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Background: Group B streptococci (GBS) is an important pathogen involved in still
births, neonatal deaths and neurological defects, and the occurrence of multi-drug resis
tance (MDR) is an alarming issue. This study determined the prevalence of GBS 
colonization in pregnant women and newborns, the proportion of vertical transmission, 
antimicrobial susceptibility profiles of isolates, and the factors associated with coloniza
tion and vertical transmission.
Methods: A cross-sectional study was conducted from March 1, 2021 to June 30, 2021, 
at selected health facilities of Bahir Dar city. Vaginal-recto swabs from 292 pregnant 
women and pooled ear, nasal and umbilical swabs from 292 newborns were collected. 
GBS were identified following standard microbiological protocols. Antimicrobial suscept
ibility testing was performed using modified Kirby–Bauer disk diffusion method and 
interpreted by the accepted 2020 CLSI M100 guidelines. Logistic regression analysis was 
computed.
Results: Overall, 54 (18.5%) of pregnant women and 22 (7.5%) of newborns had GBS 
colonization. The proportion of GBS vertical transmission was 22 (40.7%). Group 
B Streptococcus isolates scored susceptibility to penicillin, ampicillin and vancomycin 
with 88.9%, 90.7%, and 96.3% for pregnant women and 86.4%, 90.9% and 95.9% for 
newborns, respectively. A high percentage of non-susceptibility was found for clindamycin 
and erythromycin with 33.3% and 25.9% for pregnant women and 31.8% and 22.7% from 
newborns, respectively. Besides, 19 (35.2%) GBS from pregnant women and 8 (36.4%) from 
newborns were MDR. Group B streptococci colonization was significantly associated with 
delivery before 37th week of gestation (AOR=2.77, 95% CI 1.14–6.68) and history of 
stillbirth (AOR=3.13, 95% CI 1.13–8.70).
Conclusion: Pregnant women vaginal-recto GBS colonization and transmission to new
borns connected with MDR are a matter of concerns. Although non-susceptible GBS isolates 
are obtained, penicillin and vancomycin are relatively effective. The use of clindamycin, 
erythromycin and ceftriaxone should be guided by antimicrobial susceptibility testing. 
Genetic analysis is recommended to exactly identify the epidemiology of GBS strains, 
vertical transmission and antimicrobial resistance at the country level.
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Introduction
Streptococcus agalactiae has originally been differentiated 
from other streptococci and named Group B Streptococcus 
(GBS) by Lancefield in 1930. Group B Streptococcus is 
Gram-positive cocci and facultative anaerobic that forms 
β-hemolytic grayish-white mucoid color colonies of 1– 
3 mm diameter on a blood agar plate.1 It is fastidious, 
catalase-negative, resistant to bacitracin, and is Christie– 
Atkins–Munch–Peterson (CAMP) test positive.1,2

Group B streptococci asymptomatically colonize the 
gastrointestinal and genitourinary tracts of one-third of 
healthy pregnant women.3 They are predominant cause 
of meningitis in newborns and infants below 3 months 
old.4 Group B streptococci cause urinary tract infection 
(UTI), amnionitis, endometritis, and puerperal sepsis dur
ing the gestational and postpartum periods. They also 
result in stillbirth following endometrium and amniotic 
sac infection.5 The sialylated capsular polysaccharide 
(CPS) and β-hemolysin, serine-rich repeat surface glyco
proteins, and surface adhesions are the most critical viru
lence factors of GBS. They contribute to host cell 
adhesion, colonization, invasion, and progression of inva
sive diseases.6,7 The type-specific CPS further divides 
GBS into 10 serotypes. Serotypes Ia, Ib, II, III and 
V accounted for the majority of worldwide GBS diseases.8

Neonates acquire GBS vertically through ascending 
infection of the placental membranes and aspiration of 
infected vaginal fluids during labor.9 Prolonged rupture 
of membrane, prematurity, chorioamnionitis, and previous 
early-onset disease (EOD) are the major risk factors for 
newborn diseases.3 Neonatal diseases can be early-onset 
and late-onset. Early-onset disease occurs within 7 days of 
birth and 90% of it in the first 12 hours of birth.10 

Therefore, the American College of Obstetricians and 
Gynecologists (ACOG) recommended universal screening 
of pregnant women for GBS between 36 0/7 and 37 6/7 
weeks of gestation and provision of intrapartum antibiotic 
prophylaxis (IAP) for vaginal-recto culture positives.11

Earlier reports in the United States of America 
(USA),12 Asia13–15 and Africa,16–18 archived 20% to 
35%, 7.8% to 13.65% and 7.2% to 48.2% of GBS coloni
zation in pregnant women, respectively. Moreover, 11.2%, 
(6.7% and 7.6%) and 45% to 63.3% of vertical transmis
sion of GBS have been found in German,19 Asia20,21 and 
Ethiopia,22–25 respectively.

Globally, GBS is implicated in 205,000 cases of EOD, 
3.5 million preterm births, 57,000 stillbirths, 90,000 infant 

deaths, and more than ten thousand new cases of neuro
developmental defects annually.10,26 Africa shared the 
highest burden of serious neonatal cases, stillbirths, and 
infant deaths.26,27 Ethiopia is one of the high burden 
countries for GBS disease and neonatal deaths.24,28 

Moreover, sepsis is the leading and second causes of 
neonatal admission and neonatal deaths, respectively, in 
the study area.29

Intrapartum antibiotic prophylaxis is indicated for all 
GBS carriers before 4 hours of vaginal delivery.11 

Penicillin and ampicillin remain effective in preventing 
EOD during labor. First-generation cephalosporins and 
clindamycin are recommended for women who have non- 
severe penicillin allergies and a high risk of anaphylaxis, 
respectively. The use of vancomycin is also started for 
clindamycin-resistant GBS from anaphylaxis high-risk 
women.11 However, there is no clear strategy for the pre
vention of GBS including practices of routine screening 
and IAP provision in Ethiopia and most of the African 
countries.22,30

Over-prescription of antibiotics for various clinical 
conditions and outpatient care raised antimicrobial resis
tance. The emergence and increasing trend of GBS resis
tance to penicillin and macrolides and the increased 
demand of vancomycin results in multi-drug resistance 
(MDR).22,30–32 Therefore, studies on maternal GBS colo
nization, its vertical transmission and susceptibility profile 
to the commonly used antibiotics and those recommended 
for prophylaxis or treatment and factors linked with colo
nization are crucial for the selection of suitable antibiotics 
and implement preventive strategies. The present study 
aims to determine the prevalence of vaginal-recto GBS 
colonization in pregnant women, the proportion of vertical 
transmission, antimicrobial susceptibility profile of iso
lates, and to identify factors associated with colonization 
and vertical transmission.

Materials and Methods
Study Design, Period and Setting
A health facility-based cross-sectional study was con
ducted from March 1, 2021 to June 30, 2021. This study 
was conducted in Bahir Dar city, Northwest Ethiopia. 
Bahir Dar is located 565 kilometers away from Addis 
Ababa, Capital of Ethiopia. The city has two governmental 
specialized hospitals (Felege Hiwot Comprehensive 
Specialized Hospital and Tibebe Ghion Specialized 
Hospital), a government primary hospital, and ten 
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government health centers. In 2020, a total of 14,612 
deliveries were documented in health facilities of Bahir 
Dar city.33 In this study, Felege Hiwot Comprehensive 
Specialized Hospital (FHCSH) and Bahir Dar Health 
Center (BDHC) were included based on their high client 
flow for Antenatal Care (ANC) and delivery services. All 
pregnant women attended in FHCSH and BDHC for vagi
nal delivery service and their newborns were the study 
population. Amoxicillin, cephalexin, and ceftriaxone are 
most frequently prescribed drugs for the management of 
pregnant women with different body site of clinical 
infections.

Ethics Approval and Consent to 
Participate
This study was conducted in accordance with the 
Declaration of Helsinki. The study protocol was approved 
by the Institutional Review Board (IRB) of College of 
Medicine and Health Sciences, Bahir Dar University with 
the protocol number 163/2021. Informed written consent 
was obtained from the mothers. GBS colonization positive 
findings were linked to the attending physician for further 
follow up and management of mothers and neonates. 
Confidentiality of results were kept by anonymizing and 
coding names of the study participants, storing in a locked 
cabinet, and by documenting data files on a password 
protected personal computer.

Study Variables
Vaginal-recto GBS colonization and its vertical transmis
sion were the dependent variables, while demographic 
profiles such as age of the mother, marital status, resi
dence, occupation, level of education, sex and weight of 
newborns and obstetric and clinical profiles such as 
Appearance, Pulse, Grimace, Activity, And Respiration 
(APGAR) score of newborns at 5 minutes, gravidity, 
gestational age, number of ANC visits, history of hormo
nal contraceptive use, history of abortion, history of still
birth, history of UTI, history of sexually transmitted 
infection and chronic illness and history of antibiotic use 
at current pregnancy, HIV status, premature rupture of 
membrane (PROM), duration of labor, meconium stained 
amniotic fluid were the independent variables.

Inclusion and Exclusion Criteria
Pregnant women admitted to labor and delivery room for 
vaginal delivery and their newborns were included in the 

study. Moreover, pregnant women who had vaginal cream 
or lubricants and were on antibiotics 2 weeks prior to 
recruitment and cesarean-section delivery were excluded.

Sample Size Determination and Sampling
The sample size was determined based on the proportion 
of GBS colonization in pregnant women (p = 0.255) found 
in Gondar, Ethiopia34 using the formula n = (z)2 p (1-p)/d2 

and taking z =1.96 for a level of confidence of 95%, and 
margin of error (d) 5%. It was calculated as n = (1.96)2 × 
(0.255) (1–0.255)/(0.05)2 = 292. A total of 292 pregnant 
women and their newborns (n = 292) were included in the 
study. The sample size was proportionally allocated to 
FHCSH and BDHC based on their average number of 
delivery report from March 2020 to June 2020. 
Accordingly, 192 from FHCSH and 100 from BDHC 
were taken. Convenient sampling technique was used to 
include the study participants. Samples were collected 
consecutively from those pregnant mothers and their new
borns that fulfilled the inclusion criteria until the deter
mined sample size was reached.

Data Collection
Data on demographic, obstetrics and clinical related vari
ables were collected with face-to-face interview by the 
attending midwives using a structured questionnaire and 
were complemented with medical record review.

Specimen Collection and Transportation
Specimens were collected as per the ACOG committee 
opinion and American Society for Microbiology (ASM) 
protocols. A combined vaginal-recto swab was sampled 
from the mother at the point of labor by trained midwives 
using a sterile cotton swab. A single swab specimen was 
collected first from the lower vagina and then from the 
rectum.11,35 Within 30 minutes of birth and before hand
ling and/or wiping off the surfaces of newborns, ear, nasal 
and umbilical samples were swabbed with different sterile 
cotton swabs. Samples placed in Amies Transport Media 
and were transported to Microbiology laboratory of Bahir 
Dar University within an hour of collection. Samples were 
transported in an ice-box at 4°C. All samples were cul
tured within an hour of arrival in the laboratory following 
standard bacteriological techniques.11,35

Specimen Processing
All the collected swabs were placed in Todd Hewitt Broth 
(THB) with gentamicin (8 µg /mL) and nalidixic acid (15 
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µg/mL) (Oxoid, UK) and incubated for 24 h. at 37 °C 
under aerobic condition. Subsequently, 10 µL was sub- 
cultured onto 5% Sheep-Blood Agar (SBA) plates 
(Oxoid, UK) and incubated for 24 h. at 37 °C in 5% 
CO2 atmosphere. Pinpointed, with narrow beta-hemolysis 
colonies were considered as presumptive GBS and sub
jected to Gram stain and catalase test. All Gram-positive 
cocci and catalase-negative isolates were transferred to 5% 
SBA for CAMP factor and bacitracin resistance test as 
a final identification of GBS.

Christie–Atkins–Munch–Petersen 
(CAMP) Test
Known colonies of Staphylococcus aureus were streaked 
onto 5% sheep blood agar down the center of the plate 
with a wire loop. Then, 2mm apart, single colonies of 
Group B Streptococcus were streaked in a straight line 
perpendicular to the S. aureus. Plates were then incubated 
at 37°C for 24 h. An arrowed-shaped enhanced zone of 
beta-hemolysis in the area between the test organism and 
S. aureus with the arrow-point towards the S. aureus streak 
were considered as CAMP positive and colonies were 
presumptively considered as GBS. No enhanced zone of 
beta-hemolysis was observed in a CAMP-negative 
reaction.11

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing (AST) was done for 54 
GBS isolates of the mother and 22 from newborns with 
Kirby–Bauer disk diffusion method. Bacterial inoculum 
was prepared from four to five freshly grown GBS colo
nies in 3–5 mL sterile physiological saline, and the turbid
ity was adjusted using 0.5 McFarland standards. A 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 Mueller–Hinton agar 
(MHA) (Oxoid, UK) with 5% sheep blood. Then, antibio
tic impregnated paper disks were placed on the plate and 
incubated for 24 h at 37°C in 5% CO2 atmosphere.

The antibiotics tested includes penicillin G (P, 10 IU), 
ampicillin (AMP, 10 µg), clindamycin (DA, 2 µg), ery
thromycin (E, 15 µg), chloramphenicol (C, 30 µg), cef
triaxone (CRO, 30 µg), vancomycin (VA, 30 µg), and 
tetracycline (TE, 30 µg) (Oxoid, UK). Zone of inhibition 
around antibiotic disks were measured by a standard cali
per. Raw data (zone of inhibition in mm) were interpreted 
as susceptible or non-susceptible according to the accepted 

2020 Clinical and Laboratory Standard Institute (CLSI) 
M100 guidelines clinical breakpoints.36 For multi-drug 
resistance (MDR), the definition from Magi-orakos et al37 

was applied and GBS isolates that revealed acquired non- 
susceptibility to at least one agent in three or more anti
biotic categories were considered as MDR.37

Quality Control
The questionnaire was adopted from other similar studies. It 
was initially prepared in English and translated to local lan
guage (Amharic) and then translated back to English. Spot 
checks on the quality of data collection were made at the study 
site. Data collectors were trained on the study objectives, 
method of data and sample collection, and the data collection 
tools.

Sterility of THB, SBA, and MHA with 5% sheep blood 
was checked by incubating 5% of the media overnight at 
37 º C without specimen inoculation. American Type 
Culture Collection (ATCC) standard reference strains 
(E. coli ATCC25922, S. agalactiae ATCC27956, 
E. faecalis ATCC29212, S. aureus ATCC25923 and 
S. pyogenes ATCC19615) were used as a quality control 
for THB, CAMP test, bacitracin test, and AST with known 
susceptibility to the antimicrobial agents.

The selective performance of THB with gentamicin (8 
µg /mL) and nalidixic acid (15 µg/mL) was assessed by 
inoculating the broth with E. coli ATCC25922, 
S. agalactiae ATCC27956 and E. faecalis ATCC29212 
standard reference strains.

Data Management and Analysis
Descriptive statistics were computed to describe relevant 
variables. 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. 
A multivariable logistic regression model was fitted to con
trol confounders and to get the independent predictors of 
maternal GBS colonization. Backward stepwise regression 
was used. Chi-square and Fisher’s exact tests were calculated 
to identify variables significantly associated with vertical 
transmission of GBS. Variables with p-value <0.05 were 
considered as significant predictors. SPSS 26.0.0 was applied 
for the above statistical analysis.
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Results
Demographic Profile of Pregnant Women 
and Newborns
A total of 292 pregnant women (median age = 26 years) 
together with their 292 newborns participated in the study. 
Majority of the pregnant women (65.8%) were from 
FHCSH. Most of the pregnant women were married 
(95.9%) and urban dwellers (77.4%), while 126 (43.2%) 
were housewives and 99 (33.9%) had a primary level of 
education. Of the 292 newborns, 153 (52.4%) were 
females and 5 (1.7%) were stillbirths. The majority of 
newborns (93.5%) were ≥ 2500 grams at birth, while 14 
(4.8%) newborns had APGAR score of <7 at 5 minutes 
(Table 1).

Group B Streptococci Colonization and 
Vertical Transmission
Overall, 54 (18.5%) (95% CI 14.2–23.4%) of pregnant 
women and 22 (7.5%) (95% CI 4.8–11.2%) of newborns 
were colonized with GBS (Figure 1). The proportion of 
vertical transmission was 40.7% (22/54). All of the new
borns colonized with GBS were from GBS colonized 
mothers (Figure 2).

Obstetrics and Clinical Profiles of 
Pregnant Women
Of the total 292 pregnant women, 28 (9.6%) delivered 
before the 37th week of gestation, 24 (8.2%), and 33 
(11.3%) had PROM and meconium-stained amniotic 
fluid, respectively. The majority of pregnant women 
(66.4%) delivered within 12 hours of labor. Two hundred 
and eight (71.2%) were multigravida, while 36 (12.3%) 
and 18 (6.2%) had history of abortion and stillbirth, 
respectively (Table 2).

The percentage of GBS colonization was higher among 
pregnant women who had <37th week of gestation 
(39.3%), history of abortion (25%) and stillbirth (38.9%), 
membrane rupture before the start of labor (29%), and 
meconium-stained amniotic fluid (30.3%) than their coun
terparts (Table 2).

Antibiotic Susceptibility Profiles of Group 
B Streptococci Isolates
Among the total 54 GBS isolates of the women, 48 
(88.9%) and 49 (90.7%) were susceptible to penicillin, 
and ampicillin, respectively. From newborns, 19 (86.4%) 

and 20 (90.9%) exhibited susceptibility to penicillin and 
ampicillin, respectively. For vancomycin, 96.3% of GBS 
from pregnant women and 95.5% from newborns were 
susceptible. Group B streptococci scored the highest non- 
susceptibility for tetracycline with 79.6% for pregnant 

Table 1 Demographic Characteristics of Pregnant Women and 
Their Newborns

Variables for Pregnant Women Frequency N (%)

Age (years) (Median = 26 years)

≤26 149 (51.0)

>26 143 (49.0)

Marital status

Not married 8 (2.7)
Married 280 (95.9)

Divorced 4 (1.4)

Residence

Urban 226 (77.4)
Rural 66 (22.6)

Level of education
No formal education 33 (11.3)

Grade 1–8 99 (33.9)

Grade 9–12 67 (22.9)
College or University 93 (31.8)

Occupation
Civil servant 27 (9.2)

Student 5 (1.7)

Farmer 64 (21.9)
Housewife 126 (43.2)

Business woman 60 (20.5)

Daily laborer 10 (3.4)
Total 292 (100)

Variables for newborns Frequency N (%)

Sex of the newborn

Male 139 (47.6)
Female 153 (52.4)

Birth weight of the newborn (g)
<2500 19 (6.5)

≥2500 273 (93.5)

Status of newborns at birth

Alive 287 (98.3)

Stillbirth 5 (1.7)

APGAR score at 5 minutes

< 7 14 (4.8)
7–10 278 (95.2)

Total 292 (100)

Abbreviations: APGAR, appearance, pulse, grimace, activity, and respiration.
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women and 86.4% for newborns. It also scored a high 
percentage of non-susceptibility for clindamycin, erythro
mycin and ceftriaxone with 33.3%, 25.9%, and 22.2% for 
pregnant women and 31.8%, 22.7%, and 27.3% for new
born isolates, respectively (Table 3, Table S1).

Multi-Drug Resistance Profile of GBS 
Isolates
A total of 17 and 11 profiles of antibiotic resistance were 
detected among GBS isolated from pregnant women and 
newborns, respectively. Overall, 19 (35.2%) and 8 (36.4%) 

of GBS isolated from the mother and newborns were found 
to be MDR, respectively. Of these, 16 (84.2%) isolates from 
the mother and 7 (87.5%) from newborns exhibited non- 
susceptibility to 3 antibiotics from different categories. 
Clindamycin, erythromycin and tetracycline combination 
was the most frequent non-susceptible category with 18.5% 
for pregnant women and 18.2% for newborns (Table 4).

Multivariable Analysis on Maternal GBS 
Colonization
From multivariable analysis, delivery before 37 completed 
weeks of gestation (AOR: 2.77, 95% CI 1.14–6.68) and his
tory of stillbirth (AOR: 3.13, 95% CI 1.13–8.7) were signifi
cantly associated with maternal GBS colonization. The 
likelihood of maternal GBS colonization was 2.8 times higher 
among mothers who delivered before 37 completed weeks of 
gestation than those delivered at ≥37 weeks of gestational age 
at the current pregnancy. The odd of maternal GBS coloniza
tion was 3.1 times higher in mothers having history of stillbirth 
when compared to their counterparts (Table 5).

Univariable Analysis on Vertical 
Transmission of GBS
The proportion of GBS vertical transmission was higher 
among pregnant women with multigravida, meconium- 
stained amniotic fluid, and history of abortion than their 
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Figure 1 Prevalence of Group B streptococci colonization among pregnant women and their newborns.

Figure 2 Proportion of vertical transmission of Group B streptococci from preg
nant women to their newborns.
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Table 2 GBS Colonization and Obstetric and Clinical Factors Among Pregnant Women

Variables Maternal GBS Colonization COR (95% C I) P-value

Positive N (%) Negative N (%) Total N (%)

Health facility

Felege Hiwot Comprehensive
Specialized Hospital 33 (17.2) 159 (82.8) 192 (65.8) 0.78 (0.42–1.43) 0.427
Bahir Dar Health Center 21 (21) 79 (79) 100 (34.2) 1

Age (years)

≤26 24 (16.1) 125 (83.9) 149 (51) 0.72 (0.39–1.31) 0.285
>26 30 (21) 113 (79) 143 (48.9) 1

Residence
Urban 41 (18.1) 185 (81.9) 226 (77.4) 0.90 (0.45–1.81) 0.775
Rural 13 (19.7) 53 (80.3) 66 (22.6) 1

Educational status

No formal education 8 (32) 25 (68) 33 (11.3) 1.80 (0.67–4.80) 0.650
Grade 1–8 20 (20.2) 79 (79.8) 99 (33.9) 1.42 (0.67–3.02)

Grade 9–12 12 (17.9) 55 (82.1) 67 (22.9) 1.23 (0.52–2.86)

College or University 14 (15.1) 79 (84.9) 93 (31.8) 1

Gestational age at delivery (weeks)

<37 11 (39.3) 17 (60.7) 28 (9.6) 3.32 (1.45–7.59) 0.004
≥37 43 (16.3) 221 (23.7) 264 (90.4) 1

Antenatal care visit

<4 9 (20.4) 35 (79.6) 44 (15.1) 1.16 (0.52–2.58) 0.716
≥4 45 (18.1) 203 (81.9) 248 (84.9) 1

Gravida
Primigravida 13 (15.5) 71 (84.5) 84 (28.8) 0.74 (0.37–1.47) 0.400
Multigravida 41 (19.7) 167 (80.3) 208 (71.2) 1

History of hormonal contraceptive use

Yes 48 (18) 218 (82) 266 (91.1) 0.73 (0.28–1.92) 0.530
No 6 (23) 20 (77) 26 (8.9) 1

History of abortion
Yes 9 (25) 27 (75) 36 (12.3) 1.56 (0.68–3.54) 0.286
No 45 (17.6) 211 (82.4) 256 (87.7) 1

History of stillbirth

Yes 7 (38.9) 11 (62.1) 18 (6.2) 3.07 (1.13–8.34) 0.027
No 47 (17.1) 227 (82.9) 274 (93.8) 1

History of UTI at current pregnancy
Yes 5 (25) 15 (75) 20 (6.8) 1.51 (0.52–4.37) 0.440
No 49 (18) 223 (82) 272 (93.2) 1

History of STI at current pregnancy

Yes 1 (20) 4 (80) 5 (1.7)
No 53 (18.5) 234 (81.5) 287 (98.3) NA NA

History of chronic illness
Yes 4 (21.1) 15 (21) 19 (6.5) NA NA

No 50 (18.3) 223 (18.3) 273 (93.5)

(Continued)
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counterparts. However, GBS vertical transmission was not 
significantly associated with any of the associated risk 
factors assessed (P > 0.05) (Table 6).

Discussion
Group B streptococci colonization in pregnant women and 
its association with early-onset neonatal disease is a grave 
public health and clinical concern. It is responsible for an 
increased level of stillbirths, death and neurological 
defects. In this study, a total of 292 pregnant women at 
the time of labor and delivery were participated, with an 
overall prevalence of 18.5% GBS colonization. This was 
consistent with the estimated adjusted global prevalence of 
maternal GBS colonization (18%)30 and previous reports 
from Africa (15.7–23.6%),22–24,31,38,39 Jordan (19.5%)14 

and the USA (21.6%).40 However, it was lower in com
parison to reports from South Africa (48.2%),16 Gambia 

(33.7%),41 the United Kingdom (29.4%)42 and USA 
(35%).12 But the present finding is higher compared to 
the 7.2 −13.7% prior reports from other parts of 
Ethiopia,18,25,43,44 and 6.1% in China.20 The difference in 
the percentage of GBS colonization could be due to varia
tion in the type of swabs used, sample collection strategy 
and composition, microbiological protocols used to isolate 
and identify GBS. In addition, geographical variation and 
time of screening in pregnancy might contribute to such 
differences.

In this study, 22 out of 292 newborns (7.5%) were 
colonized with GBS and all of them were from mothers 
colonized with GBS. The percentage of newborns colo
nized with GBS in the present study is consistent with 
earlier studies in Ethiopia (7.4% and 8.9%),25,38 Tanzania 
(8.9%),45 and Saudi Arabia (7.4).46 However, it was lower 
compared to studies from Gondar (16.1%) in Ethiopia,47 

Table 2 (Continued). 

Variables Maternal GBS Colonization COR (95% C I) P-value

Positive N (%) Negative N (%) Total N (%)

HIV status of the mother
Positive 2 (33.3) 4 (66.7) 6 (2.1) NA NA

Negative 52 (18.2) 234 (81.8) 286 (97.9)

History of antibiotic use

Yes 5 (15.6) 27 (84.4) 32 (11) 0.79 (0.29–2.17) 0.658
No 49 (18.8) 211 (81.2) 260 (89) 1

Premature rupture of membrane
Yes 7 (29) 17 (71) 24 (8.2) 1.93 (0.76–4.93) 0.166
No 47 (17.7) 221 (82.3) 265 (91.8) 1

Duration of labor (hours)

<12 38 (19.6) 156 (80.4) 194 (66.4) 1.24 (0.65–2.37) 0.498
≥12 16 (16.3) 82 (83.7) 98 (33.6) 1

Meconium stained amniotic fluid
Yes 10 (30.3) 25 (69.7) 33 (11.3) 1.93 (0.86–4.31) 0.106
No 44 (17) 213 (83) 259 (88.7) 1

Sex of newborns

Male 27 (19.4) 112 (80.6) 139 (47.6) 0.88 (0.49–1.60) 0.696
Female 27 (17.6) 126 (82.4) 153 (52.4) 1

Birth weight of the newborn (g)
<2500 5 (26.3) 14 (73.7) 19 (6.5) 1.63 (0.56–4.74) 0.368
≥2500 49 (18) 224 (82) 273 (93.5) 1

APGAR score at 5 minutes

<7 5 (35.7) 9 (64.3) 14 (4.8) 2.59 (0.83–8.08) 0.100
7–10 49 (17.6) 229 (82.4) 278 (95.2) 1

Abbreviations: 1, reference category; COR, crude odds ratio; APGAR, appearance, pulse, grimace, activity, and respiration; NA, not applicable.
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Gambia (24.8%),41 Turkey (17.3%)48 and France 
(11.2%).49 But it was higher in comparison to findings 
from India (1.0% and 3.2%).21,50 The discrepancies 
between the studies might be due to variation in the 
sampled body surface, provision of IAP, geography and 
prevalence of maternal GBS colonization.

Exact determination of vertical transmission of GBS 
requires Multilocus sequence typing (MLST) and Pulsed- 
Field Gel Electrophoresis (PFGE) genetic analysis for 
isolates of both the mother and newborns. However, col
lection of swabs within 30 minutes of birth and before any 
handling and wiping off the surfaces of babies and recov
ery of GBS only from those born to GBS colonized 
mothers make vertical transmission more likely in the 
current study. Hence, the present study found 40.7% pro
portion of vertical transmission of GBS. This is in agree
ment with 38% to 49.2% reports elsewhere in Africa and 
Asia.23,24,50,51 However, the present result is lower com
pared to the 50–63.3% vertical transmission report from 
earlier studies in other parts of Ethiopia,22,25,38,41 65% in 
India21 and 54.2% in Turkey.48 Conversely, a lower per
centage of vertical transmission has been reported in 
Ethiopia52 and China.53

The observed difference between studies for the pro
portion of GBS vertical transmission is variation in the 
criteria used to define it, clinical profiles of pregnant 
women, anatomical surfaces swabbed, time of sample 
collection, transportation and storage. Moreover, methods 
employed for GBS detection, IAP practice and density of 
vaginal-recto GBS colonization might contribute to the 
variations.

Though isolates non-susceptible to penicillin, ampicil
lin and vancomycin are obtained, these antibiotics are 
effective for the management of GBS cases in the present 
study. The percentage of susceptibility to penicillin 
(88.9%) among GBS isolates of the pregnant women in 
the present study is comparable with previous findings 
from Gondar (89.8%)34 and Addis Ababa (85.5%).54

The percentage of susceptibility to ampicillin (90.7%) 
among GBS isolates of the pregnant women in the present 
study is comparable with previous findings in Gondar 
(90.8%)34 and Addis Ababa (85.4%).54 Moreover, the 
96.3% of GBS isolates susceptible to vancomycin obtained 
in the present study is higher than 83.7% in Gondar34 and 
83% in Addis Ababa.54 However, the 2020 CLSI36 guide
lines and other related studies elsewhere20,55–57 reported 
the absence of GBS isolates resistance to penicillin, ampi
cillin and vancomycin.

Antibiogram of GBS isolates from newborns of the pre
sent study showed susceptibility to penicillin (86.4%), ampi
cillin (90.9%), and chloramphenicol (90.9%) similar to 
isolates from the mothers. This is correlated with findings 
from Gondar, Ethiopia,47 where 89.6%, 95.1%, and 85.7% 
of GBS from newborns were susceptible to penicillin, ampi
cillin and chloramphenicol, respectively. Moreover, studies 
in Tanzania45 and Turkey48 documented GBS isolates 100% 
susceptible to penicillin and ampicillin. Therefore, beta- 
lactam antibiotics and vancomycin are the recommended 
drugs for the management of GBS cases.

The percentage of GBS isolates from the mother non- 
susceptible to ceftriaxone (22.2%) is correlated with those 
from newborns at 27.3% in the present study. This is 

Table 3 Antibiotic Susceptibility Profiles of Group B Streptococci from Pregnant Women and Newborns

Antibiotics Tested Pregnant Women Isolates (n = 54) Newborn Isolates (n = 22)

Susceptible, N (%) Non-Susceptible, N (%) Susceptible, N (%) Non-Susceptible, N (%)

Penicillin 48 (88.9) 6 (11.1) 19 (86.4) 3 (13.6)

Ampicillin 49 (90.7) 5 (9.3) 20 (90.9) 2 (9.1)

Clindamycin 36 (66.7) 18 (33.3) 15 (68.2) 7 (31.8)

Erythromycin 42 (74.1) 14 (25.9) 17 (77.3) 5 (22.7)

Chloramphenicol 49 (90.7) 5 (9.3) 20 (90.9) 2 (9.1)

Ceftriaxone 42 (77.8) 12 (22.2) 15 (72.7) 6 (27.3)

Vancomycin 52 (96.3) 2 (3.7) 22 (95.5) 1 (4.5)

Tetracycline 11 (20.4) 43 (79.6) 4 (13.6) 19 (86.4)
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comparable with a report from Arbaminch, Ethiopia 
(29.2%)45 but disagrees with a study from Egypt55 and 
Brazil57 that documented no resistance to this antibiotic. 
Non-selective use of ceftriaxone for the treatment of var
ious clinical infections might be linked to the observed 
GBS resistance in the present study.

In this study, GBS isolates from the mothers showed 
33.3% and 25.9% non-susceptibility to clindamycin and 
erythromycin, respectively. This result is found in the non- 
susceptibility ranges of 18.2–40.9% for clindamycin and 
20.8–50% for erythromycin in other settings of 
Ethiopia.38,47,52,54 However, 22.6% of non-susceptibility 
to erythromycin and 52.4% to clindamycin was reported 
in Egypt55 and China,58 respectively.

The antibiogram of GBS isolates from newborns 
showed non-susceptibility to clindamycin (31.8%) and 
erythromycin (22.7%) in the present study. This is higher 
than the previous 12.5% and 23.9% clindamycin resistance 
report in other studies of Africa.45,47 Moreover, 18.7% to 

29.7% level of erythromycin resistance had been reported 
in Africa and France.45,47,59 The significant level of non- 
susceptibility of GBS to clindamycin and erythromycin in 
the present study might be due to unregulated use of these 
antibiotics for various infections12 and is an alarm for the 
need of regular antimicrobial susceptibility testing.

Group B Streptococcus isolates from the mothers and 
newborns in the current study showed 79.6% and 86.4% 
of non-susceptible to tetracycline, respectively. This high 
proportion of non-susceptibility is consistent with 
a pooled estimate of tetracycline resistance in Africa 
(82.6%)18 and studies from Gondar (73.4%)34 and 
Addis Ababa (90.2%).54 Similar to these, a study in 
Namibia56 and a systematic review by Hayes et al 
reported 100% and >80% resistance to tetracycline.31 

The spreading of GBS non-susceptible to tetracycline in 
the present study combined with previous findings is an 
alarm to end the use of tetracycline for both treatment 
and prophylaxis.

Table 4 Multi-Drug Resistance Profiles of Group B Streptococci Isolates of Pregnant Women and Their Newborns

Number of Resisted Antibiotic Categories Antibiogram Profile Frequency, N (%)

Maternal Isolates  
(n = 54)

Newborn Isolates  
(n = 22)

R0 4 (7.4) 1 (4.5)

R1 Tetracycline 17 (31.5) 7 (36.4)
Ceftriaxone 1 (1.85)

Chloramphenicol 1 (1.85)

R2 (Ceftriaxone, Tetracycline) 3 (5.6) 3 (13.6)
(Chloramphenicol, Tetracycline) 3 (5.6) 1 (4.5)
(Erythromycin, Tetracycline) 3 (5.6)

(Penicillin, Tetracycline) 1 (1.85) 1 (4.5)
(Tetracycline, Vancomycin) 2 (3.7) 1 (4.5)

R3 (Ampicillin, Penicillin, Ceftriaxone, Clindamycin) 2 (3.7) 1 (4.5)
(Penicillin, Ceftriaxone, Clindamycin) 2 (3.7) 1 (4.5)

(Ampicillin, Clindamycin, Ceftriaxone) 1 (1.85)

(Clindamycin, Erythromycin, Tetracycline) 10 (18.5) 4 (18.2)
(Chloramphenicol, Ceftriaxone, Tetracycline) 1 (1.85) 1 (4.5)

R4 (Penicillin, Clindamycin, Ceftriaxone, 
Tetracycline)

1 (1.85)

(Ampicillin, Ceftriaxone, Clindamycin, 
Tetracycline)

1 (1.85)

(Ampicillin, Clindamycin, Erythromycin, 

Tetracycline)

1 (1.85) 1 (4.5)

Overall, MDR (R3 + R4) 19 (35.2) 8 (36.4)

Abbreviations: MDR, multi-drug resistance; R0, susceptible to all the tested antibiotics; R1, R2, R3 and R4, non-susceptible to 1, 2, 3 and 4 antibiotic categories; 
respectively.
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The 35.2% MDR GBS isolates found from the mothers 
in the present study is in line with a report from Addis 
Ababa, Ethiopia (43.9%).54 However, it was higher com
pared to reports from Mekelle (10.5%)43 and Arbaminch 
(8.3%),44 Ethiopia. Likewise, 36.4% of GBS isolated from 
newborns were MDR in the present study. This showed 
that GBS from newborns shared a related and comparable 
resistance and MDR profile with those from the mothers.

The majority of the MDR profile observed in the pre
sent study was shared by non-susceptibility to clindamy
cin, erythromycin and tetracycline at a time. This can be 
due to an increasing trend of antimicrobial resistance to 
these antibiotics over time.57 A study in France in 2019 
also showed that 14% of MDR GBS was due to resistance 
to tetracycline, macrolides and lincosamides.59 This 
alarms the relevance of culture and antimicrobial suscept
ibility testing before the use of tetracycline and macrolides 
for prophylaxis and treatment. In general, GBS colonizing 
the mothers showed a correlated antibiogram profile to that 
of isolates from their newborns in the present study. This 
implicated the greater likelihood of vertical transmission.

Knowledge on risk factors and reducing risks are prio
rities in prevention of maternal GBS colonization and 
EOD in Ethiopia and other resource-limited countries, 
where routine antepartum screening of GBS and provision 

of IAP are lacked. In the present study, preterm delivery 
was one of the factors significantly associated with mater
nal GBS colonization. This is because vaginal GBS colo
nization results in ascending infection and inflammation, 
chorioamnionitis and preterm PROM and finally preterm 
delivery.5 This is in agreement with a study from Jimma, 
Ethiopia,5 South Africa16 and India.15

The present study finds out that maternal GBS coloni
zation was significantly associated with having history of 
stillbirth. This is because stillbirth can be resulted from the 
GBS cytolysis breach of feto-maternal barrier as a result of 
ascending infection from the vaginal-recto colonization.55 

Moreover, the finding is in line with a study from Harar, 
Ethiopia52 and Gambia.41

Group B streptococci vertical transmission varies 
according to educational status of the mother, demo
graphic variables, gestational age, PROM, multigravida, 
prolonged duration of labor and meconium-stained amnio
tic fluid. However, in the present study, no significant 
association between vertical transmission and measured 
risk factors were found (P > 0.05) (Table 6).

Strengths and Limitations
With the accepted protocols, this study addressed the pre
valence of GBS colonization in pregnant women and its 

Table 5 Multivariable Logistic Regression Analysis of Factors Associated with Maternal GBS Colonization

Variables Maternal GBS Colonization AOR (95% CI) P-value

Positive (N) Negative (N)

Gestational age at delivery (weeks)

<37 11 17 2.77 (1.14–6.68) 0.023*
≥37 43 221 1

History of stillbirth
Yes 7 11 3.13 (1.13–8.70) 0.028*

No 47 227 1

Premature rupture of membrane

Yes 7 17 1.64 (0.60–4.48) 0.330

No 47 221 1

Meconium-stained amniotic fluid

Yes 10 25 1.62 (0.67–3.92) 0.280
No 44 213 1

APGAR score at 5 minutes
< 7 5 9 1.79 (0.50–6.39) 0.369

7–10 49 229 1

Abbreviations: AOR, adjusted odds ratio; APGAR, appearance; pulse, grimace, activity, respiration; CI, confidence interval; GBS, group B streptococci; N, number; *, 
significant; 1, reference category.
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Table 6 Chi-Square Test Analysis of Factors Associated with Vertical Transmission of GBS

Variables Culture Result of Newborns from GBS-Positive Mothers P-value

Health facility Positive Negative
Felege Hiwot Comprehensive Specialized Hospital 15 (45.5) 18 (54.5) 0.41

Bahir Dar Health Center 7 (33.3) 14 (66.7)

Age (years)

≤26 10 (41.7) 14 (58.3) 1.00
>26 12 (40) 18 (60)

Residence
Urban 18 (43.9) 23 (56.1) 0.306*

Rural 4 (30.8) 9 (69.2)

Educational status of the mother

No formal education 2 (25) 6 (75)

Grade 1–8 10 (50) 10 (50) 0.353*
Grade 9–12 3 (25) 9 (75)

College or university 7 (50) 7 (50)

Gestational age at delivery (weeks)

<37 2 (18.2) 9 (81.8)

≥37 20 (46.5) 23 (53.5) 0.084*

Antenatal care visits

<4 2 (22.2) 7 (77.8)
≥4 20 (44.4) 25 (55.6) 0.195*

Gravida
Primigravida 3 (23.1) 10 (76.9)

Multigravida 19 (46.3) 22 (53.7) 0.121*

History of contraceptive use

Yes 18 (37.5) 30 (62.5)

No 4 (66.7) 2 (33.3) 0.211*

History of abortion

Yes 5 (55.6) 4 (44.4) 0.266*
No 17 (37.8) 28 (62.2)

History of stillbirth
Yes 3 (42.9) 4 (57.1) 0.606*

No 19 (40.4) 28 (59.6)

History of UTI at current pregnancy

Yes 2 (40) 3 (60) 0.676*

No 20 (40.8) 29 (59.2)

History of antibiotic use at current pregnancy

Yes 2 (40) 3 (60) 0.676*
No 20 (40.8) 29 (59.2)

Premature rupture of membrane

Yes 2 (28.6) 5 (71.4)

No 20 (42.6) 27 (57.4) 0.394*

Duration of labor (hours)

<12 15 (39.5) 23 (60.5)
≥12 7 (43.7) 9 (56.3) 0.772

(Continued)
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transmission to newborns at birth that will be an important 
input for further genetic analysis of GBS and antibiotic 
resistance in pregnant women and newborns. However, 
because of the unavailability of reagents and laboratory 
equipment’s in the country, serotypes were not identified 
and GBS genotypes from the mother were not compared 
with those from the newborns. Alive newborns regardless 
of GBS colonization were not followed for the develop
ment of EOD. Furthermore, GBS isolates from newborns 
were not differentiated for colonization and residual GBS.

Conclusion
This study documented high prevalence of vaginal-recto 
GBS colonization and vertical transmission. Isolates 
resistant to clindamycin, erythromycin, ceftriaxone and 
tetracycline coupled with MDR are becoming a major 
concern in the study area. Pre-term delivery and history 
of stillbirth are identified factors associated with mater
nal GBS colonization. Therefore, screening of all preg
nant mothers for GBS colonization between 36 0/7 and 
37 6/7 weeks of gestation should be considered. 
Administration of antibiotics for prophylaxis or treat
ment of GBS should be guided by antimicrobial suscept
ibility testing. Further, studies focusing on outcome of 
newborns colonized with GBS and molecular 

characterization of genotypes of GBS and their resis
tance genes are required to clearly define the epidemiol
ogy of GBS, vertical transmission and antimicrobial 
resistance.
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Table 6 (Continued). 

Variables Culture Result of Newborns from GBS-Positive Mothers P-value

Meconium-stained amniotic fluid

Yes 5 (50) 5 (50) 0.273

No 17 (38.6) 27 (61.6)

Sex of newborns

Male 10 (37) 17 (63)
Female 22 (59.5) 15 (40.5) 0.782

Birth weight of the newborn (g)
<2500 1 (16.7) 5 (83.3)

≥2500 21 (43.7) 27 (56.3) 0.207*

Status of newborns

Alive 22 (42.3) 30 (57.7) 0.347*

Stillbirth/death 0 (0) 2 (100)

APGAR score at 5 minutes

<7 2 (40) 3 (60) 0.676*
7–10 20 (40.8) 29 (59.2)

Total 22 (40.7) 32 (59.3)

Note: *Fisher’s exact test.
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