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Abstract

Community-acquired pneumonia (CAP) is an acute infection of the lung parenchyma acquired outside the hospital
or other healthcare settings, typically affecting previously healthy individuals. This intersociety consensus aims to
provide evidence-based recommendations for the antibiotic treatment of mild to moderate CAP in previously
healthy children in Italy.

A systematic review was conducted to identify the most recent and relevant evidence. Embase, Scopus,
PubMed, and Cochrane databases were systematically screened, with a date restriction from 2012 to April 2024,
but without language limitations. The review included studies conducted in high-income countries on antibiotic
therapy in children over 3 months of age diagnosed with mild-moderate CAP. The certainty of evidence was
assessed using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) methods. The
final recommendations were obtained through a Delphi consensus of an expert panel.

Amoxicillin is the first-line treatment if the child is at least immunized against Haemophilus influenzae type b
(low/very low quality of evidence, strong recommendations), while amoxicillin-clavulanate or second- or third-
generation cephalosporins should be prescribed for those unimmunized or with incomplete immunization
coverage for both H. influenzae type b and Streptococcus pneumoniae (low/very low quality of evidence, strong
recommendations). Macrolides should be considered in addition to amoxicillin in children over 5 years old, if
symptoms persist and the clinical condition remains good after 48 h of therapy (low/very low quality of evidence,
strong recommendations). The dosage of amoxicillin is 90 mg/kg/day divided in three doses, although two doses
could be considered to improve compliance (moderate quality of evidence, weak recommendations). A five-day
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duration of therapy is recommended, with clinical monitoring and re-assessment approximately 72 h after the start
of antibiotic treatment to evaluate symptom resolution (moderate quality of evidence, strong recommendations).
To improve the management of CAP in pediatric patients, we have developed this consensus based on a
thorough review of the best available evidence and extensive discussions with an expert panel. However, further
efforts are needed. Future research should focus on enhancing diagnostic accuracy, optimizing antibiotic utilization,
comparing the efficacy of different antibiotic regimens, and determining the optimal dosage and duration of

treatment in different setting.

Keywords Antibiotic therapy, Community-acquired pneumonia, Pediatric infectious diseases, Primary care,

Respiratory infections

Background

Community-acquired pneumonia (CAP) is an acute
infection of the lung parenchyma acquired outside the
hospital or other healthcare settings, typically affecting
previously healthy individuals.

Although the discovery of penicillin and the introduc-
tion of immunization against Haemophilus influenzae
type b and Streptococcus pneumoniae have significantly
reduced the incidence and the mortality of pediatric
pneumonia [1], this infectious disease remains a common
cause of hospitalization and death in children worldwide,
especially in low and middle-income countries, account-
ing for 4% of neonatal and 15% of pediatric deaths annu-
ally, totaling 1.3 million deaths globally [2-5].

Pneumonia is diagnosed by fever with respiratory
symptoms like tachypnea, cough, and chest pain, often
confirmed by clinical or radiological evidence of lung
consolidation [6]. Diagnosis is mostly clinical, with chest
X-rays reserved for severe cases [7]. Hospitalization for
pneumonia depends on disease severity, respiratory fail-
ure, and home care limitations [8—10].

CAP can be caused by viruses, bacteria, or co-infec-
tions, with causative agents varying by age [9, 11]. In the
post-immunization era, viruses account for at least 70%
of pediatric CAP cases, with common pathogens includ-
ing RSV, Rhinovirus, Influenza, Metapneumovirus, and
Adenovirus, especially in children under five. Viral pneu-
monia represents the majority of community-managed
CAP cases [7, 12]. Common bacterial pathogens include
S. pneumoniae, H. influenzae, and Mycoplasma pneu-
moniae [8, 13, 14].

Determining the etiology of CAP is crucial for treat-
ment but challenging due to the overlap between the
clinical presentation of viral and bacterial infections [6],
as well as unreliable diagnostic tests and difficulties in
sample collection [1, 15, 16].

Managing a child with suspected CAP is challenging
for primary care paediatricians due to a lack of diagnostic
tools, clear severity criteria, and reliable laboratory meth-
ods to guide antibiotic use. This leads to varying treat-
ment recommendations.

To assess the most recent evidence regarding the treat-
ment of mild to moderate CAP in previously healthy

children in high-income countries, focusing on antibiotic
choice, dosage, and duration of therapy, we conducted a
systematic review of the literature. Our findings, com-
bined with insights gathered through a Delphi consensus
among experts, enabled us to develop comprehensive,
evidence-based recommendations for clinical practice.

Methods

This article is one of the four papers of the Italian inter-
society consensus on the judicious use of antibiotic ther-
apy in respiratory tract infections in childhood (sinusitis,
otitis, pharyngitis and CAP) involving the Italian Society
for Preventive and Social Paediatrics (SIPPS), the Italian
Society for Paediatrics (SIP), the Italian Society of Pedi-
atric Infectious Disease (SITIP), the Italian Federation
of Paediatricians (FIMP), the Italian Society for Paediat-
ric Allergy and Immunology (SIAIP), the Italian Society
of Paediatric Respiratory Diseases (SIMRI), the Italian
Federation of General Practitioners (FIMMG), the Italian
Society of General Medicine and Primary Care (SIMG).
The Consensus protocol is published in the supplemen-
tary material (Supplement, Sect. 1).

A systematic review was reported following the
PRISMA checklist (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses) [17] to elaborate
recommendations regarding the choice of antibiotics,
the dosage, and the duration of therapy for children with
mild-moderate pneumonia.

Embase, Scopus, PubMed, and Cochrane databases
were systematically screened, combining the terms “chil-
dren,” “community-acquired pneumonia,” and “antibiot-
ics,” with a date restriction from 2012 to April 2024, but
without language limitations. The complete search strat-
egy is published in the supplementary material (Supple-
ment, Sect. 2). The review included studies conducted in
high-income countries (HICs) on antibiotic therapy in
children over 3 months of age diagnosed with mild-mod-
erate CAP. Randomized controlled trials, observational
studies, and systematic reviews with or without meta-
analysis were included.

Regarding the systematic reviews, a meticulous assess-
ment was conducted to determine if the same article was
included in multiple systematic reviews or analyzed as a
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single study article. In instances where a meta-analysis
was performed, the results were taken into account only
if the articles included were not already covered in other
meta-analyses. If one or more articles from a meta-anal-
ysis had already been considered, individual studies not
included in other systematic reviews with meta-analyses
were examined. For systematic reviews without meta-
analyses, individual studies included were evaluated
separately. This approach was taken even for studies pub-
lished before 2012 if they were deemed relevant to the
research questions.

Studies conducted in low- and middle-income coun-
tries (LMICs) were excluded due to differences in epide-
miology, the presence of comorbidities such as HIV and
malnutrition that could complicate the typical course of
illnesses, and variations in healthcare system structures
and resources.

Additionally, studies focusing on patients with compli-
cated pneumonia, whether treated in the community or
hospital setting, were excluded. Furthermore, studies that
were not relevant to the considered population, interven-
tion, comparison, or outcomes were also excluded from
the analysis.

The outcomes considered were:

+ Treatment failure, defined as the need for a change
in antibiotic therapy within the first 14 days due
to persistent symptoms or a new prescription of
antibiotics within 30 days for a new episode of
pneumonia, hospitalization, progression to severe/
complicated pneumonia or intensive care unit
admission, persistence of fever at 72 h, or persistence
of cough after 5 days from the start of antibiotic
therapy.

+ Severe adverse events requiring discontinuation of
ongoing antibiotic therapy.

+ Development of antibiotic resistance following
antibiotic therapy.

Two subgroup analyses were conducted, comparing the
immunized population (defined as double-dose immuni-
zation against H. influenzae type b and S. pneumoniae)
with the unimmunized population and the population
aged over or under 5 years, considering that the preva-
lence of atypical bacteria pneumonia is higher in children
older than 5 years of age compared to younger children.
Regarding immunization status, children were consid-
ered not immunized if enrolled before 2000. For articles
published after 2000, if immunization status was not
specified, factors such as the country where the study was
conducted, the years when subjects were enrolled, the
introduction date of vaccines in that specific country, and
possibly the percentage of immunized subjects accord-
ing to institutional reports were considered [18-25]. If
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not specifically reported in the article, the population
was considered completely immunized if the immuniza-
tion coverage in the specific countries during the patient
enrollment period was >80%.

Depending on the type of study, the risk of bias was
evaluated using the Amstar tool [26] and the Newcastle
Quality Assessment Scale [27]. The certainty of evidence
was assessed using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
methods [28]. The final recommendations were obtained
through a Delphi consensus of an expert panel (see Sup-
plementary material, Sect. 1).

Many robust studies, particularly randomized clinical
trials comparing amoxicillin to other antibiotics, were
published prior to 2010 and were not included in our sys-
tematic review. However, these studies informed earlier
guidelines, which established strong recommendations
based on the available evidence. To address the poten-
tial risks of issuing weak recommendations from our
review—especially in areas where strong evidence existed
before our cut-off—we combined the expert panel’s con-
sensus with the certainty of evidence obtained through
GRADE. This approach allowed us to assess the strength
of recommendations using both factors, enabling strong
recommendations even when the quality of evidence was
low or very low, and weak recommendations in the pres-
ence of moderate-quality evidence.

Results and recommendations

From the systematic search conducted, 8261 articles
were identified, and after removing duplicates, 5717 were
screened for title and abstract. 77 articles were deemed
eligible for review, of which 27 studies were included after
a full-text review: 9 systematic reviews [29-37] (includ-
ing 6 with meta-analyses), 4 randomized controlled trials
[38—41], and 14 observational studies [42—55] (including
11 cohort studies and 3 Before and After studies) were
finally included (Fig. 1). The list of excluded articles and
the reason for exclusion are reported in the supplemen-
tary material (Supplement, Sects. 3 and 4). For the review
by Lodha et al. [31], which included 29 articles, only the
7 articles conducted in HIC countries were considered
available for the current study, whereas those conducted
in LMIC were excluded.

The characteristics of the studies included, and the
main outcomes are reported in Table 1.

Overall, the studies were considered of low to moder-
ate quality (Supplementary Material, Sects. 5, 6 and 7).
Two reviews [36, 37] were subsequently excluded due to
their low quality. The quality of evidence evaluated using
the GRADE method was generally very low or low, only
occasionally moderate (Supplementary Material, Sect. 8).
The recommendations with the certainty of evidence
by GRADE and the strength of each recommendation
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formulated considering both the evidence and the expert
opinion panel members is reported in Table 2.

The following results and recommendations are mainly
based on the outcome of “treatment failure” because a
paucity of studies was found regarding the risk of devel-
oping resistance to antibiotics and the risk of adverse
events associated with antibiotic therapy without signifi-
cant results.

Question 1. What is the first-line antibiotic for treat-
ing mild-to-moderate CAP in a child under five years
old with a complete immunization schedule (at least
two doses of hexavalent and pneumococcal vaccines)?

Recommendation 1

In children under five with a complete immunization
schedule and mild-moderate CAP, amoxicillin pre-
scription is recommended. (Very low quality of evidence
for amoxicillin vs. broad-spectrum antibiotics, amoxicillin
vs. macrolides, beta-lactams vs. beta-lactams plus macro-
lides, aminopenicillin vs. broad-spectrum antibiotics; low
quality of evidence for beta-lactams vs. macrolides. Strong
recommendation in favor of the intervention. 100% panel
consensus).

From the analysis of the collected scientific evidence
(Table 1), it has been suggested that therapy with narrow-
spectrum antibiotics such as amoxicillin and intravenous
aminopenicillins is not, in most cases, inferior in terms
of treatment failure risk compared to therapy with broad-
spectrum antibiotics (such as amoxicillin-clavulanate or
2nd or 3rd generation cephalosporins) or combination
therapy of beta-lactams with macrolides [42-45, 48, 49,
51-53] (very low quality of evidence for amoxicillin vs.
broad-spectrum antibiotics, amoxicillin vs. macrolides,
beta-lactams vs. beta-lactams plus macrolides, aminope-
nicillin vs. broad-spectrum antibiotics; low quality of evi-
dence for beta-lactams vs. macrolides).

In the study published by Ambroggio et al. in 2015
on a cohort of 1164 pediatric patients with pneumo-
nia treated as outpatient, no statistically significant dif-
ference in treatment failure at 7 and 14 days was found
between the group treated with beta-lactams (penicillins,
aminopenicillins and third generation cephalosporins)
and that treated with macrolides [Adjusted Odds Ratio
(AOR): 0.90; 95% Confidence Interval (CI): 0.37-2.22]
[42]. The same result was observed comparing children
treated with beta-lactams to those treated with the com-
bination therapy of beta-lactams and macrolides (cohort
of 717 children, treatment failure at 7 days OR 1.33,
95%CI 0.74—2.39 and at 14 days OR 1.34, 95%CI 0.83—
2.18) [44]. Instead, the study published by Lipsett et al.
in 2021, on a cohort of 252,177 children with non-severe
community-acquired pneumonia treated as outpatient,
showed slightly different results, as combination therapy
with beta-lactams (both narrow and broad spectrum)
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plus macrolides showed a reduction in the number of
new antibiotics prescriptions compared to beta-lactams
alone [narrow-spectrum plus a macrolide vs. narrow-
spectrum (OR 0.47, 95% CI: 0.39-0.57); broad-spectrum
plus a macrolide vs. broad-spectrum (OR 0.48, 95% CI:
0.41-0.56)]. On the contrary, an increase in the number
of new antibiotic prescriptions was observed compar-
ing the group treated with broad-spectrum antibiotics
compared to the narrow-spectrum one (OR 1.15; 95%
CI: 1.09-1.21), whereas no difference was observed com-
paring children treated with narrow-spectrum and those
treated with macrolides (OR 1.15; 95% CI: 1.09-1.21)
[46]. Nevertheless, this study included children aged 1
month to 18 years without stratifying the analysis by age
group. This may have introduced a bias, as older children
could benefit more from macrolide therapy for atypical
pneumonia.

Different systematic reviews report on the treatment
of microbiologically confirmed pneumonia caused by M.
pneumoniae. No statistically significant differences were
observed in patients treated with macrolides compared
to those treated with beta-lactams [29, 30].

The systematic review with meta-analysis by Biondi
et al, published in 2015, included 16 articles, pub-
lished between 1967 and 2012, regarding the treatment
of microbiologically confirmed pneumonia caused by
Mycoplasma pneumoniae, without age distinction. Only
five studies were included in the meta-analysis, showing
a risk difference of 0.12 (95%CI, -0.04 to 0.20). Indeed,
macrolides did not show a significant clinical benefit
compared to beta-lactams.

Nevertheless, the studies included in the reviews pre-
sented significant heterogeneity, with the inclusion of
a population with both lower and upper respiratory
tract infections One of the studies under consideration
documented a decrease in treatment failure risk among
subjects administered macrolides [46]. However, these
findings pertained to the broader pediatric population up
to 18 years old, without specific disaggregation for those
under five. This detail is pivotal as it’s recognized that
macrolide treatment might be beneficial for older chil-
dren, who are epidemiologically more prone to atypical
pneumonia.

Indeed, atypical pneumonia may resolve spontaneously
or benefit from macrolide therapy to support recovery.
Nevertheless, while the authors aimed to balance com-
parison groups regarding pneumonia severity, it’s pos-
sible that children receiving macrolides had less severe
pneumonia initially. It’s also important to recognize that
a significant proportion of pediatric pneumonia cases are
viral. Therefore, the increased efficacy observed in some
groups of children treated with macrolides may be influ-
enced more by the underlying causes than just the anti-
bacterial effects.
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The recommendation to use amoxicillin, albeit based
on low-quality studies due to the retrospective observa-
tional nature of the studies and the diagnostic uncertainty
that characterised all these studies, confirms what has
been reported by the main guidelines published before
2012 by IDSA [8] the British Thoracic Society [9] and by
a discussion paper published in collaboration with ESPID
[10]. The guidelines rely on pre-2012 studies, excluded
from this review due to agreed temporal constraints
on article selection. The efficacy of amoxicillin in treat-
ing Streptococcus pneumoniae infections has long been
established and substantiated scientifically. Amoxicil-
lin stands as a preferred therapeutic option for bacterial
infections caused by this pathogen, encompassing lung
infections, otitis, and sinusitis, owing to its demonstrated
efficacy, minimal side effects, and affordability [56—59].
This historical evidence, coupled with expert consensus,
has enabled the formation of robust recommendations,
even in light of limited or very low-quality evidence.

Question 2. What is the first-line antibiotic for treat-
ing mild-moderate CAP in a child over five years old
with a complete immunization schedule (at least two
doses of hexavalent and pneumococcal vaccines)?

Recommendation 2

In children over five years of age with a complete
immunization schedule and mild-moderate CAP,
treatment with amoxicillin is recommended. (Very low
quality of evidence for amoxicillin vs. broad-spectrum
antibiotics, aminopenicillin vs. broad-spectrum antibiot-
ics. Strong recommendation in favor of the intervention.
100% panel consensus).

In children who remain well-appearing and do not
require hospitalization, macrolide therapy is recom-
mended if there is no clinical improvement after 48 h
of amoxicillin treatment. (Very low quality of evidence
amoxicillin vs. macrolides, beta-lactams vs. beta-lactams
pus macrolides; low quality of evidence for beta-lactams
vs. macrolides. Strong recommendation in favor of the
intervention. 100% panel consensus).

For children older than 5 years, it appears that combi-
nation therapy involving beta-lactams alongside macro-
lides may mitigate the risk of treatment failure compared
to beta-lactam monotherapy [42, 44, 46], although other
studies showed no difference in treatment failure [29, 30,
45, 48, 49, 51, 53] (Table 1). However, the evidence qual-
ity remains low due to the retrospective nature of most of
the studies included, the uncertainty of the diagnosis and
the considerable heterogeneity among study outcomes.
Notably, one study documented a statistically significant
reduction in hospitalization duration in moderate CAP
cases treated with combination therapy, particularly in
those over 6 years old, although no difference was noted
in rehospitalization risk [43]. Conversely, another study
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failed to observe any significant difference in clinical
improvement between children administered combina-
tion therapy versus monotherapy, prompting queries
regarding the practical efficacy of macrolide antibiotic
regimens, especially in hospitalized patients [52]. This
observation is significant, given that atypical bacterial
pneumonia cases often do not necessitate hospitalization
and can resolve spontaneously. However, initiating spe-
cific antibiotic therapy may expedite recovery, potentially
leading to a quicker resolution [52].

Given these results, it is recommended to consider
starting macrolide in children over 5 years with CAP
who have not shown clinical improvement after 48 h of
amoxicillin treatment but remain well-appearing and do
not require hospitalization.

This aligns with the IDSA guidelines [8], which recom-
mend considering this therapy for children over 5 years
old. Considering the growing prevalence of macrolide-
resistant S. pneumoniae strains and the substantial rate
of spontaneous eradication of Mycoplasma pneumoniae
documented by certain studies before 2012, employing
macrolides as first-line therapy is not deemed appropri-
ate [60-62].

Question 3. What is the first line antibiotic for treat-
ing mild-moderate CAP in a child without a complete
immunization schedule (<2 doses of hexavalent and
pneumococcal vaccines)?

Recommendation 3

In children who are either unimmunized or have
incomplete immunization against S. pneumoniae-
but are immunized for H. influenzaetype b (having
received at least two doses of hexavalent vaccine but
less than two doses of pneumococcal vaccine) and
present with mild-moderate CAP, monotherapy with
amoxicillin is recommended as the first-line therapy.
(Low-quality evidence. Strong recommendation in favor
of the intervention. Panel consensus 100%)

For children who are either unimmunized or have
incomplete immunization coverage for both H. influ-
enzaetype b and S. pneumoniae(having received less
than two doses of hexavalent and pneumococcal vac-
cines), first-line therapy with amoxicillin-clavulanate
or second or third-generation cephalosporins is rec-
ommended. (Low-quality evidence. Weak recommenda-
tion in favor of the intervention. Panel consensus 100%)

Literature evidence concerning first-line therapy in
unimmunized children is scarce, particularly in outpa-
tient settings (Table 1). Studies focusing on unimmu-
nized children primarily involve those hospitalized for
non-severe pneumonia, often immunized for H. influen-
zae type b but not S. pneumoniae. Among the available
studies, there’s an indication that oral narrow-spectrum
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antibiotic therapy is comparable in efficacy to intrave-
nous therapy [50, 54, 63].

Regarding macrolide therapy, studies by Roord and
Block (included in the meta-analysis published by Lodha
[31]) suggested the effectiveness of these antibiotics in
treating CAP in unimmunized children, considering the
high prevalence of isolated atypical bacteria. However,
two crucial aspects merit consideration: firstly, the pres-
ence of atypical bacteria on nasopharyngeal swabs does
not definitively establish them as the causative agents of
pneumonia and the presence of typical bacteria should
also be taken into account. Secondly, these studies were
conducted in the early 1990s when the prevalence of
macrolide-resistant pneumococci was significantly lower
than today, explaining the favourable response to these
antibiotics even in cases of pneumonia caused by typical
bacteria [64, 65]. Indeed, macrolide-resistant pneumo-
cocci were almost lower than 10% before 1990 worldwide,
but it started to increase, reaching more than 20-30% in
late 1990 [66]. Over time, the improper and excessive
use of macrolides has led to the emergence of resistance
mechanisms in S. pneumoniae, the primary pathogens
responsible for CAP [67]. In 2022, in Italy, over 25% of S.
prneumoniae strains were resistant to macrolides [66].

The quality of the available evidence is low, due to
the observational nature of most of the studies and the
uncertainty of the diagnosis, and there are no studies
found specifically addressing subjects unimmunized for
H. influenzae type b.

Given S. pneumoniae’s resistance mechanism to peni-
cillin, attributed to the production of penicillin-bind-
ing proteins rather than beta-lactamases [68], a robust
recommendation supports using amoxicillin in sub-
jects immunized for H. influenzae type b but not for
S. pneumoniae. Conversely, H. influenzae’s resistance
mechanism to penicillin stems from the production of
beta-lactamases [69]. Consequently, antibiotics coupled
with inhibitors of these enzymes become necessary, as
evidenced by studies on other infectious diseases like
acute otitis media. However, since there is a dearth of
studies directly involving patients unimmunized for H.
influenzae type b, thus lacking comprehensive data on
the actual incidence of pneumonia infections from this
pathogen in such subjects, the recommendation for the
use of amoxicillin-clavulanate in these patients is weak,
primarily extrapolated from other pathologies such as
acute otitis media.

Question 4. What is the first-line antibiotic in the
treatment of mild-moderate bacterial CAP in patients
allergic to penicillin?

Recommendation 4
In patients with CAP and a suspected allergy to amoxi-
cillin, who have not undergone allergological workup,
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the selection of alternative antibiotics (such as third-
generation cephalosporins or macrolides) should be
guided by meticulous risk stratification. (Very low-
quality evidence. Expert opinion. Strong recommenda-
tion in favor of the intervention. Panel consensus 100%).

In patients with CAP suspected of having an allergy
to amoxicillin and deemed to be at low risk of allergic
reaction, a second or third-generation cephalosporin
(such as cefuroxime or cefpodoxime proxetil) is rec-
ommended as an alternative therapy. The utilization
of macrolides (like clarithromycin) or clindamycin
should be reserved for patients at high risk of allergic
reaction, with consideration given to levofloxacin for
older children (Very low-quality evidence. Expert opin-
ion. Weak recommendation in favor of the intervention.
Panel consensus 100%).

Literature regarding penicillin allergy remains scarce
(Table 1). B-lactam hypersensitivity reactions can be clas-
sified based on the time between antibiotic intake and
symptom onset into immediate (symptoms within 1 h)
and delayed (after 1 h). Immediate reactions are usually
IgE-mediated and present as anaphylactic shock, angio-
edema, urticaria, and bronchospasm. Non-immediate
reactions are typically non-IgE-mediated, with the most
common clinical manifestation being a maculopapular
rash, which is typically non-pruritic [70-73].

The risk of cross-reactivity between penicillin and
cephalosporins remains a contentious issue [74]. Non-
recent studies have reported a cross-reactivity frequency
of 10% of cases. However, these studies were affected by
evident biases, including the definition of allergy based
solely on clinical history, the utilization of reference
preparations of cephalosporins that were still “unrefined”
and potentially contaminated by penicillin, and a lack of
precise knowledge regarding the molecular structures of
the compounds involved. Studies utilizing monoclonal
antibodies have further revealed that for cephalosporins,
the principal antigenic determinants are represented by
the side chains. Therefore, in cases where the side chains
differ from those of penicillin or amoxicillin, an increased
risk of cross-reactions has not been demonstrated [75].
Supporting this, cefuroxime (a second-generation ceph-
alosporin) has frequently been observed to be safe in
patients with confirmed hypersensitivity to other beta-
lactams, with cross-reactions occurring in only 6.3% of
cases. More frequent cross-reactions have been noted
with first-generation cephalosporins, which possess a
beta-lactam ring similar to penicillins [76]. Given the low
cross-reactivity observed in various studies, Drug Provo-
cation Tests (DPT) are often conducted with cephalospo-
rins featuring different side chains.

In non-IgE-mediated forms, T-lymphocytes play a
role, and therefore, cross-reactivities are even rarer.
In fact, 97.2% of individuals with hypersensitivity to
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aminopenicillins tolerate cephalosporins with differ-
ent side chains, suggesting tolerability in the majority of
cases [75]. Nonetheless, if penicillin allergy is confirmed,
DPT with cephalosporins featuring different side chains
may be considered.

In various allergy guidelines [70-73], there is no defini-
tive consensus on the optimal method to ascertain if a
patient with penicillin allergy can safely take a cephalo-
sporin with different side chains directly or following
DPT. However, the allergological assessment for a patient
with penicillin allergy should ideally culminate in recom-
mendations regarding the potential use of other beta-lac-
tams, particularly cephalosporins. The determination of
whether such use is feasible serves as guidance for fam-
ily pediatricians in their future therapeutic prescribing
practices.

Although macrolides therapy showed efficacy in treat-
ing CAP [31, 46, 64, 65], it’s important to note that most
of these studies were conducted in the early 1990s when
the prevalence of pneumococcal resistance to macro-
lides was significantly lower than it is today. One study
in pediatric population showed that levofloxacin therapy
was non-inferior to beta-lactam or macrolide therapy in
terms of clinical cure rates, without difference in serious
adverse events [61].

Considering the limited scientific evidence available,
children with CAP and penicillin allergy, whether IgE or
non-IgE mediated, may be treated with cephalosporins
with different side chains (such as cefuroxime or cef-
podoxime proxetil) only after undergoing an adequate
allergological workup to assess their potential use. Alter-
natively, depending on the local prevalence of pneumo-
coccal resistance to specific drug classes, clindamycin,
clarithromycin, or, in older children, levofloxacin can be
utilized [72].

Question 5. What should be the optimal dosage of
amoxicillin in treating mild to moderate bacterial
CAP?

Recommendation 5

To treat mild-moderate CAP, we recommend admin-
istering amoxicillin at a dosage of 80-90 mg/kg/day
divided into three separate doses (with a maximum
of 1 g three times a day). However, to enhance com-
pliance with antibiotic therapy, particularly in cases
of mild pneumonia with close clinical follow-up, the
number of daily administrations can be reduced to two
instead of three. (Moderate quality of evidence. Weak
recommendation in favor of the intervention. Panel con-
sensus 100%)

The available data regarding the optimal dosage of
amoxicillin for treating CAP are very limited (Table 1).
The study conducted by Bielicki et al. [38] suggests
the non-inferiority of low-dose therapy compared to
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high-dose therapy, administering the antibiotic twice
a day instead of three times. Despite the robustness of
the trial, intrinsic limitations may introduce bias. As the
authors noted, it remains unclear how many enrolled
children had bacterial pneumonia versus viral pneumo-
nia that might have resolved spontaneously without anti-
biotic therapy. Although efforts were made to limit bias
by excluding children with acute bronchospasm lacking
clear signs of pneumonia, the uncertainty persists. Addi-
tionally, the median age of the participants was notably
low, under three years, a period when most CAP cases
are viral. In such instances, antibiotics may be unneces-
sary, suggesting that the lack of difference in treatment
failure between the low and high dose groups could
reflect the low incidence of bacterial pneumonia in this
age group rather than the efficacy of the low dose.

Moreover, this study was conducted in a setting with
a low prevalence of S. pneumoniae resistant to penicillin
and amoxicillin. Since pneumococcal resistance to peni-
cillin is attributed to genetic mutations that alter peni-
cillin-binding protein structure, resulting in decreased
affinity for all beta-lactam antibiotics, increasing the dos-
age of penicillin to saturate the binding sites becomes
necessary to counteract this resistance mechanism. The
other studies included in this consensus primarily report
the use of high-dose amoxicillin administered in three
doses for the treatment of community-acquired pneumo-
nia [39, 41, 45]. However, these studies do not compare
different dosages in terms of therapeutic efficacy and
the risk of adverse effects It is therefore plausible that in
regions with a low prevalence of resistance, therapy with
reduced doses of amoxicillin may be equally effective
compared to higher doses. However, considering the spe-
cific resistance mechanism, the differences in antimicro-
bial resistance between Northern and Southern Europe,
and awaiting further studies, the panel’s decision in our
region is to continue recommending therapy with high-
dose amoxicillin (90 mg/kg/day), administered in three
daily doses. Nevertheless, the strength of recommenda-
tion is weak, as lower dose might be efficacy as well. With
close clinical monitoring, there is potential to reduce the
number of daily administrations to two instead of three
to enhance adherence to antibiotic therapy in cases of
mild pneumonia.

Question 6. What should be the optimal length of
therapy with amoxicillin for treating mild -moderate
bacterial CAP?

Recommendation 6

For the management of mild-moderate CAP, a 5-day
course of antibiotic therapy with amoxicillin is rec-
ommended. Close clinical monitoring and reassess-
ment are advised approximately 72 h after initiating
antibiotic therapy to evaluate symptom resolution. If
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necessary, treatment may be extended for up to 7 days.
(Moderate quality of evidence. Strong recommendation
in favor of the intervention. Panel consensus 100%)

Based on the analysis of scientific evidence derived
from four different randomized control trials [38—41],
four systematic reviews [32-35], and three observational
studies [45, 47, 53], it has been established that short-
term therapy is not inferior to long-term therapy in treat-
ing mild-moderate CAP. Long-term therapy, extending to
10 days or beyond, does not appear to offer any advan-
tage in terms of reducing therapeutic failures compared
to shorter durations of therapy. Consequently, it is not
recommended to prescribe prolonged antibiotic therapy,
unless complete clinical resolution is not achieved during
follow-up assessments.

The duration of short therapy varies across studies,
ranging from 3 to 7 days. However, the sole trial that
compared a 3-day therapy regimen to a 10-day regimen
was suspended due to an increase in therapeutic failures
[41], whereas no difference was observed comparing a
3-day therapy regimen to a 7-day therapy regimen [38].

Given the challenge of definitively determining how
many of the enrolled children in various studies had bac-
terial pneumonia versus viral pneumonia, which could
have resolved spontaneously without antibiotic therapy,
it is recommended to maintain close follow-up approxi-
mately 72 h after initiating antibiotic therapy, by phone
call in case of improvement and reliable family or re-eval-
uation in person in case of persistence of symptoms or
unreliable family. This allows for assessment of the need
to extend antibiotic therapy if symptoms do not com-
pletely resolve.

Therefore, until further studies with more robust sci-
entific evidence comparing 3 and 5 days of therapy are
available, the panel recommends prescribing antibiotic
therapy for 5 days to children with uncomplicated CAP.
Close clinical follow-up and reevaluation should occur
approximately 72 h after initiating antibiotic therapy to
assess symptom resolution or the necessity for continua-
tion up to 7 days if needed.

Question 7. What is the most appropriate antibi-
otic therapy in a child with CAP experiencing clini-
cal deterioration after 48 h of first-line therapy with
amoxicillin?

Recommendation 7
In children experiencing clinical deterioration after
48 h of first-line therapy, hospitalization and treatment
with broad-spectrum antibiotics are recommended.
(Evidence quality very low. Weak recommendation in
favor of the intervention. Panel consensus 100%)
No articles were identified in the literature regarding
second-line therapy to be used in the community in the
event of therapeutic failure and clinical deterioration.
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Several factors hindered the inclusion of additional stud-
ies comparing broad-spectrum and narrow-spectrum
therapy in children hospitalized for CAP. Firstly, many
of these studies also encompassed children with com-
plicated pneumonia, a population not addressed in this
consensus. Additionally, these studies often failed to
specify whether hospitalization and the initiation of
broad-spectrum parenteral antibiotic therapy were due
to therapeutic failure of prior oral therapy or solely based
on the child’s clinical condition. Consequently, it was
challenging to understand whether children who had not
improved with oral therapy were treated with narrow-
spectrum or broad-spectrum therapy and what clinical
improvement they had. Only one study was found regard-
ing treatment failure of oral antibiotics, but children were
hospitalized and treated with narrow-spectrum antibiot-
ics (penicillin, ampicillin, amoxicillin) or broad-spectrum
antibiotics (ceftriaxone, cefuroxime) with a statistically
significant reduction in the duration of fever and length
of stay in hospital in the broad-spectrum group [55].

Therefore, until further studies with more robust scien-
tific evidence become available to recommend oral anti-
biotic therapy in cases of therapeutic failure associated
with clinical deterioration, it is advised to hospitalize the
child and initiate treatment with broad-spectrum antibi-
otics intravenously.

Discussion
The diagnosis of CAP relies primarily on clinical assess-
ment, which often introduces uncertainty, particularly
in distinguishing between viral and bacterial infections,
a challenge commonly faced by primary care pedia-
tricians [6]. Despite this, there is significant room for
improvement in antibiotic utilization [45, 48, 50, 53].
The optimal therapeutic approach to CAP remains a
topic of ongoing debate. While the scientific community
underscores the importance of employing amoxicillin
as the first-line treatment for patients with suspected or
confirmed mild-moderate CAP [8-10], this recommen-
dation is frequently disregarded [77]. Instead, broader-
spectrum antibiotics like amoxicillin-clavulanate, second
or third-generation cephalosporins, or macrolides are
often preferred [42, 44, 46]. Furthermore, there is still no
consensus and few robust studies regarding the optimal
dosage [38] and duration of therapy [32-35, 38—-40, 47],
underscoring the need for additional studies. Neverthe-
less, to enhance antibiotic stewardship in children with
mild-moderate CAP treated as outpatients, we have
developed this consensus after meticulous consideration
of the best available evidence and extensive discussions
with an expert panel.

Priorities for further studies should focus on several
key areas. Firstly, improving diagnostic accuracy is cru-
cial. Future research should aim to develop and refine
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diagnostic tools, including point-of-care tests, and meth-
ods to accurately distinguish between viral and bacte-
rial CAP in clinical settings. This will help primary care
pediatricians make more informed treatment decisions.
Secondly, optimizing antibiotic utilization in CAP is
essential. Studies should explore strategies to ensure that
antibiotic treatments are both effective and aligned with
best practices in antibiotic stewardship. Understanding
the factors that lead to the frequent use of broader-spec-
trum antibiotics over recommended first-line treatments
like amoxicillin is also important. Thirdly, there is a need
for research on therapeutic approaches. Comparative
studies should evaluate the efficacy of different antibiotic
regimens, including the recommended first-line treat-
ment with amoxicillin versus broader-spectrum antibiot-
ics. These studies should aim to establish clear guidelines
on the most effective therapeutic approaches for mild
to moderate CAP in children. Fourthly, determining the
optimal dosage and duration of antibiotic therapy for
CAP is critical. Further evidence are needed to establish
treatment protocols that minimize side effects and resis-
tance while maximizing therapeutic outcomes. Lastly,
research should address the barriers to the implemen-
tation of evidence-based guidelines in clinical practice.
This includes understanding why first-line treatment
recommendations are often disregarded and developing
strategies to improve adherence among healthcare pro-
viders. By addressing these priorities, future studies can
significantly contribute to better management of CAP in
children, ensuring that treatments are both effective and
responsible in terms of antibiotic use.

Our study has some limitations. As already mentioned
above, the diagnosis of CAP is primarily clinical and not
always definitive. The studies included in the analysis
may have enrolled subjects diagnosed with CAP using
various diagnostic methods, ranging from those with
radiologically confirmed pneumonia to those diagnosed
based solely on clinical presentation such as fever and
respiratory symptoms. Furthermore, within the same
study, individuals with bacterial CAP may have been
enrolled alongside those with viral CAP, for whom antibi-
otic therapy would not be necessary. Additionally, differ-
ent studies may have assessed outcomes in varied ways.
For instance, treatment failure might have been evaluated
based on the need for a new antibiotic prescription, hos-
pitalization, admission to the intensive care unit, dura-
tion of fever, or achievement of clinical recovery within
different timeframes specified by each study. However,
the definition of clinical recovery itself may not have
been consistent across studies, further complicating the
interpretation of the already limited evidence.

It’s crucial to highlight that the temporal limitation
imposed, focusing solely on studies published from
2012 onwards, primarily emphasized more recent and
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supported topics such as therapy duration. However, this
came at the inevitable expense of studies investigating the
selection of the most appropriate antibiotic, a topic that
has been well-established for over a decade and is already
included in major guidelines and society consensus such
as those from the IDSA [8], the British Thoracic Society
[9], and ESPID [10].

Conclusions
The management of mild-moderate CAP in pediatric
patients should prioritise evidence-based, targeted antibi-
otic therapy to ensure effective treatment while minimis-
ing the risk of AMR. To improve the management of CAP
in pediatric patients, we have developed this consensus
based on a thorough review of the best available evidence
and extensive discussions with an expert panel. Amoxi-
cillin remains the first-line therapy for bacterial CAP,
with a recommended duration of 5 days for most cases.
The decision to initiate antibiotics should be guided by
clinical presentation, with careful consideration given to
the viral etiology common in younger children. Consid-
ering regional variations in resistance patterns, high-dose
amoxicillin (90 mg/kg/day) is still recommended in Italy,
awaiting the results of other randomized controlled trials
in Southern Europe, where a higher AMR rate is reported
compared to Northern countries. For atypical pneumonia
in older children, macrolides should be added if symp-
toms persist after 48 h of beta-lactam therapy. However,
further efforts are needed. Future research should focus
on enhancing diagnostic accuracy, optimizing antibiotic
utilization, comparing the efficacy of different antibiotic
regimens, and determining the optimal dosage and dura-
tion of treatment. Additionally, it is crucial to understand
and address the barriers to implementing evidence-based
guidelines in clinical practice.

By addressing these priorities, we can achieve more
effective and responsible antibiotic use, ultimately
improving outcomes for children with CAP.
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