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Abstract
Background: Streptococcus agalactiae is one of the most important causal agents of
serious neonatal infections. Early detection of perinatal rectovaginal carriage of Group B
Streptococcus (GBS) is important in the prevention of newborn infections.

Objectives: To evaluate the prevalence of group B Streptococcal (GBS) colonization
among pregnant women in Gaza city. Also to determine the susceptibility pattern of
GBS isolates against different antimicrobial agents. In addition, to investigate possible
risk factors for GBS colonization.

Methods: Two hundreds rectovaginal swabs collected from pregnant women from Al
Shifa hospital were screened for GBS colonization. Standard microbiological methods
according to the Atlanta Centers for Disease Control and Prevention (CDC)
recommendations were used to isolate and identify GBS from rectovaginal swabs.
Selective and chromogenic culture in addition only for 100 sample PCR was employed
for the detection of GBS. Antimicrobial susceptibility testing (AST) was performed
according to CLSI guidelines on 42 GBS isolates using clindamycin, erythromycin,
penicillin G, tetracycline and vancomycin.

Results: Out of 200 pregnant women, 42 (21%) were colonized by GBS. The
Sensitivity, Specificity, Positive predictive value and Negative predictive value of PCR
was 54%, 88%, 76%, 72%, respectively. Of the 42 examined GBS isolates, (76%) were
susceptible to vancomycin, (57%) isolates were sensitive to penicillin, (50%) to
erythromycin. (48%), (31%) to tetracycline and clindamycin respectively.

There was no statistically significant association observed for GBS colonization with
chronic disease, complications like (Previous abortion — delivery at <37weeks gestation-
premature birth- intrauterine death — endometrtitis), and previous antibiotic intake

(p >0.05).

Conclusion: Our results showed high prevalence of GBS in Gaza City, Palestine.
Despite the fact that PCR is well known for its high sensitivity, low sensitivity was
obtained in this study. Vancomycin was the most effective antibiotic against GBS
isolates. We, recommend a screening-based strategy to detect GBS in Palestinian
pregnant women.

Keywords: Streptococcus agalactiae, polymerase chain reaction, culture, pregnancy,
Gaza city.
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Chapter 1
Introduction

1.1 Overview

Since the mid-1960s, group B Streptococcus (GBS) has become the major cause of
bacterial infections in the perinatal period, including bacteremia, amnionitis,
endometritis, and urinary tract infection in pregnant women as well as focal and

systemic infections in newborns (Samuel, 2002).

It is a relatively rare cause of infection in older children and non-pregnant adults
(Apgar, Greenberg & Yen., 2002). Initial case series reported case fatality rates as
high as 50%. In the early 1980s, clinical trials demonstrated that administering
antibiotics during labor to women at risk of transmitting GBS to their newborns
could prevent invasive disease in the first week of life (Verani, McGee & Schrag,
2010).

Since the 1970s, GBS has been recognized as the most important infectious cause of
morbidity and mortality in newborn infants. Despite decrease in mortality during the
last decades, early onset GBS disease remains a serious neonatal condition, which

may cause severe neurological damage (Valkenburg-van et al., 2006).

Group B Streptococcus is encapsulated Gram-positive cocci that usually produce a
narrow zone of beta-hemolysis on blood agar. It belongs to Lancefield group B
(Mohammed, Asrat, Woldeamanuel & Demissie, 2012; Okon, Usman, Umar &
Balogun, 2013). There are 10 GBS serotypes (la, Ib, and 1l to IX) based on variations
in the capsular polysaccharide (CPS), a major virulence factor that helps the
microorganism to evade the host's defense mechanisms (Melin, 2011; Ueno et al.,
2012).

Group B Streptococcus is the most frequent pathogen isolated from neonates with

invasive bacterial disease and responsible for serious infections in newborns such as



pneumonia, septicemia and meningitis (Fashina, 2008; Mohammed et al., 2012).
GBS neonatal infection is divided into two categories:

Early-onset GBS disease (EOGBSD), which occurs within the first week of life, and
late-onset GBS disease GBS (LOGBSD), which occurs between one week to 3
months of age (Maisey, Doran & Nizet, 2008; Faro et al., 2010; Dagnew et al.,
2012).

The most likely reservoir of GBS is the gastrointestinal tract, and the most frequent
site of secondary spread is the genitourinary tract. The neonates become colonized
with GBS by the aspiration of infected amniotic fluid or by vertical transmission
during the passage through the colonized vaginal canal. It is also a cause of cystitis,
amnionitis, endometritis, and stillbirth in the pregnant women. The infants who
survive are often left with developmental disabilities, including mental retardation,

hearing or vision loss and speech problems (Chaudhry, Akhtar & Balouch, 2010).

In pregnancy, GBS can infect the amniotic fluid, and during labor, vertical
transmission may infect the newborn leading to neonatal sepsis and meningitis.
Approximately 10-30 % of women are colonized with GBS in vagina during
pregnancy and 50-75 % of their infants acquire this organism through birth canal
(Fatemi et al., 2009 and Fatemi, Zeraati, Talebi & Asgari, 2010).

Colonization during pregnancy may be transient, chronic or intermittent, and is
asymptomatic in the majority of cases (Busetti, D'Agaro & Campello, 2007; Ulett et
al., 2009).

Maternal colonization with GBS in the genitourinary or gastrointestinal tract and
transmission to the infant during the labor and delivery process is the principal risk
factor for early-onset invasive GBS disease (Baker & Edwards, 1995; Apostol et al.,
2009; El Aila et al., 2010; Madzivhandila et al., 2011). Moreover, urinary tract
infection sustained by GBS, either symptomatic or asymptomatic, is considered a

risk factor for neonatal infections (Busetti et al., 2007).



Palestinian Ministry of Health reported a death rates among infant less than
one year of 12 per 1000 live birth in 2015 and 13 per 1000 live birth in 2016.

GBS infection might be one of the causes of mortality among infant.

1.2 Objectives of the Study

General Objective

The general objective of the present study is to determine the prevalence of group B
Streptococcus colonization among pregnant women (35-37) week in Gaza city,

Palestine.

Specific objective
- To detect and identify S. agalactiae from rectovaginal swabs among pregnant
women using chromogenic selective medium.

- To compare the diagnostic value of PCR and Chrom agar for the detection of GBS.

- To determine the susceptibility pattern of GBS isolates to common antimicrobial
agents.

- To investigate possible risk factors for GBS colonization.

1.3 Significance of the Study

Group B Streptococcus (GBS) is now recognized to be an important cause of
maternal and neonatal morbidity and mortality in many parts of the world (Shet,
Ferrieri, 2004; Joachim, Matee, Massawe & Lyamuya, 2009; Veit et al., 2011;
Ezeonu & Agbo, 2014).

To the best of our knowledge, there are no previous published studies conducted in
Gaza that had addressed the prevalence of GBS colonization among pregnant
women. Lack of data in this area hinders the implementation of prophylaxis program

in pregnant women. Therefore, this study was conducted to determine the prevalence



of GBS colonization, and to identify risk factors related to GBS among pregnant
women attending antenatal care at Al Shifa hospital, Gaza, Palestine.

The results of this study will provide original data about the prevalence of
colonization of GBS and risk factors related to GBS among pregnant women in the
current study area. Moreover, it may provide baseline information to formulate a
policy and program for treatment, prevention and control efforts regarding perinatal

GBS diseases in the country at large.
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Chapter 2
Literature Review

2.1 GBS classification and identification

S. agalactiae is a gram positive cocci belonging to the phylum Firmicutes (Ryan &
Ray., 2004). Cell division in this genus occurs along a single axis in these bacteria,
thus they grow in chains or pairs, hence the name from Greek otpentdc streptos,

meaning easily bent or twisted, like a chain (twisted chain).

GBS is a Gram-positive, non-motile, non-spore-forming, catalase-negative, it is
usually B-hemolytic, positive Bile-Esculin test (Kim et al., 2011; Munari et al.,
2012). The organism has a polysaccharide capsule that defines the individual
serotypes of GBS. There was 10 immunologically unique capsular polysaccharides
(la, Ib, 1I-1X) of GBS have been identified. The most common serotypes causing
neonatal infections are la, Il and V. whose prevalence varies according to
geographical location, time of study and ethnicity (Slotved, Kong, Lambertsen, Sauer
& Gilbert, 2007). Thus, the continuous monitoring of circulating GBS isolates is
important in assessing changes in GBS serotype distribution, which is essential for
the development of polysaccharide-based vaccines suitable for different geographical
areas (Johri et al., 2006; Rodriguez-Granger et al., 2012; Baker al., 2014).

S. agalactiae is CAMP test positive, It is based on the fact that GBS produce an
extracellular protein called the CAMP factor. This protein acts synergistically with
Staphylococcus aureus B-toxin to hydrolyse red blood cells, (Michael & Burton,
2011). A positive test for CAMP factor appears as "arrowhead” hemolysis between
the junction of growth of S. aureus and GBS. No enhanced or “arrowhead”

hemolysis was seen when the test isolate was not GBS.
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GBS harbors an important number of virulence factors, the most important being the
capsular polysaccharide rich in sialic acid (Edwards,Nizet .,2011; Rajagopal .,2009)
and a pore-forming toxin, B-hemolysin, that today is considered identical to the GBS
pigment (Rosa-Fraile, Dramsi, Spellerberg., 2014; Whidbey et al., 2015; Leclercq et
al., 2016).

2.2. Epidemiology of Group B Streptococci

GBS can be colonized in the lower gastrointestinal and genital tract for both men and
women, which serve as the natural reservoir for GBS and is most likely source of
vaginal colonization and the bacteria can be transmitted sexually., most studies
reporting colonization rates in sexually active women over 20% (Pignanelli et al.,
2015). Streptococcus agalactiae or GBS is widely distributed in nature and as a
normal flora of the gastrointestinal tract and may colonize the vagina permanently or
transiently in about one/third of women (Veit et al., 2011; Okon et al., 2013). GBS
colonize the vagina and the rectum, and the colonization of these regions is a risk

factor for subsequent infection in pregnant women and newborns.

An estimated 20-30% of all pregnant women are GBS carriers and the colonization
can be permanent but also intermittent/transient and 50-70% of infants born to these
women will themselves become colonized with the bacterium. Selective culture
methods are used to optimize the isolation of GBS from a complex microflora in the
vagina and rectum (Gibbs, Schrag & Schuchat, 2004; Puopolo, Madoff &
Eichenwald, 2005).

Culture status can vary between pregnancies, Because of colonization can be
intermittent or transient, and therefore screening during each subsequent pregnancy
is advised. The predictive value of prenatal screening improves with shorter intervals
between culture and delivery (Verani et al., 2010; Sri-Budayanthi & Hariyasa-
Sanjaya, 2013). So that prenatal screening at 35-37 weeks of gestation is currently
recommended. Chemoprophylaxis with penicillin at delivery should be based upon
the 35-37 week culture even if earlier cultures were obtained (Gibbs et al., 2004).


https://en.wikipedia.org/wiki/Virulence_factor
https://en.wikipedia.org/wiki/Sialic_acid
https://en.wikipedia.org/wiki/Streptococcus_agalactiae#cite_note-Edwards-Nizet2011-3
https://en.wikipedia.org/wiki/Toxin

Globally, asymptomatic colonization with GBS is common in pregnant women.
Maternal GBS colonization varies according to population characteristics (e.g., age,
parity, socioeconomic status, presence of sexually transmitted diseases, sexual
behavior, ethnic group and geographic area) (Kim et al., 2011 and Sharmila, Joseph,
Arun Babu, Chaturvedula & Sistla, 2011).

Prevalence of maternal carriage of GBS in developing countries, including
populations in tropical Africa, is almost similar to that identified in populations in the
United States. Different Studies from Kenya, South Africa, Zimbabwe and Malawi
suggested that GBS is emerging as an important cause of neonatal sepsis in Africa

(Quiroga, Pegels, Oviedo, Pereyra & Vergara, 2008).

GBS emerged as a significant neonatal and maternal pathogen in the United States
(US) and Western Europe with reported mortality rates of 15 to 50% during the
1970s and 1980s. In the US, 10 to 35 % of pregnant women at the time of delivery
are asymptomatic carriers of GBS in the genital and gastrointestinal tract (Shet &
Ferrieri, 2004).

GBS can be isolated in 4% to 30% of pregnant women; worldwide, (Simoes et al.,
2007; Mohammed et al., 2012). Neonates who are born to the colonized mothers
GBS carriage rate is 40-70 % (Chaudhry et al., 2010). The prevalence of maternal
colonization by GBS vary widely throughout the world depends on culture methods,
including the number and type of sites cultured and type of medium used, time of

pregnancy, origin (region) and race (Quiroga et al., 2008; Mohammed et al., 2012).

Colonization of GBS among 5020 pregnant women in North-Eastern Italy (2007) is
reported to occur in 901 (17.9 %) were positive for GBS. On 728 positive samples,
the results of selective direct plating and selective broth enrichment were compared.
A total of 561 (77.1 % of positive samples, corresponding to 13.9 % of patients)
were positive on direct selective agar; an additional 167 isolates (22.9 % of samples,



4.1 % of patients) were recovered from the Lim broth (Todd-Hewitt broth

supplemented with colistin (10 pg/ml) and nalidixic acid (15 pg/ml) subculture.

India/Pakistan 12%, America 14 %, Asia-Pacific 19 %, Sub-Saharan Africa 19 %,
Middle-East/North Africa 22 % (Chaudhry et al., 2010). Cross-sectional studies in
the North East region of Brazil (2008) have found GBS colonization in the mothers
rates was 20.4 %. In that study, no association was indicated between the
sociodemographic variables or gynecological-obstetrical antecedents and a larger
presence of GBS colonization (Costa et al., 2008). The incidence of GBS infection In
Italy (2008) among pregnant women was 18% (Savoia, Gottimer, Crocilla & Zucca,
2008).

Regarding neonatal colonization by GBS, it was found that neonates born from the
colonized mothers with a complicated pregnancy were more often colonized with
GBS than those from the mothers with a normal pregnancy (35 % versus 26.7 %)
(Strus et al., 2009). The study conducted in Switzerland (2009) reported that among
1316 pregnant women, the prevalence of GBS colonization was 21 % (Rausch,
Gross, Droz, Bodmer, & Surbek, 2009).

Research applied in Bali-Indonesia, revealed that the prevalence of GBS colonization
in pregnant women detected with culture method using Blood agar (BA) plates and
ChromAgar (CA) plates without Todd Hewitt broth (THB) was 9.4 %, whereas the
prevalence with culture method using BA and CA enriched by THB was 31.3 %.
Moreover, GBS showed resistance to penicillin (10%), ampicillin (20%),
erythromycin (20%), and cefazolin (20%). All GBS isolates were sensitive to
chloramphenicol and ceftriaxone. It is indicated that THB enrichment medium seems
to be promising as a screening method for GBS colonization in pregnant women in
Bali (Sri-Budayanthi & Hariyasa-Sanjaya, 2013).

Screening studies performed at two tertiary care hospitals in Karachi, Pakistan

(2013) reported that the overall prevalence of colonization was 69 (17%) among 405

pregnant women. The colonization was found to be significantly associated inversely
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with the body mass index of the carrier of GBS (Najmi, Jehan, Sikandar & Zuberi,
2013).

Another study conducted at Hedayat hospital, Tehran, Iran revealed that among the
330 women, 68 (20.6%) were positive for GBS. In that study, statistical analyses
showed no significant relationship between demographics, reproductive histories and
obstetric characteristics such as history of abortion, Premature Rupture of
Membranes and gestational age of subjects with the test results. Solely the antibiotic

therapy was associated with GBS colonization (Fatemi et al., 2009).

The broad-range bacterial studies in Ethiopia identified, 200 postpartum women and
80 newborn infants were investigated for GBS carriage at Gondar College of
Medical Sciences in 1987, using swabs from the vagina and rectum and from the
throat and external ear, respectively. The rate of Colonization 5 % in the neonates
and of 9% was found in the mothers (Schmidt, Halle, Halle, Mohammed & Gunther,
1989).

Health Center in Ethiopia, Hawassa documented a prevalence of GBS colonization
was 21%. No statistically significant association was observed for GBS colonization
with any of socio-demographic characteristics of the study subjects including age,
occupation, type of contraceptives used, types of gravida, and number of antenatal
clinic visits. All GBS strains were susceptible to penicillin, ampicillin, vancomycin
and gentamicin. Resistance was observed against erythromycin (6.9%), tetracycline
(48.2%), ceftriaxone (10.3%), chloramphenicol (51.7%), ciprofloxacin (13.8%) and
norfloxacin (10.3%) (Mohammed et al., 2012).

In a study done on 113 sample taken from recto-vaginal swab in Maputo,
Mozambique (2008), the prevalence showed that, 2 (1.8%) was positive for GBS (De
Steenwinkel et al., 2008). Mother colonization rate was found to be significantly
higher in the rural areas (60%) as compared to the urban areas (46 %) in the study
conducted in Zimbabwe in 2006. GBS colonization persistence was shown to be

more in rural (48%) than in urban women (12%). Similarly, baby colonization was
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also shown to be more in the rural (23%) than in urban area (5%) (Mavenyengwa et
al., 2010).

Screening study in AlFayom University Hospital, Egypt conducted among 95
pregnant women, and revealed that 17 (17.89%) were GBS positive (Elbaradie,
Mahmoud & Farid, 2009). An antenatal clinic of a tertiary hospital study in
Northeastern, Nigeria showed that of the 133 pregnant women, 13 (9.8%) was GBS
positive. In that study, statistical significance difference was observed between the
age groups and GBS isolation (p<0.05). However, other sociodemographic factors
such as occupation and education level and obstetric factors did not show any
statistically significant association with GBS colonization (P>0.05) (Okon et al.,
2013).

There are also variations in early onset GBS (EOGBS) infection rates among racial
groups and geographic region (Pulver et al., 2009). The incidence among black
American infants increased 70% during the years 2003-2005, whereas incidence
rates decreased among white Americans infants. In 2005, among black infants in the
United States, the rate of EOGBS infection was 0.84 per 1000 live births compared
with 0.24 per 1000 deliveries in white infants (Pulver et al., 2009). Geographic
variations in EOGBS infection rates have also been noted, ranging from 0.53 cases
per 1000 live births in Tennessee to 0.14 in Oregon (CDC, 2002). Generally in the
United States prior to the introduction of intrapartum prophylaxis the overall
incidence of neonatal GBS infections were approximately 2 per 1000 live births
(Baker & Edwards, 2001).

2.3. Pathogenesis of Group B Streptococcus infection

GBS are found in the genital tract, urinary tract, throat, and respiratory tract. Genital
tract colonization poses the most important threat to the newborn, because of
exposure during the birth process, and to the mother, because of ascending infection
after the membranes rupture. Colonization is found in the rectum more often than the
vagina, in the vagina more than the urethra, and in the urethra more than the cervix
(Figure: 2.1).
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Group B streptococcus

Figure (2.1): GBS colonization in pregnant women.

http://www.fullcirclehealthcareinc.com/group-b-strep-testing.html

GBS pathogenesis can be grouped systematically into: a) adherence to epithelial
surfaces, b) penetration of host cellular barrier, c¢) avoidance of immunologic

clearance mechanisms and d) inflammatory activation.

a) Adherence to epithelial surfaces

GBS adheres to a variety of human cells including vaginal epithelium, placental
membranes, and respiratory tract epithelium and blood brain barrier endothelium.
Optimum adherence occurs at the acidic pH of vaginal mucosa, allowing GBS to

occupy a niche that places infants at risk of vertical transmission.

Low affinity GBS attachment to epithelial cells is mediated by its amphiphilic cell
wall associated lipotechoic acid, while higher affinity interactions with host cells are
mediated by a series of size-variable, pronase-sensitive; hydrophobic GBS surface
proteins. GBS effectively binds the extracellular matrix components fibronectin,
fibrinogen and laminin (Schwartz-Linek, Hook & Potts, 2004). Unusually well
adapted GBS binds to immobilized fibronectin to facilitate mucosal colonization, but
not to soluble fibronectin that may serve as an opsonin for phagocyte recognition
(Schwartz-Linek, Hook & Potts, 2004).
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b) Penetration of host cellular barriers

The organism can pass through placental membranes and weaken its strength. As a
result of this process, GBS may access the fetus within the amniotic cavity, cause
placental membrane rupture or trigger premature delivery. After aspiration of
infected amniotic or vaginal fluid, the newborn lung is the primary focus of GBS
infection. From lung, the organism can enter into the bloodstream and then spreads to

various organs and tissues (Doran & Nizt, 2004).

¢) Avoidance of immunologic clearance:

Once GBS damage cellular barriers to reach deeper tissues, an immunologic
response is activated to clear the organism. The most important response includes
host phagocytic cells such as neutrophils and macrophages. The effective uptake and
killing of GBS by these cells requires opsonization of the bacterium by specific
antibodies and serum complement (Doran & Nizt, 2004).

Neonates are susceptible to GBS invasive disease because of quantitative or
qualitative  deficiencies in phagocytic cell function, specific anti-GBS
immunoglobulin, or the classic and alternate complement pathways. In addition to
these newborn host susceptibilities, GBS possess several virulence factors that seek
to thwart each of the key components of effective opsonophagocytic killing (Doran
& Nizt, 2004).

Majority of GBS associated with human disease are encapsulated. The serotype
specific epitopes of each polysaccharide are created by different arrangements of
four component sugars (glucose, galactose, N-acetylglucosamine and sialic acid) into
a unique repeating unit, but all these structures contain a terminal sialic acid
(Neu5Ac) bound to galactose in an a2—3-linkage. GBS capsule biosynthesis is
encoded in the single long transcript of a 16-gene operon now it is fully sequenced in
type la, Il and V strains (Chaffin, Beres, Yim & Rubens, 2000).

The GBS terminal a2—3 Neu5Ac capsular components are identical to a sugar

epitope widely present on the surface of all mammalian cells. The terminal 0a2—3
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linked Neu5Ac is over expressed in humans who in evolution have lost the genes to
produce the alternative sialic acid Neu5Gc. The sialylated GBS surface capsule

protects GBS by interference with opsonophagocytosis (Doran, Liu & Nizet, 2003).

d) Activation of inflammatory responses

Resisting phagocytic clearance in the bloodstream, GBS may disseminate to reach
end organs such as bones, joints and the central nervous system (CNS). As the result
of this, the host inflammatory response to invasive infection mounts, and

development of the sepsis syndrome and multi-organ dysfunction often occurs.

Peptidoglycan and other GBS components associated with the cell wall without the
surface polysaccharide capsule, appear to be the most provocative agents in
triggering host cytokine cascades, in particular the proximal mediators, tumor
necrosis factor-(TNF) and interleukin-1 (IL-1) (Doran and Nizt, 2004). In neonates
two syndromes exist: early-onset (< 7 days old) and late-onset (7-90 days old). Both

include sepsis, pneumonia and meningitis.

2.4 Clinical features

2.4.1 Early-onset GBS

Early-onset GBS infection is caused by vertical transmission whereby the organism
ascends into the chorioamnionic space prior to birth. Between 75% and 80% of
newborns with early-onset GBS infection are born at term. However, premature
newborns are more likely to develop early-onset GBS infection than full-term
newborns (McDonald & Chambers, 2000).

2.4.1.1 Manifestation of early-onset GBS

Respiratory distress is the most common sign of newborns with early-onset GBS
infection. Their chest x-rays are often indistinguishable from those of newborns with
respiratory distress syndrome. Only about one third of newborns with congenital
pneumonia will have infiltrates apparent on chest x-rays; Pleural effusions also may

be present.
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In addition, infected newborns may have other nonspecific symptoms such as
lethargy, poor feeding, temperature instability, and glucose instability. More ominous
signs of severe invasive infection include; hypotension, which may occur in up to
25% of all cases, fetal asphyxia, related to being infected in utero, rapidly worsening
respiratory distress and persistent pulmonary hypertension. Newborns with
meningitis may not have signs different from those of newborns with GBS
septicemia or pneumonia, although seizures can occur in the first 24 hours of life
(Chaudhry et al., 2010).

2.4.1.2. Risk factors for early-onset GBS

Early-onset GBS disease risk factors have been well characterized and include
maternal GBS colonization, prolonged rupture of membranes (i.e. more than 18
hours), frequent vaginal examination during labor, preterm delivery, GBS bacteriuria
during pregnancy, delivery of a previous infant with invasive GBS disease, maternal
chorioamnionitis as evidenced by intrapartum fever, young maternal age, African or
Hispanic ethnicity, and low levels of antibody to type-specific capsular
polysaccharide antigens (Yancey, Schuchat, Brown, Ventura & Markenson, 1996;
Bergeron et al., 2000; Lin et al., 2004). It is possible for newborns with no known
maternal predisposition for GBS to develop invasive disease. In addition, nosocomial

early-onset GBS infection has been known to occur.

2.4.2 Late-onset GBS infection

Newborns who present with late-onset GBS do not have signs of infection in the first
week of life. The symptoms also may be somewhat indistinct, such as lethargy, poor
feeding, or irritability. Most of the isolates of late-onset GBS infection are serotype
I11, and approximately 30% to 40% of the newborns with late-onset GBS will have
meningitis (Jordan, Hall & Davis, 2010).

Newborns with meningitis will generally have fever, and 20% to 30% will have had

symptoms of an upper respiratory tract infection. Otitis media may be present.
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Permanent neurologic sequelae in varying degrees are evident in a large number of
newborns with GBS meningitis (Chaudhry et al., 2010).

2.4.2.1 Manifestations of late-onset GBS

A focal presentation also present in Late-onset GBS infection. Facial cellulitis is
being seen with increasing frequency, more often in males than females. Septic
arthritis and osteoarthritis also are seen more often in late-onset infection. Just as
with early-onset GBS infection, there have been isolated reports of the infection

occurring in almost every organ (Baker & Edwards, 1995).

Late-onset GBS infection has a mortality rate of 2% to 6%, and the incidence has not
changed following the advent of intrapartum chemoprophylaxis (Lauer et al., 2005).
However, as with early-onset disease, the initial presentation may vary markedly.
Newborns with late-onset infection who present with symptoms such as apnea,

seizures, leukopenia, or neutropenia are more likely to have a fatal outcome.

2.4.2.2. Risk factors for late-onset GBS

Risk factors associated with late-onset GBS infection are not well defined. Vertical
transmission and nosocomial acquisition are the most likely sources (Ling et al.,
2010). Prematurity and African ethnicity are recognized as a risk factors for late
onset GBS. It is reported that although GBS can be acquired nosocomially, it does
not appear to cause outbreaks in nurseries (Lin, Weisman, Troendle & Adams,
2003). Newborns who are colonized with GBS do not need to be isolated.
Colonization has been reported to last for several months after birth, even in
newborns treated for GBS infection (CDC, 2002). Newborns who present with late-
onset GBS do not have signs of infection in the first week of life.

2.5. Laboratory diagnosis of Group B streptococci:

2.5.1. Isolation of GBS by chrome agar

ChromAgar is selective medium supplemented with three chromogenic substrates to
optimize the identification of GBS which appears as red colonies that are round and
pearly after 18-24 hour incubation in aerobic conditions. Most other bacterial

species are either inhibited or the colonies produced have a different color (e.g.
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violet, blue, colorless). Capable of detecting all GBS strains, including non R-
hemolytic strains.

GBS is part of the microbiologically complex vaginal and rectal human flora.
Consequently, selective media have been developed to improve GBS recovery from
vaginal and/or rectal swabs and to inhibit overgrowth of other organisms of the
normal flora (Trijbels-Smeulders, Kollee, & Adriaanse, 2004).

If GBS is not identified after the incubation of 18-24 hours, the blood agar plate
should be reincubated and examined at 48 hour to identify suspected organisms.
Suspected colonies may be tested using various slide agglutination tests or GBS
antigen detection assays for specific identification of GBS, or alternatively, the
CAMP test may be used for presumptive GBS identification (Michael & Burton,
2011).

The developed guidelines have led to marked improvements of the screening based
approach using culture methods as revealed by a study showing that the use of
standard direct blood agar plating rather than selective enrichment broth leads to
false negative culture results in as many as 50% of pregnant women colonized by
GBS. Major factors that influence the accuracy of detecting GBS maternal
colonization are the choice of bacteriological media, sample collection sites, and the

time of the sampling (VValkenburg-van den Berg et al., 2006).

2.5.2 Immunological assay

GBS strains are identified reliably by the production of group B Lancefield antigen.
As a result, many latex agglutination tests and immunoassays that detect this antigen
for GBS identification have been developed. However, the overall sensitivity of these
commercially available immunological assays is low. When compared with the
results of selective broth culture, the sensitivity of popular rapid immunoassays to
detect GBS colonization in pregnant women directly from rectovaginal swabs ranged
from only 4% to 37%. Rapid antigen detection tests may only be suitable to detect
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GBS in heavily colonized patients or from overnight cultures in standard selective
broth (Picard & Bergeron, 2004).

2.5.3 Nucleic Acid Testing Assays

The AccuProbe Group B Streptococcus Culture ldentification Test from Gen-Probe
(San Diego, CA, USA) is the most popular probe hybridization system for GBS. This
Assay, which targets specifically the GBS ribosomal RNA, is suitable to identify
GBS from 18 to 24 hours cultures in selective enrichment broth. Compared with the
standard culture method, this probe-based assay had a sensitivity of 94.7-100% and a
specificity of 96.9-99.5% for screening for GBS colonization in pregnant women
(Williams-Bouyer, Reisner & Woods, 2000).

In addition, DNA hybridization probes for identifying GBS directly have been
developed, but they still cannot replace antenatal culture for the most accurate
detection of GBS carriers (Verani, McGee, Schrag, 2010).

Exhaustively described in the literature, nucleic acid testing assays based on nucleic
acid amplification technologies such as PCR offer a great potential for rapid, highly
sensitive, and specific detection of various infectious agents directly from clinical
samples (Picard & Bergeron, 2004). A number of PCR assays targeting different
genes for the specific detection of GBS have been developed. However, most of
them rely on complicated and time consuming procedures that are not applicable to
clinical use. Only one of these PCR assays has been validated for screening for GBS
colonization in pregnant women by testing rectovaginal specimens. This situation
may be explained by the fact that specimens obtained from pregnant women contain
potent inhibitors of PCR amplification (Picard & Bergeron, 2004).

Polymerase chain reaction (PCR) assay is based on the recently developed and
widely used real-time PCR technology (Cockerill & smith, 2002). This <1 hour GBS
specific real-time PCR assay, which targets the cfb gene encoding the CAMP factor,

relies on a simple and rapid (approximately 10 minutes) rectovaginal swab sample
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preparation and nucleic acid extraction and uses a rapid thermal cycling instrument
that allows real-time fluorescence monitoring of the PCR reactions (Ke et al., 2000).
The instrument measures, at each PCR cycle, the fluorescence signal from probes
labelled with fluorophores hybridizing specifically to target DNA sequences of the
GBS-specific amplicons generated during the nucleic acid amplification process.
Besides its rapidity, this real-time PCR assay also offers the advantage of reducing
the risks of carry-over contamination by amplicons because amplification and
detection occur within a closed reaction vessel (Cockerill & smith, 2002). This assay
was validated by a clinical study performed with rectovaginal swab specimens
obtained from 112 pregnant women at delivery (Bergeron et al., 2000).

When compared with the standard antepartum selective broth culture method, real-
time PCR assay had a sensitivity of 97.0%, a specificity of 100%, a positive
predictive value of 100%, and a negative predictive value of 98.8% for screening for
GBS colonization during delivery. One important advantage of using this test for
GBS screening is its suitability for testing at the time of admission for delivery,
thereby offering better sensitivity and specificity for detecting colonization. PCR
assay provides a novel diagnostic tool for GBS detection, potentially allowing more
accurate and effective intrapartum antibiotic prophylaxis. Incidentally, a cost—benefit
analysis study suggested that for a test price of up to 32-33 US dollars, a PCR test
performed in less than 1 hour at the time of delivery is more cost-effective than
screening using either the selective culture method or the risk-factor approach
(Haberland et al., 2002).

In a multi-site clinical trial, the IDI-Strep B test demonstrated a sensitivity of 94%
and a specificity of 96% in comparison to reference intrapartum culture-based
screening performed at delivery (Davies et al., 2004). In a recent comparative study,
the sensitivity of the IDI-Strep B test surpassed both standard antepartum selective
culture at 35-37 weeks gestation and risk-factor assessment, resulting in fewer false-
negative results and potentially lower infant mortality and morbidity. In fact, 13% of
women in this trial would have been treated more appropriately with screening using

the IDI-Strep B as compared to the use of the standard antepartum selective culture
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method, while 36% of them would have been treated more appropriately with
screening using IDI-Strep B as compared to the risk-based approach (Davies et al.,
2004). Therefore, the IDI-Strep B PCR test has high sensitivity for screening of GBS
colonization in pregnant women than the standard antepartum selective culture

methods.

2.6. Management of GBS colonization and infections

2.6.1. Intrapartum antibiotic chemoprophylaxis (I1AP)

The intrapartum antibiotic prophylaxis (IAP) is indicated for all GBS carriers except
for those in whom cesarean delivery is planned in the absence of labor or membrane
rupture. Penicillin G remains the drug of choice for prophylaxis with ampicillin as
the alternative medication. The usual recommendation for the prevention of GBS
transmission from colonized women to their infants during labor is to administer
intravenous penicillin every 4 h for the duration of labor (AEG, 2010). Almost all
GBS isolates are highly susceptible to penicillin; there have been only a few reported
instances of penicillin-resistance worldwide (Moyo, Maeland & Munemo, 2000 and
Hsueh et al., 2001). Penicillin therefore remains the first-line treatment of choice
(Schrag, Gorwitz, Fultz-Butts & Schuchat, 2002).

For patients who are allergic to penicillin but some experts have recommended that
vancomycin should constitute the second-line intrapartum chemoprophylaxis for
GBS prevention If GBS susceptibility is unknown at the time of delivery (Schrag et
al., 2002 ; Pelaes, Gelber, Fox & Chasen, 2009). If the GBS is sensitive to one of
these antibiotics, either erythromycin or clindamycin is recommended for IAP.

However, their efficacy in the prevention of EOD is yet to be confirmed. In the
presence of maternal chorioamnionitis, early treatment of the mother with broad-
spectrum antibiotics is indicated. Criteria for the diagnosis of maternal
chorioamnionitis include maternal fever, plus one of the following criteria: uterine
tenderness, fetal tachycardia, foul smelling amniotic fluid, prolonged rupture of
membranes of equal to or more than 18 hours, or maternal leukocytosis. It is

impractical to administer chemoprophylaxis to all parturient mothers and neonates.
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The challenge therefore is to identify correctly high risk infants before they are born
(Nandyal, 2008).

To prevent early onset disease, two preventative approaches were used; a culture
screening-based and a risk-based approach. The first approach involved universal
screening for GBS colonization of all pregnant women between 35 and 37 weeks of
gestation using vaginal and rectal cultures to detect GBS colonization. This approach
has been endorsed by multiple organizations, including the United States Centers for
Disease Control (Schrag et al., 2002), and by the Royal Australian and New Zealand
College of Obstetricians and Gynecologists (Ranzog, 2007). Properly obtained and
processed antenatal cultures correctly identified most women colonized at the time of
labor. Intrapartum antibiotics are administered to all those with a positive GBS
culture regardless of risk factors (CDC, 2002).

The risk-based approach involved administration of antibiotics based solely on the
presence of antenatal or intrapartum risk factors. Maternal risk factors for GBS
neonatal sepsis are as follows; (CDC, 2002) preterm labor or premature rupture of
membranes(<37weeks gestation); prolonged rupture of membranes (18h);
intrapartum fever (38.0°C); history of a previous newborn with GBS disease; and
GBS bacteriuria during pregnancy (CDC, 2002).

2.6.1.1. Management of infant born to mothers who received intrapartum
antibiotic prophylaxis

The 2002 prevention of perinatal GBS disease guidelines provided recommendations
for the management of infants born to mothers who have received IAP. Variations
that incorporate individual circumstances or institutional preference may be
appropriate. If a woman receives intrapartum antibiotics for the treatment of
suspected chorioamnionitis, her new-born should have a full diagnostic evaluation,
and empiric antibiotic therapy (ampicillin and gentamycin) pending culture results,
regardless of clinical condition at birth, duration of maternal antibiotic therapy before
delivery, or gestational age at delivery (Nandyal, 2008).
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All symptomatic infants, whether preterm, late preterm, or term should have full
diagnostic evaluation and empiric antibiotic therapy. A full diagnostic evaluation
includes complete blood cell count (CBC) with differential, blood culture, chest
radiograph with respiratory signs and spinal tap (with clinical signs of sepsis). Blood
culture can be sterile in 15% to 38% of infants with culture proven meningitis. For
any symptomatic infant, if the spinal tap is deferred initially because of clinical
instability, and the antibiotics are continued beyond 48 hours, CSF should be

obtained for cell count, biochemical analysis, and culture (Nandyal, 2008).

2.6.2. Asymptomatic preterm neonates

For preterm neonates of less than 35 weeks gestation, limited evaluation should be
obtained (because of their increased risk for sepsis and rapid deterioration) in all
asymptomatic infants of GBS colonized mothers, regardless of their 1AP status
(Nandyal, 2008). Limited evaluation includes CBC with differential and blood

culture.

They need close observation, including frequent vital signs (at least every 2 to 4
hours), frequent diligent assessment of the infant by the staff. Any significant change
in vital signs including temperature imbalance, any change in the clinical status
including poor feeding, respiratory distress, apnea, abdominal distension, frequent
emesis, or lethargy deserves and requires immediate notification to the physician
team and reassessment, which may necessitate repeating laboratory tests. Full
evaluation including spinal tap and empiric antibiotic therapy seem appropriate, if
the infant becomes symptomatic, or in the presence of maternal chorioamnionitis
(suspected or proven), or other high-risk factors such as preterm premature rupture of

membranes (Nandyal, 2008).

2.6.3. Asymptomatic term and late preterm neonates

Asymptomatic neonates born at 35 weeks gestational age or later and whose mothers
received inadequate IAP may require limited evaluation and observation for 48
hours. There is some evidence suggesting that limited evaluation does not add any

benefit over close clinical observation. Based on newly available data, it is
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recommended that the neonate should be observed closely for 48 hours without
laboratory evaluation, or two serial CBCs obtained within the first 24 hours after
birth (Nandyal, 2008).

Blood culture is not necessary. Serial C-Reactive protein (CRP) measurements
(because of CRP’s high sensitivity) are noted to be useful along with serial CBCs
(total white blood cell count, band count, and immature/total polymorphonuclear cell
ratio or I/T ratio) to evaluate for sepsis in healthy/asymptomatic term and late

preterm neonates (Nandyal, 2008).

2.7. Prevention and control

While different strategies for identification of high-risk mothers and infants and the
provision of intrapartum prophylaxis may reduce the rate of neonatal sepsis, they are
unlikely to eliminate the problem (Shet & Ferrieri, 2004). Maternal immunization
against GBS appears to be a promising and potentially lasting approach for
preventing neonatal sepsis, preterm deliveries and low birth weight infants (Shet and
Ferrieri, 2004). Multivalent polysaccharide-protein conjugate vaccines based on
serotype-specific capsular polysaccharides are in development for prevention of
neonatal GBS disease (Shet & Ferrieri, 2004).

Although the high risk adult groups for invasive GBS disease have been identified,
the role of capsular polysaccharide antibodies in the prevention of either localized or
invasive GBS disease in non-pregnant adults has not been adequately evaluated (Shet
& Ferrieri, 2004).

GBS capsular polysaccharide protein conjugate vaccines for types la, Ib and Il have
been shown to be safe and efficient in inducing type specific antibody levels in
healthy vaccinated individuals. A vaccine formulation of GBS types Ia, II, Ill and V
was expected to provide protection against over 90% of infections. Therefore,
epidemiological surveillance of serotype distribution in the population is critical for
vaccine studies (Schuchat, 2000).
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The cost of developing and implementing a vaccine strategy is high, but is
considerably less than that of treating infections resulting from GBS, and for some
infants, prevents their life-long complications. Among experts in this field, there is
considerable discussion regarding whom to immunize non-pregnant adolescents or
pregnant women in the first trimester. In addition, an argument can be made for
vaccinating “'at risk” non-pregnant adults (Shet & Ferrieri, 2004). A major difficulty
in developing GBS vaccines is the existence of a multiple serotypes in different

geographic locations (Johri et al., 2006).
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MATERIAL AND METHOD
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3.1 Materials
3.1.1 Apparatus

Chapter 3

Material and methods

Apparatus Manufacturer
Autoclave Tuttnauer (USA)
Incubator Memmert (Oxford)
Light microscope Olympus (USA)
Digital camera Hp (China)
Refrigerator LG (Turkey)
Centrifuge

Computer Lenovo

Frazer(-20°C)

3.1.2 Equipments

Automatic pipettes
Eppendorf tubes
Cotton swab

Glass tube
Inoculating plastic loops
Plastic Petri plates
Cotton

Culture swab

Tips
Microcentrifuge tube
Plastic loop

Plastic droppers

Gas

Slide

3.1.3 Reagents and Stain
Reagents and Stain

3% Hydrogen peroxide
Grame-stain kit
Glycerol

Manufacturer

HiMedia (India)
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Distilled water

Phosphate buffer saline

Ninhydrin reagent

Genomic DNA kit Bioline.UK

3.1.4 Antibiotic used in the study

Antibiotic Potency Abbreviation Manufacturer
Vancomycin 30ug VA Liofilchem, Roseto-Italy
Penicillin G 101U P Liofilchem, Roseto-Italy
Clindamycin 2ug CD Liofilchem, Roseto-Italy
Erythromycin 15ug E Liofilchem, Roseto-Italy
Tetracycline 30ug TE Liofilchem, Roseto-Italy

3.1.5 Culture media

Culture media Manufacturer
Blood agar Himedia
Chrome agar Himedia

3.2 Methodology

3.2.1 Study design

A descriptive cross sectional study was conducted to determine the prevalence of
GBS colonization and susceptibility pattern among pregnant women attending
antenatal clinic of Al Shifa hospital. Four hundreds recto-vaginal swab samples were
collected from 200 pregnant women at 35-37 weeks of gestation from Al Shifa
hospital. Two samples from each pregnant, one for culture and the other for PCR.
This screening approach was based on universal screening of all pregnant women for
GBS colonization at 35 to 37 weeks of gestation (CDC, 2002).

All participants provided informed consents. Pregnant women on any antibiotic
treatment and those who were not within the range of 35 through 37 weeks of

gestation were excluded. The age of the study participants ranged from 15 to 45
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years with a mean of 25.1 (x4.7).The study was conducted from May to August

2016 in Gaza strip, Palestine.

3.2.2 Ethical considerations

The necessary approval to conduct the study was obtained from Helsinki committee
in Gaza strip. Helsinki committee is an authorized professional body for giving
permission to researchers to conduct their studies with ethical concern in the area.
The necessary permission for the clinics was also obtained from antenatal clinic of
Al Shifa hospital. All participating women were asked to sign a consent form after

explaining the research nature and objectives.

3.2.3 Questionnaire

A questionnaire was used to collect data with the aim of determining possible risk
factor associated with women who had GBS infections/colonization. A structured
questionnaire was used and included questions about age, education level, medical
history of patients, the number of births and the number of previous miscarriages,
materials used for cleaning, and other question regarding possible risk factors of

GBS colonization. The questionnaire was completed through face-to-face interview.

3.2.4 Sample collection

Two rectovaginal swabs were collected from each participating pregnant women in
their third trimester (35-37 weeks of gestation). One of the swab contain Amies
transport medium for culturing procedure and the second one contain 1ml of
phosphate buffer saline for PCR analysis. The swabs were labeled properly and

transported to the microbiology laboratory within two hours of collection.

Rectovaginal sampling was carried out by rotating a swab against the vaginal wall at
the mid-portion of the vault. Subsequently, the swab was carefully withdrawn to
prevent contamination with microflora from the vulva and introitus and the swab was
inserted 1.5 to 2 cm beyond the anal sphincter and gently rotated to touch the anal
crypts (El Aila et al., 2010).

29



3.2.5 Culturing procedure of rectovaginal samples

Direct plating was carried out by inoculating the swab that was inoculated Amies
transport medium onto chromID Stepto B agar. The ChromAgar plates were
incubated at 37°C for 18-24 h in aerobic conditions. The chromogenic selective
medium is supplemented with three chromogenic substrates to optimize the
identification of GBS which appears red colonies that are round and pearly after 18-

24 hour incubation (Figure: 3.1).

Figure (3.1): Appearance after 24 h incubation of (A): Streptococcus agalactiae and

(B) Enterococcus faecalis on Strepto B ID® chromogenic agar.
3.2.6 Confirmatory tests for GBS detection:
3.2.6.1 Gram stain

S. agalactiae is Gram-positive streptococcus (GBS given the color of crystal violet),
spherical or ovoid and less than 2 um in diameter and can grow in pairs or short

chains as shown in Gram stained film (Figure 3.2).

Figure (3.2): Gram stain of Streptococcus agalactiae
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3.2.6.2 Catalase test

S. agalactiae was catalase-negative. When GBS colonies were mixed with 3%
hydrogen peroxide, they did not produce air bubbles. Catalase mediates the

breakdown of hydrogen peroxide H,O; into oxygen and water (Figure: 3.3).

+

Figure (3.3): GBS Catalase negative (No bubble formation) (left) and Catalase

positive (bubble formation) Staphylococcus aureus (right).

3.2.6.3 CAMP test

The CAMP test (named after Christie, Atkins and Munch-Petersen) is used for the
presumptive identification of GBS. It is based on the fact that GBS produces an
extracellular protein called the CAMP factor. This protein acts synergistically with

Staphylococcus aureus B-toxin to hydrolyze red blood cells.

Staphylococcus aureus was inoculated onto sheep Blood Agar plates by making a
narrow streak down the center of the plate using a loop. The test organisms
(suspected GBS) were streaked in a straight-line inoculum at right angles to the S.
aureus as shown in (Figure 3.4). The Streptococcus streak was within 2 mm without
touching the S. aureus streak. The plates were then incubated at 37°C for 24 hours. A
positive test for CAMP factor appears as “arrow head” hemolysis between the
junction of growth of S. aureus and GBS. No enhanced or “arrowhead” hemolysis

was seen when the test isolate was not GBS (Figure 3.4).
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Figure (3.4): GBS isolates showing CAMP positive test

3.2.6.4 Hippurate Hydrolysis test
Streptococcus agalactiae is hippuricase positive. The glycine product resulting from
the action of hippuricase can be detected by the addition of ninhydrin reagent, which

produces purple color (Figure 3.5).

Figure (3.5): Hippurate hydrolysis test. Left (positive tube: purple), Right (Negative

tube: colorless).

3.2.7 Molecular techniques

3.2.7.1 DNA extraction of Bacterial isolates:

DNA was extracted from cultured isolates by alkaline lysis as previously described.
Briefly, one bacterial colony was suspended in 20 ul of lysis buffer (0.25% sodium
dodecyl sulfate, 0.05 N NaOH) and heated at 95 °C for 15 min. The cell lysate was
diluted by 180 pl of distilled water. The cell debris was pelted by centrifugation at
16000 xg for 5 min. and the supernatants were used for PCR or frozen at -20 °C until
further use (El Aila et al; 2009).
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3.2.7.2 DNA extraction of clinical isolates

DNA extraction from the samples was performed using the Genomic DNA Kit
according to the manufacturer’s instructions. Briefly, 200 ul of transport medium
(phosphate buffer saline) from each the rectovaginal swab is placed into
microcentrifuge tube. 180 uL lysis buffer and 25 puL Proteinase K solution were
added and incubated at 56°C for 1-3 hr. Sample tube was vortex and 200 uL lysis
Buffer G3 were added and incubated at 70°C for 10 min. To adjust DNA binding
condition, 210 pL of ethanol were added. 500 uL. wash buffer GW1 and 600 pL wash
buffer GW2 were used for washing. To elute DNA 100 pL preheated Elution buffer

G are added directly onto silica membrane (Boline, UK).

3.2.7.3 PCR primers

GBS nucleic acid detection is based on targeting the cfb gene, which encodes the
CAMP, factor. The PCR reaction mixture contained primers specific for group B
streptococci. The forward and reverse sequences of the primers are Sag 059 (5°-
TCACCAGCTGTATTAGAAGTA-3) (369-391) and Sag 190, (5-
GTTCCCTGAACATTATCTTTGAT-3") (500-522). The GBS-specific primers
amplify a fragment of 153 bp (Ke et al., 2000).

3.2.7.4 Conventional PCR Assay

For the conventional PCR assay, 2 ul of the DNA extract were added to the PCR
reaction mixture. In addition, purified group B streptococcal genomic DNA was used
as a positive control. Multiple blanks were also included as negative controls, and
other streptococcus not group B were used as negative control to verify that there is
no cross-contamination between samples. For the amplification, the reaction
mixtures was as follows; denaturation at 94°C for 3 minutes, followed by 40 cycles
of 1 second at 95°C and 30 seconds at 55°C for the hybridization step, with a final

period of extension at 72°C for two minutes.

After amplification, 10 pl of the amplified reaction mixture was analyzed by

electrophoresis on 2% (w/v) agarose gel. The 100-bp molecular size marker will run
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concurrently. The electrophoresis will carried out in 1x Tris, boric acid, EDTA
(TBE) at 80 V for one hour. The band pattern of the amplified products on the

agarose gels were visualized using gel documentation system.

3.2.8 Antibiotic susceptibility testing

GBS isolates were subcultured onto sheep Blood Agar plates and incubated
aerobically for 24 hours at 37°C. Antimicrobial susceptibility testing (AST) was
performed according to CLSI guidelines (CLSI, 2013). Sensi-Discs (Liofilchem,
Roseto-Italy) of vancomycin (30ug), penicillin G (10IU), clindamycin (2ug),
erythromycin (15ug), and tetracycline (30ug) were placed 12 mm apart to detect

antimicrobial susceptibilities of 42 GBS isolates.

3.2.9 Data analysis

The results were tabulated and analyzed using version 20 of the Statistical Package
for the Social Sciences software (SPSS). Frequencies cross tabulation and
appropriate statistical tests as Chi-square test was performed. A P-value of less than

0.05 was considered significant.
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Chapter 4
Results

4.1 Prevalence of GBS using conventional methods:

A total of two hundred pregnant women (from 35-37 weeks of gestation) from
antenatal clinic of Al shifa hospital - Gaza, Palestine were enrolled in this study from
May to August, 2016. The overall prevalence of GBS colonization as determined by
chromogenic culture was 21%. The prevalence of GBS colonization among
participants with age equal or less than 25 years was 19%, while participants that age
more than 25 years was 24%. The frequency of GBS colonization among different
age groups was not statistically significant by culture (p> 0.05) (Table: 4.1).

Table (4.1): Prevalence of GBS colonization in 200 pregnant women at 35-37 weeks.

Age group Culture results

Positive %  Negative %

<25 years 25 19 104 81

>25years (ki 24 54 g 5!

Total 42 21 158 79

4.2 Detection of Group B Streptococci using PCR from alkaline DNA

extracts:

Alkaline DNA extraction was done for all 42 GBS isolates that were detected by
conventional methods (Chromagar). The DNA extracts were subjected to PCR
testing. Positive and negative controls were included in each run. All DNA extracts
of 42 GBS isolates were positive by PCR (Figure: 4.1). This emphasizes our results
by conventional method.
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Figure (4.1): Arepresentative result of GBS PCR.

Lane L: 100 bp DNA ladder; lane 1: positive control; lanes 2, 3, 5 and 6 are tested isolates
with positively amplified GBS genes; lane 4 is negative control and lane 7 is a blank.

4.3 Detection of Group B Streptococci using PCR directly from clinical

samples:

Among 200 women included, 42 (21%) were identified as GBS positive based upon
the culture results of rectovaginal swabs. Only 100 rectovaginal samples were
subjected to PCR analysis. They included the 42 samples that were positive by
conventional methods. Another, 58 samples were selected randomly.

Out of the 42 samples which were positive by conventional methods, only 23 were
positive by PCR (54%), but 19 (45%) were positive by culture and negative by PCR
(Figure: 4.2). Of the 58 randomly selected samples, seven (12%) were positive using
PCR and negative by phenotype (culture methods).
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Figure (4.2): Arepresentative result of GBS PCR directly from clinical sample.

Lane L: 100 bp DNA ladder; lane 1: positive control; lanes 2, 3, 5,6 and 7 are tested isolates
with positively amplified GBS genes; lane 4 is negative control and lane 8 is a blank.

Table (4.2): Comparison between culture and PCR results.

Positive Negative
-
19

42 58 100

Sensitivity = 23/42 = 54%
Specificity = 51/58= 88%
Positive predictive value= 23/30 = 76%

Negative predictive value= 51/70= 72%
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Not all culture-positive samples were also positive with the PCR technique therefore
resulting in 54% PCR sensitivity. Of 58 culture negative samples for GBS, 7 were
positive with PCR and 51 were negative with both methods, which indicate a
specificity of 88%. The positive and negative predictive value was 76%, 72%

respectively.

4.4 Antimicrobial susceptibilities of GBS

Intrapartum chemoprophylaxis for pregnant GBS carriers reduces vertical
transmission, with a resultant decrease in early onset disease as well as maternal
morbidity from invasive GBS infection. Isolates were tested by agar disc diffusion
method, with manual reading of zone diameters analyzed according to the
interpretive criteria recommended by the Clinical and Laboratory Standards Institute
(CLSI) guidelines (CLSI, 2013). (Figure: 4.3).

Figure (4.3): Appearance of antimicrobial susceptibility pattern for GBS isolates.

The antimicrobial susceptibility patterns of GBS isolated from pregnant women are
summarized in table 4.3. Of the 42 examined GBS isolates, 32 (76%) were
susceptible to vancomycin, 24 isolates (57%) were sensitive to penicillin, and 21
(50%) erythromycin. The overall susceptibilities of GBS isolates to tetracycline
were 20 (48%), and to clindamycin, 13 (31%) (Table: 4.3). The intermediate
susceptibilities of GBS isolates to clindamycin, vancomycin, penicillin, tetracycline
and erythromycin was found to be 0 %, 2 %, 5 %, 7%, and 7 % respectively.
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The antimicrobial agent that GBS isolates were most resistant to was Clindamycin
29 (69%). Resistance to tetracycline, erythromycin, penicillin, and vancomycin was
found to be 45%, 43%, 38%, and 21% respectively. Of the erythromycin-resistant
isolates, 18/47 (38%) showed cross-resistance to clindamycin. However, tetracycline
resistant isolates showed 14/48 (29 %) cross-resistance to clindamycin (Table: 4.4).

Table (4.3): Antibiotic susceptibilities of 42 GBS isolates from pregnant women.

No. (%) of isolates

Agent Susceptible Intermediate Resistant
Clindamycin 13 (31%) 0 (0%) 29 (69%)
Erythromycin 21 (50%) 3 (7%) 18 (43%)
Penicillin 24 (57%) 2 (5%) 16 (38%)
Tetracycline 20 (48%) 3 (7%) 19 (45%)

Vancomycin 32 (76%) 1 (2%) 9 (21%)

Table (4.4): Phenotypic resistance patterns amongst 42 GBS isolates.

Colonizing GBS Total Percentage

Erythromycin resistant only 18 43
Clindamycin resistant only 29 69
Resistant to both erythromycin and clindamycin 13 28

Tetracycline resistant only 19 45

Resistant to both tetracycline and clindamycin 14 29
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4.5 Risk factors:

Different variables associated with GBS colonization are outlined in Table (4.5).
There was no statistically significant difference among groups based on education
level (university education, level 21% by PCR and 30% by culture; secondary school
level, 20% by PCR and 23% by culture and the Preparatory education level, 22% by
PCR and 25% by culture)

Of women with GBS colonization, those with genital tract inflammation were 29%
(p=0.59) by PCR, and 25% (p=0.65) for the culture assay. However, GBS
colonization and inflammation was not statistically significant. Among GBS isolated,
33% were isolated from pregnant women had chronic disease by culture assay (0%
for the PCR assay). (Table: 4.5).

No statistically significant difference was observed in GBS colonization rate and
chronic disease (p>0.05). Of the pregnant women who had previous antibiotic intake,
10 (24%) were positive for GBS by culture and 5 (17%) by PCR (p >0.05). In
addition, no statistically significant correlation was observed in GBS colonization

rate and previous antibiotic intake.

Out of GBS positive (by culture and PCR), 24% were from pregnant women who
had complication (Previous abortion — delivery at <37weeks gestation- premature
birth- intrauterine death — endometritis). No statistically significant difference was

observed in GBS colonization rate and chronic disease (p >0.05).

Overall, no statistically significant association was observed for GBS colonization in

the study subjects with any of the characteristics mentioned above.
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Table (4.5): Variables associated/not associated with Group B Streptococcus
colonization in pregnant women (35-37) weeks of gestation.

Education level Culture results p-value PCR results

Positive % Negative % Positive %  Negative %
7 21 27 79 6 30 14 70
25 20 97 80  0.979 13 23 44 77

8 22 28 78 6 25 17 75

Second Wife
Yes 0 0 8 100 0.299 0 0 5 100

No 40 22 145 78 28 30 67 70
Chronic
disease 0.557

Yes 2 33 4 67 0 0 6 100

No 38 20 150 80 28 30 66 70
Inflammation
Yes 21 25 62 75 0.645 12 29 29 71

No 19 17 91 83 16 27 43 73
Antiseptic
material

Water and
soap 40 21 152 79 0.777 28 15 164 85

N[o] 2 25 6 75 2 25 6 75
Using of
antibiotic
Yes 10 24 32 76 0.832 5 17 24 83
No 30 20 120 80 23 32 48 68
Complication
Yes 11 24 34 76 0.798 7 24 22 76

N[0 28 19 116 81 21 30 50 70
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p-value

0.834

0.297

0.267

0.589

0.419

0.620

0.888
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Chapter 5

Discussion

To prevent group B streptococcal disease in neonates, the current recommendation is
to screen pregnant women by culturing recto-vaginal swabs at 35 to 37 weeks
gestation. This is to improve the sensitivity and specificity of the identification of
women who are colonized at the time of delivery and to treat those with positive
cultures or to treat women with risk factors for disease transmission empirically
(Daniels et al., 2009). A more rapid and sensitive method would be beneficial, and
cost-effective approach especially in dealing with patients who present at term with
unknown GBS colonization status and preterm labor conditions (Block, Munson,
Culver, Vaughan & Hryciuk, 2008; CDC, 2010).

5.1 Prevalence of Group B Streptococci using conventional methods:

Since vaginal and in particular rectal flora contains numerous microorganisms, the
use of selective culture medium is recommended to maximize the isolation of GBS
and to avoid the overgrowth of other organisms. In this study, a selective
chromogenic medium was used, which enables the recognition of S. agalactiae as
pink to red, round and pearly colonies, without the need of anaerobic incubation.
This medium has excellent performance for the GBS prenatal screening in terms of
nutrient capacity and sensitivity of detection. Capable of detecting all GBS strains,
including non B-hemolytic strains. Most other bacterial species are either inhibited or
the colonies produced have a different color (e.g. violet, blue, and colorless) (Perry,
Oliver, Nicholson, Wright & Gould, 2006; Tazi, Reglier-Poupet, Dautezac, Raymond
& Poyart, 2008; Tazi et al., 2009).

In our study, the prevalence rate of group B Streptococci among pregnant women
was 21%. Our results were consistent with findings in the developing and developed
countries Germany (16%) (Brimil et al., 2006), Blantyre, Malawi, (16.5%) (Dzowela,
Komolafe & Lgbigbia, 2005), Lebanon (17.7%) (Seoud et al., 2010), Egypt,
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(17.89%) (Elbaradie et al., 2009), (16.4%) Kuwait (Al-Sweih et al., 2003),
Zimbabwe, (21%) (Mavenyengwa et al., 2010), and Dare salaam, Tanzania, (23%)
(Joachim et al., 2009), (22%) Belgium (El Aila et al., 2010), Sweden (17.3%)
(Ekstrom et al., 2013), However, the finding of this study is higher when compared
to colonization rate from other countries like Mozambique which reported
colonization rate of 1.8% (Steenwinkel et al., 2008), 4.8% Irane (Shirazi et al., 2014),
the Philippines (7.5%) (Ippolito et al., 2010).

Lower GBS colonization rate have been found in some Mediterranean countries, e.g.
studies from Istanbul, Turkey and Elazig, Turkey found a colonization rate 8%
(Barbaros et al., 2005) and 8.7% (Ayata et al., 1994) respectively. Study conducted
in a city of Northern Greece also found a low colonization rate of GBS among
pregnant women 6.6% (Tsolia et al., 2003). However, findings from different studies
conducted in Trinidad found a higher colonization rate of pregnant women with
GBS, 32.9% (Orrett, 2003).

The different prevalence rates may be explained by gestational age at culturing,
differences in culture sites and culture techniques, a change of prevalence with time,
or real differences of prevalence in different populations or ethnic groups
(Valkenburg-van den Berg et al., 2006). Personal hygiene, the extensive use of
antiseptics/antibiotics, standard of living, and other socioeconomic factors may

contribute to the variation in colonization rates.

Numerous studies have documented that the accuracy of prenatal screening cultures
in identifying intrapartum colonization status can be enhanced by careful attention to
the timing of cultures, the anatomic sites swabbed and the laboratory procedures used
for culture and detection of the organisms (Schrag et al., 2002). Swabbing both the
vagina and the rectum substantially increases the yield compared with sampling only
the cervix or sampling the vagina without swabbing the rectum. Several studies that
find rectovaginal sampling more appropriate than vaginal sampling only (CDC,
2002; Diaz & Nieves, 2008; El Aila et al., 2010).
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5.2 Detection of GBS carriage rate by PCR:

Discrepancy was observed between culture and PCR results. Out of 100 rectovaginal
samples were subjected to PCR, 30 were positive for GBS. Twenty-three of them
were culture positive and PCR positive whereas the remaining seven samples were
positive PCR and culture negative. In addition, there was 19 samples were positive

by culture method but negative by PCR.

The discrepancy of the results may be explained by the lower sample number tested
by PCR technique and rectovaginal sample contain many inhibitor for PCR. The
collection of these swabs although at the same time may not represent identical

microbial content and may indicate poor specimen collection.

In contrast to our results, several studies have reported an increased GBS detection
rates by PCR diagnostic tests over standard culture method (Espy et al., 2000; Sloan,
et al., 2002; Shabayek, Abdalla & Aboueid, 2010; El Aila et al., 2011; Bakhtiari,
Dallal, Mehrabadi, Heidarzadeh & Pourmand, 2012).

Nineteen of the culture-positive recto-vaginal samples were PCR negative when
DNA extracted directly from the rectovaginal swab rectovaginal sample contain
many inhibitor for PCR, loss of internal control and Inappropriate sample collection
may explain the false negative PCR results. In addition, it can be explained by the
fact that we used two different swabs collected from each pregnant women (one for
PCR and one for culture). This may result in having unequal sample in each swab.
Other studies performed culture and PCR from the same swab collected (Rallu,
Barriga, Scrivo, Martel — Laferriere, Laferriere, 2006; El Aila et al, 2011).

Considering culture as a gold standard, Sensitivity, Specificity, Positive predictive
value and Negative predictive value of PCR was 54%, 88%, 76%, 72%, respectively.
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Low sensitivity of PCR was reported in our study which is consistent with PCR
results obtained by Chan et al, who reported that PCR sensitivity was lower than that
of standard conventional culture. The sensitivity and specificity of the PCR assay
were 45% and 99%, respectively (Chan et al., 2006). He claimed that the problem
with their test was at the sample preparation stage and the swabs they used for
collection contain charcoal in the transport medium, which has been shown to reduce
the sensitivity of PCR (Cloud, Hymas & Carroll, 2002; Chan et al., 2006).

Other studies reported the rate of sensitivity of PCR 100% (de Paris et al. 2011).
Similar results with PCR specificity were obtained by de Paris et al., (2011) who
reported a specificity of 86.88% and it was greater than 64.5% found by Gavino &
Wang (2007). Out of 58 samples were negative for GBS detection by culture, seven
(12%) were positive by PCR. False negative culture results may be explained by the
presence of antagonistic microorganisms, such as enterococci, which may inhibit the
growth of GBS on the selective media (Dunne & Holland-Staley, 1998). In addition,
antibiotics and feminine hygiene products have been shown to inhibit the growth of
GBS and scanty colonization, which would be difficult to obtain in culture (Rallu et
al., 2006; Werneke et al., 2009). Furthermore, PCR contamination, inappropriate
storage and transport conditions of the samples could give false-negative culture
results (Rosa-Fraile et al., 2001).

5.3 Antimicrobial Susceptibilities of GBS:

The prophylaxis currently recommended for prevention of neonatal disease is the
intrapartum use of antibiotics only in women known to be colonized by GBS. In the
present study, the susceptibility pattern of 42 GBS isolated from pregnant women
against five antimicrobial agents is presented in Table 4.4. Only 76% of isolates were
susceptible to vancomycin, 57% of the isolates were susceptible to penicillin. Such
finding coincides with that obtained by Moyo et al. (2000); Hsueh et al., (2001);
Banno et al. (2014); Gaudreau et al. (2010); Kimura, et al. (2008) and Longtin et al.
(2011), who reported reduced susceptibilities to penicillin. This result is in agreement
with CDC (2012) and Brandon and Dowzicky (2013) who found that that group B

Streptococci (GBS) isolates were 100% susceptible to both penicillin and
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vancomycin. Due to the widespread use of the antibiotic and the misuse of
antibiotics, antibiotic-resistant organisms are in the rise. As indicated in the present
study, 18% of GBS isolates were resistant to erythromycin. Similar results were
obtained by Azavedo, McGavin & Duncan, (2001); Joachim et al., (2009), and (29%)
reported by Manning et al., (2004).

Azavedo et al., (2001) and Hannoun et al., (2010) have reported resistance rate >80%
for tetracycline. Which was higher than the findings reported in the present study
(45%). However, the rate of resistance to clindamycin in our study was (69%), which
is higher than the findings reported by Andrews et al., (2000) which was only from 3
to 15 per cent.

Verani et al., (2010), recommended VVancomycin for GBS-colonized mothers with a
high risk of anaphylaxis to penicillin and if the isolate is resistant to clindamycin. In
this study, we found that 21% of the isolates were resistance to vancomycin. This
finding is comparable to those reported in other studies (Fashina, 2008; Onipede et
al., 2012). Since vancomycin is another alternative recommended by the CDC for

pregnant women who are allergic to penicillin and clindamycin resistant isolates.

Penicillin is the first choice drug, while ampicillin is an alternative, in cases of
history of allergy (rash or a history of difficulty in breathing) to penicillin and at high
risk for anaphylaxis; clindamycin and erythromycin were recommended (Verani et
al., 2010). In GBS-colonized mothers with allergy and low risk of anaphylaxis to
penicillin, the use of cefazolin is recommended. In those with a high risk of
anaphylaxis to penicillin and if the isolate is resistant to clindamycin, vancomycin is
recommended (Verani et al., 2010; Frohlicher et al., 2014).

However, vancomycin has not been shown to cross the placenta and achieve suitable
concentrations in amniotic fluid as well as the fetal blood. This tremendous use of B-
lactam antibiotics coupled with the exposure to B-lactams for other reasons can

potentially induce the emergence of resistant strains among the resident vaginal

48



microflora. Emergence of resistance has been documented, especially to ampicillin
(Simos, Aroutcheva, Heimler & Faro, 2004).

Antibiotic resistance amongst GBS is considered an increasing problem so that it was
recommended to test the susceptibility of other antibiotics than those recommended
as part to established control measures and that could be used as alternative choices
for prophylaxis or treatment of GBS infection (Quiroga et al., 2008; Verani et al.,
2010).

5.4 Risk factors for GBS carriage pregnant women

Knowledge about risk factors contributing to GBS colonization in pregnant women is
relevant to minimize the morbidity, mortality associated with maternal and neonatal
GBS infections. In the presents study, no statistically significant association was
observed for GBS colonization in the study subjects with any of sociodemographic
characteristics as outlined in (Table 4.3). Similar findings have been reported in
studies conducted by Zusman, Baltimore & Fosica (2006) and Costa et al., (2008).

In the present study, history of spontaneous abortion did not influence GBS
colonization in pregnant women. Similar findings have been reported in studies
conducted by Joachim et al., 2009. Although the study of McDonald & Chambers
(2000) demonstrated an association between the presence of group B streptococci
spontaneous abortions. Therefore, further studies are needed to confirm the
correlation between sociodemographic factor and GBS colonization. The lack of
association with this factor can possibly be explained by the fact that the numbers of
participants in this study with such risk factor were small. This finding is consistent
with studies from other authors (Joachim et al., 2009).

Garland, Kelly & Ugoni (2000) did not detect an association between GBS
colonization and preterm labor and premature rupture of the membranes. These
results are similar to those observed in our study. Although some investigators as
Feikin et al., (2001), found that women with preterm delivery have a significantly

higher frequency of GBS colonization.
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Chapter 6

Conclusion and Recommendation

6.1 Conclusion

To the best of our knowledge, this is the first study in Gaza strip, which report the

maternal GBS carriage among pregnant women. Based on the results obtained from

this cross sectional prospective study, the following conclusions could be withdrawn:

1.
2.

The overall prevalence of GBS colonization was 21%.

Despite the fact that PCR is well known for its high sensitivity, low
sensitivity was obtained in this study.

Resistance to clindamycin, tetracycline, erythromycin, penicillin and
vancomycin was found to be 69%, 45%, 43%, 38%, and 21% respectively.
Vancomycin showed the highest rate of sensitivity against GBS isolates
(76%).

No statistically significant association between the GBS colonization rate and
chronic diseases, previous antibiotic intake, educational level and
complications due to obstetric factors such as previous abortion, delivery at

<37weeks gestation, premature birth, intrauterine death and endometritis.

6.2 Recommendations

In light of the results and discussion presented in this study, the following
recommendations are made:

1. The high prevalence rate of GBS among pregnant women necessitate the

screening approach for all pregnant women at 35-37 weeks’ gestation in Gaza

hospitals to provide antibiotic prophylaxis to GBS carrier.

2. Setting public health and governmental laboratories with necessary equipment

and reagents for culturing and identifying GBS.
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10.

11.

Training microbiology staff on techniques of detecting GBS from clinical
specimens.

We recommend to use only one swab for culture and PCR to avoid the low
Sensitivity of PCR which obtained in our study when we used two separate
swabs.

Serotyping of GBS is recommended to be performed to develop and implement
effective vaccine for prevention of pregnant and neonatal GBS disease. In
addition, it is an effective epidemiological tool for studying GBS

The role of GBS in neonatal pneumonia, sepsis and meningitis should be
investigated.

In this study, we observed resistance to clindamycin and erythromycin, the drugs
of choice for penicillin-allergic women at high risk for anaphylaxis, which
strongly supports the current CDC recommendation that antibiotic susceptibility
test, should be performed if erythromycin and clindamycin therapy is needed to
prevent neonatal GBS infection.

Antibiotic resistant GBS may occur as a result of misuse or overuse of
antibiotics. Therefore, health care providers worldwide should be encouraged to
join public health authorities, to control the inappropriate use of antibiotics and
promote responsible prescribing. This will greatly help to improve prevention
and control of drug resistant organisms in communities.

In this study, there is resistance to the commonly used antibiotics such as
clindamycin, tetracycline and penicillin. Which calls for performing
susceptibility testing before administration of any of these antibiotics.

It is recommended to conduct more studies with larger sample size covering
larger number of women care centers which will impact the management of
pregnant women before giving birth.

Formulate guidelines for the GBS screening policy in Palestine.
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Annex 2

Date of birth / /

Education level QPreparatory Q4 Secondary O University
Pregnancy O Yes Q No

complication

Wendometritis
WPrevious abortion
Wpremature birth

Qintrauterine death
Udelivery at <37weeks gestation

History of cystitis U Yes O No

History of vaginitis U Yes O No

Antibiotic used

Material used for
cleaning and
scraping
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