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Abstract
Background Sepsis in low-birth-weight neonates remains one of the most significant causes of neonatal morbidity 
and mortality. Approximately 3 million newborns suffer from sepsis globally every year. The aim of this study was to 
compare demographic and clinical features, as well as etiology and antibiotic susceptibility, of the main pathogens 
related to neonatal sepsis in two neonatal intensive units during a two-year period.

Methods We observed early-onset (EO-BSI) and late-onset bloodstream infections (LO-BSI) cases in two high-
reference neonatal intensive care units (NICU) over a 24-month period (2016–2017). Samples of patients’ blood were 
tested for the presence of the microorganisms. All bacterial isolates were tested for susceptibility to antibiotics.

Results The majority of sepsis cases weighed above 1000 g and were born by cesarean section. About 10% of the 
EO-BSI group died. There were differences in the EO-BSI /LO-BSI ratio in the compared wards due to differences 
among the admitted children. The most common pathogens isolated from blood were coagulase-negative 
staphylococci (CoNS) were represented by two dominating species: S. epidermidis and S. haemolyticus, followed by 
Klebsiella spp. strains and E.coli, which were mostly found in EO-BSI cases. No single S. agalactiae (GBS) strain was 
isolated. The majority of CoNS strains were resistant to methicillin, half were resistant to aminoglycosides, and one-
third were resistant to macrolides and lincosamides. Half of the Gram-negative rods were resistant to beta-lactams.

Conclusions The epidemiology of sepsis in two observed NICUs is comparable to data obtained from other 
studies with a predominance of methicillin-resistant CoNS in LO-BSI and beta-lactam resistant E. coli in EO-BSI. 
It is of importance that the campaign for controlling GBS carriage in pregnant women in Poland resulted in the 
disappearance of GBS as a cause of sepsis. Unfortunately, there are no such measures to control E.coli related sepsis.
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Introduction
Neonatal sepsis is one of the major causes of mortality in 
neonates and despite recent medical advancements, still 
remains a significant global health challenge. It is esti-
mated that 3  million newborns suffer from sepsis glob-
ally every year [1]. Based on the timing of onset of the 
infection and presumed mode of transmission, neonatal 
sepsis is commonly divided into early-onset sepsis, EO-
BSI (occurring in the first 72 h and predominantly associ-
ated with microorganisms transferred from the mother), 
and late-onset sepsis, LO-BSI (occurring after 72  h of 
postnatal life and usually associated with nosocomial or 
community-acquired infection) [2].

Over the last century, the spectrum of pathogens caus-
ing neonatal sepsis has changed [3–5]. Recent reviews 
revealed that coagulase-negative staphylococci (CoNS) 
are a common cause of EO-BSI and the main causative 
agents of LO-BSI (mainly in very-low-birth-weight 
infants), with its proportion ranging from 30 to 60% [6, 
7]. This change is related to the rapidly increasing usage 
of invasive medical devices, like central venous catheters. 
When inserted into vessels it enables common coloniz-
ers of the human skin and mucous membranes, mostly 
CoNS, to allow bloodstream invasion and become an 
important source of sepsis [6]. Moreover, over the last 
few decades most of the important pathogens related 
to sepsis, including CoNS, have developed resistance to 
multiple antibiotics which results in limited treatment 
options and contributes to a significant health and eco-
nomic burden [8, 9]. As a result, bloodstream infections 
in infants, especially in low- or very low birth weight 
neonates, are associated with significant morbidity and 
mortality [10].

The increasing antimicrobial resistance and mortality 
in neonatal intensive care units create an urgency in the 
understanding of the epidemiology and risk factors of 
neonatal sepsis. Therefore, the aim of this study was to 
compare demographic and clinical features, as well as eti-
ology and antibiotic susceptibility, of the main pathogens 
related to neonatal sepsis in two neonatal intensive units 
during a two-year period.

Materials and methods
Study population
This was a retrospective cross-sectional observation 
study in two neonatal intensive care units in Krakow, 
Poland, in 2016–2017. A total of 311 neonates hospital-
ized in the Clinic of Neonatology, University Hospital, 
Jagiellonian University Medical College (Ward A) and 
Neonatal Ward at Ujastek Hospital in Cracow (Ward B) 
with laboratory-confirmed bloodstream infections were 
included. In Ward B, only children born in the same 
district gynecology and obstetrics hospital were hospi-
talized, while Ward A serves as a regional neonatology 

center for the university hospital and neonates with more 
complicated illnesses, usually older than 48 h, are trans-
ferred to this ward from other hospitals where they had 
been born. During 2016 and 2017 6,682 children were 
born at the University Hospital and 5,345 at the Ujastek 
Hospital.

Case patients were defined according to Gastmeier 
et al. [11], for neonates with birth weights < 1.5  kg. EO-
BSI was defined as infection onset in less than 72 h after 
birth whereas late-onset bloodstream infections (LO-
BSI) when diagnose > 72 h after delivery [11]. Infants with 
more than one episode case of BSI were included in the 
study and regarded as separate cases; thus, the number 
of cases was higher than the number of newborns: alto-
gether there were 32 newborns, with 10% having more 
than one episode of BSI. The Repeat Infection Time-
frame (RIT) was a 14-day timeframe during which no 
new infections of the same type were reported (CDC, 
Identifying Healthcare-associated Infections (HAI) for 
NHSN Surveillance; https://www.cdc.gov/nhsn/PDFs/
pscManual/2PSC_IdentifyingHAIs_NHSNcurrent.pdf ). 
All cases of EO-BSI were due to a single etiological factor. 
Data not available included the gender of two newborns 
and the birth weight of 18 patients.

Microbiological cultures
Simultaneously with the laboratory diagnostic tests, sam-
ples of blood were taken for culture. Aseptically taken 
blood specimens were injected into an aerobic blood 
culture bottle (Bactec Plus 26 Aerobic; BD Microbiol-
ogy Systems), incubated, and then subcultured on Mac-
Conkey Agar (Oxoid, UK), Columbia Blood Agar (Oxoid, 
UK) at 37  °C for 24 h and Sabouraud Agar (Oxoid, UK) 
at 37 °C for 36 h. No growth in the culture media (after 
7 days of incubation) indicated a negative result. Isola-
tion of the microorganism(s) from at least one blood cul-
ture was defined as a bloodstream infection. All cultured 
microorganisms were identified using mass spectrometry 
(MALDI Biotyper, Bruker Billerica, MA, USA) according 
to the manufacturer’s instructions. Only strains from lab-
oratory-confirmed bloodstream infections of newborns 
with clinical signs of BSI were analyzed according to the 
Gastmeier definition [11].

This study utilizes the terms “other Gram-positive 
cocci” and “other Gram-negative rods” meaning: Other 
Gram-positive cocci: Enterococcus faecalis, Enterococ-
cus faecium, viridans streptococci group, Streptococcus 
sanguis, Streptococcus oralis; Other Gram-negative rods: 
Serratia marcescens, Enterobacter cloacae, Proteus mira-
bilis, Acinetobacter baumani, Serratia liquefaciens, Pseu-
domonas aeruginosa.

https://www.cdc.gov/nhsn/PDFs/pscManual/2PSC_IdentifyingHAIs_NHSNcurrent.pdf
https://www.cdc.gov/nhsn/PDFs/pscManual/2PSC_IdentifyingHAIs_NHSNcurrent.pdf


Page 3 of 7Golińska et al. BMC Infectious Diseases          (2023) 23:827 

Antimicrobial susceptibility test
All bacterial isolates were tested for susceptibility to anti-
biotics using the manual disc diffusion method according 
to the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) standards. The inhibition zones 
were also measured and interpreted according to the 
EUCAST recommendations (https://www.eucast.org/
fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_
tables/v_6.0_Breakpoint_table.pdf ). E-tests were used for 
vancomycin and teicoplanin resistance testing (bioMéri-
eux, Paris, France).

The methicillin-resistant coagulase-negative Staphy-
lococcus (MRCNS) resistance phenotype was detected 
using a cefoxitin disc (30 μg) according to the EUCAST 
guidelines. The macrolide-lincosamide (MLS) resistance 
phenotype of the isolates was determined according to a 
previously published protocol [12].

Extended-spectrum beta-lactamases (ESBL) activ-
ity was detected with a modified double disk synergy 
test using a combination of cefotaxime, ceftazidime, 
cefepime, and aztreonam discs, placed 20  mm apart 
around a disc containing amoxicillin/clavulanic acid [13].

Statistical methods
The Fisher exact test and the Pearson chi-square test were 
used to examine the relationships between the nominal 
variables. A post-hoc test was applied to calculate the sig-
nificance and strength of the relationship between indi-
vidual pairs of groups in the case of nominal multilevel 
variables. The relationships between the nominal dichot-
omous and continuous variables were examined using 
the point-biserial correlation. The examination of the dif-
ferences in means for continuous variables was selected 
based on the results of the Shapiro-Wilk normality test. 
In the case of non-normal distributions of two indepen-
dent samples on continuous scales, the Mann-Whitney U 
test was used.

The statistical calculations were performed by the R 
v.4.1.1 statistical computing environment, IDE RStudio v. 
1.4.1717 (R Core Team, 2021.). The significance level of 
the statistical tests was set at α = 0.05.

Results
Demographic and clinical characteristics of the study 
population
The total number of cases of neonatal sepsis was 349 (156 
female newborns and 193 male newborns) in 311 patients 
(Table 1). The median birthweight was 1245 g (1st quar-
tile (Q1) 855  g; 2nd quartile (Q3) 1700  g). The mean 
values of the neonatal weight distribution for EO-BSI 
cases differed significantly from the mean values of the 
neonatal weight distribution in LO-BSI cases (p = 0.022). 
Children with a birthweight less than 750  g constituted 
16.4% of the cases, nine of the children were triplets and 
81 were twins (the number is odd because both twins did 
not always develop sepsis).

The majority of the patients (271 newborns, 87.1%) 
were born by cesarean section (CS), with no significant 
difference between EO-BSI and LO-BSI. No differences 
were found in the group of newborns with EO-BSI and 
LO-BSI in terms of gender, multiple births, and the early 
or late occurrence of sepsis. There was, however, an asso-
ciation between the occurrence of EO-BSI / LO-BSI and 
the department where a child was treated (p = 0.011) 
(Table  1). The fatality case rate of neonatal sepsis was 
10.3% (n = 36) with no significant difference between EO-
BSI and LO-BSI.

The incidence rate of EO-BSI was 2.2% (n = 29). The 
median birthweight in this group was 1500 g (Q1 = 1100 g; 
Q3 = 2640  g). LO-BSI was diagnosed in 320 newborns, 
the incidence rate was 24.9%. The median birthweight in 
this group was 1240 g (Q1 = 840 g; Q3 = 1675 g).

Table 1 Characteristics of the neonates with EO-BSI and LO-BSI
Newborns included in the study Total (n = 349) EO-BSI cases(n = 29) LO-BSI cases(n = 320) p-value
Birth weight Med (Q1;Q3) [grams] 1245 (855; 1700) 1500 (1100; 2640) 1240 (840; 1675) 0.022

Cesarean section [n/%] Yes 271 (82.1%) 24 (82.2%) 247 (82.1%) 1.000

No 59 (17.9%) 5 (17.2%) 54 (17.9%)

Gender [n/%] Female 155 (44.7%) 12 (41.4%) 143 (45.0%) 0.845

Male 192 (55.3%) 17 (58.6%) 175 (55.0%)

Multiple births [n/%] Yes 90 (25.8%) 5 17.2%) 85 (26.6%) 0.277

No 259 (74.2%) 24 (82.8%) 235 (73.4%)

Ward [n/%] A 300 (86.0%) 20 (69.0%) 280 (87.5%) 0.011

B 49 (14.0%) 9 (31.0%) 40 (12.5%)

Death of the patient during hospitalization [n/%] Yes 36 (10.3%) 6 (20.7%) 30 (9.4%) 0.11

No 313 (89.7%) 23 (79.7%) 290 (90.6%)
Legend: Med = Median; Q = Interquartile range; Ward A = Clinic of Neonatology, University Hospital, Jagiellonian University Medical College; Ward B = Neonatal Ward 
at Ujastek Hospital in Cracow

https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
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Etiologic factors related to bloodstream infection
Coagulase-negative staphylococci were the most com-
monly isolated group of bacteria in both EO-BSI and 
LO-BSI groups. Altogether, 280 (80.3%) CoNS strains 
were isolated. Among them, isolates classified to S. epi-
dermidis species predominated over S. haemolyticus, S. 
capitis, and S. hominis, and only a few isolates belonged 
to other species. Other microorganisms isolated from 
blood samples were represented by 64 Gram-negative 
rods, 11 Enterococcus spp., 10 S. aureus, 3 Streptococcus 
spp., 2 Candida spp., and 8 different bacteria. The most 
common Gram negative rods belonged to the species 
Klebsiella spp. and E. coli. In nine blood samples (2.6%) 
no growth was recorded.

The most frequent bacteria isolated from EO-BSI were 
CoNS (48.3%) among which S. hominis dominated. The 
main group of bacteria isolated from cases of LO-BSI 
were also CoNS (83.1%) with the S. epidermidis species 
being the most dominant. In 27 cases of the LO-BSI, 

multiple pathogenic bacteria were isolated together. Most 
commonly, S. epidermidis strains occurred together with 
S. haemolyticus (Table 2). Significantly more often E.coli 
rods were isolated in the EO-BSI than LO-BSI cases 
(p = 0.001), other genera or species were isolated in both 
groups with a similar proportion.

Antibiotic susceptibility
The prevalence of multidrug-resistant microorgan-
isms (MDR) varied with diagnosis. EO-BSI and LO-BSI 
were only observed in MRCNS, 60% and 92.4% (0.0001), 
respectively. In MLSB, 31.2% in EO-BSI and 11.0% in LO-
BSI (Table 3).

In the case of Gram-negative rods, the ESBL mecha-
nism was observed in 25% of EO-BSI and 19,6% in strains 
isolated to LO-BSI.

High-level aminoglycoside resistance mechanism 
(HLAR) was present in only 10% of enterococcal strains 
from EO-BSI.

Table 2 Prevalence of microorganisms cultured from blood of EO-BSI versus LO-BSI cases
Bacterial etiology of sepsis Total (n = 349) EO-BSI cases (n = 29) LO-BSI cases (n = 320)

% % %
Coagulase-negative staphylococci 280 80.2 14 48,3 266 83,1

S.epidermidis 131 37.5 2 6.9 129 40.3

S. haemolyticus 71 20.3 2 6.9 69 21.6

S. capitis 32 9.2 1 3.4 31 9.7

S. hominis 18 5.2 4 13.8 14 4.4

S. lugdunensis 2 0.6 0 0 2 0.6

S. warneri 2 0.6 1 3.4 1 0.3

S. xylosus 1 0.3 1 3.4 0 0

S. caprae 1 0.3 1 3.4 0 0

CoNS 22 6.3 2 6.9 20 6.3

Staphylococcus aureus 10 2.9 2 6.9 8 2.5
Streptococcus spp. 3 0.9 2 6.9 1 0.3
S. viridans 1 0.3 0 0 1 0.3

S. sanguinis 1 0.3 1 3.4 0 0

S. oralis 1 0.3 1 3.4 0 0

Enterococcus spp. 11 3.2 1 3.4 10 3.1

E. faecalis 10 2.9 1 3.4 9 2.8

E. faecium 1 0.3 0 0 1 0.3

Gram negative rods 64 18.3 8 27.6 56 17.5
Klebsiella spp. 32 9.2 2 6.9 30 9.4

E. coli 13 3.7 6 20.7 7 2.2

S. marcescens 7 2 0 0 7 2.2

E. cloacae 6 1.7 0 0 6 1.9

P. mirabilis 3 0.9 0 0 3 0.9

A. baumannii 1 0.3 0 0 1 0.3

S. liquefaciens 1 0.3 0 0 1 0.3

P. aeruginosa 1 0.3 0 0 1 0.3

Other 8 2.3 2 6.9 6 1.9
No culture 9 2.6 0 0 9 2.8
Mixed 27 7.7 0 0 27 8.4
Legend: CoNS = coagulase-negative staphylococci: staphylococcal isolates of unknown species. Klebsiella spp – K.oxytoca, K.pneumoniae, Klebsiella spp.; Mixed cultures 
were represented by two coagulase-negative staphylococcal species, mostly S.epidermidis and S.haemolyticus.
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Multivariate prediction analysis
The multivariate of the elements associated with EO-
BSI vs. LO-BSI and their etiology demonstrate that 
E.coli significantly caused early sepsis than late sepsis 
(Odds ratio (OR) 0.5; 95% confidence interval (CI) 0.02; 
0.12) (Table 4). Similar results were obtained in the case 
of Gram-positive bacteria other than CoNS; they also 
caused early sepsis significantly more often than late 
sepsis (OR 0.2; 95%CI 0.08; 0.40). Moreover, the analysis 
confirmed that death was more frequently attributed to 
early than late onset of sepsis (OR 0.31; 95%CI 0.15; 0.63). 
The influence of birth weight, despite the statistical sig-
nificance, is very small (OR 0.9; 95%CI 0.9; 0.9]).

Discussion
The bloodstream infection (BSI), clinically classified as 
sepsis, is the most frequently observed infection in neo-
natal wards. According to a European point prevalence 
survey (2011–2012, based on European Center for Dis-
ease Prevention and Control (ECDC) methodology), BSI 
accounts for 44.6% of all healthcare-associated infec-
tions (HAIs). The increasing proportion of sepsis cases 
among hospitalized neonates is because of the progres-
sion of the survival rate of newborns with very low birth 
weight (VLBW) in modern neonatal intensive care units 
(NICU). This situation is invariably associated with a 
high incidence of both early and late infections [14]. It is 
of interest that in both NICUs studied, mean birth weight 
of the neonates was relatively high and was not correlated 
with death.

Different disease burden data have been reported in 
various studies across multiple NICUs in high-income 
countries [14]. These local differences are related to the 
source of the pathogen: an in-utero infection, acquisition 
from maternal flora, or postnatal acquisition from the 
hospital or community. The timing of exposure, inocu-
lum size, immune status of the infant, and virulence of 
the causative agent also influences neonatal sepsis epi-
demiology in individual centers [15]. Our data are con-
sistent with reports from many other NICUs [14] but 
there were some local specificities revealed in this study 
worthy of attention. There were more EO-BSI in Ward B 
than in Ward A. Although both wards belong to the high-
est-grade reference centers, there are some differences 
between them that influence their epidemiological char-
acteristics. In Ward B, only children born in the same dis-
trict gynecology and obstetrics hospital were hospitalized 
which explains more EO-BSI. While Ward A serves as a 
regional neonatology center for the university hospital 
and neonates with more complicated illnesses, usually 
older than 48 h, are transferred to this ward from other 
hospitals where they had been born.

As expected, CoNS dominated over other causes of 
both EO-BSI and LO-BSI, but they were more numerous 
in LO-BSI. There were striking differences in the distri-
bution of S. epidermidis and S. haemolyticus in LO-BSI 
versus S. hominis in EO-BSI. Also, there were differences 
in CoNS strains resistant to methicillin, and also macro-
lides/clindamycin isolated from EO-BSI versus LO-BSI 
cases. These may indicate an occurrence of the epidemic 
strains of these species in both wards. Independently 
from this study but in the same time period, selected 
strains of S. epidermidis from LO-BSI cases hospital-
ized in ward B were MLST typed and sequenced [16]. It 
appeared that strains belonging to ST29 and ST5 types 
were found (unpublished). Strains of both clonal types 
are present as epidemic strains in neonatal ICUs [17]. 
We also reported recently that CoNS strains related to 
neonatal sepsis are present in gut microbiota of the pre-
mature neonates in one of the wards investigated in this 
study [18].

Table 3 Resistance mechanisms observed in selected bacteria isolated from EO-BSI and LO-BSI cases
Resistance mechanism n(%) Number of cases Total (n = 349) EO-BSI cases(n = 29) LO-BSI cases(n = 320) p-value
MRCNS Yes 227 (90.4%) 9 (60.0%) 218 (92.4%) 0.001

No 24 (9.6%) 6 (40.0%) 18 (7.6%)

MLSB Yes 31 (12.3%) 5 (31.2%) 26 (11.0%) 0.033

No 221 (87.7%) 11 (68.8%) 210 (89.0%)

ESBL Yes 12 (20.3%) 2 (25.0%) 10 (19.6%) 0.66

No 47 (79.7%) 6 (75.0%) 41 (80.4%)

HLAR Yes 1 (8.3%) 0 (0.0%) 1 (10.0%) 1

No 11 (91.7%) 2 (100.0%) 9 (90.0%)
Legend: MRCNS = methicillin resistance among coagulase-negative staphylococci; MLSB = macrolide-lincosamide-streptogramin B resistance among CoNS; 
ESBL = extended-spectrum beta-lactamases among E.coli, Klebsiella spp.; HLAR = high-level aminoglycoside resistance among Enterococcus spp

Table 4 Multivariate prediction analysis of relations between 
etiology and onset of sepsis

OR z Pr(>|z|) 95%CI
(Intercept) 11.781 7.98 < 0.001 6.538; 22.031

Weight 0.999 -5.22 < 0.001 0.999; 0.999

E. coli 0.500 -6.37 < 0.001 0.018; 0.118

Other Gram-positive 0.185 -4.15 < 0.001 0.081; 0.404

Death 0.310 -3.24 < 0.001 0.151; 0.629
Legend: OR = odds ratio; z = the regression coefficient divided by standard error; 
Pr(>|z|) = p-value associated with the z-value; 95%CI = 95% confidence interval)
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Presence of the resistant Klebsiella spp. and Proteus 
spp. strains may also be related to their transfer among 
children inside wards. Among Gram-negative pathogens, 
Klebsiella pneumoniae is one of the most common and 
dangerous causes of nosocomial infections, especially 
in NICUs [19]. In Europe, individual cases or small out-
breaks of ESBL-producing Klebsiella have been reported 
in several countries (ECDC 2016) [20].

Streptococci grouped together as other Gram-positive 
cocci were found more frequently in EO-BSI. No single 
isolate of S. agalactiae (GBS) was found, which is con-
trary to the latest multicenter study on EO-BSI in the 
United States, based on data collected in [19] centers 
that showed group B streptococcus as the second most 
common pathogen after E.coli [21]. This discrepancy may 
indicate that GBS antenatal screening and intrapartum 
antibiotic prophylaxis recommended in Poland since 
2008 [22] is effective. No serious epidemiological studies 
on GBS- caused sepsis were performed and reported in 
Poland before introduction of the antibiotic prophylaxis 
to make a comparison. However, our group made a mul-
ticenter study on EO-BSI in Polish NICUs one year after 
and found Streptococcus agalactiae as a cause of 20% of 
the EOS cases [23]. On the other hand, enterococci were 
isolated mostly from LO-BSI cases, since they are also 
members of the neonatal gut microbiota they may persist 
for longer period of time in the ward and may be trans-
ferred among children and personnel [24]. Gram-nega-
tive rods, and especially E.coli, were more numerous in 
EO-BSI. This was not the case with Klebsiella spp. which 
were found in EO-BSI and LO-BSI in equal numbers.

E.coli is considered the most common cause of death 
associated with antibiotic resistance (AMR) [25] and the 
most important pathogen in EO-BSI [21]. Indeed, E.coli 
in this study predominated over other pathogens in EO-
BSI cases which is related to chorioamnionitis and also 
preterm rupture of membranes (ROM) [26]. About one-
third of E.coli isolates in our study showed the ESBL 
mechanism of resistance and no one was resistant to the 
third generation of cephalosporins.

Although we have had no access to data related to the 
mothers’ pregnancies and labors, our findings support 
recommendations on the necessity of empirical antibi-
otic administration for infants born after preterm labor, 
preterm ROM, or chorioamnionitis [27]. Looking at the 
gathered data on the occurrence of the multiple resis-
tant pathogens isolated from the neonates’ blood, it 
may be concluded that among Gram-negative rods only 
carbapenems were not included in the commonly pres-
ent resistance mechanisms i.e. no isolate was resistant to 
them. Therefore, antibiotics of this group may be recom-
mended for treatment in both early- as well late-onset 
sepsis in the two observed NICUs. On the other hand, 
the high frequency of methicillin-resistant CoNS in the 

blood of the late cases may also suggest the use of the 
cephalosporin III and IV generation, vancomycin, and 
linezolid in the empirical treatment of LO-BSI cases since 
[28]. Our study had limitations shared by nearly all stud-
ies performed on low- and very-low birth weight neo-
nates of the observed patients and immaturity of their 
systems. Due to a very low blood volume taken from 
them for culture it is practically impossible to inoculate 
multiple bottles with different culture media. Therefore, 
we were unable to make in-depth study on a full spec-
trum of the microbes present in the neonates’ blood 
which could not be recovered due to limited volumes of 
the blood samples and technical problems related to this 
like as the examples are strict anaerobes, slow growing 
and fastidious organisms.

Conclusion
Neonatal sepsis cases in both NICUs were mostly diag-
nosed in newborns weighing above 1000 g born by cesar-
ean section. About 10% of them, mostly in the EO-BSI 
group died during hospitalization. There were differences 
in the EO-BSI/LO-BSI ratio in the two wards due to the 
different populations of the admitted children.

This study confirmed that sepsis cases in the compared 
NICUs were mostly caused by CoNS strains, some of 
them belonging to known epidemic strains. The majority 
of the strains isolated from LO-BSI but not EO-BSI cases 
were resistant to methicillin which also may suggest their 
epidemic spread in wards. On the other hand, about half 
of CoNS were resistant to aminoglycosides and one-third 
to macrolides, lincosamides, and streptogramin. Kleb-
siella strains which were the second cause of both EO-
BSI and LO-BSI were 50% resistant to beta-lactams. The 
same was found in relation to E.coli strains which were 
mostly attributed to EO-BSI.

It should be stressed that no single strain of GBS was 
isolated from the cases.

Based on these observations, carbapenems and vanco-
mycin are suggested for empirical treatment of both EO-
BSI and LO-BSI cases in these NICUs.
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