal toxic shock syndrome (Ferretti et al., 2016). Patients may also develop
immune-mediated sequelae as post streptococcal infections such as acute rheumatic
fever and acute glomerulonephritis (Ferretti et al., 2016). Recent populations indicate
that there are at least 517,000 deaths each year due to sever GAS diseases as
previously mentioned (e.g., acute rheumatic fever), rheumatic heart diseases, acute
post-streptococcal glomerulonephritis (APSGN), and invasive infections (Carapetis et

al., 2005).



1.2 GAS infections

Historically, GAS diseases have been known for centuries, and the first
description of streptococcal infection is attributed to Theodor Billroth, an Austin
surgeon, in 1874, where he described the bacteria in cases of erysipelas and wound

infections (Billroth, 1874; Billroth, 1877).

Streptococcus pyogenes, the ubiquitous organism, can cause a variety of both
suppurative as well as non-suppurative post-infectious sequelae. Many of these
infections were associated with high mortality rates. Table 1 lists the diseases under

each category.

Suppurative Non-suppurative post-infectious
sequelae
Pharyngitis Acute rheumatic fever (ARF)
Impetigo Rheumatic heart disease (RHD)
Pneumonia Acute glomerulonephritis

Necrotizing fasciitis
Cellulitis

Streptococcal bacteremia
Osteomyelitis

Otitis media

Sinusitis

Meningitis or brain abscess

Table 1: Examples of Suppurative and Non-suppurative post-infectious sequelae

GAS infections can be also subdivided into four categories according to the type of
tissue the bacteria attack and the way it is mediated, these subdivisions are
superficial, deep, toxin mediated and immunologically mediated diseases

(Wannamaker, 1970). Superficial Diseases include pharyngitis, impetigo and
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infections of soft tissues. Deep infections include necrotizing fasciitis, meningitis and
infections of deep soft tissues. Toxic shock like syndrome is toxin mediated while

rheumatic fever and glomerulonephritis are immunologically mediated.

1.2.1 Pharyngitis

Pharyngitis (Figure 3), or commonly known as sore throat or strep throat, is
the most common manifestation of infection with Streptococcus pyogenes (GAS)
(Wessels, 2016). Infection with this bacterium is diagnosed in 20 to 40% of
pharyngitis cases in children and in 5 to 15% in adults (Ebell et al., 2000; Shaikh et
al., 2010). The peak incidence of GAS pharyngitis occurs in children aged 5 to 15
years old (Danchin et al., 2007). Pharyngitis is more common to occur during winter
and spring and can be transmitted by direct or indirect contact with an infected
person via large respiratory secretions droplets, or through contaminated objects and

food (Wessels, 2016).

Figure 3: Infection with pharyngitis
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Non-infectious auto-inflammatory complications of pharyngitis can include acute
rheumatic fever and post-streptococcal glomerulonephritis, both of which are thought

to result from immune responses to streptococcal infection (Wessels, 2016).

1.2.2 Acute Rheumatic Fever (ARF)

ARF and rheumatic heart disease are estimated to affect over 20 million people
globally; they lead to cause cardiovascular death during the first 5 decades of life in
developing countries (Bisno, 1991) and occur commonly in children of 5-15 age
range. ARF, which is the precursor to RHD, results from an abnormal autoimmune
response to GAS infection in a genetically susceptible host, it affects the heart, joints,

brain, and subcutaneous tissue (Marijon et al., 2012).

1.2.3 Impetigo

Impetigo is group A streptococcal superficial infection of the outer layers of skin. It
commonly affects young children (Mahe and Hay, 2005). The estimations show that
more than 162 million children can be affected by impetigo at any time (Bowen et
al., 2015). The burden of disease is highest in the low-income and developing
countries. This infection is caused by invasion of the epidermis by GAS colonizing
the skin following minor trauma. Autoinoculation is common and the infection is
highly transmissible (Bowen et al., 2005). Factors that play a role in frequent
transmission of the diseases in epidemic areas include hot and humid climatic

conditions, poor access to water and crowded areas (Mahe and Hay, 2005).

1.2.4 Necrotizing Fasciitis (NF)
Necrotizing fasciitis (Streptococcal Gangrene) is an infection of the deeper
subcutaneous tissues and fascia; it is characterized by extensive and rapidly

spreading necrosis (gangrene) of the skin and underlying structures (Stevens and
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Bryant, 2016). Streptococcal gangrene begins at a site of an operative incision or
occurs due to curtain medical conditions (Kihiczak et al., 2006). In the current era, it
has been estimate that the mortality rate of NF is approximately 70-80% despite the

lack of antibiotics, IV fluids, ventilators, and dialysis (Stevens and Bryant, 2016).

1.2.5 Streptococcal Toxic Shock Syndrome (STSS)

Streptococcal Toxic Shock Syndrome is a fatal streptococcal toxin-mediated
infection that is associated with the sudden onset of shock and organ failure (Stevens
and Bryant, 2016, p570). The common ways of entry for the bacteria include the
vagina, pharynx, mucosa, and skin (Stevens et al., 1989). In some cases, surgical
procedures could lead to STSS and it is rarely occurs secondary to streptococcal
pharyngitis (Herold, 1990; Bradley et al., 1991; Chapnick et al., 1992). Several
studies have revealed that a high prevalence of M-types 1 or 3 strains among throat
isolates may indicate an increased incidence of STSS in a community (Kiska et al.,

1997; Holm et al., 1992; Sellers et al., 1996).

1.3 GAS virulence factors

GAS has a wide range of antigenic factors that causes the large number of
streptococcal infections. These virulence factors that are engaged in both adhering
and phagocytosis inhibition: (1) M protein (phagocytosis inhibition and adherence),
(2) Protein F (Fibronectin-binding protein) (adherence), (3) lipoteichoic acid
(adherence), (4) hyaluronic acid capsule (phagocytosis inhibition), (5) invasions such
as streptokinase, streptodornase (DNase B), hyaluronidase, and streptolysins, (6)
exotoxins, such as pyrogenic (erythrogenic) toxin which is responsible for scarlet
fever’s rash as well as systemic toxic shock syndrome (Beachey and Courtney,

1987).



1.3.1 The M protein

The cell wall of the GAS carries an important and characteristic antigenic part called
‘M protein’ which was identified by Rebecca Lancefield around 90 years ago
(Lancefield, 1928). M protein is one, and most significant, among various antigenic
structure on the cell wall of the GAS. All of the molecules on the bacterial surface
have specifically evolved to enable survival in the human environment like the
throat, blood, or skin, specifically; the ability of GAS to persist in infected tissues
can be mainly attributed to the cell surface M protein (Fischetti, 2016). This
molecule gives GAS the ability to resist phagocytosis by polymorphonuclear
leukocytes in the absence of type-specific antibodies (Fischetti, 2016). Results from
other studies showed that the M-knockout mutant of the M protein gene (emm gene)
could not survive in human blood that contains phagocytes (Perez-Casal et al., 1992),
therefore, resistance to GAS infection is attributed to the presence of type-specific M
protein antibodies (Lancefield, 1959; Lancefield, 1962).

Structurally, M molecules are proteins that are attached to cell surface of the bacteria
and composed of two polypeptide chains that form an alpha-helical coiled-coil
configuration (Fischetti et al., 1990), the M protein molecules are arranged in a hair-
like structure under the electron microscope as figure 4 shows (Oehmcke et al.,
2010). Swanson, et al. (Swanson et al., 1969) published the first EM (electron
micrographs) of the M protein (Figure 5), they are composed of a C-terminal region,
which is the region where the M protein is attached to the cell wall of the bacteria,
and it is the conserved region of the molecule, The carboxy-terminal region is
hydrophobic and membrane-spanning domain that is rich in proline/glycine
(Oehmcke et al., 2010). The M protein is also composed of an N-terminal region

(amino-terminal), which is the variable region and type specific and it’s the one that
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accounts for its pathogenicity, the N-terminal region consists of 4 repeat regions or
blocks (Figure 6) that differs in size and amino acids form a strain to another
(Oehmcke et al., 2010). The structure of the M6 protein (Figure 6) was studied
(Hollingshead, et al., 1986) and showed that repeat of the As is composed of 14
amino acids, the B repeats consists 25 amino acids while the C repeats have 42
amino acids and the D repeats have small number of amino acids that showed some
homology among each others (Ferretti et al., 2016). The combination among these
repeats in the M protein accounts for the ability of it to be variable and for the
bacteria to escape the immune recognition (Fischetti et al., 1985; Fischetti et al.,

1986; Hollingshead et al., 1987).

Figure 4: M protein molecules under electron microscope
appears as green hair-like structure
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1.4 Classical M- typing

Since 1919, from Lancefield work and her aim to understand the protective immunity
against GAS diseases, immunity against it was believed to be type-specific;
Lancefield developed a serological typing system that is based on antigen-antibody

reactions; the extracted anti-phagocytic M protein surface fibrils and their type
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specific antisera, the antisera against the M protein was produced by injecting rabbits
with whole-cell streptococcal vaccine (Lancefield, 1928). Acceptable antisera should
hold specific-precipitin antibodies and type specific antibodies that require enhancing
the phagocytosis of the strain used to immunize the rabbit (Lancefield, 1957
Johnson et al., 1996). “The precipitin antibodies are made specific by absorption of
the serum with streptococcal cells to remove the carbohydrate group antibodies and
any cross reactive precipitin antibody to heterologous M-type strains. Each rabbit
antiserum is tested for reaction with antigens of all known M types” (Facklam et al.,
1999).

At the time, more than 80 distinct M types were identified (Lancefield, 1962) and
more than 120 M protein validated to date (Facklam et al., 1999). The variable
sequences of the N-terminal end of the M protein provide the basis of the classic M
typing scheme (Gillespie and Hawkey, 2016). The problem with the classical typing
method of the M protein is that it’s time and money consuming due to the
unavailability and cost of the typing reagents as well as the difficulties in their
preparation and maintenance. Therefore, the classical serological way has been
replaced with a molecular method that depends on sequencing the 5’ end of the N-

terminal region of the M protein.

1.5 M protein gene (emm) typing

The advances in the molecular biology field have led to the establishment of the emm
gene typing. The emm gene encodes for the M protein and the variability within the
N-terminal sequence of the emm gene accounts for the different emm types among
the GAS strains, and recent studies shows that there are more than 234 emm types

exist (Ferretti et al., 2016).
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The system of emm typing is based on sequencing the 5’ end of emm gene sequence,
which corresponds to the N-terminus end of the M protein. Between 160 and 660
nucleotides bases are sequenced in the 5° end of the emm gene and matched with the
emm genotype databases in the CDC (Introduction to emm typing, 2008) to
determine the emm type) (Gillespie and Hawkey, 2016). Two highly conserved
primers are used to amplify a large portion of the emm gene, primer 1 and primer 2.
The variable sequence of the emm gene that encodes for the M sera-specificity lies
adjacent to one of the amplifying sequences of the primers, hence, allowing for direct
sequencing (Introduction to emm typing, 2008). If two strains of GAS share equal or
greater than 95% identity in the N-terminus of the M protein then they are regarded
to be of the same emm type (Beall et al., 1996; Facklam et al. 2002).
The reference strains types of Dr. Lancefield was emm gene sequenced (5 end emm
sequencing) and submitted to the center for disease control (CDC). The Lancefield
referenced strains are from M-type M1 to M51 and from M-type M52 to M81 (Beall

et al., 1996; Facklam et al. 2002).

It was found that the emm sequencing results of most of the Lancefield referenced
M-types matched the sequences in GenBank that was previously submitted by other
researchers. These M-types are: Types M1, M2, M3, M4, M5, M6, M8, M9, M11,
M12, M14, M15, M17, M18, M19, M22, M23, M24, M25, M26, M27, M28, M29,
M30, M31, M33, M36, M37, M39, M41, M43, M44, M46, M47, M48, M49, M50,
M51, M52, M53, M54, M55, M56, M57, M58, M59, M60, M61, M62, M63, M64,
M65, M66, M72, M73, M74, M75, M76, M77, M78, M80, M81. Each has accession
number in GenBank. However, M-types M13, M67, M68 and M79 were found to
have different 5' emm sequences from those submitted to GenBank by previous

investigators (Whatmore, et al, 1994). For unknown reason, the emm sequences of
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M-type M67 and 68 in GenBank did not match those from CDC. For M-type M79,
the emm sequence in CDC matched the one in GenBank but in a different label,

which is M-type M80 (Beall et al., 1996; Facklam et al., 2002).

Large epidemiological studies of pharyngitis and invasive disease have been done
using emm sequence typing, particularly in the USA, Canada, and Europe (Tanz et
al., 2005). The emm typing has added a huge change as a reliable epidemiological
tool for GAS epidemiology and subdivision; it also has the potential to classify
isolates that was difficult to type by serological methods. It is also able to determine

the non-typeable and weakly antigenic isolates (Beall et al., 1996; Facklam et al., 2002).

1.6 GAS epidemiology

The epidemiology and distribution of the major GAS diseases varies among different
regions of the globe; despite the declined incidence of many diseases in the
developed countries, but pharyngitis and invasive disease are GAS diseases of
greatest public health importance in high-income countries (Beall et al., 2009) and
the majority of GAS-associated deaths are due to the clinical manifestations
associated with invasive disease (Efstratiou and Lamagni, 2016). On the other hand,
regions of low-income and poor infrastructure suffer a high burden of GAS diseases
like acute rheumatic fever, rheumatic heart disease (RHD), invasive disease, and
acute post-streptococcal glomerulonephritis that causes millions of death annually
(Carapetis et al., 2005). However, The RHD remains a concern in both developed
and developing countries (Efstratiou and Lamagni, 2016).

GAS infections can be observed in persons of any age, but the prevalence of
infection is usually higher in children more than adults because of the multiple

exposures in schools or nurseries and due to their immunity compared to adults
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(Efstratiou and Lamagni, 2016). The prevalence of pharyngeal infection is highest in
children older than three years but in neonates it is uncommon due to the protective

transplacentally acquired immunity (Martin et al., 2004).

For invasive diseases, which have been always the main focus of the epidemiological
studies along with RHD and toxin-mediated diseases, contemporary data show that
infection incidence of over 2 to 4/100,000 population in developed countries In
developing countries higher rates has been observed and ranges from 12 to
83/100,000 population (Steer et al., 2012). Other data shows that the global burden
of invasive GAS diseases is surprisingly high, with at least 663,000 new cases as

well as 163,000 deaths observed annually (Carapetis et al., 2005).

For superficial diseases such as pharyngitis and tonsillitis, it is estimated that over
600 million cases of symptomatic GAS pharyngitis occur each year among people
aged over 4 and around 550 million of these cases occur in developing countries
(Gerber et al., 2009). In Europe, they account for around 800 consultations per
10,000 patients annually with all the economic impact of days missed from work or
school (Gerber et al., 2009). In developed countries, around 15% of school aged
children develop a case of pharyngitis (generally called strep throat) each year
whereas in developing countries the number is five to ten times more (Carapetis et
al., 2005). In United States, 11 million people get infected with pharyngitis caused
by GAS each year. 15-30% of the pharyngitis cases in children are caused by GAS
while many cases are also caused by viral infections (Choby, 2009). Scarlet fever
incidence has fallen considerably over the last century, but recent studies show
increased incidence of outbreaks in some developed countries despite the fact it is no

longer a life-threating disease (Efstratiou and Lamagni, 2016). Rheumatic heart
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disease (RHD), which follows the infection of pharyngitis in some cases, accounts
for the greatest global burden of GAS disease, 15 million cases of RHD and 349,000
deaths occur worldwide each year. This disease has a notable effect on the health of
children and young adults in low and middle-income countries causing 95% of
disease burden, which is a very high percentage. Other studies show that there are 2.4

million of affected children in developing countries (Steer et al., 2009).

1.7 GAS diseases and their associated M types

There is a significant association of some emm types with a particular disease
manifestation (Table 2). Fore example, M types M2, M4, M6, M12, and M44/M61
are found to be associated with superficial disease, specifically, the common GAS M
protein serotypes that are associated with pharyngitis are M1, M3, M4, M5, M6,
M12, M14, M18, M19 and M24 (Stollerman, 2001). Types M33, M41, M42, M52,
M53, M70 are associated with causing impetigo (Cunningham, 2000). Additionally,
skin infections are found to be associated with M2, M49, M57, M59, M60, and M61
(Cunningham, 2000). GAS M types that are associated with the non-suppurative
diseases are generally M1, M3, M5, M14, M18, M19 and M24 (Stollerman, 2001).
Acute rheumatic fever, which is a non-suppurative streptococcal diseases is shown to
be associated with M1, M4, M12, M49, M55, M57, M60 types (Parks et al., 2012),
whereas acute poststreptococcal glomerulonephritis is caused by being infected with
types M1, M4, M12, M49, M55, M57, M60 (Bisno, 2010). On the other hand, types
M1, M3 and M28 are associated with invasive diseases such as Necrotizing fasciitis

(Olsen and Musser, 2010).

Disease Associated M types

Superficial
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Pharyngitis, scarlet fever

1,3,5,6,12,14, 17,19, 24

Impetigo 33,41, 42, 52,53, 70
Invasive

Necrotizing Fasciitis 1,3,28

Streptococcal toxic shock 1,3

Syndrome

Puerperal sepsis 28

Post streptococcal infections

Acute rheumatic fever, Rheumatic

heart disease

1,3,5,6,11, 12, 14,17, 18, 19, 24, 27,

29, 30, 32, 41

Acute post-streptococcal
glomerulonephritis

1,4, 12, 49, 55, 57, 60

Table 2: Major Group A Streptococcal infections and the associated M types

1.8 emm types distribution

There is a notable difference in emm type distribution among the different region. A
systematic review was conducted (Steer et al., 2009) to show the global distribution
of emm types and the most common types in each region. A total of 205 emm types
were recorded and the most common emm type was found to be emml, which
accounted for 18.3% of all isolates in the study, second most common emm type was
emm12, which accounted for 11.1% of the isolates, emm28 (8.5%), emm3 (6.9%),
and emm4 (6.9%). For the distribution among the different parts of the glop, the emm
type distribution between the high-income countries, Asia, the Middle East, and
Latin America, by contrast with the distribution in Africa and the Pacific region were

obviously similar. Figure 7 shows a comparison between the proportions of the 25

most common emm types in high-income countries, Africa, and the Pacific.
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In high-income countries, 25 emm types accounted for 90.3% of all isolates and
emml was the most common type. Where in Africa, 26 emm types accounted for
only 62.5% of all isolates. Where as in the pacific region, 26 emm types accounted
for 61.8% of all isolates. As emm1 and emm12 were the most common emm types in
high-income countries, Asia, and Latin America, while the same types (emm1 and

emm12) came as second and third most common emm types in the Middle East.
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Figure 7: The most common 25 emm types in high-income countries (A), Africa (B),

and the Pacific region (C)
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Regarding emm diversity, the greatest diversity was found in Africa as the
cumulative curve in figure 7 shows. The Middle East comes fourth after Asia and
Latin America, respectively, as indicated by calculation of Simpson’s index (Table

3). (Steer et al., 2009).

Diversity of emm types by global region

Simpson's index of diversity (% [95% CI])
Africa 98:1%
Asia 88-7%
Latin America 93-2%
Middle East 93-0%
Pacific region 97-9%
High-income countries 92-1%
Combined 92-8%

Table 3: Diversity of emm types by global region [Table from (Steer, et al., 2009)]

1.9 GAS vaccines

Creating an effective vaccine targeting the group A streptococcal diseases has been
always the aim for the researchers and public health authorities. GAS vaccines can
be either an M protein—based or non—M protein based. Since the M protein is the
major virulence determinant of the GAS, the vaccines that have been under clinical
trials are the N-terminal M protein based vaccines such as 26-valent and 30-valent
vaccines, and the conserved M protein vaccines such as the J8 vaccine and the
StreptinCor vaccine (Steer, et al., 2009). There are also a variety of other GAS
vaccine candidates that are at different stages of development but we will focus on

the 26 and 30 polyvalent vaccines.
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1.9.1 26-polyvalent vaccine
The 26 Multi-valent vaccine is composed of fused recombinant protein peptides from
the N-terminal region of M proteins that are encoded by their corresponding emm
types of GAS (McNeil, et al., 2005). These 26 M types that are covered by this
vaccine are M1, M1.2, M2, M3, M5, M6, M11, M12, M13, M14, M18, M19, M22,
M24, M28, M29, M33, M43, M59, M75, M76, M77, M89, M92, M101, and M114
(Hu et al., 2002) which are the most common types in the high-income countries,
such as the USA, Canada, and Europe with a coverage percentage of 72%. However,
the vaccine has a poor coverage (only 24%) in the low-income countries such as
Africa and the pacific and an intermediate coverage in Asia and the Middle East

(Steer et al., 2009).

1.9.2 30-valent Vaccines

The 30-valent vaccine is a reformulated form of the 26-valent vaccine to increase its
coverage the United States, Canada and Europe as well as developing countries
(Steer et al., 2009). The M types that are represented in this vaccine and were not
contained in the 26-valent vaccine are: M4, M29, M73, M58, M44, M78, M118,
M82, M83, M81, M87, and M49, while the serotypes that are represented in the 26-
valent vaccine and are not contained in the 30-valent vaccine are: M1.2, M43, M13,
M59, M33, M101, and M76. The vaccine serotypes covers 98% of all cases of
pharyngitis in the United States and Canada and 90% of invasive disease in the

United States, in Europe, it accounts for 78% of invasive diseases (Dale el al., 2011).

1.10 GAS emm typing studies in the UAE
The first GAS typing study in the United Arab Emirates of M serotypes was

conducted by Dr. Abdulmajeed Alkhajeh (published under Ameen) in 1997 and
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showed that out of 100 isolates of GAS from school children only 76% were
serologically typable and felled in to 14 different M types. The study showed that the
commonest M types were M1, M6, M2, M22, M28 and M75 which consisted of 57%
of all the isolates followed by M3, M4, M5, M60, M58/75, M12, M76, M33, and
M58 which consisted of only 19 % of all the tested GAS strains. (Ameen et al.,
1997).

Other resent study in UAE by Alfaresi 2010 published in BMC Research Notes,
which demonstrated the heterogeneity of GAS population. In his study a total of 38
clinical GAS isolates were analyzed, including 35 isolates from throat and 3 from
skin, among the 38 isolates, a total of 25 different emm types were detected, there
were no dominant emm types detected (Alfaresi, 2010). Eight different emm types
(st3211.0, st0721.0, emm89, emm75, st4695.0, st75.0, stIL62.0, emm78.3) made up
55.4% of the isolates. The most common type, which is st3211.0, compromised only
10.5% of the total isolates. The study found that some common emm types in the
Western world are totally absent in the collection of that study, furthermore, type
emma89, which is frequent in Canada, was found to be frequent among the isolates

(Alfaresi, 2010).

More recent study by Dr. Abdulmajeed Alkhajeh (Unpublished study) showed that
out of 60 clinical GAS isolates typed for emm gene only 4 emm types are represented
in the 26-polyvalent vaccine, which indicates that only 15.4% of the local isolates
can be covered by the vaccine. Thus the 26-polyvalent vaccine which is basically
designed for the Western countries populations will be ineffective in preventing GAS

infections in the UAE population.
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1.11 Objectives

1.

To establish the carriage rate of Group A Streptococcal throat colonization
among healthy school children in Al-Ain, UAE.

To identify the common GAS emm types from the positive isolates.

To compare our findings of emm types with the most common types which are

used to develop the 26-polyvalent vaccine.
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Chapter 2: Materials and Methods

2.1 Materials

e Gram Stain Kit (BioLab, Australia).

e Sterile throat swabs (Puritan Opti-Tranzr®, USA)

e Loops (Celltreat®, USA)

e Cryo tubes (CryoTubes®, USA).

e Cultural Media 5% Sheep Blood Agar. (Manufactured in association with
Becton Dickinson In UAE)

¢ Nutrient broth media (20% glycerol, PanGulf®, UAE).

e Bacitracin differentiation disc (HardyDisk™, USA).

e SLIDEX® STREPTO Plus latex agglutination Kit (BioMérieux®,
France).

e Bijoux bottles (Sterillin™, USA).

e Liquid glycerol.

e Eppendorf pipette.

e Pipette tips.

2.2 Samples collection

Throat swabs samples were collected from 500 school children aged from 5-10 years
old in Al Ain; 250 male students from Al Tumoh primary School and 250 Female
students from Shamma Bint Mohammed primary school, in Al Ain city in the UAE.

The samples were collected during the month of October 2015 and November 2015.
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2.3 Area of study

This study was conducted in United Arab Emirates and samples were collected from
the city of Al Ain in the United Arab Emirates (Figure 8).

Ruwais

UNITED ARAB EMIRATES

SAUDI ARABIA OMAN

Figure 8: Map of United Arab Emirates

2.4 Samples preparation and identification

2.4.1 Culture

The collected throat swab samples were cultured on sheep blood agar plates
immediately, and Bacitracin disc was added and then incubated for 24 hours at 37
C°. GAS colonies with a B-haemolysis or complete lysis of blood cells around the
colonies (Figure 8) were sub-cultured on fresh blood agar plates to get pure colonies
of the suspected group A streptococcus, then the colonies of the suspected GAS were

picked for Lancefield grouping and for GAS confirmation.
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Figure 9: B-haemolysis (clear zone) around GAS colonies

2.4.2 GAS confirmation by Lancefield grouping

SLIDEX STREPTO Plus latex agglutination Kit was used to group the p-haemolytic
samples. The GAS positive samples were then taken to the microbiology laboratory
in Tawam hospitals for further comparing and confirmation. The samples were
confirmed to be group A streptococcal by its sensitivity to bacitracin disc and by

using the Lancefield grouping kit SLIDEX Strepto plus.

2.4.3 Samples preservation
Nutrient broth media with 20% glycerol was used to preserve the GAS positive

samples and stored at -20 C° prior sending to a reference laboratory for emm typing.

2.5 emm typing

emm typing was performed according to the protocol described by the CDC
(http://www.cdc.gov/ncidod/biotech/strep/protocol_emm-type.htm) in the group A
streptococci reference laboratory at the Faculty of Medicine at the University of

Lisbon in Portugal.


http://www.cdc.gov/ncidod/biotech/strep/protocol_emm-type.htm
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Chapter 3: Results

3.1 GAS identification

Out of the 500 throat swabs samples collected from the from the school children,
only 65 samples showed a B-haemolytic colonies, where 50 samples confirmed to be
GAS, while the other 16 B-haemolytic samples turned out to be; 11 isolates were of

group G and 5 isolates were of group C.

3.2 GAS carriage rate among children
Our finding showed that the GAS carriage rate is 10% among school children, where
out of 500 screened samples, only 50 GAS isolates were detected and the rate is

slightly higher in boys than girls, 27 and 23, respectively.

3.3 emm type distribution

Our emm typing results showed that only 7 different emm types were detected from
our 50 GAS isolates (Table 4). The most common type was emm 3 with 24 isolates,
which represents 48% of the total of GAS isolates (Chartl). The Second common
type was emm 12 with 10 isolates, which represent 20%, where emm types 1, 22 and
89 accounts for 24% of the total GAS isolates with 4 GAS isolates of each (8%). The
least common types were emm29 and emm4 with 2 samples of each, which both

accounted for 8% of the GAS isolates.



1 emma3 24 48%
2 emm12 10 20%
3 emml 4 8%
4 emm22 4 8%
5 emm89 4 8%
6 emm29 2 4%
7 emm4 2 4%
Total 50 GAS isolates

Table 4: emm types distribution, their frequency out of the 50 GAS isolates
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Chapter 4: Discussion

4.1 Carriage rate of GAS among children

The pharyngeal carriage rates of GAS among healthy school children vary with
seasons and geographical location, and the peak incidence of spread of this bacterium
is during winter and early spring (December-February). In the present study, the
throat samples were collected during the period time between October and November
2015 and the carriage rate among the 500 healthy school children was found to be
10%. Previous studies in the UAE conducted by Dr. Abdulmajeed Alkhajeh in 1995
showed a carriage rate of 35.4% among 1000 school children in Al Ain, which is
considered to be high, compared to our findings (Ameen et al., 1997). In a follow up
study by Ameen, the carriage rate among the same cohort of children a year later

showed to be 26% (Ameen et al., 1998).

In a study conducted in Ethiopia, the carriage rate for GAS was 9.7% (91/937)
(Abdissa, et al, 2006) which is similar to our findings. In Nepalese school children,
GAS was isolated from 10.9% (38/350) of the screened children, which is almost
similar to our findings as well (Dumer et al., 2009). Other study conducted in Brazil,
2194 school children demonstrated 11% carriage rate, which is approximately similar
to the carriage rate found in the present study (Tartof et al., 2010). Although the
current GAS carriage rate is lower compared to the findings of GAS studies 20 years
ago in the UAE, however, our 10% carriage is similar to many recent studies

conducted around the glob as shown previously.
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4.2 emm type distribution
Table 4 represents the different emm types of the 50 typable GAS isolates from
school children in Al Ain and their frequencies. The litters “emm” refers to the
sequence types that fall under the standard GAS strains, while “st” refers to the new
sequence types that were discovered later (Facklam et al., 2002), however, no new
strains were detected from our study and all of the emm types belong to the standard
GAS strains. The number of distinct emm types found in the present study was 7
types out of the 50 GAS isolates, which indicates that the genetic heterogeneity of
the 50 GAS isolates from the school children in Al Ain is not considerably high. The
most common type is emm3, 24 isolates were reported which represents 48% out of
isolates. Type emm12 is the second most common type with 10 isolates out of the 50
(20%). Type emml, emm22 and emm89 occur in an equal frequency, which is 4
isolates out of the 50 and that account for only 4% of the isolates for each. The least
common types are emm29 and emm4 that represent 4% for each type (Table 4). Five
out of the seven GAS emm types (emm3, emm12, emm1, emm29 and emm4) found in
the present study is known to be associated with major streptococcal infections such

as pharyngitis, NF, ARF, STSS, RHD and glomerulonephritis.

In comparison with other previous local studies, the diversity of emm types in the
present study from the 50 isolates is considered to be low, where a study conducted
by Dr. Mubarak Alfarsi, 25 different emm types were identified from only 38 GAS
isolates, which is considered to be a very heterogeneous (Alfaresi, 2010), however,
his isolates were obtained from clinical samples, and the most common type showed

to be emm89 and st4696.0 which is not matching with our most common types.

However, the heterogeneity of emm types that our results demonstrated is similar to
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the heterogeneity of a study conducted by (Ameen et al., 1997) where 14 M types
patterns were determined out of 100 GAS isolates, however, serotyping techniques
were used instead of the emm gene sequencing technique. For the most common
types, the study of (Ameen et al., 1997) reported that M1, M6, M2, M22, M28 and

M75 were the most common types which is different that our results.

The differences in the findings among the local studies indicate that distribution of
emm types varies over time and within different geographic region (Su et al, 2009).
Similarly, in the United States, the most common types were emm1, emm28, emm12,
emm3, and emm11 during the period from 1995 to 1999 (O'Brien et al., 2002) while
from 2000 to 2004, emm1, emm3 and emm12 dominated and emm28 was no longer
among the dominant types (O'Loughlin, 2007). In Athens, the distribution of emm
types in two different periods of times was detected (from 2003 to 2006 and 2007 to
2013), during the first period, emm types emm12, emm4, emm5, and emm61 were
dominant but decreased significantly during the second period between 2007 and
2013. The prevalence of emm emm89, emm75, and emmll increased notably
between 2007 and 2013 and the diversity of the emm types shows an incline during

the latter period (Koutouzi, 2015).

In a similar study in Ethiopia in which 82 GAS isolates were collected from healthy
school children, a high diversity of GAS was reported with 43 different emm types

among the 82 GAS isolates (Abdissa et al., 2006).

Another similar and very recent study in Iran, where 25 GAS isolates were obtained
from swapping the throats of 1000 children showed that only 3 emm types were
found and the emm3 type is the most common one which is similar to our findings,

however, our carriage rate is three folds higher than their rate. (Khosravi et al.,
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2016).
In a Brazilian study mentioned earlier, 61 distinct emm types out of 238 GAS isolates
were identified with emm12 and emm1 being the most common types (Tartof et al.,

2010), which is similar to our common emm types.

Another study conducted in India, Bangalore, also showed a very high heterogeneity
among the GAS isolates, where out of 60 GAS isolates, 35 emm types were detected
with again emm12 being the most common type which fell second in our present

study (Gowda et al., 2011).

Overall, these findings share some similarities with other emm typing studies of other
regions, which were conducted in other countries and involved the same or more

numbers of GAS isolates.

4.3 emm types and 26-valent vaccine coverage

Clinical trials of a 26-valent M protein-based vaccine have been always in progress
in the USA and Canada. The vaccine underwent a phase I/1l clinical trial in human
adult volunteers and was reported to be safe and immunogenic (McNeil et al., 2005).
However, the number of M type strains causing infections in the developing
countries, particularly the US, is somehow limited so the potential efficiency of the
vaccine coverage in other regions will not be the same. In the US the vaccine covers
around 90% of invasive GAS diseases. The 26-valent vaccine covers the following
emm types emml, emm1.2, emm2, emm3, emm5, emm6, emmll, emm12, emm14,
emm18, emm19, emm22, emm?24, emm28, emm29, emm33, emm43, emm59, emm75,

emm76, emm77, emm89, emm92, emm94, emm101, and emm114 (Hu et al., 2002).

In our present study, 6 emm types were found to be covered by the 26 polyvalent
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vaccine, these emm types are emm1, emm3, emm12, emm22, emm29 and emma89, so,
the percentage of coverage by the vaccine is only 23%, which is a poor coverage
compared to the vaccine coverage in the high-income countries such as USA and

Canada (Tableb).

Although this finding shows a poor coverage of the vaccine among school children,
we have to keep in mind that these are not a clinical samples and that our results
shows carriage of emm types among healthy children and does not represent the
clinical isolates from different sites of infections which might give us a total different
picture, and this was demonstrated by Dr. Abdulmajeed Alkhajeh and Alfaresi in
previous studies in the UAE). However, we believe that these findings will add to the
previous GAS studies finding in the UAE, and will contribute in drawing the real
picture of GAS emm typing which might help the health authorities in making the

right decision to introduce such vaccine.

No. emm types included in 26- emm types of present study covered by
polyvalent vaccine 26-polyvalaent vaccine

1 1 0 (4isolates)

2 1.2

3 2

4 3 0 (24 isolates)

5 5

6 6

7 11

8 12 0 (10 isolates)

9 13

10 14

11 18

12 19

13 22 0 (4isolates)

14 24

15 28

16 29 0 (2isolates)

17 33

18 43

19 59

20 75
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21 76

22 77

23 89 0 (4isolates)

24 92

25 101

26 114

Percentage of coverage%o 6 emm types are covered by the

polyvalent vaccine (23% coverage)

Table 5: emm types of the present study that are covered by the 26-polyvalent
vaccine

If we combine the findings of the previous local studies on GAS M typing in the
UAE, the percentage of vaccine coverage will increase but still doesn’t exceed 56%,
which means the vaccine will cover only half of the patients. From the study of
(Ameen et al., 1997), 8 M types (in a total of 49 isolates) were found to be covered
by the 26-polyvalent vaccine. In (Alfaresi, 2010) study, 4 emm types (in 7 isolates)
were reported to be covered by the. Our study reported 44 isolates distributed among
6 emm types as mentioned previously. Calculating the total isolates from the 3
studies, it gives totallyl02 (56%) isolates that are included in the 26-polyvalent
vaccine (Table 6). In addition, all the studies covered only 10 emm types, which are
emml, emm2, emm3, 4mm12, emm22, emm28, emm29, emm33, emm?75, and emm89

as highlighted in Table 6. They represent 38% of the 26-polyvaccine types.

Then, the 56% coverage of the vaccine is not enough; this means 44% will not be
covered by the vaccine, which was expected to cover 90% of invasive GAS isolates
in the USA. Further studies with more number of GAS Isolates from different
regions of the country will help reaching the real mapping of GAS emm typing in the

UAE which will help measuring the efficiency of applying the 26-polvalent vaccine.
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No. emm types | Presentstudy | Alfaresi, 2010) (Ameen, at el,
covered by 2016 (38 isolates) 1997) Total of isolates
26-poly (50 isolates) (100 isolates) from the 3
vaccine studies=183
1 emm1 YES (4/50) YES (1/38) YES (17/100) 22
2 emml.2
3 emm?2 YES (8/100) 8
4 emm3 YES (24/50) YES (3/100) 27
5 emm5
6 emme6
7 emmll
8 emm12 YES (10/50) YES (1/100) 11
9 emm13
10 emml4
11 emm18
12 emm19
13 emm22 YES (4/50) YES (1/38) YES (5/100) 10
14 emmz24
15 emm?28 YES (8/100) 8
16 emm?29 YES (2/50) 2
17 emm33 YES (2/100) 2
18 emm43
19 emmb59
20 emm75 YES (2/38) YES (5/100) 7
21 emm76
22 emm77
23 emm89 YES 2 (2/50) YES (3/38) 5
24 emm92
25 emm101
26 emml14
11 emm types
Total of emm types | 6 emm types 4 emm types 9 emm types
are covered by the (23% (15.4% (34.6% 42% coverage of
26-polyvalent coverage) coverage) coverage) 26-polyvalent
vaccine vaccine
(11/26*100)

Table 6: Total vaccine coverage of the GAS emm types from 3 studies in the UAE,
1997, 2010 and 2016
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Chapter 5: Conclusion

The aim of this study was to determine the carriage rate of the GAS carriers among
school children and to survey the genetic diversity of group A streptococcal isolates
in the UAE using the emm gene sequence technique in order to compare our findings
of emm types with the most common types which are used to develop the 26-
polyvalent vaccine. Our GAS isolates were obtained from the throats of healthy
school children aged from 6-10 years old, and they showed a carriage rate of 10%.
The findings demonstrated also moderate heterogeneity nature of the GAS
population among school children in Al Ain during the period when the samples
were being collected. According to our findings, the vaccine will theoretically cover
23% of the studied subjects, which is a very poor coverage; only 6 emm types were
to be covered by the 26-polyvalent vaccine. On the contrary, the previous studies in
the UAE showed similar findings that also the vaccine couldn’t be theoretically
effective if it were to be applied in our regions as it doesn’t cover most of the emm

types and isolates in those studies.

Deciding whether the 26-polyvalent vaccine is effective or ineffective for our region
is still challenging due to the lack of comprehensive information and the actual
picture of GAS emm types and their distribution in our region. To better understand
the dynamics of GAS epidemiology and the efficiency of the 26-polyvalent vaccine,
further surveillance very much needed to be conducted in the region to help finding
the real molecular epidemiology of this bacterium in order to be able to introduce the

vaccine and control it or even design our own polyvalent vaccine.
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Appendix

Protocol for emm typing
A. Lysate preparation

(Note that one can often simply boil very fresh growth with good results for DNA
extracts).

1. A fair amount of fresh growth was picked up with a loop (perhaps half of a
standard loop-full). Resuspended in 300 ul 0.85% NaCl.

2. Heated at 70C for 15 minutes.

3. Samples were spanned down full speed for 2 min in microfuge and pipeted out
the supernatant.

4. The pellet were resuspended in 50 ul TE (10mM Tris, ImM EDTA, pH8), 10 ul
mutanolysin (3,000 units/ml), and 2 ul hyaluronidase (30 mg/ml, Sigma H-3506;
300-750 units/mg).).

5. Then incubated in 37C, for 30 min.

6. Heated at 100C for 10 min.

7. Immediately were proceeded with PCR or stored lysates at -20C until use.

Occasionally, isolates can be hard to amplify. In these cases the lysate
preparation should be altered as follows:

1. A fresh plate were prepared, follow the procedure above.

2. Heated for 15 min at 70C.

3. Samples were centrifuged at low speed (5000rpm) for 2 min; then carefully
discarded the supernatant, 500ul of TE were added, vortexed, centrifuged again
at 5000rpm for 2 minutes, then supernatant were discarded and again 500ul of
TE buffer were added, vortexed, and spanned at full speed 14000rpm for 2

minutes.
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4. 50ul of TE buffer were added and 10ul of mutanolysin (and if colonies look very
mucoid, 6 uL of hyaluronidase). With usual lysate preparation protocol were

proceeded after this step.

B. PCR
Master mix is prepared with this ratio of components:
e 10 uL 10X buffer containing 15mM MgCI2 (commercial, eg. Applied
Biosystems B07332)
e 2.0 ul of dNTP mixture (10mM)
e 2.0 ul of each primer 1 and primer 2 (70 picomole/ul)
e primer 1: tatt (c/g) gcttagaaaattaa
e primer 2: gcaagttcttcagcttgttt
e 0.5ul Taqg (3U/ul)

e 82uldH20

(Note: Primers 1 and 2 are more dependable with a wider variety of strains

than other primers that were tested).

20 ul PCR reactions are prapared:
1. Lysate were spanned down full speed for 1 min.
2. For 1 sample on ice aliquot 19.5 ul master mix.
3. No more than 0.5 ul lysate supernatant was added.
4. Using the following program the lysate were placed in cycler. After the initial
sample temperature (94C) is reached, the samples were placed in thermocycler

at 94C for 1 min.

Then the following 10 X was done:
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e 94C: 15s.
e 46.5C: 30s.
e 72C: 1 min 15s.

Followed by the following 20X:

e 94C: 15s.

e 46.5C: 30s.

e 72C: 1 min 15s with a 10 sec increment for each of the subsequent 19
cycles.

e 72C 10 min., then stored at 4C.

PCR products were stored at -20C until use.

C. Sequencing

1.

Sequencing template were prepared from 2-11 ul aliquot of PCR prep to be
sequenced with EXoSAP-IT as described by USB corporation.

BigDye v.1.1 sequencing mixture were diluted, 1 part BigDye to 5 parts of
provided buffer.

PCR product and sequencing primer emm seq2 (tattcgcttagaaaattaaaaacagg)
were used exactly as described in the Applied Biosystems BigDye protocol. For
sequencing (we used Perkin Elmer Gene Amp PCR 2400 or 2700 ) we used the

following cycling parameters:

o 25X

e 96C - 10 sec
e 55C-5sec
e 60C -4 min

e 4C - storage
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Sequencing reactions were stored at -20C. Sequencing reactions were
purified on Quiagen columns, dryed, and dissolved in formamide-EDTA
exactly as described by manufacturer (in Big Dye sequencing handbook) and
stored at -20C. Alternatively, we have recently started purifying sequencing
reactions with good results using Agencourt's paramagnetic bead technology

as described in CleanSEQ Reaction Clean-Up.

emm GenBank | “?Countries where  Closest N-
type/previous accession | isolated terminal M
designation number protein
. sequence
(Partial Listing) match® (%
identity)

emm103/st2034 U74320 PNG, Bra, Egy, Mal, 'M87 (66%)
Nep, NZ, US

emm104/st2035  AF056300 |PNG, Egy, Mal, Nep, | M66 (72%)
NZ, US

emm105/st4529 AF060227 |Mal, Nep, NZ, US M5 (45%)
emm2106/st4532 AF077666 |Mal,Egy, Iran, Nep M27G (71%)
emm107/st4264 AF163686 |Mal, NZ M25 (52%)
emm2108/st4547 AF052426 |Mal, Bra, Egy, Ira, NZ |M70 (84%)
emm109/st3018  AF077667 |Mal,Egy, NZ M28(74%)
emm110/st4935 U92492 Ind, Bul, NZ, Rus, US |M13 (60%)
emm111/st4973 AF128960 |Ind, Bra, Nep, US M80 (40%)

emm112/stCmuk16 AF091806 | Thi, Bra, Rus, US M27L/77
(59%)


http://www.agencourt.com/documents/products/cleanseq/Agencourt_CleanSEQ_Protocol.pdf

emm113/st2267

emm114/st2967

emm115/st2980

emm116/st2370

emm117/st436

emm118/st448

emm119/st3365

emm120/st1135

emm121/st1161

emm122/st1432

emm123/st6949

emm124/st1160

AF078068

U50338

AF028712

AF156180

AF058801

AF058802

AF083874

AF296181

AF296182

AF222860

AF213451

AF149048

and
AF018178

NZ, Thai, Chi

Us, Can, Gam, NZ,

PNG
UsS, Bra, Rus
US, Nep, NZ

us

US, Bra, Egy, Nep, NZ

US, Br, Nep

Egy
Egy

Egy, Rus, Nep
Arg, NZ

Egy, Mal, NZ

M13 (50%)

M73 (80%)

M36 (64%)
M52 (60%)
M13 (59%)
M49 (79%)
M52 (59%)
M56 (78%)
M64 (64%)
M18 (40%)
M80 (68%)

M2 (82%
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PNG: Papua New Guinea, Egy: Egypt, Mal: Malaysia, Nep: Nepal, NZ: New
Zealand, US: United States, Bra: Brazil, Ira: Iran, Rus: Russian, Thi: Thailand,
Chi: China, Arg: Argentina.
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