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Background. Neonatal sepsis is a significant cause of morbidity and mortality in developing countries, accounting for a large proportion of
neonatal deaths annually. Every year, 4 million neonates die, and one-third of these deaths is attributed directly to neonatal sepsis.
Objectives. To determine the prevalence of neonatal sepsis, characterise and identify causative organisms and identify possible risk factors.
Specific objectives were to determine the aetiological agents responsible for neonatal sepsis at Lagos University Teaching Hospital and also
to identify the risk factors responsible for the development of neonatal sepsis.
Methods. Venous blood pairs were collected from clinically septic admitted neonates and inoculated into BACTEC Peds Plus (BD, USA)
bottles aerobically in the BACTEC 9050 system. Organisms were identified using the Microbact 12A/E system and biochemicals. A
structured questionnaire was used to collect data for risk factors, which were analysed with the SPSS version 17.
Results. Of 250 neonates who were sampled, 85 (34%) had pathogens recovered from their bloodstream, with Klebsiella pneumoniae the
predominant organism. Risk factors for sepsis were being delivered outside the hospital (p=0.01), and by frequent changes in antibiotics (p=0.00).
Conclusion. The burden of neonatal sepsis is still high in our environment as evidenced by our isolation rate of 34%. A concerted effort
needs to be made to reduce this.
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It is estimated that 20% of all neonates will develop sepsis, and ~1% of
them will die of sepsis-related causes. In addition, neonatal deaths account
for 43% of all deaths among children under 5 years.[1] In developing
countries such as Nigeria, which share 99% of the estimated 4 million
neonatal deaths annually, neonatal mortality resulting from neonatal
sepsis is estimated to be ~34/1 000 live births, while in developed
countries it is ~5/1 000.[1,2] Neonatal morbidity and mortality are
major public health challenges in our local environment, with a huge
percentage of deaths in the neonatal period attributable to sepsis. It
is estimated that 98.5% of neonatal mortality occurs in developing
countries, with neonatal sepsis directly responsible for 26% of
neonatal deaths.[1] Neonatal sepsis in itself is potentially treatable and
preventable, yet despite considerable advances and improvements
in the survival rate of newborns in developed countries, there has
not been a concomitant improvement in outcomes recorded in
developing countries.[1]
Neonatal sepsis is classically divided into early- and late-onset
sepsis. Both are associated with different distributions of pathogens.
Early-onset sepsis occurs in the first 7 days of life and is generally
acquired from pathogens in the maternal genital tract, whereas
late-onset sepsis, which occurs after the 7th day of life, has its origin
either in the community or in the healthcare environment.[3] The
aetiology of neonatal sepsis varies geographically, with different
regions reporting a plethora of prevalent pathogens. Organisms such
as Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus,
coagulase-negative staphylococci, Enterococcus spp., Proteus spp.,
and Pseudomonas aeruginosa have been reported.[3]
The objective of the current study was to ascertain and identify
the local risk factors responsible for bloodstream infections among
neonates at the Lagos University Teaching Hospital (LUTH), and
aid in generating baseline data for the prevalent micro-organisms
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responsible for neonatal sepsis in our institution, alongside
susceptibility and resistance patterns. This also helped to provide
relevant information on the practices in our neonatal units that are
predisposed to sepsis. These data were used by clinicians to predict
susceptibility to antimicrobial agents on an empirical basis while
awaiting susceptibility results and the identification of pathogens.

Methods

The study was carried out at the neonatal unit of the LUTH, Idi-Araba,
Lagos, Nigeria. The hospital is a 761-bed facility located in an urban
cosmopolitan setting. The neonatal unit of the hospital has a total bed
space of 73 and is divided into four wards: neonatal unit (NNU), and
wards D1, CHER and E4. The sample size was calculated, using the
average isolation rate of aerobic bacteria from manual blood culture
systems of ~20%.[4] A sample of 250 neonates was determined.[5] The
study included neonates delivered within or outside the hospital,
who had signs and symptoms of sepsis. Blood samples for culture
were collected within 48 hours of admission. These samples included
nosocomial sepsis and maternal acquisition. All the neonates recruited
into the study were admitted to the hospital and they presented with
clinical signs and symptoms of sepsis, including fever, hypothermia,
lethargy, bulging fontanelle, irritability, seizures, apnoea and failure to
thrive in the first 28 days of life. Sampling was limited to blood cultures
for the study, as lumbar punctures for cerebrospinal fluid analysis
were performed by the managing team only when indicated. Neonates
without clinical signs and symptoms of sepsis and those whose parents
withheld consent were excluded from the study.
Two venous blood samples were taken via phlebotomy from
the antecubital fossa, forearm or hands of the neonates aseptically,
applying universal precautions. The volume of blood withdrawn
was 1 - 3 mL. Blood obtained from each neonate was aseptically
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Table 1. Demographic characteristics of
neonates investigated for sepsis at LUTH
Characteristics

n (%) (N=250)

Gender
Male

118 (47.2)

Female

132 (52.8)

Age (days)
0-6

151 (60.4)

7 - 28

99 (39.6)

Socioeconomic status*
High

18 (7.0)

Middle

50 (19.8)

Low

182 (72.3)

*High socioeconomic status: combined income of
>USD5 000 per month; middle socioeconomic status:
combined income of USD1 000 - USD5 000 per
month; low socioeconomic status: combined income
of <USD1 000 per month.

dispensed into the BACTEC Peds Plus (BD,
USA) aerobic blood culture bottle, placed in
the BACTEC 9050 machine and incubated
for a maximum of 5 days. Bottles flagged as
positive by the system were removed, Gram
stained and sub-cultured onto appropriate
media such as blood, chocolate (for Grampositive organisms) and MacConkey agar
(for Gram-negative organisms) and iden
tified using biochemical tests. All isolates
were tested for antimicrobial susceptibility
with the modified Kirby-Bauer method.
A structured questionnaire was given to
patients' relatives/caregivers to complete in
order to identify and assess risk factors.
Data obtained from the questionnaires
were analysed with Epi Info 3.5.1 software
version 2008 (CDC, USA) and SPSS version
21.0 (IBM Corp., USA) by cross-tabulation
of risk factors and univariate/multivariate
analysis with data from the laboratory
results. Analysis was done with the χ2, 95%
confidence interval (CI) and odds ratio
(OR). Significance set at p<0.05.
Approval was obtained from the Ethics
and Research Committee of the LUTH.
Informed consent was obtained before the
filling in of questionnaires.

Results

There was a predominance of female
(n=132, 52.8%) compared with male
neonates (n=118, 47.2%), giving a male to
female ratio of 1:1.12. The mean age of the
neonates was 9.1 days, with most of them
<7 days (n=151, 60.4%). The majority of
the neonates (n=182, 72.2%) were delivered
to parents in the lower socioeconomic
strata, with 50 (19.7%) in the mid-strata
and the remaining 18 (17%) in the higher
socioeconomic strata (Table 1).
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Table 2. Aetiological agents stratified by age of onset of sepsis
n (%)

Organism

Early onset, n (%)

Late onset, n (%)

Acinetobacter baumanii

3 (3.5)

2 (67.0)

1 (33.0)

Acinetobacter iwoffii

1 (1.2)

0 (0.0)

1 (100)

Burkholderia cepacia

6 (7.0)

4 (67.0)

2 (33.0)

Candida albicans

1 (1.2)

0 (0.0)

1 (100)

CONS

10 (11.8)

6 (60.0)

4 (40.0)

Enterococcus spp.

6 (7.0)

3 (50.0)

3 (50.0)

Klebsiella oxytoca

3 (3.5)

3 (100)

0 (0.0)

K. pneumoniae

31 (36.5)

19 (61.3)

12 (38.7)

Proteus vulgaris

4 (4.7)

3 (75.0)

1 (25.0)

S. aureus

16 (18.8)

9 (56.3)

7 (43.7)

Serratia rubidaea

4 (4.7)

1 (25.0)

3 (75.0)

Total

85 (100)

50 (100)

35 (100)

CONS = coagulase-negative staphylococcus.

Table 3. Significant risk factors for sepsis in neonates at LUTH
Organism in
bloodstream,
n (%)

Risk factor

No organism in
bloodstream,
n (%)

Birth status
Inborn

30 (35.3)

74 (44.8)

Outborn

55 (64.7)

91 (55.2)

Change in antibiotics
Yes

46 (54.1)

129 (78.2)

No

39 (45.9)

36 (21.8)

Number of switches in
antibiotics
0

40 (47.1)

132 (80.0)

>1

45 (52.9)

33 (20.0)

With regard to aetiology, K. pneumoniae
(n=31) was the most frequently recovered
pathogen in both early-onset (n=19) and
late-onset (n=12) sepsis. It was followed by
S. aureus (n=16, 9 early onset and 7 late onset).
Coagulase-negative staphylococci were found
in 10 neonates, with 6 cases in early-onset
and 4 in late-onset sepsis. This was followed
by Enterococcus spp., which accounted for
6 cases spread evenly between early- and
late-onset variants. There was also one case of
candidaemia in early-onset sepsis (Table 2).
The following were found to be risk
factors for sepsis: patients born outside
a tertiary hospital tended to be more at
risk (p=0.15, OR 0.67, CI 0.39 - 1.15). A
change in antibiotic therapy was the second
risk factor observed, as those who had any
change in antimicrobials were less likely
to acquire sepsis (p=0.0001, OR 0.33, 95%
CI 0.19 - 0.58). Also, one or more switches
in antibiotics was another identified factor
(p=0.0024, OR 0.41, CI 0.23 - 0.73) (Table 3).
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p-value

OR

95% CI

0.1475

0.67

0.39 - 1.15

0.0001

0.33

0.19 - 0.58

0.0024

0.41

0.23 - 0.73

The single statistically significant risk factor
for early- v. late-onset sepsis was instrumentassisted delivery (p=0.02, OR 3.26, 95% CI
1.19 - 8.97). Babies who had instrumentassisted delivery were 3.26 times more likely to
have late-onset sepsis than other neonates with
suspected sepsis (Table 4).

Discussion

The findings from our study revealed
that Gram-negative organisms were pre
dominant, as they accounted for 61.1% of
organisms recovered, with K. pneumoniae the
most frequent Gram-negative pathogen. This
finding is in keeping with results obtained by
other researchers in previous studies where
K. pneumoniae alone was responsible for 30%
of cases of neonatal sepsis.[5-7] Klebsiella spp.
were also the most frequent cause of sepsis
at neonatal intensive care units (NICUs) in
other resource-constrained settings.[8]
The majority of bloodstream infections
due to K. pneumoniae were of early onset
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Table 4. Significant risk factor identified for early- and late-onset of sepsis
Risk factor

Early onset, n (%)

Late onset, n (%)

Instrumentassisted delivery
No

41 (83.7)

22 (61.1)

Yes

8 (16.3)

14 (38.9)

(n=19/31, 61.3%). This is also in line
with some previous studies which show
this organism to be one of the common
causes of early-onset sepsis.[4,9-16] A study
from Bangladesh also revealed that Gramnegative organisms were responsible for
73% of episodes of neonatal sepsis, with
E. coli identified as the most common
cause (30%), followed by Klebsiella spp.
(23%).[12] This highlights the predominance
of Gram-negative bacteria in the aetiology
of neonatal sepsis; clinicians need to bear
this in mind when instituting antimicrobial
therapy. However, this pattern is at variance
with another study which demonstrated a
preponderance of Gram-positive pathogens,
highlighting the unique micro-ecological niche
of different healthcare facilities.[7] The import
of this is that therapeutic regimens should
cover both groups of pathogens pending the
definitive identification and susceptibility
profiles of the agents responsible for sepsis.
A similar pattern was also seen in a study
from this centre 11 years ago, which reported
K. pneumoniae as the predominant pathogen
implicated in neonatal sepsis. The findings
from this research show that our microecology, with regard to the predominant
pathogens, has not changed, and also
indicates that a case needs to be put forward
for stringent infection control measures as
well as antimicrobial stewardship. S. aureus
was the next most common pathogen; this
is in line with findings from previous studies
that describe it as a frequent cause of sepsis
in neonates.[13] However, the isolation rate
of 18.8% for S. aureus from this study is less
than that obtained by workers at Illorin in
Nigeria.[14]
It is possible that some of these pathogens
may have been transmitted from healthcare
personnel or hospital equipment: therefore,
continuous and regular training of neonatal
unit staff on proper handwashing techniques
before and after touching babies will help to
reduce the transmission of pathogens in the
NICU setting, as this pathogen was recovered
from the hands of some healthcare workers.
The following risk factors for neonatal
sepsis were identified in the course of the
study: delivery outside this teaching hospital,
change in antibiotics from the initial regimen
and frequent changes in antibiotics. The
reasons for these findings could be related
to poor levels of antenatal, intrapartum and
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p-value OR

95% CI

0.02

1.19 - 8.97

3.26

postnatal care, insufficient level of knowledge
on the part of attending physicians in those
facilities of appropriate antimicrobial use,
and delayed detection of neonates at risk of
sepsis. Babies delivered outside this tertiary
hospital were not more likely to develop sepsis
when compared with neonates born at our
hospital. However, in order to reduce sepsis
rates among our neonates, it is imperative that
physicians in our referral centres be trained
and retrained on the potential signs of sepsis
and that they know what broad-spectrum
antimicrobial agents they need to administer
based on local susceptibility patterns. Our
results also showed that early-onset sepsis was
more common than late-onset sepsis, which
is compatible with findings from previous
studies.[17]
A previous study identified the following
risk factors for sepsis: lack of antenatal
care, maternal colonisation with group
B streptococci, preterm labour, low- and
very low birth weight, instrumentation and
invasive procedures, handling by healthcare
workers, prolonged use of antibiotics and
resuscitation at birth.[18] Early-onset sepsis
was more common than late-onset in our
study. This is keeping with previous data that
demonstrate a marked propensity for sepsis
in the first 7 days of life, given that this is the
stage at which neonates are most susceptible
to infectious agents.
The performance of invasive procedures,
including mechanical ventilation and instru
ment-assisted delivery, was more common
in the early-onset cases owing to this
being the stage at which infants are most
vulnerable to illnesses and require some
form of intervention. It is essential that
policies are formulated and strengthened
to guide clinicians in the application of safe
interventional procedures geared towards
reducing the risk of sepsis.
The relatively high rate of early-onset sepsis
detected in this study provides a reservoir of
infectious neonates who pose a considerable
risk of nosocomial transmission to other
neonates. Numerous studies have reported
that the most common pathogens isolated
in early-onset sepsis include: group B
streptococci (which was not found in this
study), S. aureus, E. coli (also not seen),
Klebsiella spp. and Listeria monocytogenes.[8,19]
The data from this study show that the
pattern of bacterial isolates in our local
SAJCH

centre differ to previously published data
and therefore the use of different antibiotic
guidelines based on local susceptibility
data will be warranted. There is therefore
the need to formulate local guidelines that
will aid in the rapid identification of atrisk neonates, especially those who have
developed sepsis, and develop treatment
modules that will help to reduce mortality
in our centre. This study has outlined the
local risk factors that impact on sepsis in
our environment. The identification and
use of these factors will help to form a
framework for those who may be at risk of
acquiring sepsis and help improve outcome
in those who are identified early at being at
risk of sepsis.

Study limitations

There were challenges in obtaining additional
data on risk factors for sepsis, as some of these
neonates were referred from other healthcare
facilities to the study site and did not come
with information on possible risk factors.

Conclusion

Our predominant pathogens were Klebsiella
spp. and S. aureus. The burden of neonatal
sepsis is still high in our environment, as
evidenced by our isolation rate of 34%. The
risk factors identified included: delivery
outside a tertiary hospital, changes in anti
biotic therapy and instrument-assisted deli
very. A concerted effort needs to be made to
reduce this scenario.

Recommendations

We recommend that babies presenting with
respiratory distress and/or fever are screened
immediately for bacterial sepsis. Infection
control protocols also need to be instituted
and strengthened in both our referral centres
and teaching hospitals, with regular neonatal
sepsis surveillance.
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