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Abstract
Introduction: Neonatal septicemia remains a major cause of newborn deaths in developing countries. Its burden is further compounded by the
emergence of multidrug-resistant pathogens, which is related to a lack of antibiotic protocols resulting in unrestricted use of antibiotics. The
absence of reliable antibiotic sensitivity testing makes the formulation of antibiotic guidelines and judicious use of antibiotics difficult. This
study sought to identify the current bacterial agents associated with early onset septicemia (EOS; age <72 hours) and their antibiotic
susceptibility patterns among neonates at the University College Hospital, Ibadan, Nigeria.
Methodology: A total of 202 inborn and outborn neonates with risk factors for or clinical features of septicemia in the first 72 hours of life had
samples for blood cultures and antibiotic sensitivity patterns taken prior to treatment.
Results: Of the subjects, 95 (47.0%) were inborn and 107 (53.0%) outborn, with a M:F ratio of 1.3:1; 12.5% were culture positive, and the
prevalence of EOS was 8.8/1,000 live births. The isolates were Staphylococcus aureus (52%), 30.7% of which were methicillin-resistant
Staphylococcus aureus (MRSA), Klebsiella pneumoniae (12%), Enterobacter aerogenes (8%), Enterococcus spp. (8%), Eschericia coli (4%),
and other Gram-negatives (12%). All the isolates except Staphylococcus aureus were susceptible to ampicillin, ampicillin/sulbactam, amikacin,
gentamicin, and third-generation cephalosporins. All MRSA were sensitive to amikacin, ciprofloxacin, and chloramphenicol, while all
methicillin-sensitive Staphylococcus aureus were sensitive to ampicillin/sulbactam.
Conclusions: Staphylococcus aureus was the commonest cause of EOS in our setting, with 30.7% of the Staphylococcus aureus isolates being
MRSA. Only MRSA demonstrated multidrug resistance.
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Introduction
Neonatal septicemia (NNS) is a major contributor
to neonatal morbidity and mortality worldwide. An
estimated three million newborn deaths occur annually,
and 36% of these are attributable to NNS. Newborn
death rates are more than four times higher in Africa
than in Europe and account for 44% of all deaths of
children under five years of age [1-4]. Neonatal
septicemia can be classified as early onset (EOS) if
septicemia manifests within three days of life or late
onset (LOS) if it manifests after three days of life [5].
Organisms causing EOS are usually maternally
acquired before or during delivery, whereas organisms
causing LOS are acquired from the environment, which
could be the community or nosocomial in hospitalized
patients [6]. Over the years, there have been increasing
reports from developing countries, of changing patterns
of the etiology of NNS [7-9]; however, these studies
hardly diffentiated between EOS and LOS. The trend in

etiology of EOS remains the same in developed
countries.
The increasing prevalence of multidrug-resistant
organisms being reported in developing countries gives
cause for concern, and in the face of the high infection
rates and associated mortality in such settings, there is
a need to take urgent steps to address this trend. These
steps include rational use of antibiotics based on wellderived guidelines, especially in cases of EOS. Some of
the problems militating against this include the
challenges with reliable laboratory antibiotic sensitivity
testing. Some do not have the luxury of taking blood
samples for culture before commencement of treatment,
especially in settings where point-of-care fees are
charged for medical services. Samples taken
subsequently, especially following antibiotic therapy,
may not be the true representation of the primary
organisms responsible for EOS.
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This study was conducted to determine the current
bacterial etiology of EOS and their antibiotic
susceptibility pattern in our setting, a tertiary hospital in
a developing country.
Methodology
The study was conducted in the newborn unit of the
University College Hospital (UCH), Ibadan, Nigeria,
between November 2013 and February 2014. Outborn
neonates < 48 hours of age and inborn neonates
requiring admission are usually admitted into the
special-care baby unit, while outborn neonates > 48
hours are admitted into a separate neonatal ward. Fullterm babies with maternal risk factors for septicemia are
screened but nursed by their mothers’ bedsides on the
post-natal wards, except when they develop signs of
illness. This was a cross-sectional study of 202
consecutive neonates < 72 hours of age and admitted to
or delivered in the hospital with risk factors for or
clinical features of septicemia. The risk factors included
maternal peripartum fever (temperature ≥ 38°C
occurring three days before or after delivery), maternal
abnormal vaginal discharge, offensive amniotic fluid,
prolonged rupture of membranes, meconium-stained
amniotic fluid, maternal dysuria, abdominal tenderness,
raised maternal white blood cell count, positive
endocervical or high vaginal swab culture, positive
maternal urine culture, antepartum hemorrhage, and
prolonged labor. The clinical features in the newborn
included fever or hypothermia, respiratory distress,
tachypnea, reduced activity, and feed intolerance.
Maternal demographic data, details of pregnancy,
delivery, and perinatal history, including antibiotic use,
were obtained from mother and labor ward records (for
inborn babies), and the presenting symptoms and
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clinical findings of the neonates at admission were
entered into a proforma.
Each neonate had 1.0–1.5 mL of blood taken from
a venous line. The blood samples were then transferred
to the BactecPeds Plus blood culture bottles (Becton
Dickinson Diagnostic Instrument Systems, Baltimore,
USA). These were sent to the microbiology laboratory
immediately and incubated in the Bactec 9050 machine
(Becton Dickinson Diagnostic Instrument Systems,
Baltimore, USA) at 37°C for four days. All samples
were taken immediately before commencement of
antibiotic therapy.
Positive vials were Gram stained and subcultured
on Chromagar (CHROMagar, (Paris, France)
orientation, group B streptococcus, and MRSA, all with
supplements). Gram-negative organisms were further
identified by the Microbact 24E GNB bacterial
identification system (Oxoid, Hampshire, UK). In vitro
antibiotic susceptibility testing was done on MuellerHinton agar (Merck, Lancashire, UK) using the disk
diffusion method and was interpreted with standard
charts.
Data was checked and analyzed using SPSS version
17.0 (IBM, Armonk, USA). Descriptive statistics are
presented using tables, charts, graphs and means (± SD)
as appropriate.
Results
There were 908 deliveries in the hospital during the
study period. A total of 202 neonates were screened for
septicemia, of which 94 (46.5%) were inborn and 108
(53.5%) outborn; there were 115 males and 87 females.
The characteristics of the neonates are shown in Table
1.

Table 1. Neonatal characteristics.
Characteristics
Birth weight (kg)
< 1.5
1.5 – < 2.5
> 2.5
Not known
Total
Gestational age
< 28 weeks
28–32 weeks
33–36 weeks
37–42 weeks
> 42 weeks
Total

Inborn
n (%)

Outborn
n (%)

All babies
n (%)

11 (11.7)
31 (33.0)
49 (52.1)
3 (3.2)
94 (100.0)

11 (10.2)
11 (10.2)
28 (25.9)
58 (53.7)
108 (100.0)

22 (10.9)
42 (20.8)
77 (38.1)
61 (30.2)
202 (100.0)

2 (2.1)
16 (17.0)
27 (28.7)
48 (51.1)
1 (1.1)
94 (100.0)

4 (3.7)
22 (20.4)
22 (20.4)
54 (50.0)
6 (5.6)
108 (100.0)

6 (3.0)
38 (18.8)
49 (24.3)
102 (50.5)
7 (3.5)
202 (100.0)
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Table 2. Presenting clinical features.

None

Inborn
(N = 94)
n (%)
30 (14.9)

Outborn
(N = 108)
n (%)
7 (3.5)

Total
(N = 202)
n (%)
37 (18.4)

Fever

19 (9.4)

39 (19.3)

58 (28.7)

Lethargy/reduced activity

16 (7.9)

42 (20.8)

58 (28.7)

Respiratory distress

48 (23.8)

80 (39.6)

128 (63.4)

Seizures

2 (1.0)

24 (11.9)

26 (12.9)

Coma

0 (0.0)

7 (3.5)

7 (3.5)

Apnoea

5 (2.5)

15 (7.4)

20 (9.9)

Clinical features

Temperature < 36°C

27 (13.4)

33 (16.3)

60 (29.7)

Pallor

1 (0.5)

5 (2.5)

6 (3.0)

Jaundice

12 (5.9)

11 (5.4)

23 (11.4)

Cyanosis

6 (3.0)

12 (5.9)

18 (8.9)

24 (11.9)

27 (13.4)

51 (25.2)

4 (2.0)

16 (7.9)

20 (9.9)

Poor feeding

7 (3.5)

13 (6.4)

20 (9.9)

Abdominal distension

12 (5.9)

11 (5.4)

23 (11.4)

Regurgitation/vomiting

6 (3.0)

4 (2.0)

10 (5.0)

Significant pregavage aspirate

2 (1.0)

0 (0.0)

2 (1.0)

Periumbilical redness

2 (1.0)

2 (1.0)

4 (2.0)

Sclerema

0 (0.0)

8 (4.0)

4 (2.0)

Mottled skin

3 (1.5)

8 (4.0)

11 (5.4)

Prolonged capillary refill

0 (0.0)

1 (0.5)

1 (0.5)

Hepatomegaly

3 (1.5)

17 (8.4)

20 (9.9)

Table 3. Characteristics of neonates based on blood culture positivity.
Blood culture positive
Characteristics
n (%)
Birth weight

Blood culture negative
n (%)

Tachypnea
Bleeding diathesis

< 1.5

X
0.728

3 (1.5)

19 (9.5)

1.5 – < 2.5

3 (1.5)

39 (19.4)

≥ 2.5

10 (5.0)

67 (33.2)

Not known

9 (4.5)

52 (25.9)

Gestational age

0.538

< 28 weeks

1 (0.5)

5 (2.5)

28–32 weeks

4 (2.0)

34 (16.9)

33–36 weeks

3 (1.5)

46 (22.9)

37–42 weeks

16 (8.0)

85 (42.3)

> 42 weeks

1 (0.5)

3 (1.5)

UCH

2 (1.0)

36 (17.8)

Outside UCH

23 (11.4)

141 (69.8)

Place of ANC

0.010

Place of delivery

0.277

UCH

8 (4.0)

86 (42.6)

Outside UCH

17 (17)

91 (45.0)

ANC: antenatal care; UCH: University College Hospital.
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Clinical features
Overall, 36 (17.8%) had risk factors only, while 166
(82.8%) presented with clinical features. Of those with
clinical features, respiratory distress was the most
common presenting feature (63.4%); fever (28.7%),
temperature < 36°C (29.7%), and lethargy (28.7%)
were the other common features (Table 2).

complications. Of the 108 outborn neonates screened,
17 (15.9%) had positive blood cultures, as shown in
Table 3.
One neonate who had no clinical features but was
screened because of a history of maternal peripartum
fever had a positive blood culture. All other neonates
with positive cultures had at least one clinical feature.
The organisms found are shown in Table 4.
Staphylococcus aureus was the most common pathogen
in both inborn and outborn infants (52% of EOS). There
was both a higher prevalence of positive cultures and a
wider spectrum of organisms associated with EOS
among the outborn compared with inborn neonates.
Group B streptococcus (GBS) was not isolated in any
neonate.

Prevalence of culture-proven EOS
The blood culture was positive in 25 (12.4%)
neonates, 8 of whom were inborns, giving a prevalence
of EOS of 8.8/1,000 live births. Of the 8 inborn
neonates with positive cultures, 6 (75%) were from
mothers who had antenatal care at peripheral centers but
were only referred for delivery due to obstetric

Table 4. Bacterial isolates in early onset septicemia among inborn and outborn neonates.
Inborn N = 94
Outborn N = 108
Organism
n (%)
n (%)
Staphylococcus aureus
7 (28.0)
6 (24.0)
MRSA, MSSA
Klebsiella pneumoniae
3 (12.0)
Escherichia coli
1 (4.0)
Enterococcus spp.
2 (8.0)
Enterobacter aerogenes
2 (8.0)
Streptococcus pneumoniae
1 (4.0)
Other Gram negatives
3 (12.0)
Total
8 (32.0)
17 (68.0)

Total N = 202
n (%)
13 (52.0)
3 (12.0)
1 (4.0)
2 (8.0)
2 (8.0)
1 (4.0)
3 (12)
25 (100)

MRSA: methicillin-resistant Staphylococcus auereus; MSSA: methicillin-sensitive Staphylococcus auereus.

Table 5. Percentage of organisms susceptible to antibiotics.
Organisms
Antibiotics
AMP
AMS
AUG
P
OX
AMC
AML
AK
GN
VA
OFX
CIP
CFX
CAZ
CTX
CXM
MRP
C
E

Staphylococcus aureus
MSSA

MRSA

100
100
0
40
33.3
66.7
80
66.7
100
100
50
80
0
25
75
66.7
100

33.3
33.3
0
0
33.3
0
100
25
66.7
0
100
0
0
0
0
100
100

Kleb.

E. Coli

100
0

100
0
0
0

25
0
100
100
0
100
100
100
-

100
0
100
100
100
0
-

Enterococcus
spp.

S. pneu

Enterobacter
spp.

0
0
100
0
0
0
0
50
100
0
0
0
0
100

100
100
100
100
0
100
100
100
0
-

100
50
0
100
100
100
100
100
100
-

Other
Gram
negatives
0
100
-0
0
100
100
100
100
100
0
100
0
-

MSSA: methicillin-sensitive Staphylococcus auereus; MRSA: methicillin-resistant Staphylococcus auereus; AMP: ampicillin; AMS: ampicillin/sulbactam;
AUG: amoxicillin-clavulanic acid; P: penicillin; AMC: amoxicillin; AML: ampiclox; AK: amikacin; GN: gentamicin; VA: vancomycin; OFX: ofloxacin; CIP:
ciprofloxacin; CFX: cefixime; CAZ: ceftazidime; CTX: cefotaxime; CXM: cefuroxime; MRP: meropenem; C: chloramphenicol; E: erythromycin.
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The other Gram-negative organisms isolated among
outborns were Acinetobacter iwoffii, Acinetobacter
baumanii, and Serratia marcescens. Of the
Staphylococcus aureus isolates, 9 (69.3%) were
methicillin sensitive (MSSA) while 4 (30.7%) were
methicillin resistant (MRSA), and this represents 16%
of the entire isolates. All 4 MRSA were from inborn
babies, but maternal risk factors for sepsis were present
before presentation for delivery.
Antibiotic susceptibility pattern of EOS organisms
The susceptibility of all organisms except
Staphylococcus aureus was 100% to ampicillin,
ampicillin/sulbactam, amikacin, gentamicin, thirdgeneration cephalosporins, and quinolones. MSSA
demonstrated
100%
susceptibility
to
ampicillin/sulbactam, 80% to amikacin, and 66.7% to
gentamicin. MRSA demonstrated 33.3%, 100%,
66.7%, and 25% susceptibility to ampicillin/sulbactam,
amikacin, vancomycin, and gentamicin, respectively, as
shown in Table 5.
Discussion
The prevalence of EOS among inborns in this study
of 8.8/1,000 live births is higher than that reported from
developed countries, where the prevalence is 0.9–
3.3/1,000 live births [10], implying that much is needed
to be done to reduce the scourge of neonatal infections
in Nigeria and other developing countries to improve
newborn health. This high prevalence was largely
accounted for by neonates whose mothers received
antenatal care outside of the UCH but were referred for
delivery; these infants accounted for 75% of cultureproven EOS among the inborn neonates. This, coupled
with the finding of a wider spectrum of organisms
among the outborns, suggests that infection rates are
higher at those peripheral hospitals, which may indicate
that the level of hygienic and aseptic techniques are
probably suboptimal in the peripheral centers. It is
therefore important to emphasize infection control at
such levels of healthcare if neonatal infection, which is
one of the commonest causes of newborn mortality, is
to be reduced in Nigeria.
In developing countries, there is a wide variation in
the incidence of NNS, ranging from 5.6/1,000 live
births in a hospital-based study in Pakistan [11], 15.5 in
a hospital in India [12], to 54.9/1,000 live births in
Nigeria [13], which has been attributed to factors such
as socioeconomic structure, perinatal practices, as well
as a lack of infection control practices and good
antibiotic protocols. The persistently low NNS rates
from developed countries are mainly due to good
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infection control practices, including rational use of
antibiotics [10].
Staphylococcus aureus was the commonest
organism isolated from both inborn and outborn
neonates. Similar reports have been made from other
centers in Nigeria [13-15]. Staphylococcus aureus was
the third commonest organism isolated among inborns
in a study from India, next to coagulase-negative
Staphylococcus aureus and Klebsiella pneumoniae
[12]. It has been shown that horizontal transmission
from mothers is probably the major source of
Staphylococcus aureus to neonates [16]. This
observation may therefore suggest poor hygiene as a
major contributing factor to the high incidence of NNS
in Nigeria and other developing countries. It is also
possible that the nasal and/or vaginal carriage rate of
Staphylococcus aureus is high in our environment,
though there are no studies available to show this. It is
worthy of note that 16.1% of isolates in EOS were
MRSA. Though MRSA colonization has been reported
in recent times in babies in the neonatal intensive care
unit right from admission, it is more commonly
associated with LOS and outbreaks [17]. These MRSA
isolates were found only among the inborns of both
referred and registered mothers; this may suggest that
some of the mothers or babies may have acquired
MRSA from the healthcare staff in the labor ward.
However, there were no facilities to type the strains and
identify the possible source.
Escherichia coli was the only Gram-negative
organism responsible for EOS among inborn neonates,
hence the need to take this into consideration in the
choice of first-line empirical antibiotics. This is not
unexpected, as Escherichia coli is a genital tract
organism, which would likely be transmitted
perinatally. Escherichia coli has not been as commonly
reported as Klebsiella in Nigerian studies in recent
times [9,13,18], but this may be because most studies
did not differentiate between EOS and LOS. That no
GBS was found in this study further buttresses the fact
that it is not as common in this environment [10] as in
developed countries, where it is the major cause of EOS
[19,20]. The reason for this is not clear, but the fact that
several mothers had been exposed to prior antibiotics
may be a contributory factor. Studies of maternal GBS
carriage would be necessary to establish if the organism
is indeed not common in this environment or if there are
factors protecting the babies. Finding Staphylococcus
aureus and Escherichia coli as the commonest
organisms in this study just as it had been more than 30
years ago in Ibadan [21] and more than 10 years ago in
Uganda [22] suggests that not much has changed with
1342
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respect to the etiology of EOS and probably infection
control practices.
Many other recent studies from developing
countries did not differentiate between EOS, LOS, or
even nosocomial infections [10], and treatment
guidelines based on such reports will likely negate the
principles of rational antibiotic use in newborns and
will, in the long run, promote multidrug resistance. In
most studies from developing countries, including
Nigeria that differentiated between EOS and LOS,
multidrug-resistant Gram-negative organisms such as
Klebsiella, Escherichia coli, Pseudomonas, and
Salmonella were commonly reported in EOS
[10,23,24]. Studies from Europe and the United States
show a predominance of Gram-positive organisms,
especially GBS, despite the use of prophylactic
intrapartum antibiotics [20,25]. Other organisms
causing EOS include, in order of reducing frequency,
Eschericha coli, Streptococcus viridans, and
Staphylococcus aureus [10].
The initial empirical treatment of EOS goes a long
way in determining the likelihood of development of
secondary infection with multidrug-resistant Gramnegative bacteria. Several studies from developing
countries have recommended second- and thirdgeneration cephalosporins as first-line antibiotics, but
this can only compound the already bad situation [26].
In this study, most of the organisms showed good
susceptibility to ampicillin, amikacin, and gentamicin,
except MRSA, which expectedly demonstrated limited
susceptibility to these drugs and even to vancomycin
(only 66.7% of isolates were susceptible). This high
resistance of MRSA to vancomycin is consistent with
what has been previously reported [27,28], and this has
grave implications in a low-resource setting like
Nigeria, where there are limited choices of antibiotics.
Also worthy of note is the fact that the Gramnegative organisms were all sensitive to meropenem,
while only 66.7% of the MSSA and none of the MRSA
and Streptococcus pneumoniae were susceptible.
With the findings from this study, organisms
causing EOS demonstrated susceptibility to drugs
recommended by the World Health Organization
(WHO) as first-line antibiotics; however, reports of
substandard/adulterated ampicillin and gentamicin in
Nigeria have limited its use in our unit [29,30]. Though
the study was conducted in a tertiary hospital setting,
most of the culture-proven septicemia were in babies
from the various facilities at the peripheral level, and
these probably represent the babies who were the most
ill. It may therefore be inferred that it is unnecessary to
institute more complex antibiotics, particularly the
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higher-generation cephalosporins, as first-line
antibiotics, as recommended in some previous studies
from Nigeria [31]. This will go a long way in the control
of the emergence of multidrug-resistant strains of
organisms, which is the current problem in newborn
units across many developing countries. It does not
appear that new, safe, and affordable classes of
antibiotics will be developed soon.
If gains are to be made in reducing the prevalence
of NNS, there is a need to standardize obstetric
practices in healthcare centers that serve the community
and to promote training of healthcare workers,
especially in the areas of hand hygiene and aseptic
procedures.
Conclusions
The prevalence of EOS in our setting is still high,
Staphylococcus aureus, and Eschericha coli remain the
commonest etiologic agents. A substantial number of
the Staphylococcus aureus isolates were methicillin
resistant strains. All organisms demonstrated good
susceptibility to the WHO recommended first line
empirical antibiotics except for MRSA which showed
high resistance even to vancomycin.
Considering the fact that the most common
organism responsible for EOS was Staphylococcus
aureus the first choice of empiric antibiotics in this
setting should include an anti-staphylococcal agent.
The fact that most part of the positive cultures were
isolated from neonates of mothers who were referred
from the peripheral centres, made clear that further
studies are needed in those areas as well as
improvement in practices aimed at promoting hygienic
perinatal practices and reducing neonatal infections and
neonatal mortality. In addition, community based
studies on bacterial etiology and antimicrobial
susceptibility pattern may be required in our
environment in order formulate antibiotic guidelines for
the peripheral level to promote rational use of
antibiotics in the community and discourage the
emergence of multi drug resistant strains of bacteria.
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