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Abstract

Objective: To determine whether prolonged exposure to antibiotics (> 5 days) increases the risk of late-onset sepsis (LOS)
in newborns of 1,000-1,500 g. Methods: A cohort study in newborns with suspected perinatal infection, with a survival great-
er than seven days. The exposed cohort was composed of newborns with antibiotic therapy initiated at first postnatal day,
lasting > 5 days, with negative blood cultures before the fifth day of life, and without clinical evidence of sepsis. The non-ex-
posed cohort was identical but with antibiotics stopped before the fifth day of life. Patients were followed daily for clinical
and laboratory evidence of LOS. Others risk factors for LOS were analyzed. Statistical Analysis: We analyzed the incidence,
the relative risk (RR) with 95% CI. To measure the time to occurrence of an event of LOS after exposure, Kaplan-Meier sur-
vival curve and log-rank test were used. Results: We followed up 49 patients in each group. The incidence was 33.6%. The
time of follow-up was 839 vs. 1,291 person-days. Prolonged exposure to antibiotics was associated with a higher risk of LOS
(RR: 211, 95% Cl: 6.5-68.9; p = 0.000). The late-onset sepsis-free time was 171 + 1.1 vs. 26.3 + 0.8 days. Conclusions: The
risk of LOS was higher in newborns with prolonged exposure to antibiotics and increased with the days of exposure. (Gac
Med Mex. 2015;151:286-92)
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Development Neonatal Research Network report that

|ntroduction

Late-onset sepsis (LOS) occurs in approximately
6.2-10% of 34-37 weeks’ pre-term newborns and in
> 25% of very low birth weight (< 1,500 g) newborns
admitted to Neonatal Intensive Care Units"?. Studies
by the National Institute of Child Health and Human
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approximately 21% of very low birth weight newborns
(< 1,500 g) develop one or more LOS episodes con-
firmed by blood cultures, with an inversely proportional
relationship to gestational age (58% at gestation week
22 and 20% at gestation week 28)°. It is defined as an
invasive infection presenting as early as 3 days or as
late as 30 days after birth*. Risk of infection increases
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with low birth weight, prolonged use of intravascular
catheters and longer hospital stay, and is usually as-
sociated with hospital environmental pathogens®®.

Due to the devastating consequences of failure to
treat sepsis, in 95% of the cases, pediatricians start
empirical antibiotic treatment within the first post-natal
days, and do not discontinue it even if blood cultures
are negative'®. This practice is common when there is
suspicion of occult intrauterine infection, premature
rupture of membranes, chorioamnionitis and/or use of
antenatal corticosteroids'’. Although initiation of this
measure may be prudent in view of these consider-
ations, treatment duration is often arbitrary and not
based on blood culture results, but on the clinician’s
perception of the risk for infection. Factors that influ-
ence on non-discontinuation of antibiotics include late
reporting of blood culture results and technical difficul-
ty to obtain adequate samples in preterm newborns
(usually < 1 mi)to1e-14,

Cotten et al. reported an empirical antibiotic treat-
ment mean duration of 5 days and a 27-85% rate of
newborns with prolonged treatment of per center™.
Usually, blood culture-positive neonatal sepsis is man-
aged with a full course of antibiotics, according to the
antimicrobial sensitivity results. Initial empirical treat-
ment is generally based on ampicillin and an amino-
glycoside or a third-generation cephalosporin'® 6. The
use of broad spectrum antibiotics can have serious
consequences'”: in addition to the potential for promo-
tion of resistance, it is associated with intestinal colo-
nization, increased risk for Candida spp. colonization,
with ensuing invasive candidiasis and higher mortality
risk'”20. In the early post-natal stage, which overlaps
with initial gastrointestinal colonization, the use of an-
tibiotics has also been associated with an increase in
necrotizing enterocolitis and mortality?".

Our study is justified because, to date, there is no
evidence from prospective studies assessing the true
impact of prolonged use of antibiotics on the incidence
of LOS in low birth weight newborns with risk factors
for perinatal infection.

Methods

This was a cohort-design study in premature newborns
with low birth weight ranging from 1000 to < 1500 g,
attended to in the period from August 2012 to February
2013. Newborns with perinatal infection risk factors,
started on antibiotics within the first 24 h and if they
had survived for more than 7 days were included. New-
borns with suspected or confirmed active early-onset

sepsis at the moment of birth, necrotizing enterocolitis
within the first week of life, major congenital malforma-
tions or referred from other medical unit were excluded.
The protocol was authorized by the IMSS Local Comittee
of Research and Ethics in Research no. 1905, and the
protocols established by the hospital to access to med-
ical records data were followed.

The exposed cohort was defined as newborns with
antibiotic therapy started on the first postnatal day and
lasting longer than 5 days, with negative blood culture
result before the fifth day and absence of clinical data
consistent with systemic infection; and the non-ex-
posed cohort, as newborns with antibiotic therapy dis-
continued before the fifth day of life, with negative
blood culture results and no clinical data of systemic
infection. LOS was defined as the presence of clinical
data of systemic infection appearing after the fifth day and
up to the 28™ day of life, with positive blood cultures and/
or laboratory data suggestive of infection, such as > 38°
or < 36° temperature, as well as tachycardia/bradycardia,
tachypnea/bradypnea, white blood-cell and/or platelet
count alterations, erythrocyte sedimentation > 20 mm and/
or C-reactive protein < 1.6 mg/100 ml. Risk factors for
perinatal infection were defined as presence of perinatal
maternal infection, premature rupture of membranes, pro-
longed rupture of membranes, umbilical central cathe-
ter, percutaneous central catheter, peripheral catheter,
surgery, placement of drainages (penrose, paracente-
sis, thoracentesis, others), multi-punctures, endotra-
cheal intubation, laryngeal aspiration, total parenteral
nutrition, urinary catheter, orogastric tube, intrapleural
tube and use of steroids.

Clinical evolution was monitored every day until the
detection of LOS, or up to the 28" day of life if LOS
did not occur. In case of clinical data consistent with
LOS, laboratory tests and blood culture were per-
formed at the moment of detection, and antibiotic treat-
ment indicated by the treating neonatologist was start-
ed. Prolonged exposure to antibiotics, defined as > 5
days of exposure, was analyzed as independent vari-
able. Variables such as gestational age, gender, birth
weight, type of delivery and Apgar score were also
analyzed. To control for potential sources of bias, dif-
ferent infection risk factors were analyzed as confound-
ing variables: perinatal maternal infection, premature
and prolonged rupture of membranes, and exposure
to invasive procedures such as percutaneous cathe-
ter, umbilical catheter, surgery, placement of drainag-
es, mechanical ventilation, laryngeal aspiration, uri-
nary catheter, orogastric tube, pleural tube and total
parenteral nutrition. The following variables were also
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Table 1. General characteristics of 98 pre-term newborns of 1,000 to < 1,500 g with (> 5 days) and without prolonged exposu-

re to antibiotics (< 5 days)

> 5 days of antibiotic exposure < 5 days of antibiotic exposure p RR (95% ClI)
(n = 49) (n = 49)
Gestational age (weeks) 307 +1.3 309 £ 0.7 0.4 -
Birth weight (g) 1,269.6 + 1,61.7 1,348 + 1,38.1 0.01 -
1-minute Apgar
0-3 0 (0.0%) 0 (0.0%) 0.03 2.9 (1.0-7.8)
4-6 16 (32.7%) 7 (14.3%)
7-10 33 (67.3%) 42 (85.7%)
5-minute Apgar
0-3 0 (0.0%) 0 (0.0%) 0.1 -
4-6 2 (4.1%) 0 (0.0%)
7-10 47 (95.9%) 49 (100.0%)

analyzed: white blood-cell count, platelet count, eryth-
rocyte sedimentation rate, C-reactive protein and type
of used antibiotic.

Statistical analysis

To compare the population characteristics, the rela-
tive risk (RR) (95% confidence interval [Cl]) and the
chi-square test were used for qualitative variables (sex,
type of delivery); the Mann-Whitney U-test was used
for ordinal qualitative variables (birth weight and Apgar
score), and for quantitative variables (gestational age,
birth weight), after previous analysis for normality of
data with the Kolmogorov test, central tendency and
dispersion measures, as well as Student’s t-test or the
Mann-Whitney U-test were used. To measure the
strength of association between the exposure factor
(prolonged exposure to antibiotics) and the outcome
variable (LOS), the relative risk was measured with a
95% CI and the chi-square test. To measure the time
of exposure to risk factors for LOS with and without
prolonged exposure to antibiotics (umbilical catheter,
time of percutaneous catheter use, time of mechanical
ventilation, time of parenteral nutrition administration
and days of hospital stay after analysis for normality of
the data with the Kolmogorov test) central tendency
and dispersion measures were used, as well as Stu-
dent's t-test or the Mann-Whitney U-test. The Ka-
plan-Meier survival curve and the log-rank test were
used to measure the time that took for the LOS event
to occur after exposure. A Cox regression analysis was
performed for adjustment of confounding variables
(other risk factors and presence of sepsis).

Results

In the period from August 2012 to February 2013, a
follow-up was made of 49 newborns from each cohort.
In the exposed cohort there were 23 males and 26
females, and in the non-exposed cohort, 20 males and
29 females (p = 0.5). Birth weight was adequate in
48/49 of exposed and in all non-exposed newborns;
only one NB in the exposed cohort was large for ges-
tational age (p = 0.3). Cesarean section was predom-
inant as type of delivery: 46/49 exposed versus 44/49
non-exposed newborns (p = 0.4). Both populations
were similar with regard to gestational age; in the
cohort with prolonged exposure to antibiotics, lower
birth weight was observed (p = 0.01); 1-minute Apgar
with a 7 to 10 score was more commom in the non-ex-
posed cohort (p = 0.03); 5-min score was similar in
both cohorts (Table 1).

Follow-up time was 2,130 accumulated person-days:
839 person-days in those exposed and 1,291 per-
son-days in non-exposed. The incidence of LOS in the
exposed cohort was 65.3% in comparison with 8.1% in
the non-exposed cohort (Table 2). Necrotizing enteroco-
litis occurred in 24.4% of the cases in the exposed cohort
vs. 4.0% of the non-exposed cohort (Table 2). Necrotiz-
ing enterocolitis grade was: A (2/2), IB (2/0), lIA (2/0)
and IlIB (1/0). In the exposed cohort, 12 positive blood
cultures were obtained: Klebsiella pneumoniae (1), En-
terobacter spp. (4), Pseudomonas spp. (1), negative
Staphylococcus coagulasa (5) and Candida spp. (1),
and none were obtained in the non-exposed cohort.

Patients with prolonged exposure to antibiotics
(> 5 days) and LOS showed significantly more days
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Table 2. Risk of late-onset sepsis and necrotizing enterocolitis in 98 pre-term newborns of 1,000 to < 1,500 g with (> 5 days)

and without prolonged exposure to antibiotics (< 5 days)

> 5 days of antibiotic exposure < 5 days of antibiotic exposure p RR (95% CI)
(n = 49) (n = 49)
Late onset sepsis 32 (65.3%) 4 (8.1%) 0.000 211
(6.5-68.9)
Necrotizing enterocolitis 12 (24.4%) 2 (4.0%) 0.004 7.6 (1.6-36.1)

Table 3. Time of exposure to risk factors for late-onset sepsis in a cohort of 98 pre-term newborns of 1,000 to < 1,500 g with
(> 5 days) and without prolonged exposure to antibiotics (< 5 days)

> 5 days of antibiotic exposure

< 5 days of antibiotic exposure

(n = 49) (n = 49)
LOS(n=32) NolLOS (n=17) p LOS (n = 4) No LOS (n = 45) p
Days with umbilical catheter 11.3+£38 6.8 +4.3 0.000 70+24 58+ 3.2 0.4
Days with percutaneous catheter 450 + 23.2 16.2 + 8.7 0.000 20.3 + 151 11.4+98 0.1
Mechanical ventilation (days) 119 +£87 19+£23 0.000 85+ 10.3 38+53 0.1
Parenteral nutrition (days) 18170 93=+46 0.000 8.8+80 6.4 +52 0.4
Hospital length of stay (days) 67.5+22.0 36576 0.000 40.3 + 123 36.1 + 10.6 04

of umbilical catheter (p = 0.000) and percutaneous
catheter use (p = 0.000), higher number of installed
catheters (p = 0.000) and more days of mechanical
ventilation (p = 0.000), parenteral nutrition and hospital
stay (p = 0.00) than patients with < 5 days’ exposure
to antibiotics (Table 3).

The results of laboratory tests performed at the be-
ginning of the study also showed more abnormalities
in the group with prolonged antibiotics: white blood-
cell count: 18,600 versus 9,780 cells/mm?3 (p = 0.000);
neutrophils: 11,000 versus 4,930 cells/mm3 (p = 0.000);
platelets: 252,000 versus 247,000 platelets/mm3 (p = 0.9);
erythrocyte sedimentation rate: 6.5 versus 4.0 mm/h
(p = 0.5); C-reactive protein: 1.0 versus 0.5 mg/100 ml
(p = 0.000).

The Kaplan-Meier survival curve (Fig. 1) shows
that the time elapsed until the occurrence of a LOS
event was significantly different between both groups
(p < 0.001). The separation of both cohorts became
more pronounced from day 9 on, when the first cases
of LOS appeared, and reached the maximum risk by
day 17, moment at which it stabilized until the end of
follow-up (Table 4). The LOS-free period was 17.1 =
1.1 versus 26.3 = 0.8 days (p < 0.000). No deaths
occurred during the follow-up in both cohorts.

With regard to variables considered to be risk factors
for the development of LOS (Table 5), the Cox regres-
sion analysis demonstrated that only exposure to anti-
biotics had a significant difference according to the
time of exposure.

The incidence rate ratio was 11.1/1,000 patient-days,
with 91% attributable risk.
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Figure 1. Kaplan-Meier curve on time to occurrence of a late-onset
sepsis event in a cohort of newborns of 1,000 to < 1,500 g with > 5 days’
exposure to antibiotics compared with a cohort with < 5 days’ exposure
to antibiotics.
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Table 4. Risk of experiencing late-onset sepsis relative to time of antibiotic exposure in 98 pre-term newborns of 1,000 to
< 1,500 g with (> 5 days) and without prolonged exposure to antibiotics (< 5 days)

Accumulated number of patients with late-onset sepsis

Follow-up days With prolonged antibiotic (n = 49)

Without prolonged antibiotic (n = 49) p

RR (95% Cl)

6 0
7 0
8 2
9 10
10 14
1 19
12 23
13-16 28
17-28 32

1 03 -
2 0.1 -

3 05 0.6 (0.1-4.0)

3 003  39(1.0-153)
4 0009 4.5 (1.3-14.8)
4 0000  7.1(2.2-23.0)
4 0000  9.9(3.1-31.9)
4 0.000  15.0 (4.6-48.2)
4 0.000 21.1(6.5-68.8)

Table 5. Cox regression analysis to determine the influence of each risk factor on the development of late-onset sepsis in a
cohort of pre-term newborns of 1,000 to < 1,500 g with (> 5 days) and without prolonged exposure to antibiotics (< 5 days)

95% CI for RR

Coefficient SE Wald p RR Lower Upper

Step 1 Prolonged antibiotics (> 5 days) 2.245 0.535 17.581  0.000 9.442 3.306 26.968
Variables not in the equation*

Score df p

Step 1 Prolonged rupture of membranes 0.057 1 0.680

Invasive procedures 0.083 1 0.773

Endotracheal tube 1.544 1 0.126

Laryngeal aspiration 0.598 1 0.267

Orogastric tube 0.814 1 0.296

Central catheter 0.170 1 0.680

Umbilical catheter 0.075 1 0.664

Percutaneous catheter 1.271 1 0.226

Surgery 0 0.590

Parenteral nutrition 0.367 1 0.446

*Residual ¥ 5.933 with 10 df; p = 0.821

Discussion

Although empirical antibiotic administration in low
birth weight newborns with risk factors for perinatal
infection is common and appears to be a safe practice,
the results of this study show that the risk/benefit ratio
of prolonged use of antibiotics can be unfavorable. In

the present study, the magnitude of the risk for devel-
oping both late-onset sepsis and necrotizing enteroco-
litis after prolonged exposure to antibiotics was high, but
consistent with that reported in other studies. Kuppala
et al. analyzed a retrospective cohort of 265 newborns
of < 32 weeks’ gestation and < 1,500 g birth weight
and observed that prolonged antibiotic therapy at birth
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was associated with late-onset sepsis and with the
combination of late-onset sepsis, necrotizing enterocoli-
tis and death after the 7" day of life. In a report by Shah
et al. in 216 newborns, the prolonged use of antibiotics
was significantly associated with LOS (p = 0.01)%.

Alexander et al. retrospectively analyzed the associ-
ation between the use of antibiotics and the risk for
necrotizing enterocolitis in 124 cases with 248 paired
controls matched for gestational age, birth weight and
year of admission. In the subjects without bacteremia,
each day of antibiotic exposure was associated with a
20% increase in the risk for necrotizing enterocolitis.
According to the time of exposure, the risk of develop-
ing necrotizing enterocolitis continued to increase with
exposure days®.

In order to assess the duration of empirical antibiot-
ic treatment, a multi-center study was conducted with a
retrospective cohort of 790 very low birth weight new-
borns with suspected or confirmed early-onset sepsis;
newborns receiving < 3 days’ empirical treatment were
compared with those who received > 7 days, and 695
infants were reported with negative cultures, out of
which 40% received < 3 days’ antibiotic treatment,
whereas 34% received > 7 days. Treatment duration
was related to perinatal risk factors for early-onset sep-
sis or to causes associated with disease severity, in-
cluding birth weight, gestational age, sex, c-section,
use of ventilator or survival. Half of the 30 centers
administered antibiotics after 3 days in 50% or more of
newborns with sterile cultures, suggesting that the du-
ration of empirical antibiotic treatment in newborns with
sterile cultures is an institutional decision, which is not
dictated by clinical indicators of the disease. New-
borns < 26 weeks’ gestational age at the moment of
initial empirical treatment who received antibiotics > 7
days had on average more days’ hospital stay (75 vs.
59 days; p < 0.01) and ventilator use (31 vs. 26 days;
p < 0.05) than infants receiving 3 days or less?*.

Consistent with the above, the present study strength-
ens the evidence on the association of a larger number
of days with catheter, longer time of assisted mechan-
ical ventilation and more days’ hospital stay with the
development of LOS. However, the Cox regression
analysis failed to demonstrate that only exposure to
antibiotics for longer than 5 days, and not the presence
of risk factors for sepsis, influenced on the development
of late-onset sepsis. It can also be concluded that if the
risk of administering antibiotics for more than 5 days
was eliminated in newborns with demonstrated ab-
sence of infection, 91% of sepsis cases could be pre-
vented, which is the attributable risk that was found.

Although antibiotic discontinuation may be prudent
for many pre-term newborns with suspected early-on-
set sepsis when cultures are negative, the purpose is
not to restrict the duration of antibiotic treatment in very
premature newborns, since there are limitations in
blood samples and maternal prenatal antibiotic cover-
age can influence on the cultures’ sensitivity.

The strength of this study is supported by its design:
unlike studies published up to this moment, it is pro-
spective and allows for daily and strict longitudinal
assessment of the newborns for the detection of clini-
cal and laboratory data consistent with LOS. However,
it is important to acknowledge that causality bias may
exist, since the cohort requiring prolonged antibiotics
could have been more prone to develop sepsis from
the beginning or even have sepsis in incubation. As
table 1 shows, newborns with higher exposure to anti-
biotics had significantly lower weights and Apgar
scores. If they had higher incidence of sepsis in incu-
bation since the beginning, they were obviously given
more antibiotics and for longer time. This bias would
only be avoided with a randomized trial, which, in view
of the population at risk, would be dificcult to conduct.

The analysis with the Kaplan-Meier curve enables to
graphically observe that the maximum risk for a late-on-
set sepsis event to occur is between days 9 and 17 of
exposure to antibiotics; however, the evident breadth
of the CI for the RR of the probability of developing
LOS in the exposed cohort might suggest the need for
the sample size to be increased, although in the Cox
regression analysis this width is reduced.

In conclusion, this study reaffirms findings from oth-
er studies on the increased risk for late-onset sepsis
with the prolonged use of antibiotics (> 5 days) in
newborns with low birth weight. With these results,
pediatricians should consider the limitations of pub-
lished studies at the moment of deciding antibiotic
discontinuation in newborns with negative blood cul-
tures evolving without clinical or laboratory data of
systemic infection, with adequate close surveillance of
these infants.

References

1. Tsai MH1, Hsu JF, Chu SM, et al. Incidence, clinical characteristics and
risk factors for adverse outcome in neonates with late-onset sepsis.
Pediatr Infect Dis J. 2014;33(1):e7-e13.

2. Rubin LG, Sanchez PJ, Siegel J, Levine G, Saiman L, Jarvis WR. Eval-
uation and treatment of neonates with suspected late-onset sepsis: a
survey of neonatologists’ practices. Pediatrics. 2002;110(4):e42.

3. Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal infectious dis-
eases: evaluation of neonatal sepsis. Pediatr Clin N Am. 2013;60(2):
367-89.

4. Smith PB; Benjamin DK. Clinical Approach to the Infected Neonate. En:
Long SS, Pickering LK, Prober CG, eds. Principles and practice of pe-

291



292

Gaceta Médica de México. 2015;151

diatric infectious disease. Nueva York: Churchill Livingstone; 2003. p.
536-8.

. Stoll BJ, Gordon T, Korones SB, et al. Late-onset sepsis in very low birth

weight neonates: A report from the National Institute of Child Health and
Human Development Neonatal Research Network. J Pediatr. 1996;129(1):
63-71.

. Klein JO. Bacterial sepsis and meningitis. En: Remington JS, Klein JO,

eds. Infectious diseases of the fetus and newborn infant. Filadelfia: WB
Saunders; 2006. p. 247-95.

. Edwards MS, Baker CJ. Bacterial infections in the neonate. En: Long

SS, Pickering LK, Prober CG, eds. Principles and practice of pediat-
ric infectious disease. Nueva York: Churchill Livingstone; 2003. p.
536-42.

. Bonadio WA, Hennes H, Smith D, et al. Reliability of observation vari-

ables in distinguishing infectious outcome of febrile young infants. Pe-
diatr Infect Dis J. 1993;12(2):111-4.

. Ottolini MC, Lundgren K, Mirkinson LJ, Cason S, Ottolini MG. Utility of

complete blood count and blood culture screening to diagnose neonatal
sepsis in the asymptomatic at risk newborn. Pediatr Infect Dis J.
2003;22(5):430-4.

. Cotten CM, Taylor S, Stoll B, et al. Prolonged duration of initial empirical

antibiotic treatment is associated with increased rates of necrotizing
enterocolitis and death for extremely-low-birth-weight infants. Pediatrics.
2009;123(1):58-66.

. Samanta S, Farrer K, Breathnach A, Heath PT. Risk factors for late onset

gram-negative infections: a case-control study. Arch Dis Child Fetal
Neonatal Ed. 2011;96(1):F15-8.

. Ottolini MC, Lundgren K, Mirkinson LJ, Cason S, Ottolini MG. Utility of

complete blood count and blood culture screening to diagnose neonatal
sepsis in the asymptomatic at risk newborn. Pediatr Infect Dis J.
2003;22(5):430-4.

. Garcia-Prats JA, Cooper TR, Schneider VF, Stager CE, Hansen TN.

Rapid detection of microorganisms in blood cultures of newborn infants
utilizing an automated blood culture system. Pediatrics. 2000;105(3 Pt
1):5623-7.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Schelonka RL, Chai MK, Yoder BA, Hensley D, Brockett RM, Ascher DP.
Volume of blood required to detect common neonatal pathogens. J
Pediatr. 1996;129(2):275-8.

Clark RH, Bloom BT, Spitzer AR, Gerstmann DR. Reported medication
use in the neonatal intensive care unit: data from a large national data
set. Pediatrics. 2006;117(6):1979-87.

Clark RH, Bloom BT, Spitzer AR, Gerstmann DR. Empiric use of ampi-
cillin and cefotaxime, compared with ampicillin and gentamicin, for ne-
onates at risk for sepsis is associated with an increased risk of neonatal
death. Pediatrics. 2006;117(1):67-74.

Makhoul IR, Sujov P, Smolkin T, Lusky A, Reichman B. Epidemiological,
clinical, and microbiological characteristics of late-onset sepsis among
very-low-birth-weight infants in Israel: a national survey. Pediatrics.
2002;109(1):34-9.

Benjamin DK, DelLong E, Cotten CM, Garges HP, Steinbach WJ, Clark
RH. Mortality following blood culture in premature infants: increased with
Gram-negative bacteremia and candidemia, but not Gram-positive bac-
teremia. J Perinatol. 2004;24(3):175-80.

Kaufman D, Fairchild KD. Clinical microbiology of bacterial and fungal sepsis
in very low birth weigth infants. Clin Microbiol Rev. 2004;17(3): 638-80.
Saiman L, Ludington E, Dawson JD, et al. Risk factors for Candida
species colonization of neonatal intensive care unit patients. Pediatr
Infect Dis J. 2001;20(12):1119-24.

Kuppala VS, Meinzen-Derr J, Morrow AL, Schibler KR. Prolonged initial
empirical antibiotic treatment is associated with adverse outcomes in
premature infants. J Pediatr. 2011;159(5):720-5.

Shah P, Nathan E, Doherty D, Patole S. Prolonged exposure to antibiotics
and its associations in extremely preterm neonates - the Western Austra-
lian experience. J Matern Fetal Neonatal Med. 2013;26(17):1710-4.
Alexander VN, Northrup V, Bizzarro MJ. Antibiotic exposure in the new-
born intensive care unit and the risk of necrotizing enterocolitis. J Pedi-
atr. 2011;159(3):392-7.

Cordero L, Ayers LW. Duration of empiric antibiotics for suspected
early-onset sepsis in extremely low birth weight infants. Infect Control
Hosp Epidemiol. 2003;24(9):662-6.



