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Abstract
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   Antimicrobial resistance in neonatal bloodstream infections (BSI) is a threat to the health system and a major contributor to mor-
bidity and mortality within neonatal intensive care units. This study was carried out to determine the prevalence of BSI, antimicrobial 
resistance, and Extended Spectrum Beta Lactamase (ESBL) production. We carried out a cross-sectional study of newborns admitted 
to three hospitals in Delta State, Nigeria. Blood samples were collected aseptically, cultured on MacConkey, Blood and Chocolate agar 
respectively. Isolated bacteria were identified based on morphology, Gram stain and standard biochemical tests. Antimicrobial sus-
ceptibility testing was performed using the Kirby-Bauer disk diffusion method. Phenotypic testing for ESBL production was carried 
out using the double-disc diffusion method according to CLSI guidelines. A plasmid curing test was performed on ESBL-producing 
isolates using 10% sodium dodecyl sulphate. A total of 70 bacterial isolates were detected in 180 blood samples, of which 50 (27.8%) 
were Gram-negative and 20 (11.1%) were Gram-positive. The most frequently isolated pathogen was Escherichia coli (19; 27.1%). A 
total of 19 (10.6%) isolates were from early-onset BSI, while 51 (28.3%) were from late-onset infection. A high rate of resistance was 
observed with Gentamicin and fluoroquinolone resistance being over 50% in E. coli and Klebsiella pneumoniae. All Staphylococcus au-
reus were resistant to erythromycin and trimethoprim-sulfamethoxazole. Twenty of the 50 Gram-negative isolates (40%) were ESBL 
producers with E. coli being 26.0% (13), and all harboured plasmids. Regular monitoring of pathogen spectrum and antimicrobial 
resistance patterns will help clinicians use drugs rationally in clinical management.

Introduction

Although neonatal mortality has decreased to between 11–
19% in high-income countries [1], significant burden still occurs 
in low-income countries, with Asia and Africa being among the 
continents with the highest burden of neonatal BSIs [2]. In Africa, 
mortality rates are highest in sub-Saharan Africa [3,4]. Insuffi-
cient infection control and surveillance, abuse of antibiotics and 
increase of antimicrobial resistance may contribute to this situa-
tion [5,6]. Monitoring resistance in disease-causing pathogens is of 
particular importance for neonatal BSIs in Africa, where most em-
pirical treatments follow prescribed guidelines without recourse 

to local resistance data. There are two major definitions of BSIs in 
neonates; early-onset sepsis is bacteraemia in the first 72 hours of 
life, and late-onset sepsis occurs after 3 days of birth [7]. Neonates 
admitted to intensive care units are at high risk for infection due to 
factors such as an immature immune system, gestational age, pro-
longed hospitalization, and frequent use of single or multiple inva-
sive devices. 

The occurrence of antimicrobial resistance is one of the great-
est challenges in the treatment of neonatal bloodstream infections. 
In sub-Saharan Africa, 66% of neonatal sepsis cases are caused by 
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antibiotic-resistant bacteria [4]. Drug-resistant bacteria, especially 
extended-spectrum β-lactamase (ESBL)-producing Enterobacteri-
aceae (ESBL-PE), in hospital settings represent a major threat [4]. 
Although they are mostly associated with urinary tract infections, 
the incidence of BSIs caused by ESBL-PE has been reported and is 
increasing worldwide [8]. Neonatal bloodstream infections (NBSIs) 
with ESBL-PE are associated with longer hospital stays and conse-
quently higher hospital expenses, and worse outcomes [8,9]. The 
global public health antibiotic resistance threat of ESBL-produc-
ing Enterobacteriaceae stems from their ability to acquire genes 
conferring drug resistance through mobile genetic elements such 
as plasmids and transfer them between the same or different spe-
cies [10,11]. These plasmids are often large and able to harbour 
genes conferring resistance to other antimicrobial classes such 
as aminoglycosides, fluoroquinolones, and trimethoprim/sulfa-
methoxazole, thus resulting in multidrug-resistant isolates [12]. 
and difficult-to-treat infections [8]. 

The spectrum of bloodstream pathogens encountered among 
admitted neonates include Gram-positive and Gram-negative 
bacteria, and sometimes fungi. Bacteria causing neonatal sepsis 
are constantly changing and may be due to local patterns of an-
tibiotic use. The aetiology varies with the time of onset of illness, 
local ecology, and bacterial niche. In some developing countries, 
Gram-negative bacteria such as Klebsiella pneumoniae are far 
more prevalent as neonatal pathogens [13-15,17-19]. In others, it 
is Escherichia coli [15] and this is usually with a higher incidence 
of antimicrobial resistance. In developed countries, Gram-positive 
organisms such as Streptococcus agalactiae have been identified as 
the most common cause of sepsis in neonates [16]. Similarly, there is 
considerable variation in antibiotic resistance patterns in different 
countries. Antimicrobial susceptibility patterns and ESBL produc-
tion in NBSIs have been reported in some countries in America, 
Europe, Asia, and Africa. 

Nevertheless, published data on antimicrobial resistance pat-
terns of neonatal sepsis pathogens are limited, possibly due to a 
lack of prioritization, the absence of routine surveillance, and 
the tendency to only report outbreaks. Therefore, this study was 
conducted to determine the prevalence of BSI, antimicrobial resis-
tance and BSI due to ESBL.

Material and Methods
Ethical approval 

Prior to the commencement of the study, ethical approval was 
obtained from the ethics and research committee of the Faculty of 
Science and Research Committee of Delta State University, Abraka 
while permission to collect samples were sought from the ethical 
committees of the different hospitals sampled.

Study population
This was a hospital-based, cohort study carried out from Febru-

ary to June 2019. Neonates aged 0-28 days admitted to the inten-
sive care units (ICU) of General Hospital Warri, Delta State Univer-
sity Teaching Hospital and Central Hospital Eku due to sepsis or 
other bacterial infections were included in this study. Neonates in-
cluded in the early-onset cohort were neonates considered at risk 
for early-onset bacteraemia by admission into the ICU in the first 
72 hours of birth. Neonates included in the late-onset cohort were 
considered at risk for late-onset bacteraemia by admission into the 
ICU during the risk period of 3 days of birth or later.

Sample collection and identification of bacteria
From sepsis-suspected neonates, 1ml of blood sample in 5 ml of 

brain heart infusion broth was collected and cultured as described 
in our previously published work [17]. Samples were immediately 
transported to the microbiology laboratory and incubated at 37°C. 
The culture bottles were examined for evidence of bacteria growth 
such as turbidity and gas production. The samples were then sub-
cultured onto Blood agar, MacConkey agar (aerobic, 37°C), and 
chocolate agar (anaerobic) and incubated for 7 days. After the in-
cubation period, the blood cultures were reported as positive or 
negative. Gram staining was performed on pure colonies of isolated 
bacteria and characterized using standard biochemical tests [18], 
followed by antimicrobial susceptibility testing [19]. 

Antimicrobial susceptibility test
Antimicrobial susceptibility testing was performed according to 

the Clinical and Laboratory Standard Institute (19) guidelines using 
the Kirby-Bauer disk diffusion method. Direct colony suspension in 
sterile physiological saline, equivalent to 0.5 McFarland standard, 
was prepared and inoculated on Muller-Hinton agar (MHA) using a 
sterile cotton swab. Multiple antibiotic disks (Abtek Ltd, UK) were 
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placed on the agar surface and incubated at 35–37 °C for 18–24 h. 
The zone of growth inhibition around each disk was measured and 
interpreted as resistant or susceptible based on the CLSI guide-
lines. 

Fifteen (15) antibiotics, including trimethoprim-sulfamethoxa-
zole (30µg), streptomycin (30µg), erythromycin (30µg), ceftriax-
one (30µg), gentamicin (30µg), amoxicillin (30µg), ciprofloxacin 
(30µg), chloramphenicol (30µg), sparfloxacin (30µg), amoxicillin-
clavulanic acid (30µg), ofloxacin (30µg), pefloxacin (30µg), cefu-
roxime (30µg), ceftazidime (30µg) and cefotaxime (30µg), were 
used. 

Detection of ESBL production in isolated organisms
Phenotypic testing for ESBL production was carried out us-

ing the double-disc diffusion method according to CLSI guide-
lines [19]. Disks containing ceftazidime and cefotaxime (30 μg 
each) were placed on Mueller Hinton agar at 20m center to center 
around a disk containing amoxicillin (20 μg) plus clavulanic acid 
(10 μg). After incubation for 24 hours at 37°C, ESBL production 
was determined. ESBL phenotype was considered positive if there 
was a difference of ≥5 mm in the inhibition zone diameter around 
the ceftazidime or cefotaxime disks in combination with amoxicil-
lin-clavulanic acid compared to the zones around the disks containing 
only ceftazidime or cefotaxime [19].

Plasmid curing
Plasmid curing was performed on ESBL-producing isolates as 

previously described [20] using a sub-inhibitory concentration of 
10% sodium dodecyl sulphate (SDS). Briefly, an overnight broth 
culture of the ESBL isolate was used to inoculate 4.5 ml of nutrient 
broth. Then 0.5 ml SDS (10% concentration) was added, and the 
mixture was incubated at 37°C for 48 h. After incubation, 0.5 ml of 
the broth was added to a freshly made 4.5 ml nutrient broth and 
incubated at 37°C for an additional 24 h. After curing, susceptibil-
ity testing was repeated as earlier described. Cured isolates were 
identified by their failure to grow in the presence of antibiotics, 
indicating that the resistance genes were carried on the plasmids 
eliminated by curing.

Results
Microbial aetiology of neonatal bloodstream infections

A total of 70 (38.9%) isolates were obtained from the 180 blood 
samples collected from neonates. A total of 19 (10.6%) isolates 
were from early-onset infection while 51 (28.3%) were from late-
onset infection (Table 1). Gram-negative organisms predominated 
(n = 50; 27.8%) compared to the Gram-positives (n = 20; 11.1%). 
Escherichia coli (n = 19; 27.1%), Staphylococcus aureus (n = 15; 
21.4%), and Klebsiella pneumoniae (10; 10.0%%), were the three 
most prevalent organisms (Table 2). Other isolates in decreas-
ing order of prevalence include Alcaligenes (8.6%), Providencia 
sp (8.6%), Citrobacter sp (7.1%), and Staphylococcus epidermidis 
(7.1%). 

Table 1: Prevalence of early- and late-onset BSI in neonates.

Organism B Number of 
isolates (%)

Early Onset Late Onset

Gram-positive 20 (11.1) 6 (3.3) 14 (7.7)
Gram-negative 50 (27.7) 13 (7.2) 37 (20.6)

Total 70 (38.9) 19 (10.6) 51 (28.3)

Table 2: Prevalence of Organisms Isolated from Neonatal Blood 
Culture.

Bacterial

Isolates

Onset of Infection Total

IsolatesEarly Onset Late Onset

Staphylococcus aureus 6 (8.6) 9 (12.9) 15 (21.4)
Staphylococcus albus 0 (0.0) 5 (7.1) 5 (7.1)

Escherichia coli 8 (11.4) 11 (15.7) 19 (27.1)
Klebsiella pneumoniae 5 (7.1) 2 (2.9) 7 (10)

Pseudomonas aeruginosa 0 (0.0) 7 (10) 7 (10)
Providencia species 0 (0.0) 6 (8.6) 6 (8.6)
Citrobacter species 0 (0.0) 5 (7.1) 5 (7.1)
Alcaligenes species 0 (0.0) 6 (8.6) 6 (8.6)

Total 19 (27.1) 51 (72.8) 70 (38.9)
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Number of bacterial isolates (%)
Class of antimi-

crobial agent
Antimicrobial 

agent
E. Coli. (%) 

n = 19
K. pneumonia 

(%) n = 7
Pseudomonas aerugi-

nosa (%)n = 7
Providencia 
sp. (%) n = 6

Acaligen sp.
(%) n = 6

Citrobacter 
sp. (%) n = 5

Penicillin Amoxicillin 11 (57.9) 2 (28.6) 7 (100.0) 6 (100.0) 0 (0.0) 0 (0.0)
Cephalosporin Cefotaxime 10 (53) 2 (28.6) 4 (57.1) 5 (83.3) 5 (83.3) 3 (60.0)

Ceftazidime 6 (31.6) 2 (28.6) 3 (43.0) 6 (100.0) 5 (83.3) 3 (60.0)
Β-lactamase 

inhibitor
Amoxicillin-cla-

vulanic acid
15 (79) 4 (57.1) 3 (43.0) 6 (100.0) 5 (83.3) 4 (80.0)

Aminoglycoside Gentamycin 14 (73.7) 4 (57.1) 7 (100.0) 6 (100.0) 4 (66.7) 5 (100.0)
Aminoglycoside Streptomycin 11 (57.9) 4 (57.1) 7 (100.0) 6 (100.0) 4 (66.7) 2 (40.0)

Phenicols Chloramphenicol 11 (57.9) 5 (71.4) 7 (100.0) 2 (33.3) 1 (16.7) 2 (40.0)
Quinolones Sparfloxacin 14 (73.7) 2 (28.6) 7 (100.0) 6 (100.0) 4 (66.7) 5 (100.0)

Fluoroquinolone Pefloxacin 15 (78.7) 4 (57.1) 7 (100.0) 6 (100.0) 6 (100) 5 (100.0)
Ofloxacin 13 (68.4) 4 (57.1) 7 (100) 6 (100.0) 6 (100) 5 (100.0)

Ciprofloxacin 19 (100) 7 (100) 7 (100.0) 6 (100.0) 6 (100) 5 (100)
Sulfonamide Trimethoprim-

sulfamethoxazole
11 (57.9) 4 (57.1) 2 (28.0) 2 (23.3) 0 (0.0) 0 (0.0)

Table 4: Antibiotic susceptibility Patterns of Gram-positive isolates obtained from neonatal BSI.

Number of bacterial isolates (%)
Class of antimicrobial agent Antimicrobial agent S. aureus (%) n = 5 S. epidermidis (%) n = 5

Penicillin Amoxicillin 12 (80.0) 5 (100.0)
Ampicillin 12 (80.0) 3 (60.0)

Cephalosporin Ceftriaxone 12 (80.0) 5 (100.0)
Cefuroxime 4 (26.7) 5 (100.0)

Β-lactamase inhibitor Amoxicillin-clavulanic acid 6 (40.0) 3 (60.0)
Aminoglycoside Gentamycin 14 (93.3) 3 (60.0)
Aminoglycoside Streptomycin 12 (80.0) 5 (100.0)
Fluoroquinolone Pefloxacin 15 (100.0) 3 (60.0)

Ciprofloxacin 15 (100.0) 5 (100.0)
Macrolide Erythromycin 15 (100.0) 3 (60.0)

Sulfonamide Trimethoprim-sulfamethoxazole 15 (100.0) 3 (60.0)

Table 3: Antibiotic susceptibility Patterns of Gram-negative isolates obtained from neonatal BSI.

The prevalence of antimicrobial resistance was assessed among 
the isolates, focusing on seven antibiotics classes: beta-lactams, 
beta-lactam inhibitors, cephalosporins, fluoroquinolone, amino-
glycosides, macrolides, phenicols, and sulfonamides. Resistance to 
cephalosporins, aminoglycosides and fluoroquinolone was most 
frequently detected among the Gram-negative isolates. Gentamicin 

and fluoroquinolone resistance of over 50% was detected in E. coli 
and K. pneumoniae. However, K. pneumoniae showed low resistance 
(28.6%) to sparfloxacin. Low resistance rates to cephalosporins of 
between 0 to 28% were observed in K. pneumoniae.

Amongst the cephalosporins, E. coli exhibited high rates of re-
sistance (> 50%) to ceftriaxone, cefuroxime, and cefotaxime, but 

Citation: Olivia S. Egbule., et al. “Antibiogram and ESBL Production Among Neonatal Blood Stream Infections in Intensive Care Units of Selected Hospitals 
in Delta State, Nigeria". Acta Scientific Microbiology 7.6 (2024): 09-16.



13

Antibiogram and ESBL Production Among Neonatal Blood Stream Infections in Intensive Care Units of Selected Hospitals in Delta State, Nigeria

a low resistance rate to ceftazidime (31.6%). All isolates (100%) 
were resistant to ciprofloxacin in this study. Staphylococcus aureus 
and Staphylococcus epidermidis showed high rates of resistance to 
the antibiotics tested. However, S. epidermidis exhibited an overall 
higher rate of resistance than S. aureus to most of the antibiotics. 
Although for erythromycin and trimethoprim-sulfamethoxazole, S. 
aureus was found to show a higher resistance of 100%.

ESBL prevalence among Gram-negative isolates 

The double-disk method revealed that 20 of the 50 Gram-
negative isolates (40%) showed synergy between amoxicillin-
clavulanic acid and at least one of the cefotaxime or ceftazidime 
β-lactams. As shown in Table 4, the most common ESBL-producing 
strain was E. coli (13; 26.0%), followed by Klebsiella pneumoniae 
(4; 8.0%), Pseudomonas (2; 4.0%), and Citrobacter sp. (1; 2.0%).

Prevalence of ESBL-producing isolates

Isolates No of isolates (%) ESBL positive (%)
E. coli 38 (27.1) 13 (26)

Klebsiella pneumoniae 14 (10.0) 4 (8.0)
Pseudomonas aeruginosa 14 (10.0) 2 (4.0)

Citrobacter sp. 10 (7.1) 1 (2.0)
Providencia sp. 12 (8.6) 0 (0.0)
Alcaligenes sp. 12 (8.6) 0 (0.0)

Total 100 (55.6) 20 (40.0)

Table 5

Discussion
Bloodstream infections with ESBL-producing bacteria have 

been reported in Africa, particularly in vulnerable populations 
of neonatal intensive care units [15,20,21]. A high rate (38.9%) 
of bloodstream infections among neonates was observed in this 
study, which is comparable with studies of Olorukooba., et al. 2020 
and Edmond., et al. [16,18]. In their studies, E. coli was the most 
prevalent isolate, with a high prevalence of 37.6% and 30.61%, re-
spectively. Most authors have also observed a high prevalence of 
neonatal sepsis in Nigeria, with rates ranging from 25% to 55% 
[15,22]. A late onset of 28.3% was observed in this study. This 
suggests nosocomial infections as most pathogens were likely ac-
quired after delivery in the hospital. Late-onset neonatal sepsis is 
caused by organisms from the environment and may be nosocomi-

al in origin [15]. It is important to note that most newborns admit-
ted to the ICU have more serious underlying diseases, may undergo 
more invasive procedures, and have a significantly increased risk of 
infection. It is therefore necessary to observe preventive measures 
in other to avoid nosocomial infections. Gram-negative rods such 
as Klebsiella species, Escherichia coli, Staphylococcus aureus, and 
Group B Streptococci (GBS) are responsible for 60 to 70% of blood 
culture-positive infections in neonates [23,24] and predominate 
in early-onset neonatal sepsis [23]. An early-onset BSI prevalence 
rate of 10.6% was observed. E. coli and K. pneumoniae were the 
most predominant isolates in this study, albeit these were mostly 
recovered from late-onset BSI (28.3%). E. coli and K. pneumoniae 
have also been demonstrated as the most common Gram-negative 
bacterial pathogen for neonatal sepsis [25,26] which is consistent 
with studies conducted in other developing countries [27]. Simi-
lar research reports of neonatal sepsis from Nigeria showed that 
the infections were mainly caused by Gram-negative bacteria [15]. 
However, studies from other countries [26,28] reported mainly 
Gram-positive bacteria. These differences in the distribution of 
common pathogens suggest that predominant pathogens of NBSI 
may vary based on differences in research time, research locations, 
or research objects. S. aureus has been reported in between 8–22% 
of the bloodstream isolates in different regions of the world [29]. 
Gram-positive bacteria gain access to the bloodstream through in-
vasive procedures and various neonatal care equipment like intra-
venous lines and mechanical ventilators. 

Both vertical and horizontal colonization have been implicat-
ed in neonatal bloodstream infection in most African countries 
[30,31]. Mshana., et al. [32] reported patient-to-patient or mother-
to-child transmission, contaminated equipment, and healthcare 
workers as possible sources of colonization.

The antibiotic resistance results showed that the drug resis-
tance rates of the Gram-positive isolates, S. aureus and S. epider-
midis to erythromycin and the penicillins were high (Table 3). The 
resistance rates of S. aureus and S. epidermidis to erythromycin were 
100% and 60%, respectively. Resistance of 91.11% and 50% to 
erythromycin has been reported in S. agalactiae and S. aureus re-
spectively [28]. An increasing resistance to erythromycin has oc-
curred in recent times mainly because macrolides have been wide-
ly used in neonatal and perinatal diseases in recent years [32]. The 
rise in the prevalence of multidrug-resistant bacteria (particularly 
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multidrug-resistant Gram-negative pathogens) has major implica-
tions for neonatal care in resource-limited settings where antibi-
otic availability is limited [5]. In this study, E. coli exhibited high 
rates of resistance (> 50%) to most of the drugs tested, especially 
fluoroquinolones, gentamicin, and cefotaxime. This may be due to 
the abuse of empiric treatment in this vulnerable group as prompt 
treatment is usually done bearing in mind that delays in treat-
ment initiation may increase mortality rates. The high resistance 
rate of E. coli to cefotaxime, a third-generation cephalosporin, has 
been shown to be associated with usage. In most African countries, 
Nigeria inclusive, cefotaxime is one of the extensively used anti-
biotics in pediatric wards and pediatric intensive care units [33]. 
Cefotaxime has received wide acceptance as a first-line antibiotic 
for many neonatal infections [34]. Resistance of E. coli (and other 
members of the Enterobacteriaceae) to cefotaxime has been recog-
nised as a critical threat to public health by the World Health Orga-
nization [35]. Resistance to cefotaxime and other third-generation 
cephalosporins is often due to the production of enzymes such as 
ESBLs. The occurrence of ESBL-producing E. coli and concomitant 
treatment failure of cephalosporin therapy has become an impor-
tant epidemiological event [36]. The prevalence of ESBL produc-
tion among E. coli in this study was 26.0%. Other ESBL produc-
ers in decreasing order of prevalence were K. pneumoniae (8.0%), 
Pseudomonas aeruginosa (4.0%) and Citrobacter spp. (2.0%).

Genes encoding ESBLs are typically carried on large plasmids 
that also carry other antibiotic resistance genes, making ESBL-pro-
ducing strains multidrug-resistant [37]. Our results indicate that 
all ESBL-producing E. coli in this study harboured plasmids. This 
explains the high levels of resistance observed in most antibiotics 
tested. All E. coli isolates were resistant to fluoroquinolone, and 
73.7% were resistant to gentamicin. Some authors have demon-
strated an increased level of ESBL-producing E. coli isolates to these 
2 frontline antibiotics [38,39]. The high rate of resistance to genta-
micin specifically is likely influenced by its inclusion as a first-line 
antibiotic for neonatal sepsis in the WHO’s guidelines [40], thereby 
promoting widespread use in hospitals.

On the global level, the increasing level of antimicrobial resis-
tance of ESBL-producing E. coli to frontline antibiotics is a critical 
threat. It threatens health systems by limiting the therapeutic 
choices used for treating BSI and highlights a bigger threat of the 

emergence of pan-drugs resistance in ESBL-producing E. coli [40]. 
Active local antibiotic surveillance will enable modifying empiric 
antibiotic use, rather than relying entirely on empirical treatment 
based on Nigeria’s standard treatment guidelines. It is most likely 
that the sampled hospitals frequently initiate empiric treatment 
using fluoroquinolones and gentamicin without recourse to local 
empiric studies (though lacking). 

Plasmids carrying ESBL genes have been shown to be transfer-
able by conjugation. Person-to-person spread, and hospital sur-
faces-person spread are likely possibilities in this study due to the 
observed poor cleaning of potential environmental sources. Clonal 
outbreaks are therefore underscored in this study. Cohorting or 
contact isolation and special cleaning of potential environmental 
sources should be carried out to limit the occurrence of resistance.

Conclusion
This study has provided insight into bloodstream infections, 

the pathogens implicated, the pattern of drug resistance, and the 
production of ESBLs by isolates. Gram-negative bacteria were the 
main cause of BSI in this study. Regular monitoring of pathogen 
spectrum and antimicrobial resistance patterns will help clinicians 
use drugs rationally in neonates, adjust medications when neces-
sary, and better prevent and control the occurrence of neonatal 
bloodstream infections. However, there were some limitations in 
this study. Genotypic detection of ESBL and plasmid DNA extrac-
tion were lacking due to funds. There was also a lack of exploration 
of factors that increase the risk of infection or colonization with 
ESBL-producing Enterobacteriaceae.
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