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Introduction: Vaginal colonization with some species of bacteria during the last term of 
pregnancy can affect the health of fetuses and newborns resulting in high morbidity and 
mortality among newborns.
Objective: The aim of this study was to determine the colonization rate of potential 
neonatal disease-causing bacteria, factors associated with colonization rate, and the antimi-
crobial susceptibility profile of bacteria among pregnant women.
Methods: Institution-based cross-sectional study was conducted on pregnant women 
from October 13 to December 28, 2020, at government hospitals located in Hawassa, 
Ethiopia. Background data were captured using a structured questionnaire. Vaginal 
swabs were collected to isolate bacteria using the standard method. Antimicrobial 
susceptibility test was performed using the modified Kirby–Bauer disc diffusion 
method. Data were analyzed using SPSS. Factors that could predict vaginal coloniza-
tion with potential neonatal disease-causing bacteria were determined using logistic 
regression.
Results: Overall bacterial colonization rate among pregnant women was 271 (98.9%) 
95 CI (97.4‒100.1). The prevalence of potential neonatal disease-causing bacteria was 
95 (34.7%) 95 CI (28.8‒40.1). The proportion of potential neonatal disease-causing 
bacteria were as follows: Escherichia coli (n=82, 29.9%), Acinetobacter species (n=9, 
3.3%), Staphylococcus aureus (n=7. 2.6%), and Klebsiella pneumoniae (n=4, 1.5%). 
Pregnant women with a gestational age of 38‒40 weeks were 1.9 times (AOR= 1.9, 
95% CI= 1.0–3.4, p=0.04) were more likely to be colonized by potential neonatal 
disease-causing bacteria. All E. coli, Klebsiella species, and Acinetobacter species 
were susceptible to gentamicin and imipenem. All S. aureus were susceptible to 
penicillin, tetracycline, clindamycin, and erythromycin.
Conclusion: High proportion of pregnant women in this study were colonized with potential 
neonatal disease-causing bacteria. E. coli was the predominant bacteria. Most bacteria 
isolated in this study were susceptible to antimicrobial agents tested. Gestational age was 
significantly associated with the colonization rate of potential neonatal disease-causing 
bacteria.
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Hawassa, Ethiopia

Correspondence: Musa Mohammed Ali  
Email ysnmss@yahoo.com

Infection and Drug Resistance 2021:14 3159–3168                                                         3159
© 2021 Birhane Fiseha et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance                                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 June 2021
Accepted: 30 July 2021
Published: 14 August 2021

http://orcid.org/0000-0001-7021-0773
http://orcid.org/0000-0001-7786-3400
mailto:ysnmss@yahoo.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Introduction
Approximately four million children die within their first 
month of life; most newborns’ death occur in least income 
countries.1 Between 1998 and 2017, neonatal death 
declined from 50.6 to 28.9 per 1000 live births.2 In sub- 
Saharan Africa, about 34.6% to 66.0% of neonatal death 
occur within the first 24 hours after birth.3–5 In Ethiopia, 
81,000 neonatal death occur per year.1 Most neonatal 
deaths are due to infection; the source of the infectious 
agent can be from mothers, family members, or health care 
workers. Bacteria such as Streptococcus agalactiae and 
Escherichia coli are the main causative agents of neonatal 
disease.4,5

Infections or colonization of the vagina compartment 
with some species of bacteria during pregnancy may cause 
amniotic fluid infection, preterm labor, premature rupture 
of the fetal membranes, and low birth weight leading to 
high prenatal mortality.6 The prevalence of bacterial colo-
nization varies according to gestational age, race, genetic 
factors, socioeconomic status, and types of bacteria 
studied.7–9

There are several pieces of evidences that show vertical 
transmission of bacteria from pregnant women to their 
fetuses. Neonatal infection accounts for a significant pro-
portion of death in the first week of life. Close to 30% of 
pregnant women who deliver at term have shown signs of 
chorioamnionitis.10

The bacteria most frequently involved in neonatal sep-
sis are Group B Streptococcus and E. coli, which account 
for the majority of infections combined.11 The prevalence 
of E. coli among pregnant women ranges from 5% to 
45%.12,13 E. coli colonization may lead to obstetric infec-
tions and the subsequent development of infections among 
newborns. The rise of ampicillin-resistant strains of E. coli 
is a challenge for the treatment of obstetric and neonatal 
infections. S. aureus has also been reported as a causative 
agent for chorioamnionitis and neonatal sepsis in 
pregnancy.14 K. pneumoniae and Acinetobacter species 
can colonize pregnant women and cause neonatal 
sepsis.12,15–17

Maternal vaginal colonization with S. aureus, E. coli, 
Acinetobacter species, or K. pneumoniae could affect the 
health of mother and newborn. In Ethiopia, there is no 
published data that addresses colonization of pregnant 
women with more than one bacteria that could affect the 
health of newborns. This study aimed to determine the 
colonization rate of potential neonatal disease-causing 

bacteria, factors associated with colonization rate, and anti-
microbial susceptibility profile among pregnant women at 
government hospitals located in Hawassa city, Ethiopia.

Materials and Methods
Study Design and Area
An institution-based cross-sectional study was conducted 
from October 13 to December 28, 2020, at Hawassa 
University Comprehensive Specialized Hospital 
(HUCSH) and Adare General Hospital (AGH). These hos-
pitals are located in Hawassa city, Sidama Regional State, 
Ethiopia. Hawassa University Comprehensive Specialized 
Hospital provides antenatal care services for about 2560 
pregnant women per year and 3896 pregnant women get 
delivery service at this hospital per year. Adare General 
Hospital provides antenatal care services for about 1540 
pregnant women per year and 3154 pregnant women get 
delivery service at this hospital per year.

Operational Definition
Potential Neonatal Disease-Causing Bacteria
In this study, bacteria such as E. coli, S. aureus, 
K. pneumoniae, Acinetobacter species, Streptococcus aga-
lactiae were considered as potential pathogen for neonatal 
disease, if they are isolated from pregnant women with 
gestational age ≥35 weeks.

Study Population
The study population was selected from pregnant women 
who visited the antenatal care (ANC) clinic of HUCSH 
and AGH during the study period. Pregnant women with 
gestational age ≥35 weeks and were voluntary to partici-
pate in the study were included. Pregnant women on active 
delivery and with a history of antibiotic use in the past two 
weeks were excluded from the study.

Sample Size Determination and Sampling Technique
A single proportion population formula was used to calcu-
late the sample size by considering a previous prevalence 
reported from Ethiopia, 20.9%,18 5% margin of error, 95% 
confidence interval, and 10% for non-response rate. 
Accordingly, the total sample size was 279. To recruit parti-
cipants, a convenient sampling technique was implemented.

Data Collection
Sociodemographic Data
A structured questionnaire was used to collect sociodemo-
graphic characteristics (maternal age, residence, marital 

https://doi.org/10.2147/IDR.S326200                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2021:14 3160

Birhane Fiseha et al                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


status, occupation, and educational status) and clinical data 
(gravidity, prenatal care, urinary tract infection, outcomes 
of previous delivery, mode of delivery, prolonged rupture 
of membrane, and gestational age).

Isolation of Bacteria
The lower vaginal swab was collected using a sterile cot-
ton-tipped swab (Oxoid, Basingstoke, UK). The swabs 
were inoculated onto Blood agar (Oxoid, Basingstoke, 
UK) and MacConkey agar (Oxoid, Basingstoke, UK) and 
then incubated aerobically at 37°C for 24 hours. Bacteria 
were identified using their characteristic appearance, Gram 
reaction, biochemical tests such as catalase, coagulase, 
kligler iron agar (KIA), motility, citrate, lysine decarbox-
ylase, bile-esculin, malonate, and oxidase tests.19

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility test (AST) was performed 
using the modified Kirby–Bauer disc diffusion method 
on Mueller-Hinton agar (Oxoid, Basingstoke, UK) accord-
ing to Clinical and Laboratory Standards Institute guide-
lines (CLSI).20 Antibiotics tested were selected based on 
the prescription patterns in the study area and CLSI 
guidelines.20 Antibiotics selected include cefazolin discs 
(30 μg), cefepime (30 µg), ceftriaxone (30 µg), cefuroxime 
(30 µg), amoxicillin‒clavulanic acid (20 µg), penicillin (10 
μg), erythromycin (15 µg), cotrimoxazole (25 µg), genta-
mycin (10 µg), imipenem (10μg), amikacin (30 µg), cipro-
floxacin (5 µg), tetracycline (30 µg), vancomycin (30 µg), 
and clindamycin (2 µg). To determine the susceptibility of 
S. aureus to a vancomycin, vancomycin (MIC) E-test 
(Oxoid, Basingstoke, UK) was used. Briefly, from over-
night bacterial growth, 3–5 pure colonies of bacteria were 
emulsified in 3–4 mL of sterile physiological saline until it 
matched the turbidity of 0.5 McFarland turbidity standard. 
The suspension was uniformly inoculated all over the sur-
face of Mueller-Hinton agar using a sterile cotton swab. 
Antibiotic discs were placed manually on the inoculated 
Mueller-Hinton agar and incubated at 37°C for 18 hours. 
The zones of inhibition were measured using a caliper 
after overnight incubation. The result was interpreted as 
susceptible (S), intermediate (I), and resistant (R) accord-
ing to CLSI.

Data Analysis
Data were entered and analyzed using Statistical Package 
for Social Science (SPSS) computer software (Version 25, 
SPSS Inc. USA). Descriptive statistics such as percentage, 
mean, and standard deviation were computed to assess the 

distribution of variables. Variables with a p-value less than 
0.2 in univariable analysis were further analyzed by multi-
variable logistic regression. A p-value <0.05 was used as 
a cut point to determine a significant association between 
dependent and independent variables.

Data Quality Control
The questionnaire was prepared in English and translated 
to Amharic and then translated back to English to check 
for its consistency. The data collection tool was pre-tested 
among pregnant women representing 5% of the sample 
size. During data collection, captured data were checked 
for completeness, consistency, coding errors, accuracy, 
clarity, and missing values. A standard operating proce-
dure was followed for specimen collection, isolation of 
bacteria, and AST.19 The sterility of culture media was 
checked by incubating 5% of the culture media at 35°C for 
24 hours without inoculation. Performance of culture 
media was checked using S. aureus ATCC 25923, E. coli 
ATCC 25922, and P. aeruginosa ATCC 27853 reference 
strains.

Results
Sociodemographic Characteristics
Two hundred seventy-four (274) pregnant women were 
enrolled in this study with a 98.2% response rate. Out of 
the total participants, 156 (56.9%) were from HUCSH and 
118 (43.1%) were from AGH. The mean age of the parti-
cipants was 26.3 years (±SD±4.2; Range, 18–37 years). 
Seventy-six percent of participants belong to the age cate-
gory of 20–30 years. Urban residents accounted for 76.3% 
and most of the study participants were married. More 
than half of the study participants were housewives, 
32.8% had completed higher education, and 21.2% had 
no formal education (Table 1).

Clinical and Obstetric Data
The mean gestational age of the study participants was 
37.6 weeks (SD±1.6; Range, 35–42 weeks). Seventy-one 
percent of the study participants were multigravida and 
48.5% used ultrasound to know gestational age (Table 2). 
In this study, 1.5%, 1.1% of participants were positive for 
Human Immuno Deficiency Virus (HIV) and Hepatitis 
B Virus (HBV), respectively (Table 3).

Bacterial Colonization Rate
Out of the 274 pregnant women, 271 (98.9%) 95% CI (97.4‒ 
100.1) were colonized with different types of bacteria. All 
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participants from AGH 118 (100%) and 156 (98.1%) from 
HUCSH were colonized with bacteria. The prevalence of 
potential neonatal disease-causing bacteria was 95 (34.7%) 
95% CI (28.8‒40.1). The prevalence of potential neonatal 
disease-causing bacteria was as follows: E. coli 82 (29.9%), 

Table 1 Sociodemographic Characteristics of Pregnant Women 
Attending Antenatal Clinic of HUCSH and AGH from 
October 13 to December 28, 2020, Hawassa, Ethiopia (N=274)

Variables Category Frequency Percent

Study site HUCSH 156 56.9
AGH 118 43.1

Age group in years 18–20 38 13.9
21–30 210 76.6

31–40 26 9.5

Residence Urban 209 76.3
Rural 65 23.7

Educational status Primary 69 25.2
Secondary 57 20.8

Higher 90 32.8

NFE 58 21.2

Marital status Married 272 99.3
Divorced 2 0.7

Occupation Student 11 4.0
Farmer 15 5.5

Merchant 1 0.4

Government 
employee

69 25.2

Daily laborer 9 3.3

House wife 144 52.6
Others* 25 9.1

Type of house Private 85 31
Public 189 69

Domestic animal Yes 47 17.2
No 227 82.8

Source of drinking 

water

Public tap water 240 87.6
Spring tap water 20 7.3
Private 14 5.1

Cigarette smoking Yes – –
No 274 100

Chewing chat Yes – –
No 274 100

Alcohol drinking Yes – –

No 274 100

Note: *Private accountant, private auditor. 
Abbreviations: AGH, Adare General Hospital; HUCSH, Hawassa University 
Comprehensive Specialized Hospital; NFE, no formal education.

Table 2 Obstetrics-Related Characteristics of Pregnant Women 
Attending Antenatal Clinics of HUCSH and AGH, from 
October 13 to December 28, 2020, Hawassa, Ethiopia (N=274)

Variables Category Frequency Percent

Vaginal cleaning after toilet Plane water 243 88.7
Soft Paper 31 11.3

Type of toilet Private 83 30.5

Public 189 69.5

Gestational age 35–37 116 42.3
38–40 146 53.3

>40 12 4.4

Method to know gestational 

age

Ultrasound 133 48.5
LMP 97 35.4

Others* 44 16.1

Type of gravida Primigravida 71 26.3
Multigravida 203 73.7

History of abortion Yes 44 16.4
No 159 83.6

No of children before current 

pregnancy

No children 89 32.5
1–3 171 62.4

>3 14 5.1

History of PROM Yes 1 0.4
No 202 99.6

History of labor <37wks Yes – –
No 203 100

History of neonatal infection Yes 3 1.1
No 200 98.9

History of neonatal death 

aged <7days

Yes 11 5.4
No 192 94.6

Type of contraceptive used Injectable 94 34.3
Pills 33 12

Implant 75 27.4

Loop 6 2.2

Injectable 

and pills

5 1.8

None 61 22.3

Current ANC visit Once 40 14.6
Two times 55 20.1

Three times 107 39.1

Four times 72 26.3

Current Gestational DM Yes 1 0.4
No 273 99.6

Current Gestational 

hypertension

Yes 3 1.1

No 271 98.9

Note: *Palpitation. 
Abbreviations: AGH, Adare General Hospital; HUCSH, Hawassa University 
Comprehensive Specialized Hospital; ANC, antenatal care; CS, cesarean section; 
DM, diabetes mellitus; LMP, last menstrual period; SVD, spontaneous vaginal deliv-
ery; PROM, premature rupture of membrane.
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Acinetobacter species 9(3.3%), S. aureus 7(2.6%), and 
K. pneumoniae 4(1.5%). Among 95 participants colonized 
with the potential neonatal disease‒causing bacteria, 48 

(40.7%) and 47 (30.1%) were from AGH and HUCSH, 
respectively. One hundred forty-seven (53.6%) and 50 
(18.2%) participants were colonized with two and three dif-
ferent types of bacteria, respectively. Seventy-four (27%) par-
ticipants were colonized with a single type of bacteria whereas 
3(1.1%) participants were not colonized with any bacteria.

Proportion of Isolated Bacteria
From 490 bacteria isolated, Coagulase-negative 
Staphylococcus (CONS) was the predominant bacteria, 
(46.3%) followed by E. coli (16.7%), S. viridians (3.5%), 
Acinetobacter species (1.8%), and Enterococcus species 
(1.6%) (Figure 1). Out of the total bacteria, 102 (20.8%) 
were potential neonatal disease-causing bacteria. Among 
them, the predominant was E. coli 82 (80.4%) followed by 
Acinetobacter species 9(8.8%), S. aureus 7(26.8%), and 
K. pneumoniae 4(3.9%).

Factors Associated with the Prevalence of 
Potential Neonatal Disease-Causing 
Bacteria
Independent variables such as age, study site, gestational 
age, ways of vaginal cleaning, type of house, type of toilet, 
and source of drinking water had a p-value less than 0.2 in 
bivariate analysis. These factors were further analyzed using 
multivariate logistic regression. In multivariate analysis, 
study site and gestational age were significantly associated 
with the prevalence of potential neonatal disease-causing 
bacteria. Pregnant women within the gestational age of 38‒ 

Table 3 Clinical Characteristics of Pregnant Women Attending 
Antenatal Clinics of HUCSH and AGH, from October 13 to 
December 28, 2020, Hawassa, Ethiopia (N=274)

Variables Category Frequency Percent

History of hospitalization in 

the past 3 months

Yes 1 0.4
No 273 99.6

HIV status Positive 4 1.5
Negative 270 98.5

Syphilis status Reactive – –
Non- 

reactive

274 100

HBV status Positive 3 1.1
Negative 271 98.5

HCV status Positive – –
Negative 274 100

Hemoglobin level in mg/dl <12mg/dl 84 30.7
≥12mg/dl 190 69.3

Current UTI Present 2 0.7
Not 

present

272 99.3

Vaginal discharge Present 8 2.9

Not 
present

266 97.1

Abbreviations: AGH, Adare General Hospital; HUCSH, Hawassa University 
Comprehensive Specialized Hospital; HBV, hepatitis B virus; HCV, hepatitis 
C virus; HIV, human immune-deficiency virus; UTI, urinary tract infection.

Figure 1 Proportion of bacteria isolated from pregnant women attending HUCSH and AGH from October 13 to December 28, 2020, Hawassa, Ethiopia (n=490). *Gram- 
positive rod, Gram-negative rod with no growth on MacConkey, Gram-negative diplococci. 
Abbreviation: CONS, Coagulase-negative Staphylococci.
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40 weeks were 1.9 times likely to be colonized by potential 
neonatal disease-causing bacteria (p=0.04) (Table 4).

Antimicrobial Susceptibility Profile
In the present study, we conducted AST for a total of 102 
bacteria. These bacteria belong to E. coli (n=82, 80.4%), 
Acinetobacter species (n=9, 8.8%), K. pneumoniae (n=4, 
3.9%), and S. aureus (n=7, 6.8%). All E. coli were sus-
ceptible to amikacin, ceftriaxone, gentamicin, and imipe-
nem. Two (2.5%), 1 (1.2%), 2 (2.5%), 7 (8.5%), 1 (1.2%), 
and 23 (28.1%) of E. coli were resistant to amoxicillin and 
clavulanic acid, cefazolin, cefepime, cefuroxime, cipro-
floxacin, and cotrimoxazole, respectively. All 
K. pneumoniae were susceptible to amikacin, cefazolin, 
cefepime, ceftriaxone, cefuroxime, ciprofloxacin, and gen-
tamicin (Table 5).

Discussion
Vaginal colonization with some species of bacteria in late 
pregnancy may affect the health of the newborn. In this 
regard, S. agalactiae was the leading cause of neonatal 
disease in developed countries until it was under control 
by Intrapartum antimitotic prophylaxis.21 However, 

invasive S. agalactiae is not frequently reported from 
developing countries including Ethiopia. Instead of 
S. agalactiae, other bacteria are commonly isolated from 
newborns with sepsis.22

The overall prevalence of potential neonatal-disease 
causing bacteria among pregnant women in the current 
study (34.7%) was similar to the study conducted in 
India (34%)17 and Sri Lanka (32.8%);23 however, it was 
higher than the prevalence reported from Indonesia 
(24.4%),16 Sudan (12%),9 and Korea (6%).24 On the 
other hand, our finding was lower than the prevalence 
reported from Uganda (55%).25 The discrepancies could 
be due to the fact that the current study considered four 
bacterial species as a potential pathogen for neonatal dis-
ease while the other studies considered different types and 
numbers of bacteria. The variations could also be due to 
gestational age and laboratory methods used.

A newborn can acquire potential pathogenic bacteria 
from the mother before birth or through horizontal trans-
fer. E. coli is among the potential neonatal disease-causing 
bacteria. In the present study, a high prevalence of E. coli 
(29.9%) was detected. The prevalence of E. coli among 
pregnant women varies across different countries. Unlike 

Table 4 Bivariate and Multivariate Analysis of Factors Associated with the Prevalence of Potential Neonatal Disease-Causing Bacteria 
Among the Study Participants at HUCSH and AGH from October 13 to December 28, 2020, Hawassa, Ethiopia (N=274)

Variables Category Culture Result (n, %) COR (95% CI) AOR (95% CI) p-value

Positive Negative

Study site HUCSH 47 (30.1) 109 (69.9) 0.6 (0.4‒1.0) 0.5 (0.3‒1.0) 0.04
AGH 48 (40.7) 70 (59.3) 1 1

Age group in year 18–20 9 (23.7) 29 (76.3) 1 1
21–30 76 (36.2) 134 (64.6) 1.8 (0.8‒4.0) 1.5 (0.6‒3.4) 0.4

31–40 10 (38.5) 16 (61.5) 2 (0.7‒5.9) 1.9 (0.6‒5.8) 0.3

Ways of vaginal cleaning Plane water 89 (36.6) 154 (63.4) 2.4 (1.0‒6.0) 1.4 (0.5‒4.6) 0.5
Soft paper 6 (19.4) 25 (80.6) 1 1

Gestational age 35–37 36 (31.0) 80 (69.0) 1 1
38–40 57 (39.0) 89 (61.0) 1.4 (0.8‒2.4) 1.9 (1.0‒3.4) 0.04

>40 2 (16.7) 10 (83.3) 0.4 (0.09‒2.1) 0.9 (0.2‒4.5) 0.9

Type of houses Private 24 (28.2) 61(71.8) 1 1
Public 71 (37.6) 118 (62.4) 1.5 (0.9–2.7) 2.2 (0.1–37.9) 0.6

Type of toilets Private 23 (27.7) 60 (72.3) 1 1
Public 72 (37.7) 118 (62.4) 1.6 (0.9–2.8) 3.3 (0.2–59.0) 0.4

Source of drinking water Public tap water 85 (35.4) 155 (64.6) 3.3 (0.7–15) 1.4 (0.2–8.9) 0.7
Spring tap water 8 (40.0) 12 (60.0) 4 (0.7–22.9) 2.1 (0.3–16.0) 0.5

Private inside access 2 (15.3) 12 (85.7) 1 1

Abbreviations: AGH, Adare General Hospital; HUCSH, Hawassa University Comprehensive Specialized Hospital.
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our study, a higher proportion of E. coli was reported from 
South Africa (45.1%),13 Iran 56.3%),8 and Uganda 
(34.5%).25 On the other hand, the prevalence of E. coli 
we identified (29.9%) was higher than the prevalence 
reported from Nigeria (5%),12 North-eastern India 
(16.3%),26 India (19.6%),17 Sudan (6%),9 Spain (13%),27 

Sri Lanka (5.6%),23 and Indonesia (3.3%).16 The differ-
ence could be due to socioeconomic background and con-
tamination during sample collection. Moreover, admission 
to a hospital for delivery, gestational age, hygienic, and 
environmental conditions in the given locales could have 
contributed to the difference observed.

K. pneumoniae is a common bacteria isolated from 
newborns suspected of neonatal sepsis at HUCSH (perso-
nal communication and observation). The source of infec-
tion is not clear; it needs further investigation. One 
possibility is vertical transmission of K. pneumoniae 
from colonized pregnant women to newborns. In the pre-
sent study, we have isolated K. pneumoniae from pregnant 
women with a prevalence of 1.5%. The finding was similar 
to the prevalence of K. pneumoniae reported from Nigeria 
(2%).12 In contrast, countries such South Africa (7.7%),13 

India (7%),17 Sri Lanka (12.4%),23 Indonesia (3.3%),16 

and Uganda (9.8%) reported a high prevalence of 
K. pneumoniae.25 A study from Morocco reported lower 
proportion of K. pneumoniae (0.6%).15 The difference 
could be due to a study from Nigeria and Sri Lanka 
calculated a prevalence for the total Klebsiella species; in 
our case, we have considered only one species 
(K. pneumoniae).

Another potential pathogen detected in this study was 
S. aureus with the prevalence of 2.6%. Our finding is 
lower than a study conducted in Sudan (6%),9 

Maiduguri, Nigeria (9%),12 India (5.4%),17 Indonesia 
(18.6%),16 United States (13.7%),14 China (7.3%),28 and 
Uganda (8.2%).25 The difference could be due to the 
underlying condition of participants, socioeconomic status 
of participants, gestational age at which specimens were 
collected. For example, all participants of the Indonesian 
study were in gestational age of 35–40 weeks and they 
were admitted for parturition.16 All the Sudanese partici-
pants were suspected of infection and they were in differ-
ent gestational ages.9

The last potential pathogenic bacteria we selected in 
the present study was Acinetobacter species. The preva-
lence of Acinetobacter species (3.2) is consistent with 
a study conducted in Indonesia (3%);16 however, relatively 
lower prevalence was reported from Uganda (2.2%)25 and 

India (1%).17 On the other hand, a higher prevalence of 
Acinetobacter (7.2%) species was reported from 
Malaysia.29

We assessed the antimicrobial susceptibility profile of 
102 bacteria from 4 different categories. All E. coli were 
susceptible to imipenem which is in line with a report from 
Sri Lanka.23 Moreover, the majority the E. coli were also 
susceptible to ciprofloxacin. Similar to the current study, 
most E. coli from Sudan9 and Sri Lanka23 were susceptible 
to ciprofloxacin. Almost all E. coli isolated in this study 
were susceptible to amoxicillin and clavulanic acid which 
is, in contrast, to a study conducted in Sudan, where only 
20% of E. coli were resistant to amoxicillin and clavulanic 
acid.9 According to a study conducted in various parts of 
Nigeria, 25%, and 62% of E. coli were susceptible to 
cefuroxime, ciprofloxacin, and gentamicin, respectively.12 

The report from Nigeria12 disagrees with our finding, in 
which most E. coli we isolated were not susceptible to 
mentioned antibiotics. Unlike our study, greater than 50% 
of E. coli isolated in India were resistant to amoxicillin, 
cefuroxime, ceftriaxone, ciprofloxacin, and 
cotrimoxazole.17

In the current study, all K. pneumoniae were suscepti-
ble to all antimicrobial agents tested except amoxicillin 
and clavulanic acid (75%) and cotrimoxazole (75%) which 
is, in contrast, to a study conducted in Nigeria12 and 
India.30 According to a study conducted in Morocco15 

83% of K. pneumoniae were susceptible to ciprofloxacin 
which is, in contrast, to the current study. A report from 
India indicated a high proportion of Klebsiella which were 
resistant to ciprofloxacin (51%), cotrimoxazole (55%), and 
cefuroxime (69%).17 The difference could be due to 
repeated or misuse of the antibiotics or it could be due to 
the small number of K. pneumoniae tested in the present 
study.

Unusually, all S. aureus identified in this study were 
susceptible to penicillin, tetracycline, clindamycin, and 
erythromycin and 57.1% were susceptible to vancomycin. 
This finding is not in line with a report from Nigeria which 
reported clindamycin and erythromycin-resistant 
S. aureus.31 High susceptibility to penicillin and resistance 
to vancomycin observed in this study are unusual. In 
contrast to this study, significant number of S. aureus 
isolated in this study were resistant to penicillin.32 Like 
our study, all S. aureus isolated from HIV-infected indivi-
duals from Hawassa, Ethiopia, were susceptible to 
penicillin.33 Most Acinetobacter species isolated in this 
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study (33.3%) were resistant to cefuroxime; this finding is 
comparable with a study conducted in Kenya.34

Among different factors we assessed, gestational age 
was significantly associated with colonization of potential 
neonatal disease-causing bacteria. Pregnant women within 
the gestational age of 38‒40 weeks were about 1.9 times 
more likely to be colonized by potential neonatal disease- 
causing bacteria (p=0.04). This finding is not in line with 
a study conducted in the United States14 and 
Bangladesh.35 The difference could be because of types 
and number of bacteria studied. In a study conducted in 
the United States, only S. aureus was included.14 Other 
factors were not significantly associated with the preva-
lence of potential neonatal disease-causing pathogenic 
bacteria (p>0.05).

Limitation of the Study
Because of the lack of necessary reagents, we did not 
address Streptococcus agalactiae. As we used 
a convenient sampling technique, a selection bias could 
not be avoided. The operational definition we used for 
“potential neonatal disease-causing bacteria” is not stan-
dard and it may vary across the studies.

Strength of the Study
In this study, we tried to address potential pathogenic 
bacteria that can reside in a vaginal compartment of preg-
nant women and may cause neonatal disease.

Conclusions
This study revealed a high colonization rate of potential 
neonatal-disease causing bacteria in pregnant women. The 
most prevalent potential pathogen was E. coli followed by 
Acinetobacter species, S. aureus, and K. pneumoniae. All 
bacteria isolated in this study were susceptible to most 
antimicrobial agents tested. Pregnant women within the 
gestational age of 38‒40 weeks were 1.9 times more likely 
to be colonized by potential neonatal-disease causing 
bacteria.
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