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Early-onset sepsis in a neonatal intensive care 
unit in Beni Suef, Egypt: bacterial isolates and 
antibiotic resistance pattern
Sameh Samir Fahmey, MD
Department of Pediatrics, Beni Suef University Faculty of Medicine, Beni Suef, Egypt

Purpose: To identify the frequency of bacterial isolates in early-onset neonatal sepsis (EONS) and their 
antimicrobial resistance pattern.
Methods: A retrospective study of EONS was conducted at the Beni Suef University Hospital from 
September 2008 to September 2012. A case of EONS was defined as an infant who had clinical signs 
of infection or who was born to a mother with risk factors for infection, and in whom blood culture 
obtained within 72 hours of life grew a bacterial pathogen.
Results: Of 673 neonates screened, there were 138 positive blood cultures (20.5%) (confirmed 
EONS). Of the recovered isolates, 86.2% were gram-negative pathogens. Klebsiella pneumoniae  
(42.8%), Enterobacter cloacae (22.5%), and Escherichia coli  (13.8%) were the commonest isolated 
organisms. The most common gram-positive microorganism was Staphylococcus aureus  accounting 
for only 12 isolates (8.7%). All Klebsiella  isolates and 93% of Enterobacter isolates were resistant to 
ampicillin. Gram-negative pathogens had the maximum overall sensitivity to imipenem, cefepime, and 
ciprofloxacin; whereas, gram-positive isolates were most susceptible to vancomycin, imipenem, and 
piperacillin.
Conclusion: K. pneumoniae  was the predominant causative bacteria of EONS followed by E. 
cloacae  and E. coli . There was a high resistance to ampicillin. Imipenem had the maximum overall 
activity against the causative bacteria. Continuous surveillance is needed to monitor the changing 
epidemiology of pathogens and antibiotic sensitivity.
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Introduction

Newborn infants are uniquely susceptible to infectious diseases, especially bacterial 
infections (BI). Serious BI in newborns is the main cause of mortality and morbidity, 
including sepsis, bacteremia, bacterial meningitis, urinary tract infections, pneumonia, 
and bacterial gastroenteritis. In developing countries, the incidence of neonatal sepsis is 
about 3.5–4.3 cases per 1000 live births1).

Two types of neonatal sepsis have been observed: early-onset disease, when features of 
sepsis appear during the first 72 hours of birth; and late-onset disease, where the disease 
manifests beyond 72 hours2).

Unlike early-onset neonatal sepsis (EONS), which are acquired mainly from mater-
nal genital tract microorganisms, most late-onset sepsis are caused by hospital-
acquired organisms3). The bacterial pathogens responsible for neonatal sepsis vary with 
geographical areas, and tend to change over time4).
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The extensive use of antibiotics has resulted in the emergence 
of resistant bacterial strains such as gentamicin-resistant Kleb-
siella species, third-generation cephalosporin-resistant gram-
negative organisms, and methicillin-resistant Staphylococcus 
aureus (MRSA)5).

Data on the causative organisms and their susceptibility pat-
tern to the antibiotics conventionally used in neonatal intensive 
care units (NICUs) are scarce in the developing countries. To 
establish a rational treatment strategy, the ongoing changes of 
bacterial resistance require repeated local revisions of suscep-
tibility patterns to antibiotic agents. Current study aimed to find 
out the main pathogens and their antibiotics resistance pattern 
in neonates with EONS in Beni Suef University Hospital.

Materials and methods

The Present study was carried out in the NICU of Beni Suef 
University Hospital from September 2008 to August 2012. It is 
a referral hospital which serve about 2.5 million people in Beni 
Suef Governorate which is located about 120 km South of Cairo. 
This neonatal unit is categorized as level 3. We retrospectively 
evaluated the case records of neonates who had EONS.

 A case of EONS was defined as an infant who had clinical 
signs of infection or those who were born to mothers with risk 
factors for infection, in whom blood culture obtained within 72 
hours of life, grew a bacterial pathogen. Maternal risk factors 
included prolonged rupture of membranes, fever, urinary tract 
infection, chorioamnionitis, and meconium stained amniotic 
fluid. Clinical signs of infection included poor feeding, lethargy, 
respiratory problems (such as tachypnea, apnea, grunting, 
cyanosis, and retraction), temperature instability (such as 
hyperthermia and hypothermia), gastrointestinal problems 
(as vomiting, abdominal distension, diarrhea, and abnormal 
gastric residual), and central nervous system symptoms (such as 
convulsion, hypotonia, and irritability).

Prolonged rupture of membranes is defined as rupture of 
membranes for ≥18 hours before labor6). All neonates admitted 
to the NICU with suspected EONS (neonates with clinical signs of 
infection or those with maternal risk factors for infection) were 
enrolled in the study. Neonates aged more than 72 hours and 
those receiving antibiotics before withdrawal of blood culture 
were excluded from the study.

Blood cultures were collected before starting antibiotics from 
all neonates with risk factors of EONS and whenever relevant 
clinical signs were present. Blood samples were obtained under 
strict aseptic conditions .The skin site was cleansed with 70% 
alcohol and povidone iodine (1%) followed by 70% alcohol 
again. One- to two-mililiter blood samples were withdrawn and 
injected in aerobic broth bottles then incubated at 37°C for 7 

days and observed daily for any turbidity due to bacterial growth. 
Subculture was done on sheep blood agar and MacConkey Agar 
routinely after 48 hours and 7 days. Subculture was also done in 
between if visible turbidity appeared.

Bacterial isolates were identified by conventional biochemical 
and serological methods. Antimicrobial susceptibility test was 
performed using the standard disc diffusion (Kirbey-Bauer) 
method.

Coagulase negative staphylococci (CONS) was considered 
pathogenic if the baby was clinically septic, and had at least 
one abnormal hematology test (abnormally high or low peri-
pheral neutrophil count or abnormal immature to total white 
cell ratio, based on the reference ranges of Manroe et al.7) or 
thrombocytopenia <150×109/L)8).

Antibiotic treatment is initiated immediately among neonates 
with suspected infection. Empirical antibiotic treatment usually 
starts with ampicillin and amikacin, but later on the treatment is 
guided by the results of blood cultures.

Demographic data, clinical manifestations, causative orga-
nisms and their antibiotics susceptibility were identified and 
recorded. Data were analyzed using the SPSS ver. 11.5 (SPSS 
Inc., Chicago, IL, USA). Ethical clearance was obtained from the 
ethical committee of the hospital (Institutional Review Board, 

Table 1. Demographic and clinical data of infected neonates (n=138)

Variable  No. (%)

Male sex 76

Birth weight (g)

≥2,500 83 (60.1)

1,499–2 499 36 (26.1)

≤1,500 19 (13.8)

Maturity

Preterm 48 (34.8)

Term 90 (65.2)

Clinical signs 

Poor feeding 32 (23.2)

Lethargy 26 (18.8)

Respiratory distress 36 (26.1)

Fever 13 (9.4)

Hypothermia 19 (13.8)

Abdominal distension 18 (13.0)

Feeding intolerance 28 (20.3)

Convulsion   9 (6.5)

Maternal risk factors

Prolonged rupture of membranes 19 (13.8)

Chorioamnionitis   8 (5.8)

Urinary tract infection 10 (7.2)

Fever 13 (9.4)

Meconium stained amniotic fluid   7 (5.1)
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IRB). Approved IBR number is 1308N.

Results

During the 4-year study period, there were a total of 673 neo-
nates with suspected EONS. Of these 673 neonates screened for 
EONS, there were 138 positive blood cultures (20.5%) (confirmed 
EONS).

Among the patients with confirmed EONS, 23 (16.7%) were 
diagnosed as pneumonia by chest X-ray, 6 patients (4.3%) were 
diagnosed as meningitis due to a positive CSF culture and 8 
(5.8%) had a positive urine culture (samples were collected using 
urinary catheter). 

The demographic and clinical characteristics of patients are 
illustrated in Table 1. Their age ranged between zero and three 
days, 86 (62.3%) were inborn and 52 (37.7%) were outborn. 
Seventy-two babies (52.2%) were delivered by CS whereas 66 
(47.8%) were delivered vaginally. Overall mortality rate was 
18.8% (26 out of 138 neonates died). Clinical signs significantly 
associated with worst prognosis (death) were lethargy, respiratory 
distress and convulsions. 

The microorganisms identified in blood cultures of 138 infants 
are shown in Table 2. A total of 119 of 138 recovered isolates 
(86.2%) were gram-negative organisms and only 19 isolates 
(13.8%) were gram-positive. Klebsiella pneumoniae was the most 
common pathogen, accounting for 59 of 138 isolates (42.8%) 
whereas the most common gram-positive microorganism was S. 
aureus accounting for 12 isolates (8.7%).

Fig. 1 describes the distribution of causative organisms over 
time. Tables 3 and 4 show antimicrobial resistance pattern 
of organisms isolated form blood culture. All Klebsiella iso-
lates were resistant to ampicillin and amoxicillin while the 

Table 2. Distribution of pathogens isolated from neonates with confirmed 
EONS (n=138)

Preterm Term Total no. (%)

Klebsiella pneumoniae 20 39 59 (42.8)

Enterobacter cloacae 11 20 31(22.5)

Escherichia coli 7 12 19 (13.8)

Pseudomonas aeruginosa 2 4 6 (4.3)

Acinetobacter baumanii 2 2 4 (2.9)

Staphylococcus aureus 3 9 12 (8.7)

Coagulase negative Staphylococci 3 4 7 (5.1)

Fig. 1. The distribution of causative organisms over time. CONS, 
coagulase negative Staphylococci; S. aureus, Staphylococcus aureus; E. 
coli, Escherichia coli.

Table 3. Antibiotic resistance pattern of gram-negative isolates (n=119)

Klebsiella (n=59) Enterobacter (n=31) Escherichia coli (n=19) Pseudomonas (n=6) Acinetobacter (n=4)

Ampicillin 59 (100) 29 (93) 19 (100) 6 (100) 3 (75)

Amoxicillin 59 (100) 28 (90) 17 (89) 6 (100) 3 (75)

Gentamicin 43 (73) 15 (48) 11 (58) 6 (100) 3 (75)

Amikacin 36 (61) 11 (35) 10 (53) 5 (83) 2 (50)

Tobramycin 40 (68) 13 (42) 8  (42) 6 (100) 2 (50)

Ciprofloxacin 16 (27) 7 (22) 10 (53) 3 (50) 1 (25)

Piperacillin 18 (30) 15 (48) 7 (37) 2 (33) 2 (50)

Imipenem 7 (12) 5 (16) 4 (21) 3 (50) 1 (25)

Cefepime 10 (17) 5 (16) 5 (26) 4 (67) 2 (50)

Cefotaxime 37 (63) 18 (58) 15 (79) 6 (100) 3 (75)

Ceftazidime 21 (35) 13 (42) 7 (37) 6 (100) 3 (75)

Ceftriaxone 13 (22) 11 (35) 9 (47) 6 (100) 2 (50)

Values are presented as number (%).
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resistance of Klebsiella isolates to Imipenem and cefepime was 
low (12% and 17%, respectively). Enterobacter revealed high 
susceptibility to imipenem and cefepime (level of resistance was 
16%). All Pseudomonas isolates were resistant to ampicillin, 
amoxicillin, gentamicin, tobramycin, cefotaxime, ceftazidime, 
and ceftriaxone. All gram-positive isolates were susceptible to 
vancomycin.

Discussion

EONS has significant morbidity and mortality. Improvement 
in outcome and successful treatment depends on early initiation 
of appropriate antibiotic therapy. The pattern of causative orga-
nisms has been constantly changing and the frequent emergence 
of resistant bacteria compounds the problem further9).

Egypt is a developing country where the problem of infec-
tion is more evident due to lack of health services and hygiene 
practices. Also, infection control practices are also under-
developed and are known to contribute to the risk of antibiotic 
resistance.

Beni Suef is the capital of a governorate in Upper Egypt with 
high unemployment and poor living condition which make 
the problem of infection more complicated. NICU of Beni Suef 
University Hospital is the only level 3 unit in that governorate.

To our knowledge, this study is the first published one from 
Egypt to report the bacterial etiology of EONS, and to identify 
their antibiotic resistance pattern.

A male predominance was found in our study which agrees 
with previous reports5,9). Forty-eight  neonates (34.8%) with 
EONS were premature, which is comparable to other study in 
Iran by Shahian et al.4), who reported that prematurity was found 
in 21% of septic neonates. In our study, the most prominent 
clinical finding of EONS was respiratory distress, which is 

consistent with other reports4,10).
During the study period, the rate of confirmed EONS (positive 

blood cultures) in neonates screened for EONS was 20.5%. In a 
similar study  in Iran, the rate of proven sepsis was 28.9%4), but 
in India it was17.8%9).

The most common organism identified in our study was K. 
pneumoniae which is similar to other studies from India11) and 
Pakistan12). However; group B Streptococci which are common 
pathogens, causing early neonatal sepsis in the western countries 
were not seen in this study.

E. cloacae  were the 2nd most common pathogen in our 
study representing 22.5% of all isolates. This is higher than 
the incidence reported from other developing countries as Iran 
(7.7%)4) and Kuwait (2.6%)13).

A Canadian study by Sgro et al.14) reported that the association 
of group B Streptococci with EONS declined over a period of 6 
years and there was a trend to an increase in the rate of infection 
with other organisms. They also found that E.coli  was the 
predominant organism in preterm infants. In our study E.coli 
accounted for 13.8% of EONS. We also found that gram-positive 
organisms (including S. aureus and CONS) were responsible for 
only small proportion (13.8%) of the cases which is consistent 
with other studies in developing countries as in Pakistan12) and 
India9). This is in contrast to the studies from developed countries 
where gram-positive isolates are the predominant agents15,16).

Predominance of gram-negative organisms in our study may 
be due to the indiscriminate and inappropriate use of antibiotics, 
lack of hygienic practices at the place of delivery, poor cord care, 
and unhygienic newborn care practices. 

Antibiotic resistance is now a global problem. Reports of 
multi  resistant bacteria causing neonatal infection in developing 
countries are increasing, particularly in intensive care17).

In the present study, Klebsiella isolates were best susceptible to 
imipenem, cefepime, ceftriaxone and ciprofloxacin whereas all 
Klebsiella isolates were resistant to ampicillin and amoxicillin. More 
than 65% of Klebsiella isolates were resistant to aminoglycosides. 
Thaver et al.18), reported that almost all Klebsiella species were 
resistant to ampicillin. Shahian et al.4), found that about 33 % of 
Klebsiella isolates were sensitive to ampicillin. High susceptibility 
to imipenem (98%) and ciprofloxacin (96%) was found by 
Macharashvili et al.19). Because quinolones have been implicated 
as interfering with cartilage growth in animals, these drugs 
should be used with caution and only in the absence of other 
options5). Also, since β-lactam antibiotics are prone to rapid 
evolvement of bacterial resistance, imipenem usually is reserved 
for treatment of the most severe and resistant infections.

A single hospital study performed in Chicago found an in-
crease in the proportion of early-onset E.coli infections that 
were caused by ampicillin-resistant strains20). According to our 
data all cases of neonatal early-onset E. coli sepsis were resistant 

Table 4. Antibiotic resistance pattern of gram-positive isolates (n=19)

Staphylococcus aureus (n=12) CONS (n=7)

Ampicillin 9 (75) 3 (43)

Amoxicillin 10 (83) 2 (29)

Erythromycin 8 (67) 6 (86)

Ciprofloxacin 8 (67) 3 (43)

Piperacillin 6 (50) 4 (57)

Imipenem 3 (25) 2 (29)

Vancomycin 0 (0) 0 (0)

Cefotaxime 10 (83) 6 (86)

Ceftazidime 9 (75) 5 (71)

Ceftriaxone 10 (83) 5 (71)

Oxacillin 8 (67) 4 (57)

Values are presented as number (%).
CONS, coagulase negative Staphylococci.
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to ampicillin but they were best susceptible to imipenem. High 
susceptibility to imipenem (91%) was also found by Macharashvili 
et al.19).

Intestinal colonization of the newborn with multiresistant 
pathogen could pose a risk of Enterobacter sepsis even in the 
absence of obvious invasive procedures. This may have been 
the case in newborns that developed Enterobacter sepsis within 
72 hours of birth, suggesting that the organism may have 
been acquired from the environment either during or soon 
after birth21). In our study, 35% and 48% of infections caused 
by Enterobacter were resistant to amikacin and gentamicin 
respectively, in comparison to 19% and 33% in another study 
done in Pakistan21).

According to the results of the present study, it seems that 
piperacillin is the best effective agent against Pseudomonas. 
In contrast, Bhat et al.9), found that only 24% of Pseudomonas 
isolates were susceptible to piperacillin.

In the recent years, Acinetobacter species are gaining impor-
tance as potential pathogens in neonatal septicemia because of 
their multidrug resistance. In the present study, Acinetobacter 
baumanii contributed to 2.9% of total septicemia cases and 
imipenem resistance is observed in only 25% of them. A recent 
study from India has reported almost 41% imipenem resistance 
in Acinetobacter isolates22).

Our study revealed high resistance of S. aureus and CONS 
to cephalosporins, whereas not a single case of resistant was 
found against vancomycin. Also, it seems that imipenem had 
good activity against gram-positive isolates. In developing 
countries, it may be necessary to cover for Staphylococci from 
birth, whereas Staphylococcal infections are rare in developed 
countries before the third day of age23). Empiric vancomycin is 
not recommended unless MRSA is common, and it is important 
to restrict vancomycin use in all countries because of the risk of 
selecting for vancomycin resistant organisms24).

According to the results of our study, gram-negative patho-
gens had best overall sensitivity to imipenem, cefepime and 
ciprofloxacin whereas gram-positive isolates were best suscep-
tible to vancomycin,imipenem and piperacillin. It seems that 
imipenem is the appropriate antibiotic for empiric treatment 
of EONS, but its extensive use will select for beta lactamase 
producing organisms as well as for organisms resistant to 
imipenem25).

In conclusion, K. pneumoniae and E. cloacae were the predo-
minant isolates in early-onset sepsis and showed high resistance 
to ampicillin. Imipenem had the best overall activity against 
the causative bacteria yet it is difficult to use it as an empiric 
treatment. The emergence of resistant strains to commonly 
used antibiotics is a serious problem and necessitates the imple-
mentation of a rational empirical treatment strategy based on 
local susceptibility data. In the face of the ongoing changes of 

microbial prevalence and resistance, local treatment protocol 
should be reviewed and assessed periodically.  
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