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Purpose: To determine the bacteriological pattern and antibiotic susceptibility of bacterial

isolates causing neonatal sepsis in Qena University Hospitals and compare polymerase chain

reaction (PCR) and blood culture results in a trial for rapid diagnosis.

Patients and methods: Blood samples from 75 clinically suspected cases of neonatal

sepsis were subjected to identification of bacteria and determination of their antibiotic

sensitivity through blood culture, and rapid detection of 16S rRNA and the uidA gene (to

confirm the presence of E. coli) by PCR from extracted bacterial DNA.

Results: Most patients were preterm (64%) and low birth weight (LBW) (68%). In total,

42.7% presented with early onset sepsis (EOS). LBW was significantly associated with EOS

(P-value=0.03). Although the blood culture and PCR results were similar in EOS, the PCR

results were significantly higher than those of blood culture in detecting bacteria (85.3% vs

68%, respectively, P-value=0.001). Blood culture showed 100% specificity. The most com-

mon pathogen was E. coli (86.2%) in EOS and Staphylococcus spp. (45.5%) in late-onset

sepsis (LOS) (P-value=0.001 and 0.02, respectively). The most effective antibiotics against

Gram-negative bacteria were ofloxacin, ciprofloxacin, imipenem, and amikacin, while van-

comycin, oxacillin, and imipenem were the most effective antibiotics against Gram-positive

bacteria.

Conclusion: EOS was mainly caused by E. coli, while LOS was mainly caused by

Staphylococcus spp. The 16S rRNA PCR showed higher sensitivity with rapid and accurate

diagnosis. Blood culture is the most suitable method for antimicrobial sensitivity testing.
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Introduction
Neonatal sepsis is a clinical syndrome characterized by systemic manifestations due

to bacteremia in the first month of life.1 The disease characterized by high morbid-

ity and mortality rates in developing and developed countries, especially in pre-

mature infants.2 Despite the presence of quality care in developed countries for

cases of neonatal sepsis, approximately 40% of the patients die or suffer from major

permanent disability, especially neurological complications.3

Neonatal sepsis can be differentiated into two types according to the age of

onset. Early onset sepsis (EOS), which is mainly due to maternal origin, infection

occurring during the first 3 days of life, and late-onset sepsis (LOS), which

Correspondence: Mostafa I EL-Amir
Lecturer of Medical Microbiology and
Immunology, Faculty of Medicine, South
Valley University, Qena 83511, Egypt
Tel +20 100 772 5553
Email mostafaismail81@yahoo.com

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

Open Access Full Text Article

submit your manuscript | www.dovepress.com Infection and Drug Resistance 2019:12 2703–2710 2703
DovePress © 2019 EL-Amir 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).

http://doi.org/10.2147/IDR.S213958

In
fe

ct
io

n 
an

d 
D

ru
g 

R
es

is
ta

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-6682-0309
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


manifests 3 days after delivery, is mainly due to acquiring

the pathogen from prolonged hospitalization, especially in

preterm newborns.4,5

The disease is characterized by non-specific manifesta-

tions, leading to difficult diagnosis by routine clinical

practices. Blood culture is considered the gold standard

for the diagnosis of neonatal sepsis, but it takes a long time

to obtain a positive result and the inability to isolate

causative microorganisms for neonatal sepsis by blood

culture does not exclude sepsis.6

Spread of antimicrobial resistance (AMR) in bacteria

by different mechanisms occurs mainly due to inappropri-

ate use of antimicrobial agent. Deficiency in diagnostic

procedure leads to irresponsive prescription, especially in

developing countries. Global surveillance report published

by the World Health Organization (WHO) showed that

about 50% of the Escherechia coli and Staphylococcus

aureus were resistant to third-generation cephalosporin

and methicillin, respectively.7 Although antibiotics stew-

ardship programs were established in different developed

countries, in developing countries, implementation of such

strategies is defective due to resources deficiency.8

Accurate and reliable tests are needed for the rapid diag-

nosis of neonatal sepsis to differentiate between truly

infected and non-infected newborns to minimize the pro-

longed and inappropriate use of empirical antibiotics and

decrease the emergence of resistant bacterial strains.9

Several viruses are implicated as a cause of neonatal sepsis

as herpes simplex virus (HSV), enterovirus, and parecho-

virus. Diagnosis of viral sepsis depends on exclusion.10 Early

diagnosis plays an important role in effective treatment by

appropriate antiviral drug and limits inappropriate use of

antibiotics. Viral cause of neonatal sepsis must be suspected

in blood culture and 16S rRNA gene negative cases.11

The 16S rRNA gene is present in all bacteria but not in

other organisms. The identification of a conserved gene

region by polymerase chain reaction (PCR) can be used

for the rapid diagnosis of bacterial infection. The 16S rRNA

can be used for bacterial identification at the genus and

species levels in approximately 90% of the cases.12

The aim of this study was to determine the most

common types of bacteria causing neonatal sepsis and its

antibiotic sensitivity pattern. Additionally, we aimed to

determine the most common risk factors associated with

disease pathogenesis and evaluate the diagnosis of neona-

tal sepsis by amplification of the 16S rRNA conserved

gene in bacteria by PCR in comparison with blood culture

results.

Patients and methods
This prospective study was conducted over a period of one

year from July 2017 to June 2018 in the Neonatal Intensive

Care Unit (NICU) at Qena University Hospitals. Seventy-

five patients with clinically suspected neonatal sepsis were

enrolled in the study. Inclusion criteria included all neonates

admitted in our NICU showing clinical signs suggestive of

neonatal sepsis (at least two clinical manifestations) which

included: core temperature greater than 38.5°C or less than

36°C and/or temperature instability, cardiac manifestation

as (bradycardia, tachycardia, poor perfusion, or hypoten-

sion), respiratory manifestation as (tachypnea, apnea, cya-

nosis, or respiratory distress), gastrointestinal manifestation

as (feeding difficulty or abdominal distension), non-specific

manifestation as (lethargy, hypotonia, or irritability).

Full histories were taken, including age, sex, birth

weight, premature rupture of membranes (PROM), mode

of delivery, maternal fever, antepartum hemorrhage, and

gestational age. If sepsis manifestation appears at the first

72 hrs after birth, the case considered as EOS, while LOS

manifestations occur after 72 hrs of age. Clinical and

laboratory data were also included (respiratory distress,

poor feeding, temperature, blood pressure, and CRP).

Infected neonates were enrolled in the study after written

informed consent was obtained from their parents. The

study was approved by the Ethics Committee, Qena

Faculty of Medicine, South Valley University. The study

was conducted in accordance with the principles of the

Declaration of Helsinki.

Three milliliters of venous blood were obtained from

all neonates under complete aseptic conditions. The pre-

sence of bacteria in blood samples was diagnosed in dif-

ferent ways: the first by blood culture and the other

method by molecular diagnosis through bacterial DNA

extraction from blood samples after 12 hrs of enhancement

by trypticase soy broth (TSB) (Hi-Media Laboratories-

India), as previously described.13

The top of each blood culture bottle (Bio-Lab, UK)

was wiped using a fresh ethanol swab, and then 2 mL of

patient blood were drawn inside the blood culture bottle.

Each bottle was clearly labeled with the patient ID, date,

and time of collection. The media were incubated at 37°C

and inspected visually every morning for turbidity.

Subcultures were performed 24 hrs after inoculation and

then every day for up to 7 days. If there was no bacterial

growth after 7 days of incubation, blood culture was

reported as negative.14
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Two milliliters were withdrawn from the fresh blood

culture and then inoculated in 4 mL TSB for 12 hrs of

incubation at 37°C to support bacterial growth. After bac-

terial enhancement, DNA was extracted as described

previously.13 Samples were then preserved at −20°C until

molecular analysis for the detection of the universal bac-

terial gene (16S rRNA gene) was performed.

Several drops were withdrawn from the incubated

blood culture by sterile syringe and subcultured onto

blood agar and chocolate agar. All of the plates were

incubated at 37°C for 24–48 hrs. Bacterial colonies were

identified by Gram staining and several biochemical tests,

such as Simmon’s citrate agar, triple sugar iron, and oxi-

dase and catalase tests.15

Antibiograms of various isolates were determined by

the Kirby–Bauer method on Mueller–Hinton agar medium

(Hi-Media Laboratories, India) according to the Clinical and

Laboratory Standards Institute (CLSI).16 Antibiotic discs used

were ampicillin (10 µg), amoxicillin clavulanic acid (30 µg),

oxacillin (1 µg), vancomycin (30 µg), ceftriaxone (30 µg),

cefoxitin (30 µg), ciprofloxacin (5 µg), ofloxacin (5 µg),

amikacin (30 µg), gentamycin (10 µg), azithromycin

(30 µg), piperacillin (100 µg), and imipenem (10 µg).

Amplification of the bacterial 16S rRNA gene by PCR

was performed on DNA extracts under the following PCR

conditions: initial denaturation at 95°C for 3 mins, followed

by 35 cycles of 94°C for 1 min, 53°C for 2 mins, 72°C for 2

mins, and a final extension at 72°C for 10 mins. The

expected PCR product was 380 base pairs and separated

by electrophoresis on a 1.5% agarose gel using ethidium

bromide and visualized by UV transillumination, as shown

in Figure 1. E. coli strains were confirmed by PCR by the

presence of the uidA gene as previously described.17 The

PCR product was 212 base pairs, as shown in Figure 2.

Statistical analysis was performed using SPSS software

version 22. Categorical variables were presented as pro-

portions and percentages. Numerical variables were pre-

sented as the mean and standard deviation when normally

distributed, and median and interquartile ranges when not

normally distributed. Chi-square tests or Fisher’s exact

Figure 1 Gel electrophoresis showing bands of the PCR product of the 16S rRNA gene. Lane 1 shows a 100 bp DNA ladder from 100 to 3000 bp. (A) Lanes 2–8 show the

amplified PCR product at 380 bp. (B) Negative samples were detected in lanes 3 and 5. Samples in lane 3 of the causative microbe were Candida spp., while samples in lane 5

were negative for PCR.

Figure 2 E. coli isolates were confirmed by the presence of the uidA gene, which shows a 212 bp band in gel electrophoresis.
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tests were performed when appropriate. The odds ratio

was calculated. P-value of 0.05 or less was considered

significant.

Results
Seventy-five patients with clinically suspected neonatal

sepsis were enrolled in the study. A total of 40/75

(53.3%) were males and 35/75 (46.7%) were females,

with a mean birth weight of 2.12±0.6 kg and mean gesta-

tional age of 33.7±3 weeks. Most of the cases were pre-

term 48/75 (64%) and low birth weight (LBW) 51/75

(68%). In total, 49/75 (65.3%) of neonates were delivered

by spontaneous vaginal delivery, and 21/75 (28%) were

exposed to PROM. History of maternal risk factors, such

as maternal fever, meconium aspiration syndrome, and

preeclampsia, was less common among our patients than

in PROM (5.3%, 13.3%, and 1.3%, respectively).

As shown in Table 1, 32/75 (42.7%) of neonates were

diagnosed with EOS based on clinical data, and 43/75

(57.3%) neonates were diagnosed with LOS. LBW neo-

nates mostly presented with EOS 26/32 (81.2%) with a

significant P-value (P=0.03; OR=3.12), while only 25/43

(58.1%) of LOS neonates were LBW. Although 23 of 32

neonates (71.9%) that presented with EOS were preterm,

this result showed a nonsignificant P-value (P=0.22) when

compared with LOS. For EOS cases, 11/32 (34.3%) were

associated with PROM, while it was less common among

LOS cases 10/43 (23.2%), with a nonsignificant P-value

(P-value=0.2.; OR=1.7).

Blood culture result revealed that 51/75 (68%) of neo-

nates were positive for bacterial growth. Ten cases of

blood culture positive samples showed mixed infection

with two organisms (10/51, 19.5%). As high as 20.5% of

EOS and 18.5% of LOS were presented with mixed bac-

terial infection with two organisms.

The microorganisms detected by blood culture (73.8%)

were Gram-negative organisms, 24.6% were Gram-posi-

tive organisms, and 1.6% were Candida spp. The total

number of isolated microorganisms was sixty-one. E. coli

was the most frequently isolated bacteria 34/61 (55.5%),

followed by coagulase-negative staphylococci (CoNS) 8/

61 (13.1%), Staphylococcus aureus 7/61 (11.5%),

Klebsiella spp. 6/51 (9.8%), Pseudomonas aeruginosa 3/

61 (4.9%), Proteus 2/61 (3.2%), and Candida spp. 1/61

(1.6%), as shown in Table 2.

Most of the patients with EOS 25/29 (86.2%) were

infected with E. coli in comparison with LOS, with 9/22

(40.9%), with a significant P-value (P=0.001). S. aureu-

sand CoNS were isolated from 10/22 (45.5%) LOS

patients and found in 5/29 (17%) EOS patients with sig-

nificant P-values (P=0.02). Pseudomonas was isolated

from LOS cases only (0% in EOS vs 13.6% in LOS),

with a P-value=0.04, as shown in Table 2.

In Table 3, the least amount of antibiotic resistance

among Gram-negative bacilli was observed in ofloxacin

(15.5%), ciprofloxacin (20%), and imipenem (35.7%),

while 40% were resistant to amikacin. The antibiotic

resistance for E.coli isolated from EOS cases showed

the same sensitivity pattern as Gram-negative bacilli

(Ofloxacin 16%, ciprofloxacin 20%, and imipenem 32%,

while 36% were resistant to amikacin).

In contrast, all Gram-positive bacteria were sensitive to

vancomycin, while 26.6% were resistant to imipenem, and

33.3% were resistant to oxacillin and amikacin. All S. aureus

isolated fromLOS cases were sensitive to vancomycin, while

20% were resistant to imipenem and oxacillin.

As shown in Table 4, 24/75 (32%) of the cases showed

negative blood culture. Most of the negative cases were

LOS (21/24). In EOS (90.6%), the cases had positive

blood culture results, while in LOS, only 51.2% of the

cases were positive. The PCR and blood culture results

Table 1 Different risk factors associated with early onset (EOS) and late-onset sepsis (EOS)

EOS=32 (%) LOS=43 (%) OR (95% CI) P-value

LBW 26 (81.2) 25 (58.1) 3.12 (0.95–10.57) 0.03*

Preterm 23 (71.9) 25 (58.1) 1.84 (0.622–5.52) 0.22

Male 15 (46.8) 25 (58.1) 1.22 (0.44–3.41) 0.3

Female 17 (53.2) 18 (41.9) 1.57 (0.56–4.39) 0.3

PROM 11 (34.3%) 10 (23.2%) 1.7 (0.62–4.77) 0.2

Vaginal delivery 21 (65.6) 28 (65.1) 0.9 (0.35–2.9) 0.9

CS 11 (34.4) 15 (34.9) 0.9 (0.33–2.8) 0.9

Note: *Significant P-value≤0.05.
Abbreviations: 95% CI, confidence intervals; OR, odds ratio; LBW, low birth weight; PROM, premature rupture of membranes; CS, cesarean section.
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were the same in EOS cases (90.6% were positive and

9.4% were negative). While a difference was found in

LOS cases, 48.8% of the cases showed no bacterial growth

by blood culture, while 18.6% of the cases were negative

by PCR (16S rRNA not identified in the sample).

As shown in Table 5, 51/75 (68%) of the cases were

positive by blood culture. A total of 64/75 (85.3%) of the

cases were truly positive for bacterial infection by detection

of 16S rRNA by PCR, while 11/75 (14.7%) of the cases were

negative for bacterial infection by PCR and had no need for

antibiotic treatment at all. No cases were positive by blood

culture and negative by PCR. No false-positive results for

blood culture were detected, but false-negative results were

13/75 (17.3%). Compared with PCR, the diagnosis of neo-

natal sepsis by blood culture revealed 79.6% sensitivity,

100% specificity, 100% positive predictive value (PPV),

45.8% negative predicted value (NPV), and 82.6% overall

accuracy.

Table 2 Bacteriological profile of blood culture-positive cases in EOS and LOS cases

Onset of sepsis

Organism

onset

EOS=29a (%) LOS=22b (%) Total number of microorganisms=61 (%) P-value

E. coli 25 (86.2%) 9 (40.9%) 34 (55.5%) 0.001*

Klebsiella 3 (10.3%) 3 (13.6%) 6 (9.8%) 0.7

Pseudomonas 0 (0%) 3 (13.6%) 3 (4.9%) 0.04*

Proteus 1 (3.4%) 1 (4.5%) 2 (3.2%) 0.7

Staphylococcus spp. 5 (17%) 10 (45.5) 15 (24.6) 0.02*

CoNS 3 (10.3%) 5 (22.7%) 8 (13.1%) 0.2

S. aureus 2 (6.8%) 5 (22.7%) 7 (11.5%) 0.1

Candida spp. 1 (1.6%) 0 (0%) 1 (1.6%) 0.5

Notes: *Significant P-value≤0.05. aEOS positive by blood culture was twenty-nine cases, two organisms were isolated from six cases. bLOS positive by blood culture was

twenty-two cases, two organisms were isolated from four cases.

Abbreviations: EOS, early onset sepsis; LOS, late-onset sepsis.

Table 3 Antimicrobial-resistant patterns of bacterial strains identified by blood culture

Antibiotics Gram-negative bacilli

resistance, N=45 (%)

E.coli isolated from

EOS cases, N=25 (%)

Gram-positive cocci

resistance, N=15 (%)

Staph. aureus isolated

from LOS, cases N=5 (%)

Ampicillin 44/45 (97.7) 25/25 (100) 14/15 (93.3) 5/5 (100)

Amoxicillin clavulanic acid 42/45 (93.3) 24/25 (96) 13/15 (86.6) 4/5 (80)

Oxacillin NT NT 5/15 (33.3) 1/5 (20)

Vancomycin NT NT 0/15 (0) 0/5(0)

Ceftriaxone 42/45 (93.3) 23/25 (92) 8/15 (53.3) 3/5 (60)

Cefoxitin 39/45 (86.6) 22/25 (88) 7/15 (46.6) 3/5 (60)

Ciprofloxacin 9/45 (20) 5/25 (20) 8/15 (53.3) 3/5 (60)

Ofloxacin 7/45 (15.5) 4/25 (16) 9/15 (60) 4/5 (80)

Amikacin 18/45 (40) 9/25 (36) 5/15 (33.3) 2/5 (40)

Gentamycin 24/45 (53.3) 12/25 (48) 7/15 (46.6) 3/5 (60)

Azithromycin 34/45 (75.5) 19/25 (76) 6/15 (40) 2/5 (40)

Piperacillin 42/45 (93.3) 23/25 (92) 12/15 (80) 5/5 (100)

Imipenem 15/45 (35.7) 8/25 (32) 4/15 (26.6) 1/5 (20)

Table 4 Pattern of positive and negative cases of EOS and LOS according to blood culture and PCR results

EOS=32 (%) LOS=43 (%) Total =75

Blood culture positive 29 (90.6) 22 (51.2) 51

Blood culture negative 3 (9.4) 21 (48.8) 24

PCR positive (16SrRNA gene detected) 29 (90.6) 35 (81.4) 64

PCR negative (16SrRNA gene not detected) 3 (9.4) 8 (18.6) 11

Abbreviations: EOS, early onset sepsis; LOS, late-onset sepsis; PCR, polymerase chain reaction.
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Discussion
Rapid identification of the bacterial cause of neonatal

sepsis was performed by identifying the 16S rRNA gene

from the enriched blood sample. In 85.3% of the cases,

bacteria were identified by PCR with a significantly higher

result than those in blood culture (68%) as described

previously.18 No false-positive cases were detected by

blood culture (100% specificity). Blood culture was less

accurate in the detection of positive cases than 16S rRNA

gene (79.6%). It is serious for clinician to consider viral

causes of neonatal sepsis in blood culture negative and

16S rRNA gene negative cases, which limits inappropriate

use of antibiotics.

In our study, the percentage of males was higher than

that of females (53.3% vs 46.7%), which is similar to other

studies from Arab Gulf countries and Taiwan. The percen-

tages of males in those studies were 54.9% and 52.8%,

respectively.19,20 None of the previous studies found a

significant difference between males and females in neo-

natal sepsis, which is similar to our study.

In our study, 68% of the cases were LBW and 64% were

preterm. LBW and preterm are considered the most predis-

posing factors for infections in neonates as described

previously.21 As high as 65.3% of the patients were delivered

by normal vaginal delivery, while Stoll et al22 found that

47% of the sepsis patients were delivered by normal vaginal

delivery. However, other studies have determined that in

normal vaginal delivery, the newborn may be exposed to

infected secretions in the birth canal or normal maternal

bacterial flora, which can effectively produce sepsis.23

According to delivery circumstances, about one-third of our

patients were exposed to PROM, which is similar to other

studies that concluded that the risk of neonatal sepsis

increases with the duration of membrane rupture.24

LBW was significantly higher in EOS among our

patients (81.2% of the EOS cases were LBW), which is

similar to Wójkowska-Mach et al,25 who found that one of

the factors that significantly increased the risk of EOS

was LBW.

In the current study, 68% of the cases had microbiolo-

gically confirmed sepsis by blood culture. A similar study

from Egypt found that 40.7% of the suspected neonatal

sepsis cases had confirmed positive blood culture results.26

Our high results may be because blood samples drawn from

neonates for blood culture were at least 1.5 mL. Some

studies recommended that 1 mL is the least amount of

blood that should be withdrawn for blood culture, doubling

the likelihood of positivity compared with 0.5 mL blood.27

In the current study, E. coli was the most frequent

microorganism isolated from EOS cases (86.2%), which

is similar to other studies that found that there is a change

in pathogens causing EOS from group B streptococci

infections, which have shown a significant decline in

recent years due to intrapartum antibiotic prophylaxis to

a significant increase in E. coli infections that commonly

colonize maternal enteric canal.28 Unlike several studies

from Egypt, which found that the most common Gram-

negative bacteria causing EOS was Klebsiella, we con-

firmed our result by detecting the uidA gene encoding

the b-glucuronidase enzyme, which is frequently used to

identify E. coli.29–31

Candida spp. were isolated from 1.6% of the cases of

EOS, which is similar to a previous study by Stoll and

Hansen,28 who found that Candida causes 2.4% of the

infections in EOS. Another study4 found that Candida

spp. were isolated more frequently from LOS than EOS

due to nosocomial infection as delayed removal of the

central catheter, while in our study, Candida was isolated

only from EOS cases, which may be due to infection

through the birth canal, as two-thirds of our cases were

delivered normally through the vagina.

S. aureus and CoNS were isolated from 45.5% of the LOS

cases, which is similar to other studies, such as Kung et al,20

who found that Staphylococcus spp. cause 45.2% of the cases

of LOS. In addition, Stoll et al and Resende et al32,33 found

similar percentages to those in previous studies (56% and

57.9%, respectively), while Hammoud et al19 found lower

percentages than those in previous studies (39%). Increasing

the care and extensive intervention for premature newborns in

the NICU, in addition to increasing nurses’workload, elevates

the possibility of infection with CoNS. Another study also

correlated health care workers’ training level and infection

rates in the NICU.34 In our study, Pseudomonas was recog-

nized in LOS with a significant P-value than in EOS, which is

similar to another study,35 which found that Pseudomonas is

significantly higher in LOS than EOS because Pseudomonas

Table 5 Comparison between PCR and blood culture results

PCR P-value

Positive Negative

Blood culture Positive 51 (68%) 0 (0%) 0.0001*

Negative 13 (17.3%) 11 (14.7%)

Note: *Significant P-value≤0.05.
Abbreviation: PCR, polymerase chain reaction.
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is well known as a hospital-acquired pathogen, and neonates

presented with LOS were hospitalized for a long time.

Gram-negative bacteria isolated from blood culture

showed antibiotic susceptibility to ofloxacin, ciprofloxa-

cin, imipenem, and amikacin, and marked resistance to

ampicillin, amoxicillin clavulanic acid, ceftriaxone, piper-

acillin, cefoxitin, and azithromycin. According to Gram-

positive bacteria, they showed marked susceptibility to

vancomycin followed by imipenem, then oxacillin, and

amikacin. On the other hand, Gram-positive bacteria

showed marked resistance against ampicillin, amoxicillin

clavulanic acid, ofloxacin, ceftriaxone, and ciprofloxacin.

E.coli which was the commonest organism isolated from

EOS cases showed susceptibility to ofloxacin, ciprofloxa-

cin, imipenem followed by amikacin, while S. aureus

which was the commonest cause for LOS showed suscept-

ibility to vancomycin followed by oxacillin and imipenem.

Our results are similar to those of another study from

Egypt, which found that imipenem and quinolones are

the best antibiotics against Gram-negative bacteria, while

100% of the Gram-positive bacteria were susceptible to

vancomycin.26 Although some studies support the use of

quinolones and ciprofloxacin to life-threating neonatal

infections,36,37 others considered that there is no sufficient

data to allow safe and effective use of these antibiotics in

neonates.38 The emergence of resistant strains due to inap-

propriate uses of antibiotics before hospitalization or hos-

pital-acquired infection has been described previously.39

When comparing the results of blood culture with those

of 16S rRNA, we found no difference between the two

previous tests in EOS. No cases were identified with true

infection and negative blood culture in EOS (confirmed by

the absence of the 16S rRNA gene in these cases), as

previously described by Stoll et al,22 who concluded that

frequent use of intrapartum antibiotics increases the inci-

dence of infection with more virulent and rapidly multi-

plying Gram-negative bacteria.

Conclusion
EOS was mainly caused by E. coli, imipenem was the best

empirical antibiotic for this case followed by amikacin,

while LOS was mainly caused by Staphylococcus spp. and

vancomycin was the best empirical antibiotic for this case

followed by oxacillin and imipenem. The 16S rRNA PCR

showed higher sensitivity with rapid and accurate differ-

entiation between bacteria and non-bacterial causes of

neonatal sepsis. Blood culture is the most suitable method

for antimicrobial sensitivity testing.
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