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Abstract 
Introduction: The use of antibiotics in newborns continues to be an area of opportunity to improve the standards of healthcare in the 

medical field. 
Objective: To avoid the abuse of antibiotics in newborns treated in the hospital network of the Institute of Health of the State of Mexico, an 

Academic Consensus was carried out to propose, based on the best scientific evidence, the state of recommendations on prudent and rational 
use of antibiotics. 

Methodology: The academic consensus model was used, following the recommendations of the Guidelines for the elaboration of consensus 
and the recommendations and useful criteria for the critical reading of selected articles of the European initiative AGREE. For the formation of 
the participating group, mixed and representative teams were formed, in which neonatologists, pediatric infectious diseases specialists, and 
pharmacists responsible for the pharmacovigilance of participating hospitals were considered.

Results: The members of the working groups of the consensus selected a total of 10 questions that still present controversy or confusion 
about the use of antibiotics in newborns. These questions were deemed to seek, under the best current evidence, the most appropriate 
recommendations for the rational and prudent administration of antibiotics and antifungals in newborns. The results of each of the analyzes, as 
well as the conclusions and recommendations are presented with their respective degree of recommendation and level of evidence.  

Conclusion: The consensus group concludes that the evidence found and presented as a set of recommendations for clinical applications will 
favor reducing empirical practice and great variability in the use of broad-spectrum antibiotics in neonatal care medical units (NICUs). Further, 
it will also benefit the process of standardization through their integration into a manual for the use of antimicrobials procedure standards for 
the NICU. 
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Introduction

The use of antibiotics in newborns continues to have a 
plethora of opportunities to improve the quality of medical 
standards worldwide. Since the 60s, some leading figures such 
as Dr. James Sutherland considered it one of the areas with the 
highest level of clinical ignorance, due to its empirical approaches, 
and the lack of groundbreaking studies beyond the “heroic” years 
of neonatology. His clinical acuity allowed him to document severe 
adverse effects associated with the use of antimicrobials in this 
age group, such as the case with novobiocin and its association 
with hyperbilirubinemia in nurseries, as well as the case of 
chloramphenicol with fetal cardiovascular collapse [1,2].

Afterwards, several dozen antibiotics have been used in 
newborns, under off-label justification, in critical situations, and 
long before controlled clinical trials were presented to minimize 
the risk of adverse effects.

Despite the great efforts worldwide to promote rational 
use of antibiotics in newborns, their loose and unwise usage 
continues to be a constant in many neonatal units. In the review 
presented by Cardetti, there is an insistence on the risks of 
possible negative effects in the short and long terms of the use of 
antibiotics during the neonatal period, highlighting the presence 
of systemic candidiasis, the increase in necrotizing enterocolitis 
(NEC) alterations of the intestinal microbiome, late-onset sepsis,  
the appearance of multi-resistant microorganisms, as well as the 
increase in pediatric mortality of patients who receive multiple 
antibiotic regimens in the neonatal stage [3].

To standardize better medical practices in hospitals with neonatal 
care within the hospital network of the Institute of Health of the 
State of Mexico (ISEM, due to its acronym in Spanish), and as 
one of the quality policies generated by its authorities, a medical 
group conformed by neonatologists, pediatric infectious diseases 
specialists, and pharmacists from the Institute’s NICUs reached a 
consensus for the proper and prudent use of antibiotics in newborns 
with severe infections, which allowed the recommendations on 
prudent and rational use of antibiotics based on the best evidence. 
For the latter, an academic consensus was organized, where all 
the conclusions and recommendations were presented according 
to their level of evidence and degree of recommendation.   
Methodology

The academic consensus model used consisted of the analysis 
and discussion of the available scientific literature, which was 
further complemented with the review, opinion, and analysis from 
experts within the area on topics considered controversial, or 
whose bibliographic evidence was considered insufficient. 

We followed the recommendation of the guide «Lineamientos 
para la elaboración de eve lof» (Guidelines for the elaboration of 
consensus) [4] and the recommendations and useful criteria for 
the critical reading of selected articles of the European initiative 
AGREE (Appraisal of Guidelines for Research & Evaluation) [5]. 

Mixed and representative teams were formed, with neonatologists, 
pediatric infectious diseases specialists, and pharmacists 
responsible for the pharmacovigilance of participating hospitals 
were invited. 

The group coordinators established a selective search strategy 
for articles in which clinical studies, reviews, and previous 
consensus were obtained and further analyzed. 

The selection of articles was carried out using the following 
keywords: neonatal sepsis, antibiotics in the neonate, neonatal 
infection, antibiotics in the newborn, antimicrobials and the 
newborn, among synonymous terms. Articles only within the 
period from January 2010 to December 2020 were included. 
Articles published in both English and Spanish in the PubMed, 
Google Scholar, EMBASE, and Cochrane search engines were 
selected. As mentioned, original articles and related reviews 
were included, as well as consensus and opinion letters made by 
experts in the field. Additionally, ascending searches were realized 
using some of the references of the selected articles, especially in 
the analysis of long-term follow-up studies.

Once the total amount of bibliography was identified, a first 
virtual meeting was held, where the scope for the topics to be 
analyzed was defined. In this same meeting, the bases were 
established for the adoption of recommendations from other 
organizations or societies to be included in the conclusions of this 
consensus. With the aforementioned, four working tables were 
designed with two coordinators per group. 

The second phase was also carried out remotely in meetings 
on the official ISEM platform, as well as in daily contact in meeting 
groups (chats) formed on the WhatsApp platform between 
the participating groups and the consensus coordinators. 
After the phase of critical review of the literature, and with the 
results and conclusions obtained by each group, the consensus 
coordinators wrote the first answers to the selected questions, 
which were presented to the group during the virtual meetings 
as a first draft, which was subsequently reviewed by the entire 
group. The validation of the manuscript was carried out by three 
external parties, who carried out an independent review. Their 
observations and recommendations aided in the reformulation 
of the consensus questions and were integrated into the final 
document.  

Consequently, all the conclusions and recommendations are 
presented with their levels of evidence, degree of recommendation, 
and hierarchical level of evidence, as well as their proposal for 
applicability in clinical practice [5,6].

Tables 1 and 2 present the scales of the Canadian Task Force on 
Preventive Health Care (CTFPHC), developed by the Public Health 
Agency of Canada (PHAC) to develop clinical practice guidelines 
that support the selected preventive health actions. These are 
used for the evaluation of the degree of recommendation and level 
of evidence of issued health recommendations [6,7].
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Table 1: Degrees of Recommendation of preventive health actions (CTFPHC).

Degree of Recommendation Interpretation

A There is good evidence to recommend preventive clinical intervention

B There is moderate evidence to recommend preventive clinical intervention

C The available evidence is contradictory and does not allow recommendations to be made for or against the 
preventive clinical intervention. Nonetheless, other factors could influence the decision.

D There is moderate evidence for not recommending preventive clinical intervention

E There is good evidence for not recommending preventive clinical intervention

I  There is insufficient evidence (qualitatively and quantitatively) to make a recommendation. Nonetheless, other 
factors could influence the decision

Table 2: Levels of Evidence and interpretation of clinical studies for preventive health actions (CTFPHC).

Level of Evidence Interpretation

I Existing evidence arises from randomized clinical trials.

II-1 Existing evidence arises from clinical trials without randomization.

II-2 Existing evidence arises from cohort and case-control studies, ideally conducted by more than one 
center or research group.

II-3 The existing evidence arises from comparisons over time or between different centers with or without 
the intervention; results from nonrandomized studies could be included.

III Existing evidence arises from the opinion of experts, based on clinical experience, descriptive studies, 
or expert committee reports. 

Based on these guidelines, the members of the working groups 
of the consensus selected a total of 10 questions that were believed 
to present controversy or confusion within the use of antibiotics 
in newborns. These questions were constituted to seek, under the 
best current evidence, the most appropriate recommendations 
for the rational and prudent administration of antibiotics and 
antifungals in newborns. 

Results

Question 1: What definition is generally accepted for 
the denomination of the neonate with sepsis? 

Reviewing the last 10 years to date, a universal consensus has 
not been reached to clearly define neonatal sepsis. In fact, various 
authors proclaim that it is necessary to establish a real consensus 
to achieve this purpose [8-13].

As described by Reyna et al. [14], the definitions used in 
different consensuses, guides, and review articles continue to be 
very heterogeneous and most of the lack academic validation. 

The consensus definitions used in older children in 2005, and 
2016 [15,16] have been shown to have low diagnostic performance 
for the integration of the neonate with sepsis, with assertiveness 
percentages between 42-56% in early neonatal sepsis and being 
as low as 8.9% in the premature newborn [17].

The use of the criterion of having organ dysfunction has 
shown a sensitivity of less than 50% of neonates with sepsis who 
had organ dysfunction, only 56% met the criteria for systemic 
inflammatory response syndrome (SIRS) [18].

Most of the review articles and expert opinions highlight 
the importance of establishing a universal definition of neonatal 
sepsis, but few raise a proposal. 

Wynn and Polín’s proposal [10] to have a static definition of 
sepsis has potential advantages, but it also has limitations, which 
include the inability to incorporate changes in the condition 
over time. This represents a limitation, since sepsis is a dynamic, 
complex process with a heterogeneous condition. Moreover, even 
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though the clinic has not shown much diagnostic value, some 
technological advances within the field of molecular biology 
testing might bring us closer to a more accurate diagnosis. 

For the purposes of having a regionalized definition, it is 
proposed to return to one of the simplest definitions that this 
entity has had, but that integrates the clinical and laboratory 
spectrum, as well as its causal association with an infectious 

agent, and based on this review:

Neonatal sepsis is a syndrome with altered clinical and 
laboratory data (Table 3) [19-24], presented in the first 30 days of 
life, caused by the system invasion of an infectious agent, (bacteria, 
virus, or fungus), which can lead to one or more organ failures. 
Level of evidence III, Level of recommendation C.

Table 3: Main clinical and laboratory parameters for sepsis diagnosis.

Variable Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Leukopenia 13 90 50 58

Leukocytosis 30 75 50 60

Thrombocytopenia 36 92 78 66

C-reactive Protein 76 98 94 90

Procalcitonin 90 83 71 95

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of some laboratory parameters in neonatal sepsis [19-
24]. 

But like many of these authors, the consensus established 
that this definition must be validated with an adequate academic 
process.

Question 2: What is the value of the clinical and 
laboratory spectrum count for the diagnosis of neonatal 
sepsis?

There are several clinical manifestations that have been 
described in neonatal sepsis. However, each of these cases alone 
has a variable prevalence and a low positive predictive value, 
usually below 20%.

Husada’s case-control study, which included 52 neonates with 
confirmed sepsis and 156 controls, found that the four clinical 
variables with the highest predictive level for neonatal sepsis 
were: poor feeding, heart rate changes, dysthermia, and saturation 
<92% [25].

Another cohort study by Das et al. [26] that included 279 very 
low birth weight preterm infants with late-onset sepsis found 
that hypothermia and apnea were significantly associated with 
culture-proven sepsis (p=0.015 y 0.004, respectively) [26]

Kayange’s prospective study evaluated 300 newborns with 
early and late sepsis and studied clinical predictors of sepsis with a 
positive culture. For early sepsis, the predictors were:  tachypnea, 
lethargy, poor feeding, cyanosis, and seizures; while for late sepsis 
the predictors were: changes in temperature (hyperthermia or 
hypothermia), lethargy, poor feeding, cyanosis, jaundice, and 
seizures [27].

A prospective study by Weber studied the clinical predictors of 
severity in both early and late neonatal sepsis, including newborns 
in developing countries, finding in a multivariate analysis that the 
independent predictors of disease severity were: fever, low feeding 
intake, hypoactivity (or decreased spontaneous movement), 

lethargy, changes in activity, feeding problems, agitation, chest 
retractions, grunting, cyanosis, respiratory rate >60%, history of 
seizures, bulging fontanelle, and prolonged capillary refill. In that 
same article, a sensitivity of 87% was determined by the presence 
of one of the 14 mentioned predictors, and a specificity of 54%. 
By including two of the predictors, the sensitivity dropped to 69% 
and the specificity increased to 77% [28].

A meta-analysis published in 2015 by Verstraete evaluated 
different clinical prediction models published, specifically 
for neonatal healthcare-associated infections (HAIs) which 
represented 1295 suspected and 434 confirmed cases, finding 
that, although most of the models had good methodological 
quality, their diagnostic accuracy was low. In that same study, post 
hoc analysis found that apnea, bradycardia, lethargy, reticulated or 
mottled skin, and poor distal perfusion had statistically significant 
predictive value for neonatal sepsis associated with health care. 
This metanalysis was limited due to the clinical and statistical 
heterogenicity of the articles included [29].

In addition to clinical criteria, there are various risk factors 
associated with early neonatal sepsis, which can be taken into 
account and related to clinical data for presumptive diagnosis. 
In 1999, Benitz and collaborators studied the main risk factors 
associated with early sepsis, finding that maternal colonization by 
group B Streptococcus (OR=9.64), weight below 2500g (OR=7.37), 
less than 28 weeks of gestation (OR=21.7), membrane rupture 
greater than 18h (OR=7.28), and maternal temperature >37.5 
°C during labor (OR=4.05) were the factors with a significant 
relationship [30].

In a case-control study conducted by Masanja, risk factors for 
neonatal sepsis were evaluated. The maternal factors that showed 
significant association with early sepsis were: Chorioamnionitis 
(OR=2.9), and premature rupture of membranes (OR=1.91). 
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Perinatal asphyxia was shown to be a neonatal factor significantly 
associated with early sepsis (OR=6.7) [31].

To have greater diagnostic precision, algorithms and 
calculators have been developed, such as the Kaiser Permanente 
Early-onset Sepsis Calculator [32], which integrates maternal risk 
factors, the incidence of neonatal sepsis in the region, and the 
clinical status of the newborn; thus, calculating the probability of 
neonatal sepsis and suggesting the type of intervention that can 
be: 1) No intervention; 2) Monitor vital signs without culture and 
without starting antibiotics; 3) Monitor vitals, culture, but do not 
start antibiotics; and 4) Start antibiotics. 

The use of the sepsis calculator has been shown to reduce the 
number of interventions and the use of antibiotics in newborns 
with risk factors for sepsis, without increasing the risk or mortality 
in these patients [32-34].  

A systematic review and meta-analysis by Deshmuket et 
al. [35] reviewed a total of 387 articles. This meta-analysis 
(random effects model) showed that implementation of thr 
sepsis calculator was associated with reduced antibiotic usage 
(N = 172,385; OR = 0.22 (0.14–0.36);  p < .00001; heterogeneity 
(I2) = 97%), Number needed to treat (NNT)=22, laboratory 
tests (N = 168,432; OR = 0.14 (0.08–0.27);  p < .00001;  I2 = 99%, 
NNT = 8), and admissions to neonatal unit (N = 16,628; OR = 0.24 
(0.11–0.51);  p = .0002;  I2 = 98%, NNT = 7); LOE: moderate. 
There was no difference in mortality, culture positive EOS, and 
readmissions [35].

Another meta-analysis published in 2019 by Achten and 
colleagues, included 13 pre- and post-intervention studies (with 
a total of 175,752 newborns). A statistically significant reduction 
in antibiotic use was found in neonates using the sepsis calculator. 
The evidence to assess the safety of the calculator’s implementation 
was limited, although, the proportion of underdiagnosed neonatal 
sepsis cases were similar in the calculator and non-calculator 
groups [36].

Consensus Recommendations

The clinical data of neonatal sepsis alone have a low positive 
predictive level, so the patient’s risk factors must be combined 
with the clinical features for decision-making in the diagnosis 
of sepsis in the newborn. (Level of evidence II-1 Degree of 
recommendation A)

Consider the following as the most important maternal risk 
factors for early neonatal sepsis: maternal chorioamnionitis, 
membrane rupture greater than 18 hours, maternal fever during 
labor, and colonization by Streptococcus agalactiae (Level of 
evidence II-1, Degree of recommendation A)

Consider the following clinical indicators highly suggestive 
indicators of late sepsis: Fever or hypothermia, poor feeding, 
changes in activity level, mottled or reticulated skin, prolonged 
capillary refill (+2 seconds), and bradycardia (unexplained by 

another cause / non-infectious) (Level of evidence II-2, Degree 
of recommendation A)

If a newborn with risk factors is asymptomatic, starting with 
antibiotic treatment is not recommended. (Level of evidence II-
2, Degree of recommendation A)

It is recommended to implement in neonatal care units the use 
of the neonatal sepsis calculator, with the intention of reducing the 
overuse of antibiotics in newborns. (Level of evidence I, Degree 
of recommendation A) 

Question 3: Which microbiological diagnostic study 
can achieve a higher degree of diagnostic certainty of 
neonatal sepsis in our hospital environment?

As already mentioned, there is no clinical pattern that can 
be assertive on its own for the diagnosis of sepsis, so laboratory 
diagnostic tools continue to be the best alternative for the 
adequate diagnosis of this syndrome. 

Regarding blood cultures, although they have been considered 
the gold standard for proven neonatal sepsis, its diagnostic 
yield is low or very low, (0.4-0.8/ 1000 sampled newborns). In 
a systematic review of neonatal sepsis, variable correlations 
(although all low) were found between corroborated sepsis with 
cultures vs sepsis with negative cultures (1:6 – 1:16), which is 
equivalent to a variable frequency of positives between 5.9% 
- 14.7% [37]. To increase the diagnostic performance of blood 
cultures, it is important to obtain a proper sampling. Schelonka et 
al. [38] studied the sensitivity of blood cultures to detect common 
pathogens in neonatal sepsis with a concentration of 1 – 10 UFC/
mL. The probability of isolating the pathogen with 0.5mL of blood 
decreased from concentrations lower than 4 CFU/mL, compared 
to 1 mL or more of the sample [38].

In a prospective controlled study, the positivity of blood 
cultures in newborns with true bacteremia was compared with 
a single 1 mL sample inoculated in the same flask, vs. dividing 
the sample into two 0.5 mL samples inoculated each in different 
bottles (aerobic and anaerobic). Microbiological isolation was 
significantly higher in the control group of two 0.5 mL samples in 
two different culture media, than in the control group with 1 mL 
sample and one culture medium (94.4% vs 77.7%, P= 0.012) [39].

Another prospective cohort study compared the efficacy 
of taking two blood cultures from different sites vs. one blood 
cultures in neonatal sepsis diagnostics. A higher positivity rate 
was found in the group of two blood cultures, compared to that of 
one blood culture (46.5% vs 38.9%, P=0.018). A percent positivity 
difference of 7.6% was found [40].

 However, in favor of this technology,  much of the 
microbiological recovery will depend on the recovery capacity of 
the equipment used and whether or not the media have elements 
capable of inhibiting possible antibiotics circulating in the blood, 
as demonstrated in a study controlled in vitro using the BactAlert 
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3D® and media with antibiotic inactivation resins, where it was 
determined that this automated system detect six microorganisms 
commonly found in neonates, with volumes from 0.3 mL of blood 
and minimum concentrations of microorganisms (1-10 CFU/mL) 
[41].

On the other hand, molecular systems for the diagnosis of 
infections have become a fundamental part of clinical diagnostics, 
starting to replace international gold standards more and 
more frequently. For the latter, neonatal sepsis has not been an 
exception. Today, various platforms dependent on genetic material 
such as Polymerase Chain Reaction-based and Sequencing-based 
technologies offer great advantages of diagnostic accuracy and 
less time, improving diagnostic sensitivities and specificities in 
this global health issue [42,43].

Meningitis in cases of early sepsis is rare, being more frequently 
found in late neonatal sepsis. The incidence of meningitis is 0.2-
0.3% live births, but in preterm newborns is 0.5-14%. 

Lumbar puncture (LP), as a microbiological recovery 
technique, has been decreasing in use in recent years in Mexican 
protocols; perhaps due to the influence of the early use of 
broad-spectrum antibiotics that apparently have neglected the 
presentation of early meningeal symptoms.

An LP is essential for the diagnosis of meningitis but is 
not recommended in suspected early neonatal sepsis. It is 
recommended to perform an LP in neonates older than 72 hours 
from birth, symptomatic, and with suspected late sepsis, although 
the incidence is low (between 1.5% y 3.5%). 

To support or not its use, a retrospective study was evaluated, 
which included patients with suspected neonatal sepsis where 
only 11 of 1712 (0.6%) of the symptomatic patients had meningitis. 
From another group with a total of 3423 asymptomatic babies, 
none of them (0%) developed meningeal infections [44]. Another 
study in preterm infants (between 27-36 gestation weeks) 
diagnosed with respiratory distress syndrome, in whom LP was 
performed routinely, only 0.3% had meningitis [45]. Similar 
results were observed in the retrospective study by Smith, which 
included 4,632 neonates with suspected sepsis in whom LP was 
performed. Only 2% had meningitis [46].

A different eve lofn is observed with microorganisms such 
as Streptococcus agalatie or Listeria monocytogenes, where late 
presentations of the disease can show higher recovery rates, 
as demonstrated in the Ansong study where 13,495 neonates 
underwent LP in the first 7 days of life, 14% of neonates with Group 
B Streptococcus (GBS) bacteremia had LP-positive meningitis [47].

On the other hand, the prevalence of neonatal meningitis may 
vary in countries with lower levels of development as shown in the 
Kaul et al. [48]. study, conducted in India. This 1-year prospective 
study documented that 22.5% of 102 patients evaluated for late 
sepsis had concomitant meningitis [48].

Regarding the usefulness that urine culture may have as part 
of the sepsis protocol, a retrospective study of 349 neonates 
evaluated for early sepsis (in whom blood and urine cultures were 
taken), found 0% positivity in urine cultures. In the same study, a 
study group B with late sepsis (>6 days) was included. 25% had 
positive urine culture and 41.7% positive blood culture. It was also 
found that 38% of neonates with a positive urine culture had a 
positive blood culture, and 62% had a negative blood culture [49].

Another retrospective study included 1402 neonates (664 
episodes of sepsis). Half of the patients underwent urine culture 
as part of the approach. Only in 24/212 of them (11%) with a 
diagnosis of sepsis was a positive urine culture identified [50].

Consensus Recommendations,

Based on the review and analysis carried out, this Consensus 
recommends that: 

Despite the low rate of recovery, blood culture is still the gold 
standard for the diagnosis of neonatal sepsis, so it should continue 
to be taken in neonates with suspected early and late sepsis.  It 
is recommended to take two peripheral blood cultures from 2 
different puncture sites. If this is not possible, a blood culture 
with at least 1 mL must be taken. Level of evidence I, Degree of 
recommendation A

If this amount is not reached at the time of collection, but this 
sample is greater than 3 mL and will be processed in automated 
equipment, it is recommended to send the sample to be processed, 
under the premise that the recovery percentage may drop. Level 
of evidence I, Degree of recommendation B

Lumbar puncture is not recommended in all asymptomatic 
neonates with risk factors for sepsis. Level of evidence e II-2, 
Degree of recommendation A

Similarly, it is not recommended to routinely perform a lumbar 
puncture in all neonates with early sepsis. Level of evidence II-2, 
Degree of recommendation A

Lumbar puncture is certainly recommended in neonates with 
late sepsis, especially those with positive blood cultures. Level of 
evidence II-2, Degree of recommendation A

Routine urine culture is not recommended in all neonates with 
early sepsis. Level of evidence II-2 Degree of recommendation 
B

It is recommended to include urine culture in the approach of 
neonates with late sepsis in whom no obvious focus is identified 
Level of evidence II-2 Degree of recommendation A

Question 4. Based on the available evidence, how to 
decide the treatment scheme in cases of early neonatal 
sepsis, and how long should this therapy last?

One of the most repeated recommendations worldwide in the 
treatment of neonatal sepsis is the use of the antibiotic scheme 
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of ampicillin plus an aminoglycoside (gentamicin or amikacin). 
This is based on reports from the US & other developed countries 
references, where Streptococcus agalactiae is the main pathogen 
associated with this presentation. Nonetheless, in developing 
countries, the isolated bacteria tend to be enterobacteria such as 
Escherichia coli and Klebsiella spp. 

A chronological analysis of some of the studies with the largest 
number of confirmed sepsis cases reported in Mexico shows that 
the etiological agent profiles of early sepsis and late sepsis can 
be mixed. In the fours studies from Arredondo et al. [51], carried 
out in the period between the 1990s to 2020 at Civil Hospital of 
Guadalajara “Dr. Juan I. Menchaca”, 72% of the bacteria identified 
were Gram-negative bacilli; from these, Escherichia coli and 
Klebsiella pneumoniae were the most frequent. From the Gram eve 
lofes: coagulase-negative staphylococci [51-54].

The 10th Clinical Consensus, from the Ibero-American Society 
of Neonatology (Suspected Neonatal Sepsis) [24], presents serious 
reflections on the abuse of antibiotics in these neonates, with 
suspected maternal risk factors where the risk of early neonatal 
sepsis is only 0.21 ‰ in asymptomatic newborns (despite these 
factors), 2.6 ‰ when the performed test is questionable, and only 
about 11 ‰ when there is a clinical disease in the study. Thus, 
many newborns are treated as infected, when in fact, they are not. 
This consensus indicates that, depending on each country in Latin 
America, between 65%-95% of neonates admitted to the neonatal 
intensive care unit (NICU) will receive empirical antibiotics for 
suspected early neonatal sepsis, but only 1% to 5% of them will 
have positive blood cultures.

In accordance with other references, SIBEN recommends 
the use of ampicillin plus aminoglycoside regimen as the first 
alternative in suspected cases. However, as this was a consensus 
of “suspected sepsis” the greatest weight of its recommendation 
falls on the policies of, when not to start this antibiotic regimen, or 
when to stop them.

This SIBEN consensus, recommended that, according to 
current evidence, third-generation cephalosporins should not be 
started in suspected early sepsis, because their indiscriminate 
use has been associated with the rapid development of resistance 
and increased risk of systemic candidiasis, as well as severe 
complications such as necrotizing enterocolitis and death before 
discharge, compared with the use of ampicillin + aminoglycoside 
[24].

Nonetheless, a special category should be considered for 
premature newborns treated in second- and third-level NICUs, 
where systemic invasion with rupture of biological barriers can 
be a constant due to the need to perform assisted resuscitation 
briefly after birth, the insertion of endotracheal tubes, the assisted 
mechanical ventilation, as well as the insertion of catheters 
for intravenous therapy. These are the main risk factors for the 

development of hospital microbiota infections.  Similarly, these 
aforementioned factors can be intermingled with the latter, further 
complicating the response to a management with a rigid and 
inflexible scheme such as ampicillin plus aminoglycoside, due to 
its low coverage of nosocomial microorganisms. In fact, Reyna and 
collaborators showed in a Perinatal Care Institute that the efficacy 
of this traditional scheme of ampicillin plus aminoglycoside in 
cases of suspected early sepsis had a failure close to 70% [55].   

 Consensus Recommendations. 

•	 Respiratory Distress Syndrome (RDS), premature rupture 
of membranes, and suspicion of maternal chorioamnionitis, as 
well as the clinical visual appreciation of deterioration as isolated 
or combined risk factors, should not be an indication for the use 
of empiric antibiotic therapy. Level of evidence I, II-1, II-2, III    
Degree of recommendation A

•	 In places where Group B Streptococcus (GBS), Escherichia 
coli, or Klebsiella sp. Susceptible to aminoglycosides are the main 
agents responsible for sepsis, the combination of ampicillin 
and an aminoglycoside (gentamicin o amikacin) is a current 
recommendation to be used as initial therapy. Level of evidence I 
Degree of recommendation A

•	 If the result of the blood culture is positive, the antibiotic 
should be adjusted to the result of the recovered microorganism 
and the duration of treatment will be of 7-10 days, depending on 
the response to antibiotic therapy. Level of evidence I Degree of 
recommendation A

•	 In asymptomatic patients with sepsis ruled out by 
negative blood cultures, and with a negative laboratory profile for 
sepsis, the empiric antibiotic regimen should be withdrawn as soon 
as possible.  Level of evidence II-2   Degree of recommendation 
A

•	 It is important to emphasize that, if the cultures 
are negative for Gram-positive cocci, vancomycin should be 
withdrawn and not maintained in combination with the specific 
antibiotic, since this pressure on the indigenous microbiota 
can generate the appearance of resistant strains, starting with 
Enterococcus and the Staphylococcus groups. The procedure must 
be realized similarly with Gram-positives, by withdrawing Gram-
negative antibiotic regimen. Reducing the antimicrobial spectrum 
and/or the number of antibiotics favors a reduction in “antibiotic 
pressure”, a reduction in bacterial resistance, and a reduction in 
adverse effects and costs. Level of evidence I-2, II y III.  Degree 
of recommendation A 

•	 The use of aminoglycosides such as amikacin or 
gentamicin will be limited to their use as synergy antibiotics and 
their use should not exceed five days. Their use as a monotherapy 
in neonatal sepsis should be avoided. Level of evidence II-2 
Degree of recommendation A
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•	 Third-generation cefotaxime-type cephalosporins might 
seem like a reasonable alternative to an aminoglycoside. However, 
their effectiveness against Listeria monocytogenes and Enterococcus 
is poor. In addition, the rapid development of bacterial resistance 
of the local microbiota has been reported when cefotaxime has 
been used routinely for the treatment of early neonatal sepsis, so 
its use should be restricted to cases of suspected meningitis or 
with recovered susceptible microorganisms. Its greatest risk is 
the induction of extended-spectrum beta-lactamases (ESBLs) in 
Gram-negative bacteria or being a risk factor for the development 
of invasive candidiasis. Level of evidence I, II2, III.  Degree of 
recommendation A

Question 5. How must the treatment scheme be decided 
in cases of late neonatal sepsis and how long should 
this therapy last?

Late neonatal sepsis is one that occurs after 72 hours after 
birth and is more frequent in low-birth-weight newborns who 
remain hospitalized in a neonatal ICU for prolonged periods.

The most important risk factors for late neonatal sepsis are 
the same: prematurity, the use of catheters for prolonged periods, 
invasive procedures, endotracheal intubation, use of H2 blockers, 
antibiotics of empirical therapy for more than five days, among 
others [56,57].

The etiology of late neonatal sepsis can vary according to each 
health center, despite the comparison between various studies. 
Nonetheless, the most repeated pathogens between the studies 
are: Klebsiella pneumoniae, Enterobacter spp, coagulase-negative 
Staphylococcus, methicillin-resistant Staphylococcus aureus, and 
Pseudomonas aeruginosa [58-60].

The largest series in Mexico differ very little from this 
etiological pattern, with small differences in the prevalence of 
some of these pathogens [51-54].

The main pathogens recovered in late sepsis cases from 
the hospitals within the collaborative group do not differ in the 
etiological behavior from those reported in other studies. Among 
these pathogens, multidrug-resistant Klebsiella pneumoniae, 
Enterobacter spp, coagulase-negative Staphylococcus, methicillin-
resistant Staphylococcus aureus, Pseudomonas aeruginosa, and 
Candida spp are the main challenges of the last years. 

Regarding the time of use of antibiotic regimens in confirmed 
neonatal sepsis in the last two decades, the ideal times for 
antibiotic management in confirmed sepsis in newborns have 
come into controversy, since the prolonged use of broad-spectrum 
antibiotics seems to have more risk than benefits. In addition, 
there are very few evidence-based guidelines that support the 
best useful times. 

For many years, the recommended time for these schemes 
has had a dogmatic component, associated with level III and IV 

evidence (non-academic clinical consensus, expert opinions, 
recommendations manuals) with inflexible schemes such as 14 or 
21 days.  

Controlled noninferiority clinical trials such as those conducted 
by Reddy, and Geeta, Gathwala, and Fursule, showed that even in 
Gram-negative neonatal systemic infections, a 10-day schedule 
showed non-inferiority to a 14-day schedule, with the benefits of 
shorter hospital length-of-stay and less risk of antibiotic pressure 
that can generate dysbiosis in the patient [61-63].

On the other hand, another controlled clinical trial conducted 
by Chowdhary showed that a 7-day schedule has a higher risk 
of failure than a 10-day schedule of antibiotics in substantiated 
neonatal sepsis [64].

Consensus Recommendations. 

Based on the fact that coagulase-negative Staphylococcus, 
Staphylococcus aureus, and Enterococcus are the main Gram-
positive strains recovered in Mexico and Latin America, and that 
the main Gram-negatives are: Klebsiella pneumoniae, Klebsiellas/
Enterobacter, and Escherichia coli, this consensus recommends 
that the  Cefotaxime + vancomycin or piperacillin + tazobactam 
regimens are justified as empirical therapies in neonates with 
multiple risk factors for infection in suspected late sepsis (more 
than 72 hours of hospital length-of-stay in the hospital area), 
Level of evidence II-2, III Degree of recommendation A

Before the isolation of pathogens such as Pseudomonas 
aeruginosa, Acinetobacter spp.  Stenotrophomonas maltophilia, 
Comamonas spp, or other microorganisms identified as multi-
drug resistant, the advice of specialists in infectious disease or 
microbiology must be sought.

The recommended time for treatment of early or late sepsis of 
known susceptible microorganisms is 10 days. Level of evidence 
I Degree of recommendation A. 

Short regimens of five to seven days are not recommended in 
late sepsis. Level of evidence I Degree of recommendation A

Question 6. What is the recommended antibiotic 
regimen for the management of neonatal meningitis, 
and for how long should the treatment be maintained? 

Neonatal bacterial meningitis continues to be a major cause of 
mortality and morbidity. Mortality rates attributable to neonatal 
meningitis remain very significant (5% a 25%) [65].

Approximately 25% to 50% of survivors experience 
neurological sequelae, including impaired cognitive impairment 
and developmental delay [66].

Like sepsis, this entity is classified as early or late onset. Early-
onset infections occur within the first 72 hours of life. Late-onset 
infections are predominantly observed in premature infants, with 
a wide variety of pathogens involved.
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In the US, the incidence of early-onset meningitis has been 
greatly reduced by the initiation of intrapartum antibiotics to 
combat GBS infections. However, this pathogen remains the most 
common cause of both neonatal meningitis and sepsis, causing 
more than 40% of all early-onset infections. Though, in countries 
like Canada, GBS has been displaced by Escherichia coli as the 
main causal agent of this disease [62]. In Mexico and other Latin 
American countries, the most common pathogen in this group 
is Escherichia coli, and it remains the most frequent pathogen of 
sepsis and early-onset meningitis among very low birth weight 
infants (less than 1500 grams) [68,69].

Another strain that is sporadically found in our country in 
early-onset meningitis is Listeria monocytogenes [70,71]. Yet, in 
other Latin American countries such as Peru and Colombia, its 
increase has led it to occupy second place after Escherichia coli 
[72,73]. Therefore, antibiotic coverage in these countries should 
continue to consider this possibility. 

Consensus Recommendations. 

Neonatal meningitis constitutes a health emergency, and as 
soon as it is suspected, empirical antibiotic treatment should be 
indicated. A large part of the reviews and consensuses maintain the 
ampicillin plus an aminoglycoside regimen as the first management 
alternative in early-onset meningitis, based on the involvement 
of GBS, Escherichia coli, and Listeria monocytogenes. However, 
due to the difficulty in achieving adequate concentrations in the 
tissue of the central nervous system, the use of aminoglycosides 
is increasingly questioned. Level of evidence II-2, Degree of 
recommendation A

The late-onset presentation should cover organisms from 
the nosocomial setting, especially those in neonatal intensive 
care units, including multidrug-resistant Klebsiella, Pseudomonas 
aeruginosa, and methicillin-resistant Staphylococcus aureus. Level 
of evidence II-2, II-3 and III, Degree of recommendation A

Since the eighth edition of the book “Infectious Diseases of 
the Fetus and Newborn Infant” by Remington and Klein [73], it is 
recommended that the empirical use of cefotaxime or meropenem 
in neonates should be restricted to cases of meningitis or isolation 
of Gram-negative bacteria. This situation has given rise to a 
shift in management recommendations, especially in countries 
where Gram-negatives are predominantly the cause of sepsis and 
meningitis. Level of evidence III, Degree of recommendation A

In cases of suspected late-onset nosocomial meningitis, where 
the participation of methicillin-resistant Staphylococcus aureus, as 
well as negative-coagulase Staphylococcus and the Enterococcus 
genus, in addition to Gram-negatives such as Klebsiella / 
Enterobacter spp, and Pseudomonas, among other pathogens, 
the regimen of vancomycin plus cefotaxime or meropenem is 
recommended as an adequate alternative. Level of evidence I, II-
2, III. Degree of recommendation A

A significant number of other rare agents reported each 
year worldwide as causative agents of meningitis in newborns, 
including Salmonella spp, Elizabethkingia meningoseptica, Serratia 
marcescens, among others [74-77], should be analyzed individually, 
and if possible, with the advice from an expert in infectious 
diseases or microbiology to determine treatment. The latter must 
be adjusted based on the same reported sensitivity profile or on 
the analysis of the published international experience. Level of 
evidence II-2, III. Degree of recommendation A

Antibiotics must be administered as soon as possible. Prior 
to starting antibiotics, blood cultures and lumbar punctures 
should be performed for both culture and cytochemical study, 
with the intention of having elements to corroborate the diagnosis 
or adjust the antimicrobial regimen specifically to the isolated 
microorganism. 

Regarding the time that antimicrobials should be mantained, 
the various studies agree that the management time for Gram-
negative meningeal infections should be maintained for a 
minimum period of three weeks. Despite the latter, a retrospective 
review study in China showed that the use of third-generation 
cephalosporins with an average of 19 days, only had a success 
of 77.1%. Therefore, each case must be studied individually, and 
both microbiological and clinical responses must be evaluated 
before withdrawing the treatment [78]. In the case of some 
Gram-positive strains such as Streptococcus, the schemes can be 
shortened to 14 days. There is evidence that schemes shorter than 
these present a greater risk of complications or relapses.  Level of 
evidence III Degree of recommendation A

Question 7. What is the recommended antibiotic 
treatment for cases of bacterial neonatal pneumonia? 

Neonatal pneumonia is an infection that affects the lung 
parenchyma of the newborn and is associated with significant 
morbidity and mortality. Its incidence is variable, depending on 
the conditions of each institution and country [79].

Its presentation can be congenital, as well as identified as early 
or late. Congenital or early-onset pneumonia usually presents 
within the first 72 hours of life, and is acquired from the mother 
through the following mechanisms: 

•	 Intrauterine aspiration of infected amniotic fluid, 
transplacental transmission from the maternal circulation. 

•	 Aspiration during or immediately after delivery of 
amniotic fluid and/or infected vaginal secretions.

•	 Organisms present in vaginal secretions can colonize the 
newborn and, depending on the conditions of the newborn, invade 
the lower respiratory tract and cause pneumonia. 

Late-onset pneumonia presents after 3 days of life and can 
occur during hospitalization or after hospital discharge. It is 
generally caused by microorganisms present in the hospital 
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environment (nosocomial) and transmitted by infected newborns, 
infected personnel, or contaminated ventilation equipment. 
Microorganisms can enter through solutions of the rupture of the 
defense mechanisms in the tracheal or bronchial mucosa, the use 
of assisted ventilation devices, or through the bloodstream [80].

Its clinical presentation generally presents with data of early-
onset respiratory distress, which can be associated with lethargy, 
apnea, tachycardia, dysthermia, and poor tissue perfusion. In 
late-onset pneumonia, the clinic is characterized by deterioration 
of the newborn’s baseline condition, which includes nonspecific 
signs such as apnea, tachypnea, anorexia, abdominal distension, 
jaundice, vomiting, respiratory distress, and signs of shock.  

Patients who are ventilated may present a deterioration in their 
respiratory condition with an increase in oxygen requirements and 
ventilatory parameters, associated with mucopurulent secretions 
in bronchial aspiration [79-82].

The etiology may depend on various factors such as maternal 
colonization, the season (community pneumonia), as well as the 
hospital microbiota.  

In countries such as the US, the main causal agent of early 
pneumonia continues to be Streptococcus agalactiae, based on 
the high levels of maternal vaginal colonization by this pathogen. 
In Mexico, enterobacteria such as Escherichia coli and Klebsiella 
spp. Are the main pathogens responsible for early pneumonia, 
although some cases of infection by Streptoccocus agalatiae, 
Streptococcus pneumoniae, and Listeria monocytogenes, have been 
reported sporadically [70,71,83,84].

In cases of late-onset pneumonia, S. aureus, S. epidermidis, 
K. pneumoniae, P. aeruginosa, among other pathogens, should be 
considered as the possible etiological agents.

In neonatal pneumonia, there is a component of early infection 
with the late presentation, usually after the second week of birth, 
which includes Chlamydia trachomatis and mycoplasma infections 
[80].

There are few randomized clinical studies of treatment for 
neonatal pneumonia., Therefore, there is a need to establish an 
empirical antibiotic regimen in situations of clinical suspicion, 
without microbiological or radiological confirmation since the 
appearance of consolidations can be delayed until the following 
72 hours of clinical onset [86].

The decision should be based on the isolation patterns 
and antimicrobial resistance known locally or regionally in 
each population or institution, associated with the clinical data 
presented by each patient [87].

In cases where the pathogen is detected in blood cultures or 
in bronchial aspirates, the antibiotic scheme should be adjusted 
according to the antibiogram report. 

In cases of early pneumonia, the regimen is the one that 

covers the most common germs (ampicillin association) and an 
aminoglycoside (gentamicin or amikacin) as the first choice. 

In late infections of nosocomial origin, the ideal is to prescribe 
a combination of antibiotics for which the most frequent germs 
of each service are sensitive. In these cases, the use of cefotaxime 
plus vancomycin may be considered, mainly for coverage 
against methicillin-resistant S. aureus or coagulase-negative 
Staphylococcus. Nonetheless, in cases in which the participation 
of agents with resistance to third-generation cephalosporins 
is suspected, the adjustment must be carried out under the 
supervision of an expert in infectious diseases and based on the 
known evidence on the microbiological profile of each unit.

In relation to the recommended time for the antibiotic 
management of neonatal pneumonia, these times have been 
managed arbitrarily most of the time, using 10 to 14 days [88].

In cases of mild community-acquired pneumonia (CAP) in 
newborns, a controlled clinical trial compared the effect of a 
4-day course (testing group) with a 7-day course (control group) 
of antibiotic regimen on the treatment success rate. The infants 
were randomized to receive a total of 4 days of antibiotics (Group 
1) or 7 days of antibiotics (Group 2). The outcome measure was 
treatment failure in each group within 3 days of discharge. This 
study reported that the treatment success rate of both groups 
was 100%, concluding that for infants who become clinically 
asymptomatic within 48 h of antibiotic therapy, the 4-day 
schedule of antibiotic therapy is effective and safe as 7 days, with a 
significant reduction in hospital length-of-stay, antibiotic use, and 
cost [88].

Concerning to pneumonia due to “atypical” microorganisms, 
a randomized placebo-controlled study found that the use 
of clarithromycin resulted in the eradication of Ureaplasma 
urealyticum [89]. Therefore, in patients treated with suspected 
or diagnosed infection by Ureaplasma urealyticum, other 
mycoplasmas, or Chlamydia trachomatis, it is recommended to 
start intravenous treatment with Clarithromycin at a dose of 7.5 
mg/kg/dose/12 hours.

Consensus Recommendations

In cases of early pneumonia, when the recommended 
antibiotic regimen as the first option is ampicillin + aminoglycoside 
(gentamicin or amikacin, preferably in a daily dose), and when the 
response is adequate, its recommended duration should not exceed 
7 days. Level of evidence II-3, III Degree of recommendation A

In late infections of nosocomial origin, the ideal is to prescribe 
a combination of antibiotics for which the most frequent 
microorganisms are sensitive. 

Daily or routine tracheal aspirate cultures and chest 
radiographs are not recommended for neonates with pneumonia. 
The case should be individualized based on clinical symptoms and 
risk factors, and the results should be interpreted with caution. 
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Level of evidence III, Degree of recommendation D

In patients with suspected or diagnosed infection by 
Ureaplasma urealyticum, or Chlamydia trachomatis, it is 
recommended to start intravenous treatment with Clarithromycin. 
Level of evidence I. Degree of recommendation B.

Question 8. What is the recommended antibiotic 
treatment for necrotizing enterocolitis in newborns, 
and what is the ideal time of treatment?

Between 2 to 5% of all infants admitted to the NICU develop 
necrotizing enterocolitis (NEC), with 90% of them being 
premature. This disease occurs in 2% to 8% of very low birth 
weight (VLBW) infants.

Approximately 20% to 40% of these neonates may require 
surgical intervention.  The mortality rate varies from 20% to 35%, 
and 25% of survivors experience long-term sequelae, such as poor 
growth, bowel syndrome, and intestinal stricture [90].

The most widely used definition in the field is through the 
modified Bell scale. Nonetheless, it is not a definition, but a 
staging based on an already made diagnosis; with the problem 
being that the criteria include signs and symptoms with variations 
in sensitivity and specificity that are not consistent with the 
importance of the diagnosis (e.g. feeding intolerance and blood 
in stools). The latter causes the over or underestimation of the 
disease [91,92].

In VLBW newborns, Bell scale grade I symptoms such as 
oral intolerance and abdominal distention are common normal 
findings, or they are part of other conditions such as sepsis.  For 
this reason and purposes of this consensus, we recommend the 
use of antibiotics in NEC using the modified Bell scale, from stage 
≥ II [93].

The clinical manifestations associated with NEC are food 
intolerance, abdominal distension, and bloody stools after 8 to 10 
days of age. The first imaging signs that should lead to suspicion 
of necrotizing enterocolitis include dilated intestinal loops and gas 
shortage. Pathogmonomic findings on abdominal radiography are 
pneumatosis intestinalis, portal venous gas, or both.

In diagnostic aids, thrombocytopenia stands out with a rapid 
decrease as a sign of progression to a poor prognosis, alterations 
in the blood count (leukopenia or leukocytosis), elevation fo 
acute phase reactants C-reactive protein and procalcitonin, as 
well as peripheral blood cultures that can be positive in 30% to 
35%. Furthermore, glycemic changes, hyponatremia, alterations 
in coagulation times (PT and PTT), and arterial blood gases 
(metabolic acidosis) can be added [94].

The infectious etiology of NEC usually have a polymicrobial 
component, where the microorganisms involved are the microbiota 
found in the large intestine, including Escherichiacoli, Klebsiella/ 
Enterobacter, Citrobacter, Serratia, Acinetobacter, Pseudomonas, 
Salmonella, coagulase-negative Staphylococcus and Staphylococcus 

aureus. Moreover, anaerobes such as Clostridia, Bacteroides, 
some mycoplasmas and viruses have also been described for this 
pathology, as well as the participation of fungi [95].

Medical management includes medical care with empiric 
antibiotic therapy to prevent disease progression and surgical 
intervention. However, there is no evidence-based consensus 
regarding empiric therapy or timing surgery. In a systematic 
review, no antibiotic regimen was found to be superior to 
ampicillin and gentamicin in decreasing mortality or preventing 
clinical deterioration, among 3,161 patients from 2 controlled and 
3 observational studies, in which 3 studies evaluated the addition 
of anaerobic coverage, and one observational study included the 
comparison with cefotaxime and vancomycin [96].

In another Cochrane systematic review, where the efficacy of 
different antibiotic schemes on mortality, and the need for surgery 
in neonates with NEC was compared, selecting all randomized 
and quasi-randomized clinical trials where antibiotics were used 
for the treatment of NEC. We found that, in one of the trials, 42 
preterm infants received IV ampicillin & gentamicin or ampicillin, 
gentamicin and clindamycin. The results found no statistically 
significant difference in mortality (RR 1.10; CI 95%, 0.32 to 3.83), 
or bowel perforation (RR 2.20; CI 95% 0.45 to 10.74) between 
both groups, but there was a greater tendency towards stenosis in 
the group that received clindamycin. In another trial, 20 neonates 
received intravenous ampicillin and gentamicin with or without 
gentamicin, with no significant difference in mortality, intestinal 
perforation, or development of stenosis [97].

The empiric antibiotic regimen should provide coverage for 
the common pathogens of late-onset neonatal sepsis. In addition, 
in events of peritonitis or pneumoperitoneum suggestive of 
intestinal perforation, coverage should be provided to anaerobes.

Consensus Recommendations

The recommended treatment guidelines are as follows:

•	 Stage I Necrotizing Enterocolitis: Do not administer 
antibiotic treatment. 

•	 Stage II A-B Necrotizing Enterocolitis: A-B coverage for 
gram-negative and positive bacteria (Ampicillin and gentamicin 
for 7 days).4 Level of evidence II-1 Degree of recommendation 
A

•	 Stage III A-B Necrotizing Enterocolitis or proven 
perforation: Add a third antibiotic with anaerobic coverage. Level 
of evidence II-1 Degree of recommendation A

•	 Option 1: Ampicillin, gentamicin, and metronidazole 
for 7 to 10 days or 3 to 5 days after surgical resolution.  Level of 
evidence II-1

•	 Option 2: Piperacillin/Tazobactam monotherapy; 
consider in patients without evidence of shock. Level of evidence 
II-1
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•	 Limit the use of carbapenems to situations of: necrotizing 
enterocolitis with septic shock in patients with extended-spectrum 
beta-lactamase-(ESBL) producing Enterobacteriaceae. Level of 
evidence I Degree of recommendation A

•	 In those cases, in which the clinical evolution is favorable, 
the blood culture is negative, the tests are of low infectious risk, 
and the symptoms can be attributed to other non-infectious 
causes: the antibiotics will be withdrawn after 48-72 hours. 

•	 When microbiological isolation is achieved by cultures, 
treatment should be directed according to the sensitivity profile 
and, where appropriate and possible, de-escalate the antibiotic. 
Level of evidence I Degree of recommendation A

Question 9 What antifungal must be recommended, 
based on the best evidence, for the empirical treatment 
of patients suspected of invasive fungal infections in 
the neonatal stage?

Invasive fungal infections in NICUs are the second leading 
cause of infection-related mortality in critically ill newborns, 
especially in premature infants, and those with very low birth 
weight (<1500 g), presenting also a health problem due to the 
associated morbidity. Nearly 50% of surviving neonates will 
have serious long-term neurodevelopmental deficits, including 
cerebral palsy, hearing or cognitive impairment, eye damage, 
or periventricular leukomalacia; especially among the lowest 
gestational age and lowest weight at birth [98-100].

Neonatal invasive fungal infection is largely synonymous with 
invasive Candida infection; however, cases due to other fungi such 
as Malassezia, Aspergillus and Zygomycetes are being increasingly 
reported [98-100].

Invasive candidiasis is the third most common cause of 
late-onset sepsis in patients with very low birth weight, and a 
significant cause of morbidity and mortality in NICU. Its incidence 
varies from 0.5% to 20% and is inversely correlated with birth 
weight [101].

The most common species of neonatal candidemia is Candida 
albicans, being isolated in 60 to 75% of infections, followed by 
Candida parapsilosis, with 14 to 30% of isolates. Other species like 
C. tropicalis, C. lusitaniae, C. glabratay C. kruseison are much less 
frequent [98-101].

The main risk factors for the development of neonatal invasive 
fungal infections are those linked to premature birth and low 
weight, such as: gestational age <28 weeks, and weight <1500g, 
the use of parenteral nutrition, prolonged use of a central venous 
catheter, mechanical ventilation, prolonged length-of-stay in 
the NICU, use of corticosteroids, delay in enteral feeding, and 
biological factors such as the presence of persistent neutropenia, 
hyperglycemia, and thrombocytopenia, but are particularly 
associated with the use of broad-spectrum antibiotics in multiple 
schemes or prolonged periods [102-104].

The clinical features of invasive candidiasis in the newborn 
are nonspecific, indistinguishable from those caused by late-onset 
neonatal sepsis. They may include lethargy, apnea, respiratory 
distress, cardiovascular instability and/or feeding intolerance. It 
can present as candidemia, urinary tract infection, and/or as the 
compromise of any other tissue. A syndrome particularly unique 
to preterm infants is Hematogenous Candida Meningoencephalitis 
(HCME). Up to 25% of invasive candidiasis in premature newborns 
are associated with meningoencephalitis, even if they do not 
present obvious neurological symptoms. Although the latter 
condition is the most frequent, central nervous system diseases 
caused by Candida can also present in the form of brain abscesses, 
ventriculitis, and vasculitis [103,104].

PERSISTENT CANDIDEMIA AND 
NEURODEVELOPMENTAL IMPAIRMENT

Neonates frequently present with persistent candidemia 
(positive blood cultures for more than 72 hours in a patient 
receiving specific therapy). Candidemia, especially when present 
for more than 5 days, can spread to multiple organs such as 
kidneys (5-30%), heart (5-15%), eyes (3-50%), bones, joints, skin, 
and lungs. What favors the appearance of serious complications 
is the dissemination to different organs and systems. When the 
central nervous system is affected, studies have shown that up 
to 73% of low birth weight infants die or show signs of impaired 
neurodevelopment up to 18 to 22 months of follow-up [105-107].

The proper use of antifungals in the neonatal population 
is important for both the prevention and treatment of Invasive 
Fungal Infection (IFI). To maximize the activity of antifungal agents 
and minimize toxicity in this vulnerable population, the isolation, 
location, hemodynamic, stability, and extension of the infection 
should be assessed when choosing treatment. Because central 
nervous system involvement is common in newborns, a drug that 
crosses the blood-brain barrier and with fungicidal activity must 
be selected. It is also important to know if there is a urinary tract 
infection, which is a frequent situation in newborns and that will 
condition the optimal use of a drug with good diffusion in urine 
[108,109].

Studies of the extension of the infection are recommended: 
lumbar puncture, eye fundus examination, echocardiography, 
and abdominal ultrasound in all cases of candidemia and also 
renal ultrasound in the case of candiduria. Replacement of the 
intravascular catheter is also recommended [106,109,110].

Antifungals that have been used for the management of invasive 
fungal infections in newborns are grouped into four categories 
[110] (Table 4). Unlike in adults and non-neonatal pediatric 
patients, newborns tolerate these quite well, including drugs such 
as Amphotericin-B Deoxycholate, without significant nephrotoxic 
effects. On the other hand, drugs such as echinocandins do not 
easily reach therapeutic concentrations, mainly in the urinary 
tract and the central nervous system [98,109,111].
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In any premature neonate with clinical suspicion or 
microbiological evidence of invasive candidiasis, a disseminated 
disease should be assumed and therefore a thorough clinical 
examination should be carried out. Particularly, it is of the utmost 
importance to consider the possibility of HCME, so in antifungal 
therapy, central nervous system coverage should be considered 

[112].

The epidemiology files of the Maternal and Perinatal Hospital 
“Mónica Pretelini Sáenz” and the Children’s Hospital of the State of 
Mexico show an increase in the number of cases of fungal infection 
in the neonatal period in the last two years (Tables 4 & 5)

Table 4: Reported species of Candida in HAIs in neonatal therapies in the State of Mexico.

Year Total isolates C. albicans C. parapsilosis C. glabrata Candida spp

2020 17 1 2 0 14

2021 40 15 3 1 21

Source: Epidemiology files of the Perinatal Hospital “Mónica Pretelini Sáenz” and the Children’s Hospital of the State of Mexico. 

Table 5: Sample type of Candida isolates in HAIs in neonatal therapies in the State of Mexico.

Year Total isolates Blood culture Catheter tip Urine culture

2020 17 13 3 1

2021 40 36 2 2

Source: Epidemiology files of the Perinatal Hospital “Mónica Pretelini Sáenz” and the Children’s Hospital of the State of Mexico. 

Consensus Recommendations

Most of the revised guidelines suggest the use of Amphotericin 
B-Deoxycholate as first-line and two drugs as second-line with 
their respective considerations: Liposomal Amphotericin B (in 
the presence of urinary tract involvement it is not recommended) 
and Fluconazole which is recommended in patients in whom 
azole prophylaxis has not been administered, and not first-line if 
the patient has hemodynamic instability [106,109,111]. Level of 
Evidence I Degree of Recommendation A

Echinocandins are increasingly used in these patients. 
Nonetheless, they should be used with caution and generally 
as rescue therapy. Especially in situations where the use of 
Amphotericin B Deoxycholate or Fluconazole is not possible 
due to toxicity or resistance. Level of Evidence II-3 Degree of 
Recommendation B

Micafungin, although it is a drug recommended for the 
treatment of neonatal IC, its penetration into the central nervous 
system is known to be dose-dependent. Thus, high doses of 10mg/
kg/day should be used if it is decided to use in suspected HCME 
[111,112]. Level of Evidence I, II-3 Degree of Recommendation 
A

Prophylaxis of Candida infection in newborns.

Not all newborns need prophylaxis for invasive candidiasis. As 
mentioned above, it is known that different risk factors impact the 
incidence of this entity in NICU. According to revised guidelines 
[105,106,112-114] (Table 6) the recommendations are as follows: 

1.	 Newborns weighing <1000 g. Fluconazole prophylaxis.

2.	 Newborns weighing <1500 g. Nystatin prophylaxis, as 

an alternative when fluconazole is not available. (Consider the 
potential risk of developing Necrotizing Enterocolitis)

3.	 Fluconazole prophylaxis when the incidence of invasive 
Candidiasis in NICU is ≥5%

4.	 European guidelines recommend, the use of lactoferrin 
100mg/day ± Lactobacillus rhamnosus, a dose of 106 CFU/day 
from the third day of life until the end of the sixth week of life or 
until discharge from the NICU in newborns weighing <1500 g. 

5.	 Miconazole is contraindicated since its 
use may favor the appearance of azole resistance. 
Level of Evidence I Degree of Recommendation A

Question 10. Is it advisable to implement 
pharmacovigilance programs in newborns treated with 
antibiotics?

During intrauterine life, the fetus can be exposed to a series 
of drugs and toxic substances whose effects can be immediate 
and cause fetal death or cause damage that can manifest at birth 
or even weeks, months, or years later [3,115-117]. (Level of 
Evidence III Degree of Recommendation B)

55-65% of pregnant women and more than 70% of newborns 
admitted to NICU receive antibiotics during their hospitalizations 
[3,117,118]. (Level of Evidence III Degree of Recommendation 
B)

Pharmacovigilance is the science and activities related to the 
detection, evaluation, understanding, and prevention of Adverse 
Drug Reactions (ADRs) or any other potential drug-related 
problem.
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Table 6: Comparison of recommendations for treatment/prevention of invasive candidiasis in neonates [105,106,112-114].

Guide IDSA ESCMID DMYKG/PEG RMCNLA

TR
EA

TM
EN

T

Amphotericin B De-
oxycholate (A-II) 
Liposomal Ampho-
tericin B (C-III) 
Fluconazole (A-II)

Amphotericin B De-
oxycholate (B-II) 
Liposomal Am-
photericin B (B-II)  
Fluconazole (B-II) 
Micafungin (B-II)

Liposomal Amphotericin B (A-II) 
Fluconazole (A-
II) Micafungin (A-I) 
Caspofungin (A-II)

Amphotericin B Deoxycho-
late Liposomal Amphotericin B 
M i c a f u n g i n 
C a s p o f u n g i n 
Fluconazole

PR
EV

EN
TI

O
N Fluconazole (A-

II) Nystatin (C-II) 
Lactoferrin (C-II)

Fluconazole (A-I) 
Nystatin (B-II) 
Lactoferrin ± Lactobacillus 
(B-II)

 --------------- Fluconazole

 

The specific objectives of pharmacovigilance are:

•	 Improve patient care and safety in relation to the use of 
medications and all medical interventions.

•	 Improve public health and safety in relation to the use 
of medicines.

•	 Contribute to the evaluation of the benefits, harms, 
efficacy, and risk of medicines, as well as promoting their safe, 
rational, and more efficient (and even more profitable) use.

The success or failure of any spontaneous notification system 
depends on participation. Health professionals have been the main 
providers of notifications of suspected ADR cases throughout the 
history of pharmacovigilance.

Wherever medicines are used, they must be willing to observe 
and report unwanted adverse events [119].

To achieve something closer to ideal practices, more attention 
should be paid to training health professionals in the diagnosis, 
management, and prevention of ADRs. Not all signs are so specific 
or dramatic to be easily diagnosed, as were phocomelia and 
micromyelia caused by thalidomide [120].

The implementation of a pharmacovigilance program must be 
carried out in accordance with the current applicable regulations, 
such as the Official Mexican Normative NOM-220-SSA1-2016, 
Installation and operation of pharmacovigilance [121]. The latter 
serves as a great reference to achieve the correct implementation 
of a pharmacovigilance program. Since it establishes the 

guidelines for the installation and operation of pharmacovigilance 
in the national territory, it highlights everything related to: the 
types of notification criteria, criteria to determine the degree 
of information, criteria to determine the seriousness of a case, 
criteria to determine the severity of a case, the classification 
of reactions, the sending times of notifications, the reception 
channels, the notification forms, and the requirements for the 
receipt of notifications [122,123].

To carry out pharmacovigilance, some points are listed that 
will be informative but not limited to:

Identification of signs suggesting ADRs

•	 Performs the required investigation and collects the 
necessary information to fill out the report format for the Notice 
of Suspected Adverse Drug Reactions issued by COFEPRIS, by 
reviewing the clinical file, interviewing the doctor, the nurse, or 
the patient himself.

•	 Verifies the consistency of the ADR suspicion data, taking 
into account the evaluation of the causality of said event.

•	 Fills out the Notice of Suspected Adverse Drug Reactions 
forms, in accordance with the current COFEPRIS guidelines.

•	 Classifies ADR based on severity and evaluates its 
causality.

•	 Reviews the evolution of the patient after presenting the 
clinical manifestation of ADR.

•	 Carry out the ADR notification to the corresponding 
authority (Table 7) [115].
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Table 7: Dose of the main antifungal agents recommended in Newborns [115].

DRUG Route of Administration DOSE

Amphotericin B Deoxycho-
late Intravenous 1mg/kg/day

Liposomal Amphotericin B Intravenous 2.5 – 7mg/kg/day 
CNS involvement: 5mg/kg/day

Fluconazole Intravenous – Oral

25mg/kg/dose (Impregnation)

12mg/kg/day (Maintenance)

Gestation Weeks Days after birth Interval (hours)

<29
0 to 14 48

˃ 14 24

≥30
0 to 7 48

>7 24

Caspofungin Intravenous 25mg/m2SC/day

Nystatin Oral

Oral Candidiasis  
200,000 IU every 6 hours. Space feeding 5 to 10 minutes after administration 

Prophylaxis 
1ml de 100,000IU/mL every 8 hours per 6 weeks

Conclusion

Based on the recommendations of this consensus, this 
collaborative group concluded the need to establish policies of 
prudent and standardized use under the best evidence regarding 
the of antibiotics in NICUs of the hospitals of the Institute of Health 
of the State of Mexico. Under these guidelines, the integration of a 
common manual for the use of antibiotics and antifungals must 
be reviewed periodically, in addition to strengthening antibiotic 
pharmacovigilance programs in the NICUs. 
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