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Abstract

Unreasonable use of antibiotics occurs in about 25-30% of the population. The neonatal period is among the highest group where antibiotic

abuse occurs, as high as 40% in some hospitals. This is particularly apparent in newborn intensive care units (NICU), where 70-80% of the admitted
infants receive antibiotics. The main motive for this is that clinicians suspect neonatal sepsis very frequently, but only about 3-5% or less of the time
infants have blood culture proven sepsis. The neonatal sepsis calculator, described some years ago and validated by several studies, is extremely
useful in allowing care givers to assess risk factors and combine them with the clinical evaluation of the newborn to make a more adequate
decision and decrease utilization of unnecessary antibiotics. On the other hand, nonspecific inflammatory markers, like C-reactive protein (CRP)
and procalcitonin (PCT), are relied upon to make clinical decisions about antibiotic initiation and discontinuation. However, they have very bad
specificity for early and late neonatal sepsis, and their sensitivity is not very adequate either. Relying on them in suspicion of neonatal sepsis is
a “hazardous waste”. Antibiotic abuse is associated with short- and long-term adverse effects. In preterm infants in NICU, length of hospital stay,
bronchopulmonary dysplasia, necrotizing enterocolitis and mortality are increased. In addition to this and to the concomitant increase in health care
expenditures, there are long lasting consequences of antibiotic misuse in the neonatal period. They include development of antibiotic resistance,
with the emergence of multi resistant organisms, and alterations to the microbiota and microbiome. This has been linked to various disease states
later in life, such as abnormal brain development, infections during childhood, asthma, obesity, diabetes, atherosclerosis and autoimmune disorders,
among others. The need to apply clinical measures to modify current neonatal practices and improve outcomes has never been more urgent.
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Introduction

“The rational use of drugs requires that patients receive med-
ications appropriate to their clinical needs, in doses that meet
their individual requirements, for an adequate period of time, and
at the lowest cost to them and their community” was affirmed by
the Conference of Experts on the Rational Use of Drugs convened
by the World Health Organization (WHO) in Nairobi in 1985 [1].
WHO estimates that more than half of all medicines are prescribed
inappropriately, and antibiotics are among the most frequent ones
that are used incorrectly [2]. Furthermore, it has become appar-
ent that newborn infants are exposed to the highest abuse rate of
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antibiotics. For example, more than to 70% of neonates admitted
to some neonatal intensive care units (NICU’s) are prescribed an-
tibiotics [3,4]. In the USA, data from 297 centers with 40,364 in-
fants <1,500 grams [5] showed that the majority of infants born
prematurely infants are exposed to early antibiotic initiation and
this occurred in 78.6% of infants with birth weight <1,500 grams
and in 87% of those <1,000 grams at birth. Furthermore, many of
them had subsequent prolonged antibiotic administration for more
than 5 days. However, extremely few babies (1-3%) with suspected
neonatal early-onset bacterial sepsis (EOBS) are actually proven to

have blood culture positive sepsis.
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In this manuscript we focus on the irrational uses of antibiot-
ics in the neonatal period, particularly when EOBS is suspected.
Clinical indications for initiation and discontinuation of antibiotics
are described, together with the potential severe consequences of
antibiotic abuse. These include, among others, higher prevalence
of bronchopulmonary dysplasia (BPD), necrotizing enterocolitis
(NEC) and mortality, in addition to development of antimicrobial
resistance (AMR) and microbiome alterations. AMR and the emer-
gence of multiresistant bacteria is an epidemic in public health.
Neonatal microbiome influences immune cell ontogeny [6] and
early exposure to antibiotics affect the composition of the intestinal
microbiota [7-11].

The purpose of this manuscript is to review some of the current
neonatal practices related to antibiotic indication and discontinua-
tion and present a current summary of most of the untoward effects
of antibiotic abuse in neonatal medicine. Hopefully, this review will
be useful for implementation of changes that would ultimately lead
to improved neonatal outcomes.

Discussion
Use of antibiotics in the neonatal period

Neonatal bacterial sepsis is a grave condition that may lead to
death if untreated or if initiation of treatment is delayed. Antibiotics
do save newborns’ lives.

In the NICU, suspected EOBS is one of the most common diag-
noses and antibiotics are the most frequently used medications.
The antibiotics for treatment of neonatal sepsis must be given in-
travenously and never PO or intramuscularly. The more frequently
used are ampicillin and gentamycin. Their discontinuation should
occur in 36-72 hours if the blood cultures are negative and the in-
fant is asymptomatic.

In asymptomatic newborns, with suspected EOBS decisions to
start antibiotics should be mainly based on the newborn’s clinical
condition and not solely on risks or on inflammatory markers.

The risk of EOBS is very low in well appearing, asymptomatic
newborns, about 0.21%yo live births [12-14]. The number needed to
treat (NNT) for this group has been estimated at 9,370. What needs
to be done in these cases is clinical assessment and risk assess-
ment, with routine observation of the infants together with their
mothers, and discharge home as per usual guidelines. On the oth-
er hand, when there are clinically evident signs in the first 12-24
hours of life, the risk is > 11%g live births, with NNT of about 118.
In these cases, a blood culture and empirical antibiotics should be
started immediately without delay, with admission to the NICU. In
cases of equivocal or doubtful clinical early presentation, the risk is
about 2.6%o live births, with NNT of 823. In these doubtful cases a
blood culture can be obtained, and the vital signs must be carefully
monitored every 4 hours for 24 hours at least, without initiation
of antibiotics. Treatment with antibiotics will be according to the
persistence of suggestive symptoms.
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Risk scores and clinical assessment should guide the practice
of antibiotic utilization, and not simply suspecting EOBS. In a study
conducted on 608.014 newborns > 34 weeks in 14 hospitals [15]
it was possible to stratify the risk of neonatal sepsis according to
several maternal and labor and delivery variables, together with
the newborn’s clinical presentation . Three groups were identified:

1. Treat empirically with antibiotics: 4.1%

2. Study them, with frequent observation and conditional treat-
ment: 11.1%

3. Only continuous observation: 84.8%.

The incidence of sepsis with positive blood cultures was 8.4%,
1.2% and 0.11% respectively for groups 1, 2 and 3. This has led
to a decrease in the use and time of antibiotics in the network of
participating hospitals. These authors created the neonatal sepsis
calculator, a software that calculates an individual risk or score in
relation to some prenatal factors and the baby’s clinical signs and
evolution in the first 12 to 72 hours [16]. This neonatal sepsis cal-
culator, validated by several studies, is extremely useful in allowing
clinicians to assess risk factors and combine them with the clinical
evaluation of the newborn to make a more adequate decision in
clinical care [12-14,17-23]. In an asymptomatic infant without any
risk, or even with some risks, appropriate care is to observe, eval-
uate and not interfere with the mother-child bonding, unless the a
priori risk is high or very high. When in doubt, take blood cultures,
do not start antibiotics but implement detailed clinical observation
every 2-4 hours of the infant while she or he is with the mother. If
something changes clinically, start antibiotics promptly. However,
in symptomatic newborns, even if the risk score is low, obtain blood
cultures and start antibiotics quickly. If the symptoms disappear af-
ter several hours and blood cultures are negative, antibiotics could
be discontinued in 48-72 hours.

Chorioamnionitis and prolonged rupture of the mem-
branes

Routine antibiotics had been initiated in many, if not all neo-
nates exposed to chorioamnionitis. However, in mothers with clin-
ical chorioamnionitis, the incidence of EOBS in neonates has been
reported as low as 1%o to about 4-7%o live births. In newborns >
35 weeks’ gestation, only about 1.25% of the infants born to moth-
ers with chorioamnionitis have positive cultures. The rate is higher
in newborns <35 weeks (4.8% to 16.9%). This is clear proof that
routine antibiotics should not be initiated in all neonates exposed
to chorioamnionitis. Doing so would mean treating hundreds of in-
fants to find one that really has an infection. The NNT in the group
of infants >35 weeks exposed to chorioamnionitis is from 80 to
210. Additionally, studying the placenta histologically does not add
substantial information to decide to start treatment or to prolong
the use of antibiotics. All this suggests that we should abandon
the recommendation to treat with antibiotics asymptomatic new-
borns >34 weeks with a history of chorioamnionitis [24-29]. Even
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in symptomatic infants born to mothers with chorioamnionitis, the
NNT in order to identify one infant with EOBS is high, 23 or greater.
However, in the case preterm infants with maternal chorioamnio-
nitis, the NNT is from 6 to 20; in this group it would be justified to
obtain blood cultures and start antibiotics.

Similarly, there is no need to treat all infants exposed to pro-
longed rupture of the membranes. If an infant is 237 weeks and is
asymptomatic there is no need to start antibiotics even if there is
prolonged rupture of membranes > 18 hours. Newborns 237 with
signs of respiratory distress should be observed during their transi-
tion and in case of worsening or persistence beyond 6 hours of life,
blood cultures should be obtained, and they should be treated with
ampicillin and gentamycin until obtaining the results of the cul-
tures. In risk situations like prolonged rupture of the membranes
>18-24 hours, chorioamnionitis and/or maternal Group B strepto-
coccus partially treated, if the infant remains clinically asymptom-
atic with negative blood cultures, it is not justified to continue anti-
biotics for much longer than 48 hours.

Nonspecific inflammatory markers

Clinicians have historically relied upon nonspecific inflamma-
tory markers, like C-reactive protein (CRP) and procalcitonin (PCT)
to make clinical decisions about antibiotic initiation and discon-
tinuation. We will not extend much on the unfortunate impact that
inflammatory markers (and others) had on antibiotic abuse in neo-
natology worldwide, but it has been known for over a decade that
they are very inaccurate for predicting neonatal bacterial sepsis.
Despite the existing evidence, many clinicians continue to do ve-
nous or arterial punctures to obtain blood to measure nonspecific
inflammatory markers and base their clinical decisions on “a value
without value” to start or to continue antibiotics unfoundedly. The
recommendation is not to obtain these determinations in clinical-
ly asymptomatic infants, which is now clearly supported by two
recent systematic reviews and meta-analysis. One from January
2019 [30] and the other one from February 2020, which included
22 studies previously published, clearly confirm that CRP has very
bad specificity for neonatal sepsis, and its sensitivity is not very
adequate either [31]. In the title of the editorial that accompanies
this publication, the authors say that evaluating CRP in suspicion
of neonatal sepsis is a “hazardous waste” [32]. CRP and PCT have
more clinical value when they are normal, meaning that the like-
lihood of infection is very low. Accordingly, if antibiotics had been
started and blood cultures are sterile and the nonspecific inflam-
matory markers, if measured, are normal, it is imperative to dis-
continue antibiotics in 36-72 hours, unless there is clear evidence
of site-specific infection. Moreover, persistent cardiorespiratory
instability is common in preterm infants <1,500 grams and many
clinicians continue antibiotics “just in case”, but this is not an indi-
cation by itself to use prolonged empirical antibiotics.

In summary, through the past two decades it has become clear

that the systematic, immediate use of antibiotics in most neonatal
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situations is not justified [28,33]. Therefore, there is an imperative
need for more judicious use of antibiotics in neonates, discourag-
ing their systematic empiric use when sepsis is only a remote pos-
sibility and a protracted course when blood cultures are negative
[34-38]. By not starting antibiotics unnecessarily mother infant
bonding is not disrupted and by not prolonging antibiotic therapy
for “culture-negative sepsis” many short- and long-term adverse

events discussed below are prevented.

Abuse of antibiotics during the neonatal period

In a cross-sectional study of 326,845 live births in 2017 in Cal-
ifornia hospitals, the percent of newborns with antibiotic expo-
sure varied considerably from 1.6% to 42.5%. This is unexplained
by proven bloodstream infection and it was not correlated to the
percent of patient-days entailing antibiotic exposure [39]. In one
publication from one NICU the mean duration of antibiotics with-
out proven infection was 10.8 +7.3 days [40]. Even worse, the most
commonly used antibiotics were carbapenems and vancomycin and

not ampicillin and gentamycin.

In NICU’s >40% of admitted babies are given antibiotics and
even up to 90% in some of them. However, few babies (1-3%) with
suspected EOBS will be proven to have sepsis and therefore antibi-
otics are abused or misused. Additionally, there is significant vari-
ability across different NICU’s in early antibiotic utilization and in
the proportion of infants administered prolonged antibiotics. In
Canada, for example, the rate of antibiotic use for suspected sepsis
for the whole network was just above 40%, but it varied consider-
ably from about 20% in the lowest end to about 70% in the highest
[3]. In the network of the Ibero american society of neonatology
(SIBEN), with 40 NICU’s from 10 Latin-American countries, the
variability of antibiotic utilization for >3 days in infants with nega-
tive blood cultures during 2018 was astonishing: from 10% to 92%.
In 5 NICU’s, more than 60% of the neonates received such manage-
ment, while in 4 NICU’s this was done in 20% or less of the infants.
In preterm infants <1,500 grams with negative blood cultures there
was an association between excessive prolonged antibiotics and
mortality [4].

Why does all the disarray described above happen is multifac-
torial and escapes a detailed analysis in this manuscript. Neverthe-
less, the use of antibiotics in the NICU should ideally be directed so
precisely that only newborns with a proven infection would receive
antibiotics and, even then, receive those antibiotics with the nar-

rowest effective spectrum [34].

Morbidities and mortality in NICU associated to antibi-
otic abuse

Prolonged (often unnecessary) exposure to antibiotics during
the neonatal period have been associated with significant morbid-
ities in preterm infants like: NEC, late onset sepsis, BPD, systemic
candidiasis, retinopathy of prematurity, emergence of multi-resis-
tant microorganisms, increased length of hospital stays, and also
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increased in mortality [41-44]. In SIBEN’s network, mentioned be-
fore, there was an association between excessive prolonged anti-
biotics and mortality in infants <1,500 grams with negative blood
cultures [4].

Childhood infections

Higher risks of infection-related hospitalization in the first 6
years of life have been reported in association with perinatal anti-
biotics [hazard ratio (HR) 1.18, 95% confidence interval (CI) 1.17-
1.19] [45].

Intestinal microbiota and microbiome

Almost half the cells and 1% of the unique genes found in our
bodies are human, the rest are from microbes, predominantly bac-
teria, fungi, and viruses. These microorganisms collectively form
the human microbiota, with most colonizing the gut. It is estimated
that there are nearly 30 trillion bacterial cells living in or on each
human. Recent technological advances have allowed the genes of
these microbes to be identified; the microbiome is all the genes that
the microbiota contains. This “newly discovered organ” is a rapidly
evolving, highly multidisciplinary field [46]. It is known that expo-
sure to microbes first occurs during birth and is later influenced
by environmental factors, such as diet and exposure to antibiotics
, which affect the composition of the intestinal microbiota and mi-
crobiome [7-11,47]. Neonatal microbiome influences immune cell
ontogeny and, as mentioned below, there is a link between pertur-
bations in the gut microbiota and neurological disease [6,46,48].
Perinatal microbiome and early life immunity have a role in regu-
lating normal neurodevelopmental processes and there is evidence
that abnormalities or perturbations of the human microbiome
during early life are associated with altered risk for neurological
disorders and cancer development in humans [6]. Even though
there is still much more to uncover, there is convincing evidence
that they play a significant role in specific cancers. Interestingly, the
normal microbiome can support the immune system in the fight

against cancer [49].

Class of antibiotics relates to different maturation of infant gut
microbiota [9] and may have long-term effects on the early micro-
bial colonization of the newborn [10]. The roles for the perinatal
microbiome are complex but interfering with the microbiome may
delay or even obstruct the natural process of perinatal immune
priming. Illnesses like autoimmune and allergic disorders, includ-
ing childhood asthma, may be imprinted during infancy, only to
manifest later in life [50]. In addition, perturbations in microbiota
and microbiome during early life are also associated with obesity
[51,52].

Other conditions associated with disruption of the microbiome
are celiac disease [53], Crohn’s disease (7 times higher risk) [54,55],
juvenile idiopathic arthritis [56] and, maybe, intestinal cancer [57].

In summary, the widespread use of neonatal antibiotics has
raised concerns about the possible disruption of the child’s gut mi-
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crobiota and the effects on microbiome maturation from infancy to
adulthood. Even though the dose-dependent nature of the effect of
narrow or broad-spectrum antibiotics, the number of antibiotics
and the timing of their use that produce microbiome modifications
have not yet been well defined [8], a single course of antibiotics per-
turbs bacterial communities that do not return completely to base-
line following treatment, affecting the developmental trajectory of
the infant gut microbiome [9,10].

Impact on the developing brain

In addition to the above, emerging evidence links perturbations
in the gut microbiota to neurological disease, including disease risk,
activity, and progression [46,48]. Neonatal microbiome influences
immune cell ontogeny. Perinatal microbiome and early life immuni-
ty have a role in regulating normal neurodevelopmental processes
and there is evidence that abnormalities in microbiota-neuroim-
mune interactions during early life are associated with altered risk
for neurological disorders in humans [6].

Prenatal exposure to antibiotics has been associated with an in-
creased risk of epilepsy in childhood [58]. Among children exposed
prenatally, the incidence rate was 117 per 100,000 person-years,
with an adjusted ratio of 1.40 (95% CI: 1.22-1.61), compared with
unexposed children. The association was unaffected by trimester
of exposure, antibiotic type, or prescription count [58]. It remains
to be determined if prolonged exposure to antibiotics after birth
increases this prevalence.

Negative effects of cumulative exposure to antibiotics

during development

The necessity to treat symptomatic bacterial infections is clear,
butitis also clear that during the last 20 years there has been an in-
appropriate overuse of antibiotics in neonatal medicine worldwide.
Even though this happens across all gestational ages, in a cohort
study from 13 centers of 5,730 preterm infants with birth weight
401-1000 grams and gestational age 22-28 weeks, prolonged ear-
ly antibiotics (defined as 2 5 days of antibiotic therapy started at <
72 hours of age) without culture-confirmed infection or NEC, var-
ied from 30-69% among centers [59]. Based on what is known to
date, one can only wonder what the negative impact could be for
infants who are exposed to prolonged cumulative exposure to an-
tibiotics during a crucial stage of development for days or weeks

after birth, without any clear documentation of infection.
Antimicrobial resistance (AMR)

Misuse of antibiotics has resulted in the rapid rise of AMR and
development of multidrug-resistant bacteria, with some infections
now being very difficult to treat or even definitely untreatable, and
it is one of the biggest public health challenges of our time. AMR
is an increasingly serious threat to global public health that affects
hospitals in an epidemic way worldwide. It requires action across

all health sectors, government and society.
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Each year in the U.S,, at least 2.8 million people get an antibi-
otic-resistant infection, and more than 35,000 people die. Every
year, drug-resistant infections kill 700,000 people worldwide. It
has been estimated that, by 2050, 10 million people will die global-
ly every year from drug resistant infections [60,61] if no extensive
amendments are made in antibiotic utilization. Fighting this threat
is a public health priority that requires a collaborative global ap-

proach across sectors to combat this threat [62].

Just to mention two examples, resistance of Klebsiella pneu-
moniae to a last resort treatment (carbapenem antibiotics) has
spread to all regions of the world. K. pneumoniae is a major cause
of hospital-acquired infections in newborns and intensive-care unit
patients. In some countries, because of resistance, carbapenem
antibiotics do not work in more than half of people treated for K.
pneumoniae infections. For life-threatening infections caused by
Enterobacteriaceae which are resistant to carbapenems, colistin is
the last resort treatment. Resistance to colistin has recently been
detected in several countries and regions, making infections caused
by such bacteria untreatable.

The consequences of bacterial resistance are increased morbid-
ity and mortality of individuals who are affected, burdens on health
care systems and unnecessary expenditures which impact neonatal
services and the economy of nations.

Economic impact of antibiotic abuse

There are direct and indirect cost savings by decreasing anti-
biotic abuse and misuse. These aspects will not be described here;
some have been analyzed by others [23,63-65]. In an NICU there
was a reduction in costs of €207 per admitted newborn [23], that
would represent €207,000 in just two NICU’s that admit 500 new-
borns per year each. In the United States overall expenditures on
antibiotics for the 6-year period 2010-2015 were estimated in 56
billion dollars [64,65].

Aspects to be considered to decrease mismanagement of
antibiotics in the neonatal period

Recognizing that there is no “one size fits all” approach to opti-
mize antibiotic use for all settings, effective interventions to reduce
antibiotic utilization can be designed and implemented in individ-
ual NICU’s in a collaborative manner by an interdisciplinary team.
Assessment of antibiotic consumption is necessary to identify and
implement high-yield stewardship targets tailored to the individual
center. The neonatal early onset sepsis calculator is an effective tool
for antibiotic stewardship in newborns, associated with a reduction
of empiric antibiotic treatment for suspected EOBS [19-23,66-68],
together with a significant reduction in laboratory investigations
and significantly shorter stay in those newborns [23].

Conclusion

Based on the evidence available in the literature summarized in

this review, it is crucial that the attitude in risk-benefit assessment
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of neonates with suspected sepsis is modified to decrease the risk
of serious potential damage caused by the unnecessary abuse or
misuse of antibiotics in neonatal medicine. Opportunities exist for
antibiotic stewardship among preterm infants [69] and the need for
antimicrobial stewardship programs in neonatal medicine in devel-
oped and also in low- and middle-income countries has never been
more urgent [70]. It is our responsibility in NICU’s worldwide to

improve the clinical practice of antibiotic therapy.
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