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ABSTRACT
Background: Streptococcus agalactiae also called Group B Streptococci (GBS) is the leading

cause of early onset neonatal sepsis, pneumonia and meningitis. However, there is no screening
practice of pregnant women for the recto-vaginal colonization of GBS and data on the vertical

transmission of GBS and its antibiotic susceptibility profiles are scarce in Ethiopia.

Objectives: To determine the prevalence of Group B streptococci colonization, and its
proportion of vertical transmission and antimicrobial susceptibility profile of isolates among

pregnant women at selected public health facilities in Bahir Dar, Northwest Ethiopia.

Methods: Health facility based cross-sectional study was conducted from March 1 to May 30,
2021. Recto-vaginal swabs from 292 pregnant women and the same number of pooled ear, nasal
and umbilical swabs from newborns were collected. The swabs were processed and GBS isolates
were identified following standard microbiological protocols. Antimicrobial Susceptibility
Testing was performed using modified Kirby-Bauer disc diffusion method and results were
interpreted based on the 2020 Clinical Laboratory and Standard Institute Guideline. Descriptive
statistics and logistic regression analysis were computed. P-value < 0.05 was considered as cut-

off for statistical significance.

Results: The overall prevalence of GBS colonization among pregnant women was 18.5% (n=54)
with a vertical transmission proportion of 40.7% (n=22). Group B Streptococci colonization was
significantly associated with preterm delivery (AOR=2.77, 95% C-I: 1.14-6.68) and history of
still birth (AOR=3.13, 95% C-I: 1.13-8.70) in pregnant women. GBS isolates showed high level
of resistance to tetracycline (77.8%) and considerable level of resistance to clindamycin (35.2%),
erythromycin (25.9%) and Ceftriaxone (22.2%). Highest susceptibility was observed to
vancomycin (92.6%) and chloramphenicol (87%). Overall, 19 (35.2%) GBS isolates were MDR.

Conclusion: Maternal GBS colonization, its transmission to their newborns and resistance of
isolates to the commonly used and recommended drugs connected with MDR are critical
problems. Therefore, regular antenatal care follow up, timely screening of pregnant women for
GBS colonization and antimicrobial susceptibility testing of isolates are necessary for proper

antibiotic prophylaxis, and prevention of disease consequences to newborns.
Key words: GBS, maternal colonization, vertical transmission, antimicrobial susceptibility.
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1. INTRODUCTION

1.1 Background

Streptococcus agalactiae (S. agalactiae), also known as Group B Streptococcus (GBS), was
first recognized in 1887 by Edmond Nocard as a source of bovine mastitis that resulted in
agalactia (lack of milk production). Decades later, this organism identified asa human
pathogen responsible for infections, most commonly in pregnant women and newborns. In
1970s, this pathogen emerged as a predominant causative agent of bacteremia and meningitis
in newborns and young infants less than three months old with a frequency of 2-3 cases per
1,000 live births and case-fatality rates as high as 50% (Phares et al., 2008, Verani et al.,
2010, Cheng et al., 2019).

Group B streptococci can be found in up to one-third of healthy asymptomatic pregnant
women colonizing normal gastro-intestinal and genitourinary tracts (Russell et al., 2017a).
This colonization may be transient, chronic or intermittent (Kwatra et al., 2014). Besides to
colonization, GBS can cause urinary tract infection (UTI), bacteremia, cystitis, amnionitis,
endometritis, puerperal sepsis and pelvic abscesses during the gestational and postpartum
period. It can also result stillbirth following infection of the endometrium, placenta or
amniotic sac (Darvin Scott Smith, 2018).

Group B streptococcus is also a leading cause of neonatal sepsis, pneumonia and meningitis,
often associated with high morbidity, mortality and developmental disabilities. Neonatal GBS
disease can be classified as early-onset neonatal disease (EOND), that occurs in less than 7
days after birth in which 90% occur in the first 12 hours and usually resulting from vertical
transmission of GBS from colonized pregnant women during or just before delivery, and late-
onset neonatal disease (LOND) (onset of disease in 7 to 89 days of age), that can be acquired

from the mother or from the environmental sources horizontally (Hanna and Noor, 2020).

Recto-vaginal colonization of pregnant women with GBS is the primary risk factor for
EOND. Prolonged rupture of membrane, prematurity, chorioamnionitis, young maternal age,
history of UTI and previous newborn with EOND are among the factors that can increase risk
of disease among newborns (Russell et al., 2017b). Hence, it is important to identify
clinically these women before delivery and provide chemoprophylaxis. The American
College of Obstetricians and Gynecologists (ACOG) recommends performing universal GBS

screening between 36 0/7-37 6/7 weeks of gestation and all women whose recto-vaginal



cultures are positive should receive appropriate intra-partum antibiotic prophylaxis (1AP),
unless a pre-labor cesarean birth is performed in the setting of intact membranes. In the
absence of 1AP, up to 50% of neonates born from colonized women acquire GBS and 1-2 %
of these neonates develop invasive diseases (ACOG, 2020).

The widespread screening of pregnant women for GBS colonization in the third trimester and
subsequent provision of IAP dramatically reduces the risk of EOND. For instance, an 80%
IAP coverage is expected to lower the risk of EOND from 1.1% to 0.3% (Russell et al.,
2017b). However, most of the sub-Saharan African (SSA) countries including Ethiopia do not
have clear strategies for prevention of GBS (Gizachew et al., 2020). Though 7.5 - 25.5%
prevalence of vaginal GBS colonization in pregnant mothers has been reported in previous
studies from other parts of Ethiopia, to date, there is no practice of 1AP provision (Woldu et
al., 2014, Gizachew et al., 2019a). Thus, studies on maternal GBS colonization, its vertical
transmission and factors linked with colonization are necessary to device preventive

strategies.

In recent years, the widespread use of IAP coupled with over-prescription and unregulated
use of antibiotics exacerbated the development of antimicrobial resistance among GBS
isolates. The emergence of GBS isolates resistance to first-line antibiotics such as penicillin,
increasing trend of resistance to second-line antibiotics (erythromycin, clindamycin), and the
increased necessity of third-line antibiotics (vancomycin), in turn results emergence of
multidrug resistant (MDR) GBS isolates. Moreover, evidences showed the increasing trend of
anti-microbial resistance (AMR) in GBS isolates (Gizachew et al., 2019a, Hayes et al.,
2020). Therefore, updated regional knowledge on the susceptibility profile of GBS isolates is
also indispensable for administration of appropriate antibiotics for prophylaxis and treatment.



1.2 Statement of the problem
Group B streptococcus colonizes pregnant women in all regions of the world with an
estimated worldwide maternal colonization prevalence of 18% with regional variation
ranging 11-35% (Russell et al., 2017a). The colonization prevalence of GBS is estimated to
be as high as 22.4% in Africa (Kwatra et al., 2016), 21.8% in SSA (Sinha et al., 2016) and
up to 25.5% in Ethiopia (Gizachew et al., 2019a).

Group B streptococcus is a leading cause to adverse maternal and newborn outcomes. It is a
leading cause of infant disease, particularly in the first week after birth with an estimated
annual EOND of 205,000 cases worldwide. Furthermore, there are a minimum of 33,000
maternal GBS cases, 114,000 LOND cases and up to 3.5 million preterm births that could be

attributed to GBS infection/colonization worldwide (Seale et al., 2017).

Group B streptococcus is also a significant causes of death, with 57,000 stillbirths and 90,000
infant deaths estimated in 2015, which accounts for more than the total number of deaths
from mother-to child transmission of human immunodeficiency virus (HIV), and more than
the combined neonatal deaths from tetanus, pertussis, and respiratory syncytial virus. In
addition, more than 10,000 new cases of neuro-developmental impairments per year are
attributed to infant GBS meningitis (Seale et al., 2017).

Africa had the highest burden of GBS cases, accounting 54% of all estimated worldwide
GBS cases and 65% of stillbirths and infant deaths (Seale et al., 2017). Particularly to SSA,
incidence of EOND is high with 1.3 cases per 1000 live births, a burden of disease that is
comparable to burden in high income countries prior to the practice of IAP (Sinha et al.,
2016).

Ethiopia is one of the SSA countries with high neonatal deaths. The 2016 Ethiopian
Demographic and Health Survey (EDHS) reported neonatal mortality rate of 29 deaths per
1,000 births indicating that the progress of the country is far to achieve the Sustainable
Development Goal (SDG) that plans all countries reduce neonatal mortality rate to 12 per
1,000 live births (EDHS and ICF, 2016). About 34.3% of neonatal deaths in the country is
attributed to infection (Debelew et al., 2014) and burden of neonatal disease due to GBS is
estimated to be as high as 1.7% among infants less than 3 months (Ali et al., 2020b).
Though the specific contribution of GBS is not known, sepsis is the leading cause of
neonatal admission (42%) and the second most common causes of neonatal death at Felege
Hiwot Comprehensive Specialized Hospital (FHCSH, 2020).



The widespread use of antibiotics in various clinical conditions as well as their accepted
efficacy of IAP in decreasing GBS EOND raised the emergence of antibiotic resistance
among GBS isolates. Emergence of antibiotic resistance among GBS isolates is also a rising
concern in Africa (Gizachew et al., 2019b). Moreover, previous studies in Ethiopia isolated
GBS that exhibited considerable level of resistance to penicillin (77%), ampicillin (54.3%)
and vancomycin (17%) (Assefa, 2014, Mengist et al., 2017, Fantahun et al., 2020) which
contradicts with reports from Western countries. Therefore, it is indispensable to conduct
research on the susceptibility of GBS isolates to other antibiotics besides to those

recommended as an alternative choice for prophylaxis or treatment of GBS infection.

Despite GBS is recognized to be an important cause of maternal and neonatal morbidity and
mortality in many parts of the world, there is no routine screening program of GBS in Africa.
The prevalence of GBS also varies across regions and timing of pregnancy. Data on the
magnitude of GBS colonization among pregnant women, its proportion of vertical
transmission, associated factors and drug susceptibility profiles of GBS isolates are scarce in
Ethiopia, particularly to Bahir Dar city. Therefore, the present study was undertaken to
provide updated information on the prevalence of GBS colonization, rate of vertical
transmission and antibiotic susceptibility profiles of GBS isolates among pregnant women at
selected public health facilities of Bahir Dar, Ethiopia.



1.3 Significance of the study
The result of this study will provide a local knowledge on the prevalence of GBS, rate of

vertical transmission and antibiotic susceptibility profiles among pregnant women in the
study area. The finding of the study is important to reduce and prevent the burden of GBS in
pregnant women and neonates. It will be an input for the implementation of regular screening
of pregnant women for GBS and subsequent prevention strategies such as IAP to protect
EOND and its complications in the country. Results of antibiotic susceptibility profiles are
vital to select the better drug for better treatment & management of patients. In addition, the
finding of this study is important in slowing the spread of AMR. Pregnant mothers and their
newborns benefited from this study in that their laboratory findings were communicated for
their attending physicians for further follow up and management. Moreover, the findings of
this study will be used as a baseline data for future related studies particularly on the

outcomes of vertical transmission of GBS.



2. LITRATURE REVIEW

2.1 Bacteriology of Group B Streptococcus

Group B Streptococcus is the species representation for Streptococcus belonging to the
Lancefield group B. It is an encapsulated facultative anaerobic chain forming Gram positive
cocci that can grow well on blood agar plate (BAP). GBS on BAP forms colonies of 1-3 mm
diameter, R-haemolytic and grayish-white mucoid color. It is nutritionally fastidious, catalase
and mannitol salt negative, pyrrolidonyl arylamidase (PYR) test negative, sodium hippurate
hydrolysis test positive, bacitracin resistant, and Christie Atkins Munch Peterson (CAMP)
test positive (Rosa-Fraile and Spellerberg, 2017, Apurba Sankar Sastry, 2018).

Group B streptococci possesses different virulence factors that contribute for host cell
attachment, invasion, colonization and progression of invasive disease (Armistead et al.,
2019). The sialylated GBS capsular polysaccharide (CPS) represents one of the most critical
virulence factors and, has two different antigen types; the group B specific antigen which is
common for all strains and the type specific CPS which further divide GBS into 10 serotypes
(la, 1b and 11-1X). Serotypes la, Ib, II, Ill, and V accounted for the majority of diseases
caused by GBS worldwide. Beyond this, GBS has also been classified by sequence type (ST)
based on an allelic profile of seven different housekeeping genes and serotype Ill strains
belonging to the ST-17 represent a hyper-virulent lineage, which causes a disproportionately
high incidence of neonatal invasive disease and meningitis (Furfaro et al., 2018). In addition,
B-hemolysin/cytolysin (B-H/C), serine-rich repeat surface glycoproteins (Srrl/2), pilus
proteins, and surface adhesins known to interact with extracellular matrix components are

additional well-studied GBS virulence factors (Burcham et al., 2019).
2.2 Acquisition of Group B Streptococcus in pregnant women and newborns

Having multiple sexual partners, frequent sexual intercourse, concurrent vaginal yeast cell
infection and absence or decrease in hydrogen peroxide producing Lactobacillus are reported
to be risk factors for acquisition of GBS colonization in pregnant mothers (Meyn et al.,
2002), though there are inconsistencies between reports. On the other hand, the pathogenesis
of GBS in neonates starts with the asymptomatic colonization of recto-vaginal tract of
pregnant women. Neonates acquire GBS infection vertically either by ascending infection
through the placental membranes that initiate in utero infection of the fetus or by aspiration of

infected vaginal fluids during the process of vaginal delivery (Vornhagen et al., 2017).



2.3 Prevention of vertical transmission of Group B Streptococcus

The use of intravenous AP to prevent EOD of GBS in infants was first studied in the 1980s
(Verani et al., 2010). IAP is effective in reducing neonatal GBS disease and indicated for all
GBS carriers before 4 hours of delivery except for those in whom cesarean delivery is
planned in the absence of labor or membrane rupture (ACOG, 2020). Penicillin and
ampicillin have each been demonstrated in controlled clinical trials to be effective in
preventing EOND caused by GBS when administered during labor. First generation
cephalosporin’s (cefazolin) is recommended for women who reported penicillin allergy and
indicates a low risk of anaphylaxis or is of uncertain severity. For women with a high risk of
anaphylaxis, clindamycin is the recommended alternative to penicillin, only if the GBS
isolate is known to be susceptible to clindamycin. If isolates are resistant to clindamycin and
clients are at high risk of anaphylaxis to penicillin, vancomycin is recommended (ACOG,
2020).

2.4 Epidemiology of maternal Group B Streptococcus colonization
The prevalence of GBS colonization in pregnant women varies widely throughout the world.
This could be due to methodological difference to identify GBS, time of GBS screening in
pregnancy or true differences in GBS maternal colonization prevalence with variation by
region, socio-economic status, ethnicity and other socio demographic and clinical factors
(Lekala et al., 2015, Russell et al., 2017a, Akkaneesermsaeng et al., 2019).

A review on 390 articles retrieved from 85 countries with a total of 299,924 pregnant women
documented an adjusted estimate of 18% maternal GBS colonization worldwide with
regional variation ranging 11-35%. The highest prevalence of GBS colonization was from
the Caribbean (35%) and lower prevalence was reported in Southern Asia (12.5%) and
Eastern Asia (11%) (Russell et al., 2017a).

A meta-analysis study on the prevalence of vaginal GBS colonization and preterm births in
India, on 9778 pregnant women, reported 7.8% prevalence of GBS colonization. Specifically,
4.8%, 5.9% and 7% Prevalence of GBS colonization was documented from vaginal, rectal,

and ano-rectal samples swabbed, respectively (Ashary et al., 2020).

In another systematic review and meta-analysis of 30 studies in Iran, the pooled prevalence of
GBS colonization in 10,090 Iranian pregnant women was estimated to be 13.65%. In this
study, GBS was isolated in 11.96%, 13.65% and 25.63% of vaginal, vaginal and rectal, and

anal and vaginal samples, respectively (YektaKooshali et al., 2018). On the other hand,
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relatively higher colonization prevalence was reported in Jordan (19.5%), that was conducted

on vaginal-rectal swabs (Clouse et al., 2019).

On a historical cohort study between 2003 and 2015 at Duke health affiliated hospitals, North
Carolina, USA, 21.6% of the 60,029 deliveries were colonized with GBS (Edwards et al.,
2019). On the other hand, a high prevalence (35%) of GBS colonization were reported in
retrospective cross-sectional study carried out in Virginia, USA (Kum-Nji et al., 2020).
Similarly, a relatively higher prevalence of maternal colonization was reported in a study
from UK (Rao et al., 2017).

A retrospective study that retrieved data from7,726 pregnant women in China between 2009
and 2014 reported a prevalence of 8.2% GBS vaginal colonization (Ji et al., 2017). Similarly,
another study in western china in 2017 also reported a colonization rate of 6.1% (Chen et al.,
2018a).

A meta-analysis of GBS maternal colonization of Africa from 1989 to 2019 on 57 studies
with 22,206 pregnant women documented 19.3% pooled estimate of the recto-vaginal
maternal GBS colonization. In this review, the highest estimate was observed in Southern
sub-region of Africa with a prevalence of 23.8%, followed by 22.7% in Northern Africa,
while the lowest was driven from the Eastern Africa with 15.4% prevalence (Gizachew et al.,
2019b).

In another recent studies from African countries, a high prevalence of GBS colonization of
pregnant mothers were reported in South Africa (48.2%) (Lekala et al., 2015), Gambia
(33.7%0 (Le Doare et al., 2016), Uganda (28.8%) (Namugongo et al., 2016), Egypt (26.5%)
(Sadaka et al., 2018), Gabon (19%) (Belard et al., 2015) and a relatively lower maternal GBS
colonization prevalence was reported in Kenya (12%) (Seale et al., 2016). The high
prevalence report in South African study was attributed probably due to adequate culture
methods used which included use of enrichment and selective media, and multiple site

sampling.

In Ethiopia, published studies starting from 1987 to now reported variable GBS colonization
rate that ranges from 7.5% to 25.5% (Woldu et al., 2014, Gizachew et al., 2019a). On studies
conducted at different times in Addis Ababa, Ethiopia; variable GBS colonization results
were reported. The first one was conducted at Gandhi Memorial Hospital and Tikur Anbessa
Specialized Hospital (TASH) in 2010 on 300 pregnant women from lower genital tract and



rectum samples, and 7.5% colonization rate was reported (Woldu et al., 2014). On another
study in 2014 on a total of 281 pregnant women from three antenatal clinics (ALERT Center,
Alem Bank and Woreda 03 Health center) in which vaginal swab samples were taken, an
overall prevalence of GBS colonization among pregnant women was 14.6% (Assefa, 2014).
In another study from March to August 2015 at TASH on 280 pregnant women screened for
GBS, colonization rate were reported to be 23.2% (Ali et al., 2020b). In addition, Fantahun et
al recently reported an overall GBS colonization prevalence of 23.6% from maternal vaginal
swabs of 250 pregnant women coming for delivery at TASH (Fantahun et al., 2020).

On another prospective cross-sectional study conducted from December 2016 to November
2017 at University of Gondar Referral hospital on 385 pregnant women from combined
recto-vaginal swabs, an overall maternal GBS colonization prevalence of 25.5% was reported
(Gizachew et al., 2019a). Other studies in Ethiopia has also reported different GBS
colonization prevalence including; 13.7% in Mekelle (Alemseged et al., 2015), 11.3% in
Adigrat (Gebremeskel et al., 2015), 13.2% in Adama (Ali et al., 2020a), 15.7% in Hawassa
(Ali et al., 2019), 12.2% in Nekemte (Mengist et al., 2017), 13.68% in Harar (Yadeta et al.,
2018a), and 8.5% in Arbaminch (Shiferawu et al., 2019).

Studies show that high rate of GBS colonization is often obtained if women are followed up
for a certain period of time, both the rectal and vaginal sites are investigated and adequate
culture methods are used which included use of enrichment and selective media. Falsely
lower rates are attributed to false negative culture due to inadequate swabbing technique or
poor handling, specimen storage conditions, and prolonged transport (Lekala et al., 2015).
Different positive culture rates are also attributed to use of different culture media (Shirazi et
al., 2014).

2.5 Magnitude of Group B Streptococcus vertical transmission
Vertical transmission of GBS can occur during pregnancy or at time of birth process from
genitourinary or gastrointestinal tract of colonized pregnant women(Scasso et al., 2015).
Worldwide vertical transmission of GBS shows considerable variation within and between
geographic regions, ranging from 7.6% in china (Chen et al., 2018a) and 11.2% in Germany
(Kunze et al., 2011) to 65% in India (Sridhar Santhanam et al., 2017).

Lower rate of vertical transmission was reported from studies conducted in China with 7.6%

vertical transmission rate that takes one sample swab from newborns (Chen et al., 2018a) and



14.1% (13/92) on another study using sample from the ear canal, throat, and umbilical swab
immediately after birth (Chen et al., 2018b).

A relatively high (65%) vertical transmission was reported in a similar study done in India
from umbilical and external ear swabs taken within 30 minutes of delivery (Sridhar
Santhanam et al., 2017). Similarly, in a study conducted in Gambia in which nasopharyngeal
and rectal swabs were taken from neonates within four hours after birth, a vertical
transmission of 57.7% (146/253) were reported (Le Doare et al., 2016). On the other hand, a
relatively moderate vertical transmission (38%) was reported in a study conducted in
Bangladesh (Saha et al., 2017).

On a mother and newborn pair study by Ali et al. in three hospitals of Ethiopia in which
swabs from external ear, nasal area, throat and umbilical area were collected, a vertical
transmission rate of 49.2% (32/65), 56.8% (21/37) and 59.1% (26/44) was reported in Addis
Ababa, Adama and Hawassa respectively (Ali et al., 2019, Ali et al., 2020b, Ali et al.,
2020a).

In another study at Addis Ababa, Ethiopia on a total of 250 newborns from oropharyngeal
swab samples collected immediately after delivery; a vertical transmission rate of 47.4% was
reported (Fantahun et al., 2020). Similar to this, another study conducted in Harar, Ethiopia;
a vertical transmission rate of 45 % was reported from swab samples taken at least from two
sites (the ear canal, umbilicus, axilla, groin, or nose) within 6 hours after birth (Yadeta et al.,
2018b). Furthermore, high proportion of vertical transmission (63.3%) was reported in a
study conducted in Gondar, Ethiopia; in which swabs were collected from ear, nasal and

umbilicus of newborns (Gizachew et al., 2020).

The variation in the percentage of vertical transmission of GBS among regions and different
parts of Ethiopia might be due to differences in sampling sites. Significant difference is
observed when multiple sampling sites are used and when only two or less sampling sites are
used (Chen et al., 2018b). In addition; variability in the sample size, methods employed for
GBS detection, level of laboratory facilities, newborn body surface sites swabbed and time of
sample collection after birth might be also the possible explanations for the disparities.
Furthermore; the presence or absence of the IAP administration, variations of maternal
colonization and density of GBS colony and mode of delivery are the reason for the existing
differences (Chen et al., 2018b, Gizachew et al., 2020).
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2.6 Antibiotic susceptibility profile of Group B Streptococcus isolates
The accepted efficacy of IAP in decreasing GBS EOND coupled with the widespread use of
these antibiotics in various clinical conditions has raised the emergence of antibiotic
resistance among GBS isolates. Emergence of antibiotic resistant GBS isolates is considered
as an increasing problem so that it necessitates testing the susceptibility of other antibiotics
than those recommended as part to establish control measures and that could be used as

alternative choices for prophylaxis or treatment of GBS infections (Hayes et al., 2020).

On a study conducted in Brazil on 136 identified GBS isolates, all were found susceptible for
penicillin, vancomycin and cefotaxime, whereas, 5.9%, 8.1% and 82.3% were found resistant

to erythromycin, clindamycin and tetracycline, respectively (Melo et al., 2016).

A 100% sensitivity to the antibiotics penicillin, ceftriaxone, linezolid and vancomycin were
reported at a study conducted in china on 636 identified GBS isolates, whereas 52.4% were
resistant to clindamycin, 25.9% were resistant to levofloxacin and 64.9% were resistant to
erythromycin (Ji et al., 2017). On the other hand, in another study conducted in China on 119
isolate, 79.9% were found MDR (Gao et al., 2018). Similarly, a study from Saudi Arabia, all
(178) GBS isolates, were sensitive to penicillin G, ampicillin and vancomycin. However,
GBS isolates revealed 15.7% and 5.1% of resistance to erythromycin and clindamycin,

respectively in this study (Khan et al., 2015).

A relatively similar finding was reported from a study done in Alexandria, Egypt, on a 53
GBS isolates, in which all were susceptible to penicillin, ampicillin, ceftriaxone, cefotaxime,
cefepime, vancomycin, and linezolid. However, 43.4%, 28.3%, 22.6%, and 15% of isolates
were found to be resistant to levofloxacin, azithromycin, erythromycin, and clindamycin,

respectively (Sadaka et al., 2018).

A meta-analysis done in Ethiopia on the pooled proportion of antibiotic resistance to GBS
isolated from pregnant women in Africa from 1996 to 31th January 2019 against 10
antibiotics showed a resistance of 19.6% to clindamycin, 19.7% to vancomycin, 20.8% to
erythromycin, 24.5% to ciprofloxacin, 25.9% to ceftriaxone, 26.7% to ampicillin, 27.3% to
chloramphenicol, 31.4% to amoxicillin, 33.5% to penicillin, and 82.6% to tetracycline
(Gizachew et al., 2019b).

Group B Streptococcus isolates show a relatively increased level of resistance to first line
antibiotic (penicillin) in a study conducted in Addis Ababa, Ethiopia in 2010, in which 10 out
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of 22 GBS isolates (45%) were found to be resistant against penicillin. In this study, 20
(91%) were sensitive to ampicillin and all isolates except one were sensitive to erythromycin
(Woldu et al., 2014). In another study in Addis Ababa, Ethiopia in 2014; out of 41 GBS
isolates, all were susceptible to chloramphenicol. In this study, resistance to tetracycline,
cefotaxime, clindamycin, penicillin, vancomycin, ampicillin and erythromycin was found in
90.2%, 34.1%, 26.8%, 19.5%, 17%, 14.6% and 7.5% of GBS isolates, respectively. In this
study, 43.6% Of the isolates were found MDR (Assefa, 2014). In another recent study in 2018
in Addis Ababa, Ethiopia, out of 59 identified GBS isolates, the highest resistance level was
recorded to cefepime (59.4%) followed by penicillin (57.7%) and ampicillin (54.3%).
Vancomycin, clindamycin and chloramphenicol were the most active drugs for GBS isolates
with susceptibility results of 93.3, 86.4, and 79.6%, respectively. Moreover, 5% isolates of
GBS isolates showed intermediate sensitivity to erythromycin and chloramphenicol for each
(Fantahun et al., 2020).

A study conducted in Jimma, Ethiopia in 2012, all (24) GBS isolates were susceptible to
penicillin G, ampicillin, and vancomycin but a considerable proportion was found to be
resistant to clindamycin (3.2 %), erythromycin (6.5 %), ciprofloxacin (9.7 %), ceftriaxone
(9.7 %), norfloxacin (12.9 %), cotrimoxazole (29 %), and tetracycline (45.2 %) (Mengist et
al., 2016). In another study in this town in 2015; out of 22 GBS isolates, majority of them
were sensitive to ampicillin and penicillin G with 95.5% and 90.1%, sensitivity respectively.
Erythromycin and clindamycin were resisted by 50% and 40.9% of the GBS isolates,
respectively, whereas gentamicin was resisted by all isolates (Girma et al., 2020).

Similar to most above studies, a 100% (n=29) susceptibility to penicillin, ampicillin and
vancomycin were reported on a study conducted at Hawassa, Ethiopia in 2012. In this study,
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). Similarly, in a study conducted at Adigrat, Ethiopia in 2012; out of
17 isolates, all were susceptible to ampicillin, penicillin G, vancomycin, and amoxicillin.
However, 2 isolates were resistant to erythromycin (11.8%) and three isolates to clindamycin
(17.6%). Common resistant to erythromycin and clindamycin was found in two isolates
(Gebremeskel et al., 2015). In another similar study conducted in Mekelle, Ethiopia in 2014,
all (n=19) of the GBS isolates were found susceptible to penicillin, ampicillin, vancomycin
and erythromycin. However, in this study, 10.5% of the isolates were found MDR
(Alemseged et al., 2015).
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High level of resistance to penicillin G (77.3%) was observed in a study conducted at
Nekemte, Ethiopia in 2016. In this study, out of 22 GBS isolates 20 (91%) were sensitive to
vancomycin, 41% of the isolates were intermediate against ceftriaxone, half of the isolates
were sensitive to clindamycin and 36.4% of them were intermediate against erythromycin. In
addition, all of the GBS isolates were found MDR in this study (Mengist et al., 2017).

In a study conducted at Arbaminch, Ethiopia in 2016, out of 24 isolates, all were susceptible
to penicillin, ampicillin and vancomycin. Resistance to ciprofloxacin, ceftriaxone,
clindamycin, erythromycin, chloramphenicol and gentamicin was found to be 37.5%, 29.2%,
29.2%, 20.8%, 8.3%, and 4.2%, respectively and two showed MDR (Shiferawu et al., 2019).

A considerable level of resistance to penicillin (10.2%) and ampicillin (9.2%) were observed
in a study conducted at Gondar from 2016 to 2017 on 98 GBS isolates. In this study, the
highest resistance was observed to tetracycline 72 (73.4%) followed by 31 (31.6%) to
ceftriaxone, 26 (26.5%) to erythromycin, and 21 (21.4%) to clindamycin (Gizachew et al.,
2019a).

The observed differences in antimicrobial susceptibility patterns of GBS isolates against
different drugs might be due to the occurrence of differences regarding bacterial strain,
sample size, laboratory procedures, bacterial load, laboratory facility, drug control policies

and awareness of the community towards drug resistance.

2.7 Factors associated with maternal Group B Streptococcus colonization
Identifying risk factors and reducing risk is one of the most important mechanism in
prevention of maternal and neonatal GBS colonization (WHO, 2017). A number of factors
have been suggested to be related to the prevalence of colonization, including ethnicity,
culture, maternal age, marital status, education, smoking and multiple sexual partners
(Darling and Saurette, 2010). However, it is unclear that the relationships between these

factors and actual colonization rates, and research results are inconsistent.

In a study conducted at Saudi Arabia; GBS colonization was found to be significantly
associated with age, occupation, number of antenatal clinic visits, and gravidity (Arain et al.,
2015). In another study in Saudi Arabia, a higher GBS colonization rate was seen in pregnant
women >40 years of age. In this study, women with gestational age >42 weeks were more

frequently colonized than women with a gestational age from 41-42 weeks and an increased
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rate of colonization was found in women who delivered >5 times and no colonization in

women who delivered once (Khan et al., 2015).

Contrary to the above Saudi Arabian study, in a study conducted at western china in 2017;
age younger than 40 years was significantly associated (p=0.04) with higher GBS
colonization rate in pregnant women (Chen et al., 2018a). Similarly, in a meta-analysis study
at India that analyzed 36 studies; maternal age showed a negative association with GBS
colonization. In addition, this study showed pregnant women who had preterm delivery and
premature rapture of membrane (PROM) were 7.9 and 5.5 times more likely to have GBS
colonization, respectively than their counterparts (Ashary et al., 2020).

In a study conducted at Thailand; teenage pregnancy, multi-parity and non-Buddhist religions
were significantly associated with GBS colonization with a respective AOR of 3.83, 3.59 and
1.87. However, intra partum risk factors (gestational age <37 weeks, rupture of membranes
>18 hours, body temperature >38°%) were not associated with GBS colonization

(Akkaneesermsaeng et al., 2019).

In a retrospective study at a tertiary care university teaching hospital in Virginia, USA, from
2011-2019; tobacco smoking during pregnancy was found the most significant predictor for
GBS colonization. Women who smoked during pregnancy were twice more likely to be
colonized than their non-smoking counterparts. In this study, maternal age was the only other
significant predictor with younger mothers more than one and half times more likely to be
colonized than their older counterparts (Kum-Nji et al., 2020). In another cohort study in
USA (North Carolina), in which a total of 60,029 deliveries were included for analysis; GBS
colonization was significantly associated with maternal age at delivery, Black or African

American race, and preexisting diabetes (Edwards et al., 2019).

In a study conducted at southwestern Uganda, obesity was the only significant factor
associated with ano-genital GBS colonization with odds ratio of 3.78 (Namugongo et al.,
2016). Whereas, history of more than one previous still birth was significantly associated
with maternal GBS colonization in a study of Gambia (Le Doare et al., 2016). On the other
hand, in a study conducted at South Africa shows the frequency of GBS colonization was
significantly associated with women who had no matric education, unemployed, having
history of miscarriages and stillbirths, and HIV co-morbidity (all with p<0.0001) (Lekala et

al., 2015). Whereas, in a study at Alexandria, Egypt, prevalence of GBS colonization was
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significantly associated with age group 20-30 (p=0.01), at 37 weeks of gestation (p=0.002)

and among women who had frequent antenatal visits (p<0.001) (Sadaka et al., 2018).

In a study conducted at Jimma, Ethiopia maternal GBS colonization was significantly
associated with a history of preterm delivery (PTD) (AOR=6.3) and history of UTI during
current pregnancy (AOR=6.4) (Girma et al., 2020). Similarly, in another study in Harar,
Ethiopia, maternal GBS colonization was significantly associated with still birth
(AOR=8.93), frequency of ANC follow up (AOR=0.53), hypertensive disorders (AOR=4.66),
prolonged labor (AOR=3.65) and low birth weight (AOR=1.81) (Yadeta et al., 2018a).

In previous studies conducted in other parts of Ethiopia, GBS colonization was significantly
associated with experiencing meconium stained amniotic fluid (AOR=3) and longer duration
of PROM (AOR=1.8) in a study conducted in Gondar (Gizachew et al., 2019a). On the other
hand, history of contraceptive use (inversely related (AOR=0.43)) in a study conducted in
Addis Ababa (Assefa, 2014), with gestational age >37 weeks (AOR=2.1) and married ones
(AOR=1.8) in a study conducted in Nekemte (Mengist et al., 2017), and with occupation and
parity (being house wife and para 2-4 has decreased risk of colonization) in a study
conducted in Addis Ababa (Fantahun et al., 2020).

2.8 Factors associated with vertical transmission of Group B Streptococcus to
newborns
Worldwide, vertical transmission of GBS shows considerable variation within and between
geographic regions. Factors such as maternal fever during labor, PROM, preterm delivery,
chorioamnionitis, maternal GBS sepsis, and lack of IAP administration are attributed for the

occurrence of vertical transmission (Berardi et al., 2014, Shah et al., 2014).

In a study conducted at China, longer duration of rupture of membrane (>12 h) (p<0.001) and
longer duration of labor (>4 h) (p<0.001) were significant risk factors for GBS colonization
in infants (Chen et al., 2018a). In another study in China, GBS vertical transmission was
associated with the mode of delivery and sexually transmitted diseases (Chen et al., 2018b).
On the other hand, in a case control study conducted in France, GBS vertical transmission
was significantly associated with obesity, fetal tachycardia and late preterm birth (35 to 36
weeks) (Dahan-Saal et al., 2011). Similarly, in another study from Gambia, infants born
before 34 weeks of gestation had increased odds of GBS colonization at birth (Le Doare et
al., 2016).
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Term PROM, prolonged rapture of membrane >18 hours before delivery, intra-partum
maternal fever, and mothers receiving of IAP >4 hours (negatively associated) were factors
that were significantly associated with vertical transmission, in a study conducted at Harar,
Ethiopia. In this study, all newborns exposed to IAP >4 hours were found to be not colonized
(Yadeta et al., 2018b). In another study in Ethiopia conducted at Gondar, Ethiopia; lower
maternal educational level, employment and lower ANC visit were significantly associated

risk factors to GBS vertical transmission (Gizachew et al., 2020).
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3.

OBJECTIVES

General objective:-

» To determine the prevalence of GBS colonization and its antimicrobial susceptibility

profiles among pregnant mothers and their newborns, and identify the associated risk

factors at selected public health facilities in Bahir Dar city, Northwest Ethiopia.

Specific objectives:-

>

To determine the prevalence of GBS colonization among pregnant women in selected

public health facilities of Bahir Dar city.

To determine the proportion of GBS vertical transmission to newborns.
To determine susceptibility profile of GBS isolates to selected antibiotics.
To identify factors associated with GBS colonization in pregnant women.

To identify factors associated with vertical transmission of GBS.
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4. MATERIALS AND METHODS

4.1 Study area
This study was conducted in Bahir Dar town, Northwest Ethiopia. Bahir Dar is the capital
city of Amhara National Regional State which is located at 565 km from Addis Ababa. Based
on the 2020 population projection, the current population size of the city is estimated to be
389,177, among which 46% are females (BDAHO., 2020). The city has two public
specialized hospitals (Felege Hiwot Comprehensive Specialized Hospital (FHCSH)) and
Tibebe Ghion Specialized Hospital (TGSH), one public primary hospital (Addisalem
Hospital), and ten public health centers. In 2020, a total of 14,612 deliveries were
documented in health facilities of Bahir Dar town (BDAHO., 2020). In this study, FHCSH
and Bahir Dar Health Center (BDHC) were included based on their high client flow for ANC

and delivery services.

4.2 Study design and period
A health facility based cross-sectional study was conducted from March 1 to May 30, 2021

4.3 Population

4.3.1 Source population

All pregnant women attended in FHCSH and BDHC for delivery service and their newborns

4.3.2 Study population
All pregnant women who were admitted at FHCSH and BDHC for vaginal delivery service

and their newborns

4.3.3 Study participants
Pregnant women who were admitted at FHCSH and BDHC for vaginal delivery service and

their newborns that were actually participated in this study

4.3.4 Inclusion criteria
All pregnant women admitted to labor and delivery room for vaginal delivery and their

newborns were included in the study

4.3.5 Exclusion criteria
Pregnant women with history of antibiotic use within two weeks prior to recruitment, those
who used vaginal cream, lubricants or traditional sterilizer, those who plan cesarean delivery,

and those who are mentally unstable were excluded.
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4.4 Sample size determination
The sample size was determined using single population proportion formula (n= (Za/2)* * p
(1-p)/d?) where, n=sample size, z=level of confidence according to the standard normal
distribution, p=sample proportion and d= tolerated margin of error. Therefore, by taking z=
1.96 for a level of confidence of 95%, p= 0.255: proportion of GBS colonization among
pregnant women taken from Gondar, Ethiopia (Gizachew et al., 2019a) and 5% margin of
error. The sample size was calculated as n = (1.96)% x (0.255) (1-0.255)/ (0.05)?>= 292. Thus, a
total of 292 pregnant women and equal number of their newborns were included in the study.
This sample size was proportionally allocated into FHCSH and BDHC based on their last
year average number of 3 month delivery report from March to May, 2012 E.C. Thus, 192
and 100 pregnant women and their newborns were taken from FHCSH and BDHC,

respectively.

4.5 Sampling technique
Convenient sampling technique was used. Samples were collected consecutively from those

pregnant mothers who fulfilled the inclusion criteria until the determined sample size was

reached.
4.6 Variables of the study

4.6.1 Dependent variables

Maternal GBS colonization, its vertical transmission and AST

4.6.2 Independent variables
Socio-demographic factors: (Age of the mother, marital status, residence, occupation and
level of education)

Clinical and obstetric factors: Gravidity, gestational age, number of ANC visits, history of
hormonal contraceptive use, history of abortion, history of still birth, history of neonatal
death, history of UTI during current pregnancy, history of STI during current pregnancy,
chronic illness during current pregnancy, history of antibiotic use during current pregnancy,
PROM, duration of labor, meconium stained amniotic fluid, HIV status, status of newborn,

sex of newborn, birth weight of newborn, 5" minute Apgar score.
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4.7 Data collection

4.7.1 Demographic and clinical data collection
Data on demographic, obstetric and other clinical related variables were collected by
attending midwives using a pre-tested structured questionnaire with face-to face interview

and was complemented with medical record review.

4.7.2 Specimen collection and transportation

A combined recto-vaginal swab was collected from the mother at the point of labor by trained
midwives following universal precautions using a sterile cotton applicator swab. Maternal
samples were collected as per the ACOG Committee opinion and American Society for
Microbiology (ASM) recommendations. Accordingly, a single swab specimen was collected
first from the lower vagina and then from the rectum (through the anal sphincter) without use
of a speculum (ACOG, 2020, Filkins et al., 2020). Immediately after delivery, swabs were
collected from the newborns. In order to assure vertical transmission, sampling from the
newborns was made within 30 minutes of birth and before any further handling and/or wiping
of the newborns. Ear, nasal and umbilical samples were swabbed from newborns using
different sterile cotton applicator swab and pooled in to a test tube with Amies transport
medium. The collected samples were transported to Microbiology laboratory of Bahir Dar
University immediately and processed following standard bacteriological techniques as
described in the ACOG opinion, ASM and Monica Cheesbrough (ACOG, 2020,
Cheesbrough, 2006, Filkins et al., 2020).

4.7.3 Specimen processing
The collected swabs were placed in Todd Hewitt selective enrichment broth (Oxoid, UK)

supplemented with gentamicin (8ug/ml) and nalidixic acid (15ug/ml). The inoculated
selective medium was incubated for 24 h. at 37 °C. Growth (turbidity) was sub-cultured onto
5% Defibrinated Sheep-Blood Agar (SBA) (Oxoid, UK) and incubated for 24 h at 37 °C in
5% CO2 atmosphere. Pin pointed, with narrow beta-hemolysis colonies were considered as
presumptive GBS and subjected to Gram stain and catalase test. All Gram positive cocci and
catalase negative isolates were further tested for CAMP factor and bacitracin resistance test
as a final identification of GBS (ANNEX VI).
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Figure 1: Flow chart for specimen processing, identification of GBS, and AST
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4.7.4 Antimicrobial susceptibility testing

Antimicrobial susceptibility testing (AST) for all GBS isolates of the mother was tested using
the Kirby-Bauer disk diffusion method. Bacterial inoculum was prepared from 4-5 freshly
grown GBS colonies in 3-5 ml sterile physiological saline and the turbidity was adjusted
using 0.5 McFarland standards. Sterile cotton swab was dipped and rotated several times, and
was pressed against the wall of the test tube. It was then streaked over the entire surface of
the Mueller Hinton Agar (MHA) (Oxoid, UK) containing 5% Defibrinated sheep blood.
Then, antibiotic impregnated paper disks were placed on the plate and incubated in 5% CO2
atmosphere at 37 °C for 24 h. The antibiotics tested were selected based on CLSI 2020
guideline and their availability, and includes penicillin G (P, 101U), ampicillin (AM, 10ug),
clindamycin (CLY, 2ug), erythromycin (E, 15ug), chloramphenicol (C, 30ug), ceftriaxone
(CRO, 30ug), vancomycin (VA, 30ug), and tetracycline (TE, 30ug) (Oxoid, UK). Zone of
inhibition around antibiotic disks were measured by calibrated ruler and interpreted as
sensitive, intermediate or resistant by using standard chart (CLSI, 2020). MDR profile of
GBS isolates were calculated by counting isolates that are resistant to three or more
antibiotics from different classes and dividing it to total number of isolates.

4.8 Quality control
The questionnaire was adapted from other similar studies and initially prepared in English
and was translated to Amharic and then translated back to English by other translator to
check for consistency. Before data collection, a pretest was conducted in Tibebe Ghion
Specialized Hospital on 5% of the sample size. Based on the result of the pretest, adjustments
were made accordingly to the data collection tool. Spot checks on the quality of data
collection were made at the study site and completeness of questionnaires was also checked
regularly. Data collectors were given one day training on the study objectives, method of data

and sample collection, and the tools for data collection.

Sterility of SBA and MHA with 5 % sheep blood, and Todd Hewitt Broth (THB) were
checked by incubating 5% of the media overnight at 35-37 °C without specimen inoculation.
American Type Culture Collection (ATCC) standard reference strains ((E. coli) (ATCC
25922), E. faecalis (ATCC 29212), S. aureus (ATCC 25923), S. pyogenes (ATCC 19615)
and S. agalactiae (ATCC 27956)) were used as a quality control throughout the study for
THB, bacitracin test, CAMP test and AST with known susceptibility to the antimicrobial
agents. The performance of THB was checked by inoculating the broth with known Gram
negative bacteria (E. coli) (ATCC 25922) and known S. agalactiae (ATCC 27956) to check
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its selectivity for the growth of only Gram positive bacteria. The purity of the colonies was

checked by sub culturing single colonies onto a SBA and by doing Gram stain.

4.9 Operational definitions
Vertical transmission of GBS: transmission of GBS from colonized mother to her neonate

before or during delivery.
Gravidity: The number of times that a woman has been pregnant.

Premature rapture of membrane (PROM): Rapture of membrane one hour before the start

of labor.

Meconium stained amniotic fluid: Release of amniotic fluid that is mixed with first stool

(meconium) of the baby.

4.10 Data management and analysis
Data was cleaned, coded and entered first into Epi Data version 4.6 to minimize error and
was exported to IBM SPSS Statistics Version 26 for further analysis. Descriptive statistics
were computed to describe relevant variables. Chi-square and fisher’s exact tests were

calculated to identify variables significantly associated with vertical transmission of GBS.

Logistic regression analysis was carried out to assess the association between independent
variables and maternal GBS colonization. Majority of the variables were fitted to the
bivariable logistic regression. Then all variables with a p-value of <0.2 in the bivariable
analysis were further included in the multivariable logistic regression analysis. Multivariable
logistic regression model was fitted to control confounders and to get the independent
predictors of maternal GBS colonization. Hosmer & Lemeshow goodness of fit test was
checked for insignificance (p>0.05) to indicate that the model is adequate and it was found
insignificant (p=0.904). Presence of multicollinearity was also checked by using variance
inflation factor (VIF), and no multicollinearity was detected. Backward stepwise regression

was used. Variables with p-values <0.05 were considered as significant predictors.

Ethical considerations

Ethical approval was obtained from Institutional Review Board of College of Medicine and
Health Sciences, Bahir Dar University. Informed written consent from the mothers and
assents from them for the newborns was obtained after explaining the purpose and benefits of
the study, confidentiality of the information and the voluntary nature of participation in the
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study. Mothers were assured that refusal to participate in the study did not affect their service
utilization in the health institution. The laboratory findings were linked to the attending
physician/s for further follow up and management of mothers and neonates with culture
confirmed GBS colonization. Confidentiality of results were kept by anonymizing and
numbering/coding names of the study participants, storing in a locked cabinet, and by

documenting data files on password protected personal computer.
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5. RESULTS

5.1 Socio-demographic characteristics of pregnant women

Overall 292 pregnant women who came for vaginal delivery services were took part in the
study. Of whom, 192 were from FHCSH and 100 were from BDHC. The median age of
mothers was 26 years and more than half (51%) were below or equal to the age of 26. Near to

all (95.9%) of the mothers were married and majorities (77.4%) were urban dwellers. The

majority of mothers (33.9%) had a primary level of education and 43.2% were housewives

(Table 1).

Table 1: Socio-demographic characteristics of pregnant women from FHCSH and BDHC

Bahir Dar, 2021

Variables

Frequency
N (%)

Health facility

Felege Hiwot Comprehensive Specialized Hospital
Bahir Dar Health Center
Age of the mother (years) (median age=26)

<26

> 26

Marital status
Not married
Married

Divorced
Residence

Urban

Rural

Level of education
No formal education
Grade 1-8

Grade 9-12
College or University
Occupation

Civil servant
Student

Farmer

Housewife
Business woman
Daily laborer
Total

192 (65.8)
100 (34.2)

149 (51.0)
143 (49.0)

8 (2.7)
280 (95.9)
4 (1.4)

226 (77.4)
66 (22.6)

33 (11.3)
99 (33.9)
67 (22.9)
93 (31.8)

27 (9.2)
5(1.7)

64 (21.9)
126 (43.2)
60 (20.5)
10 (3.4)
292 (100)
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5.2 Demographic characteristics of newborns
Of the 292 newborns participated in this study, 153 (52.4%) were females and majorities
(93.5%) had > 2500 gram of birth weight. From the total newborns, 5 (1.7%) were stillbirths
and 14 (4.8%) had < seven 5™ minute Apgar score (Table 2).

Table 2: Demographic characteristics of newborns from FHCSH and BDHC, Bahir Dar, 2021

Variables Frequency
N (%)

Sex of newborns

Male 139 (47.6)
Female 153 (52.7)
Weight of newborns (Grams)

< 2500 19 (6.5)

> 2500 273 (93.5)
Status of newborn at delivery

Alive 287 (98.3)
Still birth 5(1.7)

5% minute Apgar score

<7 14 (4.8)
7-10 278 (95.2)
Total 292 (100)

Apgar: appearance, pulse, grimace, activity, respiration

5.3 Prevalence of GBS colonization and its proportion of vertical transmission to
newborns
Overall, 54 (18.5%) (95% CI: 14 -22.6) of the pregnant women had GBS colonization. Out of
292 screened newborns, 22 (7.5%)(95% CI: 4.9 -10.6) harbored GBS on their body surface
(Figure 2).

The overall proportion of vertical transmission of GBS from the colonized pregnant women
to their newborn was 22/54 (40.7%) (95% ClI: 22.8 -57.4) (Figure 3).
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Figure 2: Prevalence of GBS colonization among preganant women and their newborns in
FHCSH and BDHC, Bahir Dar, 2021
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Figure 3: Proportion of vertical transmission of GBS from colonized mothers to their
newborns in FHCSH and BDHC, Bahir Dar, 2021

5.4 Obstetric characteristics and GBS colonization among pregnant women
Among 292 pregnant women participated in this study, 28 (9.6%) delivered before 37 weeks
of gestation. Majorities (84.9%) of pregnant women had > 4 times history of ANC visit and
those with primigravida accounted 28.8% of the participants. Most of the pregnant women
(91.1%) had history of hormonal contraceptive use and 12.3%, 6.2% and 1% of them had
history of abortion, still birth and neonatal death, respectively (Table 3).

27



In terms of HIV status, 6 (2.1%) of pregnant women were HIV positive. Majority of the

pregnant women (66.4%) delivered within 12 hours of the start of labor. Of the total

participants, 8.2% and 11.3% of them had experienced PROM and meconium stained

amniotic fluid during delivery (Table 3).

The percentage of GBS colonization was higher among pregnant women who had: < 37

weeks of gestational age (39.3%), multigravida (19.7%), history of abortion (25%), history of
still birth (38.9%), HIV infection (33.3%), membrane rupture before the start of labor (29%)
and meconium stained amniotic fluid (30.3%) than their counter parts (Table 3).

Table 3: Obstetric characteristics and GBS colonization among pregnant women in FHCSH

and BDHC, Bahir Dar, 2021

Variables Number of pregnant GBS culture
women positives
N (%) N (%)

Gestational age (weeks)

<37 28 (9.6) 11 (39.3)

> 37 264 (90.4) 43 (16.3)

Number of ANC visits at current pregnancy

<4 44 (15.1) 9 (20.4)

>4 248 (84.9) 45 (18.1)

Gravidity

Primigravida 84 (28.8) 13 (15.5)

Multigravida 208 (71.2) 41 (19.7)

History of hormonal contraceptive use

Yes 266 (91.1) 48 (18)

No 26 (8.9) 6 (23)

History of abortion

Yes 36 (12.3) 9 (25)

No 256 (87.7) 45 (17.6)

History of still birth

Yes 18 (6.2) 7 (38.9)

No 274 (93.8) 47 (17.1)

History of neonatal death

Yes 3(2) 1(33.3)

No 289 (99) 53 (18.3)

History of UTI during current pregnancy

Yes 20 (6.8) 5 (25)

No 272 (93.2) 49 (18)

History of STI during current pregnancy

Yes 5(.7) 1 (20)

No 287 (98.3) 53 (18.5)

History antibiotic use at current pregnancy

Yes 32 (11) 5 (15.6)

No 260 (89) 49 (18.8)
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Chronic illness at current pregnancy
Yes

No

HIV status

Positive

Negative

Premature rapture of membrane
Yes

No

Duration of labor (hours)

<12

>12

Meconium stained amniotic fluid
Yes

No

Total

19 (6.5)
273 (93.5)

6(2.1)
286 (97.9)

24 (8.2)
265 (91.8)

194 (66.4)
98 (33.6)

33 (11.3)
259 (88.7)
292 (100)

4 (21)
50 (18.3)

2 (33.3)
52 (18.2)

7 (29)
47 (17.7)

38 (19.6)
16 (16.3)

10 (30.3)
44 (17)
54 (18.5)

Key: STI: Sexually transmitted infection, UTI: Urinary tract infection, ANC: Ante Natal Care

5.5 Bivariable analysis on factors associated with maternal GBS colonization

On bivariable analysis, age, marital status, educational status, residence and occupation were

not statistically significant with GBS colonization at p=0.05, 95% C.l. However, from the

obstetric and clinical related variables, history of still birth (COR: 3.32, 95% CI: 1.45-7.59)
and pre-term delivery (COR: 3.07, 95% CI: 1.13-8.34) were statistically significant with

maternal GBS colonization (Table 4).

Table 4: Bivariable logistic regression analysis on factors associated with maternal GBS
colonization in FHCSH and BDHC, Bahir Dar, 2021

Variables Maternal GBS COR(95% C.I) P-
colonization value
Positive  Negative
(n=54) (n=238)

Health facility 0.427

Felege Hiwot Comprehensive specialized

hospital 33 159 0.78 (0.42-1.43)

Bahir Dar Health Center 21 79 1

Age of pregnant mothers (years) 0.285

<26 24 125 0.72 (0.39-1.31)

> 26 30 113 1

Residence 0.775

Urban 41 185 0.90 (0.45-1.81)

Rural 13 53 1
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Educational status

No formal education

Grade 1-8

Grade 9-12

College/university

Gestational age at delivery (weeks)
<37

> 37

Number of ANC visits at current
pregnancy

<4

>4

Gravidity

Primigravida

Multigravida

History of hormonal contraceptive use

Yes

No

History of abortion
Yes

No

History of still birth
Yes

No

History of UTI during current pregnancy

Yes

No

History of antibiotic use
Yes

No

Premature rapture of membrane
Yes

No

Duration of labor (hours)
<12

>12

Meconium stained amniotic fluid
Yes

No

Sex of newborn

Male

Female

Birth weight (grams)

< 2500

> 2500

5% minute Apgar score
<7

7-10

20
12
14

11
43

38
16

10
44

27
27

5
49

5
49

25
79
55
79

17
221
35
203

71
167

218
20

27
211

11
227

15
223

27
211

17
221

156
82

25
213

112
126

14
224

9
229

1.80 (0.67-4.80)
1.42 (0.67-3.02)
1.23 (0.52-2.86)
1

3.32 (1.45-7.59)
1
1.16 (0.52-2.58)
1

0.74 (0.37-1.47)
1

0.73 (0.28-1.92)
1

1.56 (0.68-3.54)
1

3.07 (1.13-8.34)
1

1.51 (0.52-4.37)
1

0.79 (0.29-2.17)
1

1.93 (0.76-4.93)
1

1.24 (0.65-2.37)
1

1.93 (0.86-4.31)
1

0.88 (0.49-1.60)
1

1.63 (0.56-4.74)
1

2.59 (0.83-8.08)
1

0.650

0.004*

0.716

0.400

0.530

0.286

0.027*

0.440

0.658

0.166*

0.498

0.106*

0.696

0.368

0.100*

*=candidates for multivariable logistic regression, 1= reference category, COR=Crude Odds
Ratio, ANC=Ante Natal Care, Apgar: appearance, pulse, grimace, activity, respiration
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Multivariable analysis on maternal GBS colonization

From multivariable analysis, pre-term delivery (<37 weeks of gestation) (AOR: 2.7, 95% ClI:
1.14-6.68) and having history of still birth (AOR: 3.1, 95 % CI: 1.13-8.7) were significantly
associated with maternal GBS colonization. The odd of maternal GBS colonization was 3.1
times higher for those mothers having history of still birth when compared to their
counterparts. On the other hand, the likelihood of maternal GBS colonization was 2.7 times
higher for those mothers who delivered at <37 weeks of gestational age than those who
delivered at >37 weeks of gestational age in the current pregnancy (Table 5).

Table 5: Multivariable logistic regression analysis of factors associated with maternal GBS
colonization in FHCSH and BDHC, Bahir Dar, 2021

Variables Maternal GBS AOR (95% C.I) P-
colonization value
Positive  Negative
(N) (N)

Gestational age at delivery

(Weeks) 0.023*

<37 11 17 2.77(1.14-6.68)

> 37 43 221 1

History of still birth 0.028*

Yes 7 11 3.13(1.13-8.70)

No 47 227 1

Premature rapture of

membrane 0.330

Yes 7 17 1.64(0.60-4.48)

No 47 221 1

Meconium stained amniotic

fluid 0.280

Yes 10 25 1.62(0.67-3.92)

No 44 213 1

5% minute Apgar score 0.369

<7 5 9 1.79(0.50-6.39)

7-10 49 229 1

*=significant at p=0.05, 95% C.I, 1= reference category, AOR=Adjusted Odds Ratio, Apgar:
appearance, pulse, grimace, activity, respiration

5.6 Univariable analysis of factors associated with vertical transmission of GBS
From 54 pregnant women with GBS, 22 of the newborns had GBS yielding a vertical
transmission rate of 40.7%. Relatively higher proportion of vertical transmission was
observed among those who delivered at gestational age >37 weeks (46.5%), having history of
abortion (55.6%), multigravidas (46.3%), meconium stained amniotic fluid (50%), and in

those giving female newborns (59.7%) than their counterparts. However, there was no
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statistical significant association between any of the variables tested with vertical

transmission of GBS from colonized mothers to their newborn (Table 6).

Table 6: Univariable analysis of factors associated with vertical transmission of GBS in

FHCSH and BDHC, Bahir Dar, 2021

Variables Transmission of GBS from  P-value
mothers to newborns
Yes No
N (%) N (%)
Health facility
Felege Hiwot Comprehensive
Specialized Hospital 15 (455) 18 (54.5) 0.41
Bahir Dar Health Center 7 (33.3) 14 (66.7)
Age of the mother (years)
<26 10 (41.7) 14 (58.3)
> 26 12 (40) 18 (60) 1.00
Residence
Urban 18 (43.9) 23 (56.1) 0.306
Rural 4 (30.8) 9 (69.2)
Educational status of the mother 0.353*
No formal education 2 (25) 6 (75)
Grade 1-8 10 (50) 10 (50)
Grade 9-12 3 (25) 9 (75)
College/university 7 (50) 7 (50)
Gestational age at delivery (weeks)
<37 2 (18.2) 9 (81.8) 0.084*
> 37 20 (46.5) 23 (53.5)
Number of ANC visit during current pregnancy
<4 2 (22.2) 7(77.8) 0.195*
>4 20 (44.4) 25 (55.6)
Gravidity
Primigravida 3(23.1) 10 (76.9) 0.121*
Multigravida 19 (46.3) 22 (53.7)
History of contraceptive use
Yes 18 (37.5) 30 (62.5) 0.211*
No 4 (66.7) 2 (33.3)
History of abortion
Yes 5 (55.6) 4 (44.4) 0.266*
No 17 (37.8) 28 (62.2)
History of still birth
Yes 3 (42.9) 4 (57.1) 0.606*
No 19 (40.4) 28 (59.6)
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History of UTI at current pregnancy

Yes 2 (40)
No 20 (40.8)
History of antibiotic use at current pregnancy
Yes 2 (40)
No 20 (40.8)
Premature rapture of membrane

Yes 2 (28.6)
No 20 (42.6)
Duration of labor (hours)

<12 15 (39.5)
>12 7 (43.7)
Meconium stained amniotic fluid

Yes 5 (50)
No 17 (38.6)
Sex of newborns

Male 10 (37)
Female 22 (59.5)
Birth weight (grams)

<2500 1(16.7)
> 2500 21 (43.7)
Status of newborns

Alive 22 (42.3)
Dead/stillbirth 0(0)

5% minute Apgar score

<7 2 (40)
7-10 20 (40.8)
Total 22 (40.7)

3 (60)
29 (59.2)

3 (60)
29 (59.2)

5 (71.4)
27 (57.4)

23 (60.5)
9 (56.3)

5 (50)
27 (61.6)

17 (63)
15 (40.5)

5 (83.3)
27 (56.3)

30 (57.7)
2 (100)

3 (60)
29 (59.2)
32 (59.3)

0.676*

0.676*

0.394*

0.772

0.723

0.782

0.207*

0.347*

0.676*

*: Fisher’s exact test
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5.7 Antibiotic susceptibility profile of GBS isolates
Among the 54 identified GBS isolates, 9 (16.7%), 7 (13%) and 4 (7.4%) showed resistance to
penicillin, ampicillin and vancomycin, respectively. Highest resistance was observed against
tetracycline 42 (77.8%) followed by clindamycin 19 (35.2%), erythromycin 14 (25.9%) and
ceftriaxone 12 (22.2%). However, 47 (87%) of the GBS isolates were found sensitive to

chloramphenicol (Table 7).

Table 7: Antimicrobial susceptibility profile of GBS isolates (n: 54) identified from pregnant
women in FHCSH and BDHC, Bahir Dar, 2021

Antibiotics tested Susceptible Intermediate Resistance
N (%) N (%) N (%)
Penicillin 45 (83.3) 0 9 (16.7)
Ampicillin 47 (87) 0 7(13)
Clindamycin 30 (55.6) 5(9.3) 19 (35.2)
Erythromycin 33(61.1) 7 (13) 14 (25.9)
Chloramphenicol 47 (87) 2 (3.7) 5(9.3)
Ceftriaxone 42 (77.8) 0 12 (22.2)
Vancomycin 50 (92.6) 0 4(7.4)
Tetracycline 7 (13) 5(9.3) 42 (77.8)

Multi-drug resistance profile of GBS isolates

Overall, 19 (35.2%) of GBS isolates were found to be MDR (showing resistance to 3 or more
antibiotics from different classes) (Table 8).

Of the 54 GBS isolates, 4 (7.4%) showed susceptibility to all the tested eight antibiotics.
However, 17 (31.5%) and 14 (25.9%) of the isolates showed resistance to 1 and 2 of the
tested antimicrobials, respectively. From MDR isolates, isolates resistance to clindamycin,
erythromycin and tetracycline at a time was the most frequent (52.6%) followed by penicillin,
ampicillin, ceftriaxone and clindamycin (10.5%) and penicillin, ceftriaxone and clindamycin
(10.5%) combinations (Table 9).
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Table 8: Multi-drug resistance profile of GBS isolates isolated from pregnant women in

FHCSH and BDHC, Bahir Dar, 2021

Number of RO R1 R2 R3 R4 MDR
GBSisolates N (%) N (%) N (%) N (%) N (%) N (%)
N=54 4(74) 17(315) 14(25.9) 16(296) 3(5.6) 19(35.2)

Note: RO=Susceptible to all antibiotics tested, R1, R2, R3 and R4= Isolates resistance to 1, 2,

3 and 4 antibiotics taken from different classes, respectively, MDR= Multi-drug Resistance

Table 9: Profile of antibiotics combination resisted by MDR GBS isolated from pregnant
women in FHCSH and BDHC, Bahir Dar, 2021

Antibiotic combination Number of Frequency
antibiotic classes N (%)

Penicillin, ampicillin, ceftriaxone, 3 2 (10.5)

clindamycin

Penicillin, ceftriaxone, clindamycin 3 2 (10.5)

Ampicillin, clindamycin, ceftriaxone 3 1(5.3)

Clindamycin, erythromycin, tetracycline 3 10 (52.6)

Chloramphenicol, ceftriaxone, 3 1(5.3)

tetracycline

Penicillin, clindamycin, ceftriaxone, 4 1(5.3)

tetracycline

Ampicillin, ceftriaxone, clindamycin, 4 1(5.3)

tetracycline

Ampicillin, clindamycin, erythromycin, 4 1(5.3)

tetracycline

Total MDR 19 (100%0)
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6. DISCUSSION

The overall prevalence of GBS colonization in pregnant women was 18.5% in the present
study. This prevalence of maternal GBS colonization is concurrent with adjusted estimate of
global GBS maternal colonization prevalence (18%) (Russell et al., 2017a) and pooled
prevalence report in Africa (19.3%) (Gizachew et al., 2019b). Moreover, specific studies
done in Hawassa, Ethiopia (15.7%) (Ali et al., 2019), North Carolina, USA (21.6%)
(Edwards et al., 2019), Jordan (19.5%) (Clouse et al., 2019), and Gabon (19%) (Belard et al.,
2015) reported comparable prevalence of GBS colonization with the current study.

The prevailing prevalence of GBS colonization is lower than previous studies conducted in
Gondar (25.5%) and Addis Ababa (23.2% and 23.6%), Ethiopia (Ali et al., 2020b, Fantahun
et al., 2020, Gizachew et al., 2019a), South Africa (48.2%) (Lekala et al., 2015), Gambia
(33.7%) (Le Doare et al., 2016), Uganda (28.8%) (Namugongo et al., 2016), Egypt (26.5%)
(Sadaka et al., 2018), United Kingdom (29.4%) (Rao et al., 2017) and Virginia, USA (35%)
(Kum-Nji et al.,, 2020). On the other hand, the present finding is higher than studies
conducted in other parts of Ethiopia ((Addis Ababa (7.5%) (Woldu et al., 2014), Mekelle
(13.7%) (Alemseged et al., 2015), Adigrat (11.3%) (Gebremeskel et al., 2015), Adama
(13.2%) (Ali et al., 2020a), Nekemte (12.2%) (Mengist et al., 2017), Arbaminch (8.5%)
(Shiferawu et al., 2019)), Kenya (12%) (Seale et al., 2016) and China (6.1%) (Chen et al.,
2018a). The difference in the percentage of GBS colonization between the current study and
previous reports might be strongly linked with variation in microbiological protocols used to
isolate and identify GBS, site and composition of specimens, its transportation and storage
conditions. Moreover, geographical variation and time of screening in pregnancy might

contribute for such variations.

In this study, 22 out of 292 newborns (7.5%) were found colonized with GBS. This finding
was in line with studies conducted in Bangladesh (7.4) (Saha et al., 2017) and Nigeria (6.8%)
(Elikwu et al., 2016). Different from this study, higher colonization prevalence was reported
in studies from Gondar, Ethiopia (16.1) (Gizachew et al., 2018), Gambia (12%) (Roca et al.,
2017), South Africa (15.7%) (Madzivhandila et al., 2011) and France (13.9%) (Jost et al.,
2014). However, this result was higher when compared with results from Saudi Arabia
(1.0%) (Al-Sunaidi et al., 2011) and India (3.2%) (Shah et al., 2014). The discrepancies
between the studies might be due to difference in sites of newborns swabbed, presence or
absence of provision of IAP and geographical variability in prevalence of maternal GBS

colonization.
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In this study, the percentage of vertical transmission of GBS from colonized mothers to their
newborns was 40.7%. This is in line with studies conducted in Addis Ababa, Ethiopia
(47.4% and 49.2%) (Ali et al., 2020b, Fantahun et al., 2020), Harar, Ethiopia (45.02%)
(YYadeta et al., 2018a) and Bangladesh (38%) (Saha et al., 2017). However, the present result
is lower than studies conducted in Gondar, Ethiopia (63.3%) (Gizachew et al., 2020),
Hawassa, Ethiopia (59.1%) (Ali et al., 2019), Gambia (57.7%) (Le Doare et al., 2016) and
India (65%) (Sridhar Santhanam et al., 2017). On the other hand, lower percentage of
vertical transmission of GBS have been reported in China (7.6% and 14.1%) (Chen et al.,
2018a, Chen et al., 2018b) and Germany (11.2%) (Kunze et al., 2011). The observed
differences between studies in the percentage of GBS transmission from mothers to newborns
might be due to differences in the clinical profile of mothers, sample size, sample source
and its composition, methods employed for GBS detection, time of sample collection (soon
after birth or later), presence or absence of the IAP administration, and density of vaginal

GBS colonization.

Knowledge of risk factors and reducing risk is one of the most important mechanism in
prevention of maternal GBS colonization and neonatal GBS disease is a priority in resource
limited countries like Ethiopia where routine ante partum screening of GBS is lacked. In the
present study, preterm delivery is one of the factors significantly associated with maternal
GBS colonization. This is in agreement with a study from Jima, Ethiopia (Girma et al., 2020),
South Africa (Lekala et al., 2015) and India (Ashary et al., 2020). This is because vaginal
colonization of pregnant mothers results ascending infection and inflammation,
chorioamnionitis and preterm premature rapture of membrane which will in turn causes

preterm delivery (Surve et al., 2016).

The present study also find out that maternal GBS colonization was significantly associated
with having history of still birth. This finding is in line with a study from Harar, Ethiopia
(YYadeta et al., 2018a) and Gambia (Le Doare et al., 2016). This is because still birth can be
resulted from the GBS cytolysis breach of feto-maternal barrier as a result of ascending

infection from the recto vaginal colonization (Randis et al., 2014).

In this study GBS isolates revealed considerable level of resistance to the commonly
prescribed antibiotics such as penicillin (16.7%), ampicillin (13%) and vancomycin (7.4%).
Similarly, previous studies in Gondar and Addis Ababa, Ethiopia showed a respective
10.2%, 9.2%, 16.3% (Gizachew et al., 2019a) and 19.5%, 14.6%, 17% (Assefa, 2014),

37



resistance to penicillin, ampicillin and vancomycin. However, the 2020 CLSI guideline
reported negligible GBS resistance to the above tested antibiotics (CLSI, 2020). Moreover,
studies from other parts of Ethiopia ((Jimma (Girma et al., 2020), Adigrat (Gebremeskel et
al., 2015), Arbaminch (Shiferawu et al., 2019)), Egypt (Sadaka et al., 2018), Saudi Arabia
(Khan et al., 2015), Brazil (Melo et al., 2016) and China (Ji et al., 2017), reported the
absence of GBS resistance to the above antibiotics. However, 77.3% of GBS isolates were
resistant to penicillin in a study from Nekemte, Ethiopia (Mengist et al., 2017), and 57.7%
and 54.3% of GBS isolates were resistant to penicillin and ampicillin, respectively in a study
from Addis Ababa, Ethiopia (Fantahun et al., 2020). The widespread empirical use of these
antibiotics for the treatment of different infectious diseases might contribute for the
emergence of GBS resistance strains to these antibiotics in the area.

In the present study, 22.2% of GBS isolates showed resistance to ceftriaxone, a result which
is parallel with studies conducted in Nekemte, Ethiopia (31.8%) (Mengist et al., 2017) and
Arbaminch, Ethiopia (29.2%) (Shiferawu et al., 2019) but contradicts with a study from
Egypt (Sadaka et al., 2018), China (Ji et al., 2017) and Brazil (Melo et al., 2016) that
revealed no resistance to this antibiotic. Differences in bacterial strain, practice of
prophylaxis, number of isolates tested, drug control policies and awareness of the community
towards drug resistance might be the possible reasons for the observed difference between
these studies. On the other hand, the wide spread use of ceftriaxone for the treatment of
various infections coupled with free accessibility to purchase without prescription might be

linked for the observed GBS resistance in the present study.

In this study, GBS isolates revealed 35.2% and 25.9% of resistance to clindamycin and
erythromycin, respectively. This result is partly consistent with studies from Gondar
(Gizachew et al., 2019a), Nekemte (Mengist et al., 2017), Arbaminch (Shiferawu et al.,
2019) and Jimma (Girma et al., 2020), Ethiopia which showed a respective resistance profile
of 21.4%, 18.2%, 29.2% and 40.9% for clindamycin and 26.5%, 22.6%, 20.8% and 50% for
erythromycin. Similarly, 22.6% resistance against erythromycin was reported in Egypt
(Sadaka et al., 2018) and 52.4% resistance to clindamycin in China (Ji et al., 2017). The
significant level of resistance to these antibiotics might be due to unregulated extended use of
these antibiotics for various infections and it strongly supports the ACOG recommendation
that states AST should be performed for these antibiotics before using as a prophylaxis in the
intra partum period (ACOG, 2020).
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Group B streptococci isolates in this study showed a better susceptibility to chloramphenicol
(87%), though; it is not recommended for prophylaxis in pregnant women due to its adverse
effect during pregnancy. However, most of the GBS isolates (77.8%) were found resistance
to tetracycline in the present study. This high proportion of resistance to tetracycline in the
present study is consistent with a pooled estimate of tetracycline resistance in Africa (82.6%)
(Gizachew et al., 2019b), and studies from Gondar, Ethiopia (73.4%) (Gizachew et al.,
2019a) and Addis Ababa, Ethiopia (90.2%) (Assefa, 2014). Similar to these reports, a
systematic review by Hayes et.al also showed that >80% of GBS isolates were resistant to
tetracycline (Hayes et al., 2020). The high percentage of GBS isolates resistance to
tetracycline in the present study combined with others indicate that this antibiotic could no

longer be used for either treatment or as a prophylaxis for this isolate.

In the present study, 35.2% of the GBS isolates were found MDR. This finding is in line with
a report from Addis Ababa, Ethiopia (43.9%) (Assefa, 2014) whereas higher than studies
from Arbaminch (8.3%), Ethiopia (Shiferawu et al., 2019) and Mekelle (10.5%), Ethiopia
(Alemseged et al., 2015). On the other hand, the present study MDR report is lower than
findings from Nekemte, Ethiopia where 100% of the isolates were MDR (Mengist et al.,
2017) and in China where 79.7% of the GBS isolates were MDR (Gao et al., 2018). Majority
of the MDR profile observed in our study was covered by resistance to the antibiotics
tetracycline, clindamycin and erythromycin. This can be due to an increasing trend of
antimicrobial resistance to these antibiotics through time and this can be supported by a study
finding in France that showed MDR GBS isolates exhibiting resistance to tetracycline,
macrolides and lincosamides showed an increase from 0% in 2007 to 14% in 2019 (Plainvert
et al., 2020).
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7. LIMITATION OF THE STUDY

This study uses a cross-sectional study design which has a “chicken or egg dilemma” and this
makes establishing a cause and effect relationship between the dependent and the
independent variables difficult. In addition, this study uses a non-probability sampling
technique (convenient sampling technique) which is a weaker sampling technique compared
to the probability sampling techniques since it may have sampling error. Lastly, this study
does not include a method for detection of non-hemolytic GBS strains due to inaccessibility
of serologic tests.
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8. CONCLUSION AND RECOMMENDATIONS
This study documented high prevalence of GBS colonization among pregnant women and
high proportion of its transmission to newborns. Pre-term delivery and history of still birth
are identified factors associated with maternal GBS colonization. Resistance of GBS isolates
to the commonly used antibiotics coupled with MDR is becoming a major concern in the
study area. Therefore, screening of all pregnant mothers for GBS colonization at 36 0/7 to 37
6/7 weeks of gestation followed by providing antibiotic prophylaxis to GBS carriers are
recommended. Administration of antibiotics for prophylaxis or treatment of GBS should be
guided by susceptibility testing. Further studies focusing on outcome of newborns colonized

with GBS are required in the study area and other parts of Ethiopia.
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10. ANNEXES

Annex I: Information sheet for pregnant women

English version

Introduction

My name is Yasab Leykun and | am MSc student of Bahir Dar University, College of
Medicine and Health Sciences Department of Laboratory Sciences. | am doing a research
entitled “prevalence, vertical transmission, and antimicrobial susceptibility profile of Group
B Streptococci isolates among pregnant women at selected public health facilities of Bahir
Dar city”. Currently Group B streptococci have a great burden on pregnant woman as
different studies indicate. So, this study will indicate burden and their antimicrobial
susceptibility profile of Group B streptococci at Bahir Dar city public health facilities and it
will help the physicians to treat based on culture results.

Purpose of the study

The objective of this research is to study the colonization prevalence of Group B streptococci
and its rate of vertical transmission and antimicrobial susceptibility pattern among pregnant
women at Bahir Dar city public health facilities. If you agree to participate in the study, you
will give us the necessary information and recto-vaginal swab sample will be collected from

you for laboratory analysis.
Confidentiality

All the data obtained will be kept strictly confidential and locking the data, only study
personnel will have access to the files. Anonymous testing will be undertaken, that means
samples will be coded and positive results will not be identified by names. There will not be
any payment or direct benefit for participating and you are not asked to pay for the laboratory
examination. Your result will be reported back to the physicians if it is found significant for

further diagnosis and treatment.
Right to decline participation or withdraw from the study

Your participation in this study is purely voluntary, and you may stop the participation at any

time or you may refuse to answer some of the questions if you feel uncomfortable. You are
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free to refuse to participate in the study or you can withdraw your consent at any time,
without giving reasons and this will not involve any penalty or loss of benefits to which you
are entitled such as proper care and treatment. Your access to treatment will not be dependent
on your participation in the study. If you are not comfortable please feel free to stop it at any
level of the study.

| appreciate your cooperation greatly. If you have questions regarding this study or would
like to be informed of the results after its completion, please contact me through the

following address.

Ambharic version
AMPAL /5
ane, P

N2 PAN ARNRY ANAAL: PNUC BC RLNCAL PANGTZ ALTN PTIRUCT N&EA PAIN+CN
&9 +a¢ 1% NAR AAT PGroup B streptococci NTEAM-C ATHT AL PAMT POCERT
MMy AMDOP 5T+ APNYL N 10 Group B streptococci N1&AM-C AT$T AT NTLMAS
U99F AL P+HAPLR FCFT APAEM £4PA: RU »FTF NNUC 8C 18N M-C AT$T : PGroup
B streptococci PNCsF daPM7Y aRAPT A8 U9° ML T MAS. U995+ PAR+AAG APM7 AT
Ne+Fm ame ULt Amé ATLMTFA AMaRAnt AUT UIS AYha> yaeayyy Adqpge
PaRPIH ALY NtenTILT +LPHIT PAFMT FICTF ATIMSP AT PAR&th OCIRE
ATRMNE ATRAPANT T,

PGk AAT:- PHU D5 AATY PGroup B streptococci N1&AM-C ATHT AL PAMT NCop-TF

MMY: ML TMMAS. Y95t PaR+AAE AOMY AT8 9P PAREY1F ARAMDE AMDBAN AS
AMDP @ ACNP NG+ AMA+E £PLE NUF AMTF PALPALATIRT NNATP AL
qarmqq AT8.U-9° ADG+ PR PALAT /5P BAMA:
PAR/Em MADELR ALLH:- PTLAMT OLE TAMLRIE P+MNP 10+ NNTD ALREIT°

PHU NE &F N4.LA +SAR PP AUT PHLPLAT AD NF 24T MPF LFAAN:
NHU DT NM@OM- HINPTF ML PUTMT O-MFT AL NI° ML AA PACNPT M1+
PR IAR OBZE ARSCIR: NIRLARL. PR TM-9° MMt MEIE AA OP/E ATy ADANFFO-
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ANAT APRPAAIACAPY P TNNNM PUNTRT NACPT AT MmG+T AT PhY8.F NAT- PP
AT8U9® MG+ A-9RNCT MmN aehedrt AT nhtt+AT ehaat ANAT NF
LIAA=NIPTO+HC AL PA AOZEPF PAMLRIFTFD P+MANP AT NPT P
a/EPFIR LUTIE NTAMNP NF POR@ALT PHLPLAT N NF ALLTFMD AT TA +2C7
EMNPAzRME TTE TPLARE P PNLATD NPT AT UNTPT NNLATR AUN A LMk
LAMPA:

NP5+ A®A+E LPLF AATUY MLI° MA+§ hEa4 NBA ZNT PTMI9IAA

Mtz NDG+ PAA+EF £PLT NUF NF 10 NAHU PA+E AATRA+& hBRG N7A
m&/m MR ADAPAN PALL AT mPe NPT £ALE AT d>A ADNTFP j@-: NG+
MA+E AAMA+TE ATA%T AL JOTIIR ARYTT M&IRIR (PY 18 ARP/M-9Rx1HOTY
MAPF AL LI AATNNET NAN ATPASITAL::

Annex I1: Consent Form for pregnant women
English version

| have been informed about the study's objective entitled *“prevalence, rate of vertical
transmission and antimicrobial susceptibility profile of Group B streptococci among
pregnant women at Bahir Dar City Health facilities." | am also informed that all
information contained within the questionnaire is to be kept confidential. Moreover, | have
been well informed of my right to refuse information, decline to cooperate and drop out of
the study if |1 want, and none of my actions will have any bearing at all on my overall health
care. Therefore, | agree to give the complete necessary information and vaginal swab sample
for laboratory analysis with a full understanding of the situation. I have had the opportunity to
ask questions about the project and received clarification to my satisfaction in a language |
understand. | am also told that Group B streptococci results will be given to the health facility
and that | may ask for the information if | want. This questionnaire and sample collection is
designed for the purpose of the research study. This questionnaire and sample collection's
main objective is to study prevalence, rate of vertical transmission and antimicrobial
susceptibility profile of Group B streptococci among pregnant women used for partial
fulfillment of MSC in Medical Microbiology. Whatever information you provide will be kept

strictly confidential. The success of the study depends on your real responses to the questions.
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Please listen carefully and respond to the questions honestly. The questionnaires spend out

above 20 minutes.

| have read this form, or the form has been read to me in the language | understand, and I

have understood the conditions stated above. | am willing to participate in this study.

I hereby give my consent for giving of the

requested information and specimen for this study. Participant code:

Signature: Date:

Thank you very much for your cooperation!!

Ambharic version

am/Emy NEAN THRGT AAT PA9TE a>x ddNt AT18A% A% NU1T NINT 7%
NA+T1Z% NN HLeFAL: NARUPRR AHU  »9F PAPNLATRT NNAT AL
PAOLMALMTT TA™GG ATEUT° AT+ PR PNLAT ARLEPFY ACRAPHU MG+ AATY PGroup
B streptococci NY&AM-C ATHF AL PAMTY NCet aPMTT AT8 U9 MLMMAS U5+
PADHAAG &MTF AT POREY Y} ADAMDE AMDGAN MY +Z&FAU: NHY BT+ PUAgD
m/EPF LUYIT PtMNe MPRITNMG+H NLAN 1H POMT ATLIPTFAT NMRM
ATeT NUATRT ATFA AR 9RI9° ALY FOC ATRMELLCANTET PHU »FF mumt
APNTFA ATLMAMT BUYIHR N+MNP Ui ATRM$PaDMm A8 UAI° Mt dop S5
LY ATARAU:

Annex I11: Information sheet for parents of newborn
English version

You are invited to let your child participate in this study. The aim of this study is to
determine the rate of vertical transmission of Group B Streptococcus at public health
facilities of Bahir Dar city and to give recommendation to concerned bodies so as to take
appropriate measures to prevent this disease. Group B Streptococcus is recognized as a major

cause of disease among newborn in different parts of the world.
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Purpose: the purpose of this study is to determine rate of vertical transmission of Group B

streptococci to newborns

Procedure to be carried out: the procedure is easy and simple; ear, nasal and umbilical
swab sample will be collected by attending midwifes. All samples will be transported to

Laboratory for analysis.

Risk and discomfort: There will be no discomfort during collection of samples since

samples are taken from external surface of the newborn.

Expected benefits: The information gained from yours and others child will help to consider
prevention strategy for vertical transmission and neonatal disease caused by GBS in Ethiopia,

if your baby is positive for GBS appropriate medical care will be provided to him.

Confidentiality: We respect your child‘s privacy and confidentiality. Any information that
identifies your child will not be shared with anyone else outside the study team. If a research
article or publication comes from this study, your child will not be identified by name. The
information we collect from your child as part of the study will be kept in a locked file
cabinet, or be protected by a password on the computer only accessible to personnel involved

in the study.

Voluntary Participation and Withdrawal from the Study: The participation is completely
voluntary and you have the right not to late your child to participate in this study. You can
stop your child participating in the study at any time after giving your consent. This decision
will not affect in any way yours or your child‘s current or future medical care in the health

facility.

Contact information: If you have any questions about this study you can contact the
investigator with the following address. Yasab Leykun: Tel; 0912951583

Ambharic version

Pa/B $RX A+MAS. URST MAST

NHU M5+ AR AT8.PATE +INHPA: PHU mTF PT AATY 94T N, ANTSLTEhNA
PNA NAECP PADY N ATT ML AP PACHAAG AOMTY ATHIMSP M- 17890 ANLA LD
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PaDhANP ACIRE ATRMAL ATMANtT® AhA ATADS 1D 94T N, ANFSTHhNN
N+tAPR PAATITT N&EAT AR PT PURTF URIR A9Rch, ATEUY FO-$PA\=:

AAD: PHU mTF AATY 94T N, ANTLTThNhA PARLNAD +PUNLT PAMLT N ATT DL A
PADHAAG OOMTG ATHDP TM-::

PANGC Ui AHU m9F PMMALM §0™F NdAA dRY7L PARPGMY yM-= §4D-g
PO MALM NG B NAGTER AT NATNCT IC 10

P PAHNTAD ALJ: §O™GMm, PO MALM hamgm® PANA A&A NALT PARPANTAM.
TeC PAgR::

P PN TM MmPIe: LU NACH AZ AT N AAT AET PO97% dolB mPLF 94T N
ANVFSTENNA PARLY NAGTT ML AB PADHAAE 0D AORPIN A PARADMMY PUKST
yange eannANP HE Y ATHAN £MPTHA:

MADLRIF: PARTYT TADC ATNNLAT: ARTY P PabAnt: @3Fmyge ao/®
N+aRLaLPT NA+HPC ATITTR +HAAR AEAMITE: NHY MTF NAEYTF AL Paq F+gR 19(
NA ABTF NATD AEM$PNIE= NABT P+7T MIFMID aOLE AmT AR LEAFNFA DL TIP
NMAMDC €PC hPT+C MND LPaMA: BUTT ARZE M9 TF P9 FAF NIPCIPS IC
DPRAYE PATO. APT NF TF M

NE.$LH1TF PAPA+E AT NGk NAMEZM: NHU MGF MDA+E a-A Na4 N4 LT
AR P+@ALt Y0 ABPFY PATIATE MONT AAPT: NAYITD-I° <, PABPEY Pgt
+AFLIT PATRIRYET $619° L™ NBATR NPT Tglm LFAA: 2UYT NAPMAAP
NAEPT IC AT POQPITHT9R P MLLT PARLPTITFT PMS ATAIAF NIRTII° ARYF
AN ARNTIIATR:

AL A RUTT mTF N+ARANT M P NAPT NN+AD AL A +004T4MT NADMPP
HCHC TNECP M TH LFAN: PAN ARNT NAN €1 (C-0912951583

Annex 1V: Consent form for Parents of new born

English version
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Serial no

Card no

Name of study participant:

| have been requested to let my child participate in this study which involves collection of
specimen from my child. The purpose of the study and sample collection procedure has been
explained to me. | have also read the information sheet (or it has been read to me); | have
understood that this study is about rate of vertical transmission Group B streptococci which is
one of leading cause of morbidity and mortality among newborn in the world. | have asked
some questions and clarification has been given to me. | have given my consent on behalf of
my child to let him participate in the study and | hereby confirm my agreement with my

signature.

Amharic version
PATRIRTF 2 ADMABT

tdé *MC

PhCE &mC

NHU »FF ALY AT8A+& AT NAE §0™F A180NENT +INHAD: PHU DTF ANLALTT
KT PGa-GCAMANS. +NECPATA: PARZE $R.I9° ATNNPAD MRTTR +1NAFA: BU MG+t
9T N ANFSTEhNN PAMYT NATE ML AF POD+AAE dPM7Y  ATIDE ATLLPY9°
T EFADE LU NNECP NAATR AR PS PURST UADID A9Dgn ARG 782 ATLLPI9D
FITHNPAD= A7878 PA+ZSUTY 11C MBE MNSGCP +ATETA=: NHU BT AL
AT18N+TE &PLE APLT NLCTIR ALITMAL:
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Annex V: Questionnaire

English version

Participant study 1D

Name of health facility

Participant card number

Address: Region _ sub city kebele Phone
1. | Age (in years)
2. | What is your marital status Single
Married
Divorced
Widowed
3. | Where is your residence Urban
Rural

4. | What is your educational status

Unable to read and write
Elementary (1-8)

Secondary (9-12)

High grade (College and University)

5. | What is your occupation

Civil servant

Student

Farmer

House wife
Merchant(business women)

Daily laborer

6. Gestational age
7. Number of ANC visits
8. Gravidity Primigravida
Multigravida
9. History of hormonal contraceptive use | Yes
No
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10. History of still birth or neonatal loss Yes
No
11. History of abortion in previous | Yes
pregnancies No
12. History of neonatal death Yes
No
13. History of UTI during current | Yes
pregnancy No
14. History of STI during current | Yes
pregnancy No
15. History of antibiotic use during current | Yes
pregnancy No
16. History of chronic illness during | Yes
current pregnancy No
17. HIV status of the mother Positive
Negative
18. Rupture of membrane 1 h. before the | Yes
start of labor(PROM) No
19. Duration of labor o
20. Fever during labor Yes
No
21. Meconium stained amniotic fluid Yes
No
22. Sex of newborn Male
Female
23. Birth weight _
24. Status of newborn Alive
Dead(still birth)
25. APGAR score at 1% minute <7

7-10
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Ambharic version of questionnaire

P+AFLPTF AOAL NE

PMG +Pao- fgo P+AFL NCE PC
+.¢
AEA-NAA: A&A N+an; PNA: N..$.
1. Agag
£AINTF
£1n+
2. PINF U
AN PL T
N4 eqe+n+
n+ag
3. L0 W e N
1MC
PTIRUCT B8 @IN AT AR9& PARFF4
1-8
4,
9-12
hAE/RLNCH
ANt At E
+a9¢
ACH R2C
5. Ne
PN+ AdPNF
PNLHIN AF(PIA Ne-)
PPy Nete
6. PACIHT . AL TR (NATRYT)
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NHYU ACTTHT AFF 1H 164 M-C ATHFTA AZCTAA

N3+ ACTTHTA 70 pangan/p
0 >2
NHU Nt POA L aP@&mMe P M, 1NC AP
! PAgD
NHU N&F % P+OAL UFT AIMIPR POLPA AP
" PAgD
NHU N&F CE AIDIPT POLPA AP
. PAgD
NHU N&F PanA U9 o AIMARR PO PA AP
12' PAgD
NHU ACTIHT @%F PATF RN AT14NAT F0PN FOEPAN AP
i PAgD
NHU ACIHT 0% NTNL NI 1TFF Pa+AAE NAF AANT | AP
14. +NAR F0PAR
PAgD
NHU AZTHT @PF POL-+PUNLT YT MNLR FM.€PAR | AP
" PAgD
NHU ACTIHT @PF PANPL MEIR PLID 4% UaRge AANR | AP
16. AR F0b PAT
PAgD
PATHEP PHIV MMyt 7HEA
17. .
13t
gomp hangang. 1 A9+ N4+ PATACT MY aR&AN AP
o PAgD
19. PIOR ACHM
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a-n7PgR P+bAPANT PATACT MY AP
20.
PAgP
N+mALNT 18 Fnnt AP
21.
PAgP
PU9F 83 m7e
22.
1%
23. PU9TF NNLTF -
P+mALM U9 Us s NULPT P+mAL
24,
qo$ P+mAL
25 P 55m, L+ APGAR MM+ <7
' 7-10

HPTT APF ALCIM. NATNNGT ATTRATTAT::

PG+ an/Z8 ANAN, N9P:
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Annex VI: Laboratory procedures

A. Sample Collection, Handling and Transport

1. Objective and Scope: To describe the specimen collection instructions and subsequent
handling of specimens by researcher for culture of GBS. This document contains standard
operating procedures (SOPs) for clinical specimens containing GBS from the recto
vaginal swab from the mother and from ear, nasal and umbilical swabs from the neonate
for processing at Bahir Dar University Microbiology Laboratory.

2. Specimen Collection

An adequate specimen is essential for the success of GBS culture. Specimens have to be
collected with the utmost care and go to the laboratory promptly. Culture-based screening for
the pregnant mother from recto-vaginal swab and for the newborn from ear, nasal and

umbilical swab at the point of delivery was taken and investigated for GBS.

According to ACOG Committee opinion 2019 guideline and ASM 2020 recommendations, a
single swab sample was taken first from vagina followed by rectal area of the mother.
Without using a speculum, specimen was collected first from the vagina (near the introitus)
by inserting the swab about two centimeters and then from the rectum by inserting the same
swab one centimeter through the anal sphincter. Swab sample was also taken from the ear,
nasal and umbilical area of the newborn using sterile cotton swab at point of delivery in

Health facilities, Bahir Dar, Ethiopia, from March 1 to May 30, 2021 by attending midwives.
3. Transport of specimen to Bahir Dar University Microbiology Laboratory

Recto-vaginal swabs of the mother and nasal, ear and umbilical swabs of the newborn was
placed in Amies transport media and immediately transported to the Microbiology
Laboratory of Bahir Dar University for culture. If delay was unavoidable the specimens were
refrigerated at 4 °C for 24 hrs.

B. Specimen Processing

i. Culture
Procedure:

1. The recto-vaginal swab and ear, nasal and umbilical swab was placed into 2 ml THB
supplemented with gentamicin (8ug/ml) and nalidixic acid (15ug/ml) to prevent

growth of contaminants.
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2. The broth was incubated for 18-24 hours at 35-37°C

3. Then, if there is growth sample was inoculated into 5% sheep blood agar.

4. Incubated in a humid environment of air containing 5 % CO> and examined the plates
after 18-24 hrs of incubation. But, if no growth in first 24 hrs, incubated for a
minimum of 48 hrs before discarding the plates.

5. Presumptive diagnosis was made by performing Gram stain, catalase, bacitracin test
and CAMP test.

6. Antimicrobial susceptibility testing was performed for GBS isolated according to
CLSI guideline 2020.

ii.  Gramstain
Purpose: This procedure provides instructions to perform gram stain.

Principle: Gram positive bacteria have thick mesh-like cell wall made of peptidoglycan (50-
90% of cell wall) which stains purple while Gram-negative bacteria have a thinner layer

(10% of cell wall),which stains pink.

Clinical Utility: The gram stain is used to classify bacteria on the basis of their forms, size,
cellular morphology, and gram reactions. It is a critical test for rapid presumptive diagnosis.

Materials/reagents

Reagents Supplies

e Crystal violet e Disposable plastic loops
e Lugol’s iodine e Glass microscope slides
e Acetone alcohol e Absolute methanol

e Safranin

Quiality control:

e Gram positive: S. aureus

e Gram negative: E. coli
Procedure:

1. A glass microscope slide was labeled with the laboratory accession number.
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2.

Swab sample was rolled gently across the slide surface, covering the area of the size

of a quarter.

-For those samples taken from colony, one drop of saline on a slide was placed and

picked one colony using loop and was mixed with saline on the slide.

3.

© N o o &

10.
11.

12.

>
>

Air dried smears was fixed with methanol; slides were drained and allowed to dry
before staining.

The prepared slide were flooded with crystal violet for one minute

The slides were rinsed gently with tap water

The slides were flooded with Gram’s iodine for one minute

The slides were rinsed gently with tap water

The slides were decolorized by acetone-alcohol for 5 seconds and rinsed with tap
water.

The slides were flooded with Safranin for one minute

The slides were rinsed gently with tap water

The slides were drained in an upright position. The slide were blotted and placed on a
slide warmer or heating block to completely dry.

Smears were Scanned 20-40 fields using oil immersion.

Result interpretation:

Gram-positive if bacteria stained blue to purple.
Gram-negative if bacteria stained pink to red.
Catalase test (3%H202)

Purpose: This procedure provides instructions to perform catalase test.

Principle: Catalase is an enzyme which acts as a catalyst in the breakdown of hydrogen
peroxide to oxygen and water.

Clinical utility: This test is used to differentiate those bacteria that produce the enzyme
catalase such as staphylococci, from non-catalase producing bacteria such as streptococci.
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Materials:

Reagent Supplies
e Testtube
e 3% H;0, e Sterile wooden sticks or glass rod
e Bunsen burner

Quiality control:

= Positive control- S.aureus

= Negative control- S. pyogenes

Procedure:

1. Pour 2-3 ml of the hydrogen peroxide solution into a test tube
2. Using a sterile wooden stick or glass rod remove several colonies of the test organism

& immerse in the hydrogen peroxide solution

3. Look for immediate active bubbling

Result interpretation:

» Active bubbling.......... positive catalase test
> No bubbling.............. negative catalase test.

iv.  Bacitracin test
1. Using an inoculating loop, streak two or three suspect colonies of a pure culture onto

a blood agar plate.
2. Using heated forceps place a bacitracin disk in the first quadrant and gently tap the

disk to ensure adequate contact with the agar surface.
3. Incubate the plate for 18 to 24 hours at 35-37°C in CO> rich atmosphere.

4. Look for a zone of inhibition around the disk

Results interpretation:

» Bacitracin sensitive: Any zone of inhibition around the disk.

> Bacitracin resistant: No zone of inhibition around the disk.
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Quiality control:

= Positive control- S. pyogens
= Negative control- S. agalactiae
v.  Christie, Atkins, and Munch-Peterson (CAMP) Test

The CAMP test has been named after Christie, Atkins, and Munch-Peterson, who described it
in 1944. CAMP test is used for the presumptive identification of GBS (Streptococcus
agalactiae) from other CAMP negative species (Streptococcus pyogenes, Enterococcus
faecalis). It is the only Streptococcus which yields a positive CAMP test. It detects a
diffusible, heat-stable, extracellular protein produced by GBS that enhances the hemolysis of
sheep erythrocytes by Staphylococcus aureus. The CAMP factor acts synergistically with the
B-hemolysin produced by S. aureus. The synergistic reaction results in an enhanced and very
visible zone of hemolysis in the region between the two cultures. A known hemolytic strain
of S. aureus will be streaked in a straight line across the center of the sheep blood agar plate.
Test inoculums will be streaked in a straight line (2-3cms in length) perpendicular to S.
aureus streak but without touching it. A known GBS as a positive control and Enterococcus
faecalis as a negative control was also be streaked similarly. The plate was incubated at 35-37
°C for 18-24 hours. 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 is not GBS.

Purpose: This procedure provides instructions to perform CAMP test

Principle: This is a screening test for the presumptive identification of GBS which requires
the use of a beta-lysin producing strain of S. aureus to detect the CAMP factor, i.e.
extracellular diffusible protein produced by S. agalactiae. This protein interacts with the S.
aureus beta-lysin on sheep blood agar producing enhanced hemolysis.

Clinical Utility: The test is used for the presumptive identification of GBS (Streptococcus
agalactiae) (CAMP positive) from other CAMP negative streptococci (Streptococcus
pyogenes, Enterococcus faecalis).

Materials:

Supplies Equipment

e BAP
e |Incubator
e Cotton swab
e Bunsen burner
e Inoculating loops
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Procedure:

Vi.

Inoculate S. aureus onto a sheep blood agar plate by making a narrow streak down the
center of the plate with a loop.

Streak the test organism (suspected GBS) in a straight-line at right angles to the S.
aureus.

Make the Streptococcus streak within 2 mm without touching the S. aureus streak.
A known GBS as a positive control and E. faecalis as a negative control was also
streaked similarly.

Incubate at 35-37 °C for 18-24 hours.

A positive test for CAMP factor appeared as “arrowhead” hemolysis between the
junction of growth of S.aureus and GBS with the "arrow point" toward the S. aureus
streak. No enhanced zone of beta-hemolysis observed in a CAMP negative reaction.

Antimicrobial susceptibility test

Principle: The antibiotics diffuse in radial manner from the disc and inhibit bacterial growth

around it.

Purpose: This procedure provides instructions to determine the drug susceptibility pattern of

bacteria using Kirby-Bauer disk diffusion method.

Clinical utility: To detect the in vitro relationship between an organism and an antibiotic to

predict the failure or success of therapy in vivo (in patient).

Materials:
Reagent Supplies
e 05 e MHA with 5% sheep blood e Safety cabinet
Mcferland e Normal saline e Bunsen burner
standard e Test tube e Incubator
e Wooden applicator stick with e Measuring ruler
cotton e Candle jar

e Antimicrobial disks
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Procedure:

1. Prepare pure colony suspension into normal saline equivalent to 0.5 McFarland
standards.

2. Inoculate the suspension to entire surface on Muller-Hinton agar with 5% sheep’s
blood using a sterile cotton swab.

3. Antibiotic disks were selected and deposited on the agar according to CLSI 2020
guideline

4. Incubated at 35-37 °C with 5% CO2 atmosphere for 18-24 hours.

5. Measure zone of inhibition and report the result based on CLSI 2020 guideline break

point.
Result interpretation:

Susceptible (S):-The ‘susceptible’ category implies that isolates are inhibited by the usual
achievable concentration of antimicrobial agent when the recommended dosage is used for

the site of infection.

Intermediate (1):-The intermediate category includes isolates with antimicrobial agent MIC
that approach usually attainable blood and tissue levels and for which response rates may be
lower than for susceptible isolates. The intermediate category implies clinical efficacy in
body sites where the drugs are physiologically concentrated or when a higher than normal

dosage of a drug can be used.

Resistance (R):-The resistance category implies that isolates are not inhibited by the usually
achievable concentrations of the agent with normal dosage schedules, and/or that demonstrate
zone diameters that fall in the range where specific microbial resistant mechanisms are likely
and clinical efficacy of the agent against the isolate has not been reliably shown in treatment

studies.

C. Media Preparation
I 5% Sheep blood agar (SBA)
Purpose: This procedure provides instructions how to prepare blood agar media.
Principle: Blood agar base formulation has been used as a base for preparation of blood agar
and to support good growth of a wide variety of fastidious microorganisms. Because it is a
highly nutritious medium it can also be used as a general purpose growth media without

adding blood. The medium contains sodium chloride for the osmotic balance. Blood agar
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bases are relatively free of reducing sugars, which have been reported to adversely influence

the hemolytic reactions of beta-hemolytic streptococci.

Clinical utility: A non-selective medium for the isolation and cultivation of many pathogenic

and non-pathogenic microorganisms like streptococci. The medium is often used to observe

the different form of hemolysis from pathogenic microorganisms.

Materials:
Supplies Equipment
e Balance
¢ Blood agar base powder
e Autoclave

o Weighting paper

e Distilled water

e Spatula

o Sterile sheep blood

Refrigerator
Bunsen burner
Graduated cylinder
Flask

e Test tube
e PH meter

e Autoclave tape

Formula/ Liter Supplements:

To make about 35 blood agar plates:

Blood agarbase.............coooiiiiiiiiiiiiii, 40 g

Distilled Water........ooeeei e, 1000 ml

Defibrinated blood . . .. ..................

Procedure:

veeeee50ml

1. Weight 40 grams of blood agar base powder and suspended in 1000 ml of distilled

water.

I L e

Avoid forming air bubbles.

Mix the medium by boiling until completely dissolved.

Sterilize the medium by autoclaving at 121 °C for 15 minutes.
Cool the agar to 50 °C water bath before adding the sheep blood.
Add 50 ml of sterile defibrinated sheep blood aseptically and mix gently.

Important: The blood must be allowed to warm to room temperature before being added to

the molten agar.
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7. Dispense 12-15 ml of blood agar aseptically in sterile petridish.
8. Allow the medium to solidify and date the medium.
9. Store the plates at 2-8 °C. Preferably in sealed plastic bags to prevent loss of
moisture.
ii. Todd Hewitt Broth (THB)

Intended use: Todd Hewitt Broth is a general-purpose medium, which primarily is used for
the cultivation of beta-hemolytic streptococci, especially for serological studies. THB with
Gentamicin and Nalidixic acid is used for the selective enrichment of GBS (Streptococcus

agalactiae), especially from genital specimens.

Principles: Todd Hewitt Broth is highly nutritious due to its content of peptones, dextrose
and salts. Dextrose stimulates hemolysin production. Sodium phosphate and sodium
carbonate provide buffering action to counteract the acidity produced during fermentation of
dextrose, thereby protecting the hemolysin from inactivation by the acid. Selectivity for GBS
is obtained by the inclusion of gentamicin and nalidixic acid in the medium. Selective
enrichment broths include the advantages of both enrichment and selection by providing

conditions conducive to the growth of GBS while inhibiting the growth of contaminants.
Procedure:

1. dissolve 36.4 grams of THB powder in 1000 ml of distilled water

2. Boil until completely dissolved.

3. Transfer the medium into screw-cap bottles and sterilize (with caps loosened) by
autoclave at 115°C for 10 minutes.

4. Add the gentamicin and nalidixic acid into the medium when cooled and tighten the
bottle caps.

5. Date the medium and give it a batch number. Store the medium at 2-8 OC.

iii. Mueller Hinton Agar (MHA) with 5% Sheep Blood

Purpose: This procedure provides instructions to prepare MHA

Intended Use (Clinical utility): Mueller Hinton Agar is used in antimicrobial susceptibility

testing by the disk diffusion method.

Principles: Beef Extract and Acid Hydrolysate of Casein provide nitrogen, vitamins, carbon,
and amino acids in Mueller Hinton Agar. Starch is added to absorb any toxic metabolites
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produced. Agar is the solidifying agent. A suitable medium is essential for testing the
susceptibility of microorganisms to sulfonamides and trimethoprim. Antagonism to
sulfonamide activity is demonstrated by para-aminobenzoic acid (PABA) and its analogs.
Reduced activity of trimethoprim, resulting in smaller growth inhibition zones and inner
zonal growth, is demonstrated on medium possessing high levels of thymide. The PABA and
thymine/thymidine content of Mueller Hinton Agar are reduced to a minimum, reducing the

inactivation of sulfonamides and trimethoprim.

Materials:

Supplies Equipment

e MHA powder
Balance

e Distilled water
e Flask
e Petridishs

Distilled water

Autoclave

Autoclave tape

e Graduated cylinder

Procedure:

1. Suspend 38 grams of MHA powder and transfer in to a flask containing one liter of
distilled water.

Boil until the medium completely dissolves.

Autoclaved the medium at 121°C for 15 minutes.

Add 5% sheep blood and cool to room temperature.

Date the medium and give it a batch number. Store the medium at 2-8 0C.

Quiality control

vV U o » o N

As quality control, sterility of SBA and MHA with 5% sheep blood was checked by

incubating overnight at 37 °C without specimen inoculation.

» The proficiency of THB was checked by inoculating the broth with known Gram
negative bacteria (Escherichia coli) and known S. agalactiae to see if it can really
inhibit Gram negative bacteria and allow growth of Gram positive bacteria.

» The proficiency of catalase reagent (3 % hydrogen peroxide) was checked by known

S.aureus (positive control) and S. pyogenes (negative control).
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» [For Gram staining reagents S.aureus (ATCC 25923) (gram positive) and E. coli
(ATCC 25922) (gram negative) was used as quality control.

> Before use of any reagents and culture media any physical change like cracks, excess
moisture, color, hemolysis, dehydration, & contamination was assessed and expiration
date was also checked. Temperature of incubator and refrigerator was monitored
daily. E. coli (ATCC 25922), E. faecalis (ATCC 29212), S. aureus (ATCC 25923), S.
pyogenes (ATCC 19615) and S. agalactiae (ATCC 27956) was used as a quality
control throughout the study.
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