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Objectives: To assess and summarize current evidence on the effectiveness

and safety of ertapenem for treatment of childhood infections, in

consideration of high infection prevalence in children and wide use of

ertapenem.

Methods: The following 8 databases were searched on 13th May 2021:

Web of Science, Embase via Ovid SP, PubMed, The Cochrane Library

(CENTRAL), Chinese BioMedical Literature Database (CBM), China National

Knowledge Infrastructure (CNKI), VIP and Wanfang. The primary outcome was

treatment success rate. Risk ratios (RRs) and 95% confidence interval (CI) were

estimated using random-effect models. Subgroup analysis was conducted

where heterogeneity was found.

Results: Fifteen studies (8 randomized controlled trials, 1 observational

comparative study, and 6 before and after studies) involving 2,528 patients

were included in the final review. Ertapenem had similar treatment

success rates with β-lactam antibiotics [relative risk (RR) = 1.08, 95%

CI: 0.99–1.19]. In a subgroup analysis, similar efficacy (RR = 1.08, 95%

CI: 0.97–1.20) between ertapenem and other carbapenems. Compared

with β-lactam antibiotics, ertapenem did not increase the risk of any

adverse events (RR = 1.02, 95%CI: 0.71–1.48), drug-related diarrhea

(all non-Asian children, RR = 0.62, 95%CI: 0.31–1.25), or injection site

pain (all non-Asian children, RR = 1.66, 95%CI: 0.59–4.68). Subgroup

analysis showed no obvious difference between ertapenem group and

carbapenems or non-carbapenems group on risk of adverse events.
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Conclusion: Our findings suggest that ertapenem is effective and safe in

treatment for children with infection. Further comparative real-world data is

needed to supplement clinical evidence on the overall benefits of ertapenem

in this population.
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children, infection, ertapenem, efficacy, safety

Introduction

Bacterial infections pose a major threat to children’s
health with numerous children dying from bacterial infections
every year (1–3). Children with infectious diseases are
commonly encountered in primary care settings (4). Perforated
appendicitis (5–7), severe community-acquired pneumonia
(CAP) (8), complicated intra-abdominal infections (cIAI), acute
leukemia secondary to infections (9, 10) and complicated
urinary tract infections (cUTI) (11, 12) are considered truly
life-threatening for children. In addition to harms directly
resulted from infection itself, infection can also lead to serious
consequences such as leukemia and secondary renal function
decline (13–15). Therefore, effective anti-infective therapy in
children is of great significance in clinical practice.

Previous evidence has shown that the etiology and
pathophysiology of bacterial infections in children, as well
as the metabolism and tolerance of drugs, are different from
that in adults (16, 17). The main treatment methods of
childhood infections include surgery, antibiotics including
beta-lactam, carbapenem, macrolide and other drugs,
and supportive treatments. However, the routine use of
broad-spectrum antibiotics, especially carbapenem, for
childhood infections is not recommended (16) under many
circumstances. Ertapenem, a 1β-methyl carbapenem antibiotic
that has good antibacterial activity and pharmacokinetic
properties and can be administered once a day, is mainly
metabolized in the kidneys but rarely in the liver (18).
Therefore, it can be used safely in adult patients with
moderate to severe renal function decline receiving
hemodialysis. Ertapenem achieves its bactericidal effect by
combining with penicillin binding proteins to inhibit cell
wall synthesis.

Ertapenem was first approved in the United States
in 2001 for the treatment of CAP and cIAI (19) in
particular. It was then approved in 2005 for the treatment
of childhood infections. After nearly two decades of clinical
application, experience in the use of ertapenem has piled
up, especially in the treatment of childhood infections.
However, studies assessing the effectiveness and safety of
ertapenem have focused primarily on the adult population
(20) and no systematic review in children is available.
Taking the high infection prevalence in children (5, 21,

22) worldwide into consideration, there is a need for more
recent evidence evaluating outcomes associated with use of
ertapenem for treatment of infections in children. In this
study, we conducted an evidence mapping and meta-analysis
of studies assessing effectiveness and safety of ertapenem for
treatment of infections in children. Study findings should
provide important data to help inform infectious disease
management and appropriate use of antibiotics in this
vulnerable population.

Materials and methods

This study applied a methodology combining both evidence
mapping and meta-analysis, based on recommendations from
the Cochrane handbook and PRISMA statement (23).

Search strategy

A full review of literature was undertaken to identify all
relevant studies investigating the effectiveness of ertapenem or
ertapenem combinations on pediatric patients with bacterial
infectious diseases. To ensure that all relevant studies were
identified, a comprehensive search of online biomedical
databases was conducted in May 2021 including Web of
Science, Embase, PubMed, The Cochrane Library (CENTRAL),
Chinese BioMedical Literature Database (CBM), China
National Knowledge Infrastructure (CNKI), VIP and Wanfang
(Supplementary Appendix Search Strategy).

Criteria for study inclusion/exclusion

We included peer-reviewed studies of pediatric patients
aged between 3 months and 18 years with bacterial infectious
diseases and receiving ertapenem or ertapenem combinations
without limitations on dosage or frequency and treatment
duration. Types of study designs included randomized
controlled trials (RCTs), non-randomized controlled trials
(non-RCTs), and observational studies (cohort studies, case-
control studies, cross-sectional studies, before and after
studies). Both English and Chinese language publications were
eligible for inclusion.
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FIGURE 1

Study flow diagram.

Study selection

Two independent reviewers screened search results. All
potentially relevant citations were requested and inspected in
detail via the full text paper. Disagreements were resolved by
discussion, with the assistance from a third party if necessary.
A PRISMA flow diagram was constructed to show the full
study-selection process (23).

Outcomes

The primary outcome was treatment success rate, defined
as the proportion of patients who completed the treatment
with evidence of success (cured) and based on the results
yielded from original studies. Secondary outcomes included
length of stay (defined as the number of days of hospitalization

from receiving the intervention to being discharged from the
hospital), mortality rate (defined as the number of all-cause
deaths reported for the cohorts of interest during treatment
or follow-up, as reported by the source studies), incidence of
serious drug-related clinical and/or laboratory adverse events
(as defined in original studies), and study withdrawals due
to adverse events.

Data extraction

After screening and determining eligibility, data from
each study were extracted independently by two reviewers
using a standardized data abstraction form. Study elements
abstracted included first author of study, methods (location
setting, study design, inclusion and exclusion criteria, length
of follow-up, blinded or not), participants (diagnosis, age, sex,
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sample size), interventions (number of study arms, description,
frequency, dosage, duration), outcomes (pre-specified primary
and secondary outcomes, other outcomes that are defined as
reported by original studies and not listed among pre-specified
outcomes) and results (dichotomous result, continuous result).

Data synthesis

For evidence mapping, we grouped and summarized studies
by publication year, publication country, comparators based on
antibiotic class as applied in prior literature (24), and study
design categorized as RCT, non-RCT, observational comparative
study, before and after study.

Risk of bias assessment

For RCTs included in the evidence synthesis, the validity
of individual trials was assessed using the Risk of Bias
instrument (25), endorsed by the Cochrane Collaboration. For
the non-RCTs and observational studies included, we evaluated
the quality of studies using the Newcastle-Ottawa Quality
Assessment Scale (NOS) (26). When ≥ 10 studies were included
to investigate a particular outcome, funnel plots were used to
assess small study effects (27).

Quality of evidence

Based on the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach (28), the
quality of evidence was graded as being of high certainty,
moderate certainty, low certainty, or very low certainty.

Statistical analyses

Dichotomous outcome data were summarized using risk
ratios (RRs) and continuous outcome data summarized using
mean differences (MDs), both with 95% confidence intervals
(CIs). Skewed data were identified and diagnosed from means
and standard deviations of pre-determined outcomes. We
assessed, with positive measurements, that where “the mean is
smaller than twice the standard deviation the data is likely to be
skewed” (29, 30). Skewed data was narratively reported.

In the current meta-analysis, we did not reproduce data if
more than 50% was unaccounted for. For binary data where
loss ranged between 0 and 50%, we presented such data on a
“once-randomized-always-analyze” basis (an intention-to-treat
analysis) assuming that all missing data from intervention
or control group experienced the events. For continuous

data, we only reproduced data where between 0 and 50% of
patients completed the study up to that point. Where standard
deviations were not reported, we attempted to obtain them from
authors and if unsuccessful, applied methods for imputation
of standard deviations outlined in the Cochrane Handbook
(30). Studies having data with attrition rates greater than 20%
were marked as having a high risk of bias, and sensitivity
analyses conducted rather than excluding such studies. Potential
reasons for heterogeneity, if identified, were explored. Data was
synthesized (RRs and MDs) using a fixed-effect method for
all analyses. Where heterogeneity was found, data was pooled
using random-effect models and subgroup analysis conducted
accordingly. When the source inducing heterogeneity could not
be figured out, the data was synthesized in a narrative fashion.

Given potential heterogeneity that may arise in patient
populations on intervention drugs, we conducted subgroup
comparisons including ertapenem vs. beta-lactam antibiotics
(carbapenems), ertapenem vs. beta-lactam antibiotics (non-
carbapenems), Asian vs. non-Asian patient population, different
bacterial infection sites (cIAI, cUTI), post-infection cough and
CAP. Furthermore, we also undertook a sensitivity analysis for
studies rated as having high risk of bias.

Results

Study selection

We identified 2,102 articles in the databases searched. After
removing duplications and non-eligible articles, 15 articles were
included in the present study (Figure 1 and Table 1) (6, 31–44).

Risk of bias assessment

Two out of 8 RCTs, were rated as having a high risk of
bias due to non-blinding of participants and personnel, and
potential conflict of interest, such as commercial funding (31,
33). The other 6 studies were rated as having moderate risk of
bias due to moderate risk of non-blinding outcome assessment,
high attrition rate or selective reporting (6, 32, 34–37). One
observational comparative study was rated as seven stars by
NOS scale, which means a high quality. The retrospective study
design and insufficient length of follow-up compromised the
overall quality of this study (Supplementary Appendix Table 1).

Study characteristics

A total of 15 studies were included based on
inclusion/exclusion criteria (Table 1). These included 8
RCTs comparing single or combined ertapenem therapy with
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TABLE 1 Characteristics of included studies.

References Study
design

Sample
size

Male/
Female

Mean age Age
(Min-Max)

Diagnosis Intervention/
Comparator(s)

Outcome
reported

Key findings reported in
paper

Arguedas et al.
(31)

RCT 404 162/241 NR 3 months-
17 years

Complicated urinary tract infection (cUTI)
Community-acquired pneumonia (CAP)

Skin and soft-tissue infection (SSTI)

Ertapenem/
ceftriaxone

Length of
stay/clinical

AE/laboratory
AE

No significant difference on
reported outcomes

Arnold et al.
(32)

RCT 82 41/41 Ertapenem:
12.3 ± 3.6 years

ertapenem + amoxicillin-
clavulanate:

10.1 ± 3.6 years

4–17 years Perforated appendicitis Ertapenem/
Ertapenem +
amoxicillin-
clavulanate

Length of
stay/clinical AE

No significant difference on
reported outcomes

Dalgic et al.
(33)

RCT 107 74/33 Ertapenem:
118.62 ± 36.01 months;
ampicillin + gentamicin

+ metronidazole:
118.62 ± 36.01 months

3 months-
17 years

Perforated appendicitis Ertapenem/
Standard triple
(ampicillin +
gentamicin +

metronidazole)

Length of
stay/clinical AE

No significant difference on
reported outcomes

Jin (34) RCT 76 44/32 NR 2–11 years Acute leukemia with bacterial infection Ertapenem/
Imipenem + statin

Treatment
success rate/

clinical adverse
events

No significant difference on
reported outcomes

Pogoreliæ
et al. (35)

RCT 80 62/18 NR 5–17 years Perforated Appendicitis with diffuse peritonitis Ertapenem/
Gentamicin +
metronidazole

Treatment
success rate/

length of
stay/clinical AE

Significant, favor Ertapenem on
length of stay;

No significant difference on other
reported outcomes

Yi et al. (36) RCT 100 54/46 Ertapenem:
6.09 ± 1.49 years

NR severe Community-acquired pneumonia (CAP) Ertapenem/
Meropenem

Treatment
success

rate/length of
stay/clinical AE

No significant difference on
reported outcomes

Wirth et al.
(37)

RCT 451 277/174 12.04 years 3 months-
17 years

Complicated Intra-abdominal Infections (cIAI) Ertapenem +
amoxicillin +
clavulanate/
moxifloxacin

Treatment
success rate/

mortality
rate/clinical AE

Significant, favor Ertapenem
combination on treatment
success rate and clinical AE

Yellin et al. (6) RCT 112 40/65 NR 2–17 years Complicated intra-abdominal infections (cIAI) or
acute pelvic infections (API)

Ertapenem/
ticarcillin +
clavulanate

Treatment
success rate/

mortality
rate/clinical AE/

laboratory AE

No statistical significance was
reported. But a conclusion of

generally safe and efficacious on
Ertapenem compared to control

group

Abdel-
Rahman et al.
(38)

Before and
after study

84 42/42 <2 years (n = 41):
1.0 ± 0.6 years

2–12 years (n = 28):
6.7 ± 3.4 years

>12 years (n = 11):
14.3 ± 0.9 years

3 months-
16 years

Lower respiratory tract infection (n = 23),
skin/skin structure infection (n = 15), upper

respiratory tract infection (n = 14), pyelonephritis
(n = 8), appendicitis (n = 4), central line infection
(n = 3), postoperative fever (n = 3), septic arthritis

(n = 2), fever with neutropenia (n = 2), urinary
tract infection (n = 2), osteomyelitis (n = 1), sepsis

(n = 1), gastrointestinal infection (n = 1),
endocarditis (n = 1), unclear reason (n = 4)

Ertapenem/NA Clinical AE Abdel-Rahman 2010 is a pK study
of ertapenem. Three children had
adverse events including 2 cases

had nausea, and 1 case had
injection site reaction.

(Continued)
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TABLE 1 (Continued)

References Study
design

Sample
size

Male/
Female

Mean age Age
(Min-Max)

Diagnosis Intervention/
Comparator(s)

Outcome
reported

Key findings reported in
paper

Blanco et al.
(39)

Before and
after study

544 NR NR NR Perforated appendicitis Ertapenem/NA Length of stay The average length of stay after
ertapenem treatment, decreased

from 6.4 ± 5.3 days to
4.5 ± 2.9 days (p < 0.0001).

Dalgic et al.
(40)

Before and
after study

50 20/30 38.6 ± 36.9 months 6 months-
13 years

Complicated urinary tract infection (cUTI) caused
by ESBL-producing microorganisms (including:
no urinary abnormalities, neurogenic bladder,

obstructive uropathy, bladder exstrophy, traumatic
urethral disruption)

Ertapenem/NA Treatment
success

rate/length of
stay/symptom

remission
time/clinical AE

Clinical cure and bacteriological
eradication in the urine were
achieved in all patients. The

average length of hospital stay
was 10.28 ± 3.98 days (range
7–21 days). Urine culture was
negative 3.3 ± 0.7 days after

starting ertapenem treatment.
None of the patients had any
clinical or laboratory adverse

events nor a persistent infection.
Secondary infections were

diagnosed in 4 patients, including
2 fungal infections.

Xinshun and
Rong (41)

Before and
after study

121 70/51 3.7 ± 0.8 years 3 months-
14 years

Pneumonia, bronchitis, urinary tract infections,
Sepsis, appendicitis and appendicitis abscess,
abdominal infection, osteomyelitis, soft tissue

infections, bacterial infection of underlying disease

Ertapenem/NA Treatment
success

rate/clinical AE

The clinical cure rate is 92.6%
(112/121), and 8 out of 121

patients occurred with diarrhea.

Karaaslan
et al. (42)

Before and
after study

77 16/61 76.6 ± 52 months 3 months-
17 years

Complicated urinary tract infections caused by
ESBL-producing bacteria

Ertapenem/NA Treatment
success

rate/length of
hospital

stay/clinical
AE/laboratory

AE

The culture of all patients resulted
to be negative. There was no

serious drug-related clinical or
laboratory adverse effect

occurred. Two drug-related AEs
were observed, with one patient
having a mildly elevated level of

alanine aminotransferase and
another patient developing a

short-term maculopapular rash.

Rutkoski and
Gaines(43)

Before and
after study

144 79/65 9 years 2–18 years Perforated appendicitis had appendectomy Ertapenem/NA clinical AE This is an abstract, the study
reported that infectious
complications included

intra-abdominal abscess in 35
(24%) and wound infection in 5

(3.5%).

Filip et al. (44) Observational
comparative

study

96 56/40 Ertapenem: 10 years and
8 months

ceftriaxone + gentamycine:
9 years and 3 months

NR Acute perforated appendicitis and subsequent
peritonitis (APAP)

Ertapenem/
ceftriaxone +
gentamycin

Length of stay No significant difference on
reported outcomes
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other single antibiotics (such as ceftriaxone, meropenem,
and moxifloxacin) or with combined therapies (such as
ticarcillin + clavulanate, gentamicin + metronidazole) (6,
31–37), 1 observational comparative study (ertapenem vs.
ceftriaxone + gentamycin) (44), and 6 before and after studies
(38–43). These studies included 2,528 patients from 9 countries
(Figure 2 and Supplementary Appendix Table 2). Four studies
were carried out in the United States (854 patients), 3 each
in China (297 patients), and Turkey (234 patients), 1 each
in Croatia (80 patients), Germany (451 patients), Romania
(96 patients), and 2 in a multinational collaboration (516
patients total from the United States, Spain, Mexico, and
Brazil).

Twelve studies reported children between 3 months to
18 years old (the other 3 studies did not report age).
Among these patients, perforated appendicitis (n = 1,053), cIAI
(n = 566), CAP (n = 281), and skin and soft-tissue infections
(SSTI) (n = 140) were predominant (Table 1). In studies
comparing outcomes for patients receiving ertapenem, single
or combination therapy, vs. other drugs, 8 studies reported
treatment success rates (6, 34–37, 40–42), 9 studies reported
on length of stay (31–33, 35, 36, 39, 40, 42, 44), and 2 studies
reported on mortality rates (6, 37). Twelve studies (6, 31–38, 40–
42) reported clinical adverse events, of which 4 studies (6, 31,
34, 36) had data eligible for meta-analysis and 2 studies (6, 31)
reported laboratory adverse events. Details of outcome findings
of each individual study are listed in Table 1.

Meta-analysis of ertapenem vs.
ß-lactam antibiotics

Five studies compared Ertapenem vs. β-lactam antibiotics
in children (6, 31, 33, 34, 36). As shown in Figure 3, pooled
result indicates compared to β-lactam antibiotics, ertapenem
had similar treatment success rate to β-lactam antibiotics
(RR = 1.08, 95% CI: 0.99–1.19, moderate quality of evidence,
Supplementary Appendix Table 3). In a study involving Asian
children, there was no difference in length of hospital stay
between the ertapenem group and a standard triple therapy
group (MD = 0.44, 95% CI: −0.5 to 1.38, low quality of evidence,
Supplementary Appendix Table 3). Meta-analysis of 4 studies
showed little to no difference between ertapenem and β-lactam
antibiotics groups (see Figure 3) in risk of any adverse events
(RR = 1.02, 95% CI: 0.71–1.48, moderate quality of evidence,
Supplementary Appendix Table 3). Meta-analysis of 2 studies
showed that compared to β-lactam antibiotics, ertapenem had
similar injection site pain rate to β-lactam antibiotics (all non-
Asian children, RR = 1.66, 95% CI: 0.59–4.68, very low quality
of evidence, Supplementary Appendix Table 3), in addition
did not increase the risk of drug-related diarrhea (all non-Asian
children, RR = 0.62, 95% CI: 0.31–1.25, low quality of evidence,
Supplementary Appendix Table 3).

Subgroup analyses

In a subgroup analysis of 2 studies (N = 176, Asian
children), there was no difference in the risk of adverse events
between ertapenem and other carbapenems (RR = 0.57, 95%
CI: 0.17–1.87), and similar efficacy (RR = 1.08, 95% CI: 0.97–
1.20). Two studies including 508 children (all non-Asian) also
reported no difference in the risk of adverse events between
ertapenem and non-carbapenems (RR = 1.11, 95% CI: 0.75–
1.64) (Supplementary Appendix Figure 1A).

Whether the patient population comes from Asia or not had
no impact on the efficacy and safety of ertapenem vs. B-lactam
antibiotics (Supplementary Appendix Figure 1B). Two studies
including Asian children (RR = 1.08, 95%CI: 0.97–1.20) and 1
study including non-Asian children (RR = 1.10, 95%CI: 0.90–
1.34) showed no difference in treatment success rate (TSR)
between ertapenem and β-lactam antibiotics. Also, there was no
difference in the risk of adverse events between ertapenem and
β-lactam antibiotics, in Asia or in non-Asia (RR = 1.11, 95% CI:
0.75–1.64).

Moreover, the site of bacterial infection did not impact
efficacy and safety comparisons between ertapenem and
B-lactam antibiotics (Supplementary Appendix Figure 1C).
Though each specific result came from single study, when
treating CAP, cIAI, acute leukemia with bacterial infection or
mixed infection, ertapenem showed similar efficacy and safety
compared with β-lactam antibiotics.

Discussion

In children suffering from bacterial infection, a reasonable
choice of antibiotic treatment is critical (45). Given their lower
weight, immature liver and renal function and potential drug-
related adverse events, the use of antibiotics in children is
significantly different from that in adults (46). Antibiotics with
a narrow antibacterial spectrum and thus lower likelihood of
adverse events, such as ertapenem (47), have been used for
treatment of childhood infections, and after nearly two decades
of clinical application, experience in the use of ertapenem
in children have accumulated. However, studies assessing the
effectiveness and safety of ertapenem have focused primarily
on the adult population (20) and no systematic review in
children is available. Given the high prevalence of bacterial
infections in children (5, 21, 22), a review of evidence evaluating
outcomes associated with use of ertapenem for treatment of
infections in children would help inform clinical practice and
disease management.

In the present study, we summarized 15 studies on
ertapenem therapy in children with infections. Approximately,
26.7% (4/15) of included studies were conducted in the
United States with less than 75% of the overall patient
population coming from China, Turkey or other regions of

Frontiers in Pediatrics 07 frontiersin.org

https://doi.org/10.3389/fped.2022.982179
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


fped-10-982179 October 17, 2022 Time: 8:51 # 8

Zhao et al. 10.3389/fped.2022.982179

FIGURE 2

Mapping of included studies.

FIGURE 3

Meta-analysis for ertapenem vs. β-lactam antibiotics in children.

the world. Across these studies, we found no significant
difference in treatment success rate, length of hospital stays, and
adverse events between ertapenem therapy and other therapies,

including meropenem and imipenem. However, the results
were imprecise with wide CIs (Figure 3) due to insufficient
sample size. Nevertheless, our results showed trends of favorable
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effect on treatment success rate and lower occurrence of
drug-related diarrhea in the ertapenem group although not
statistically significant. Subgroup analysis also showed no
significant difference between ertapenem and other therapies
in treatment success rate, length of stay, and adverse event
in children from different regions, or children with different
infection sites.

To the best of our knowledge, the present study is
the first systematic review and meta-analysis of ertapenem
specifically in pediatric patients. In a previous meta-analysis that
included pediatric and adult patients, the authors concluded
that ertapenem had similar efficacy and safety as ceftriaxone
for the treatment of complicated infections, such as CAP,
cUTI, and cIAI. The authors opined that ertapenem was an
appealing option for the treatment of complicated infections
(48). However, there was only one study on pediatric patients
included in that meta-analysis and consequently, no subgroup
analysis on pediatric patients was conducted (48). Findings
from the current study are consistent with the previous meta-
analysis. The current study showed that, with regards efficacy,
ertapenem was comparable to other commonly used antibiotics
in children with cUTI, CAP, skin, and soft-tissue infection,
perforated appendicitis, cIAI, or acute pelvic infection.

The results of a study included in the current research
showed that for immunosuppressed patients (leukemia), the
effectiveness of ertapenem was comparable to other drugs (34).
In clinical practice, infection is the main complication secondary
to blood cancers in children due to immune suppression
from treatment and cancer invasion (49). Besides, most
anti-tumor medication treatment and immunosuppressives
have significant side-effects on liver, renal and hematopoietic
function. Therefore, strong and safe antibiotics are needed
for these children. Based on findings in the current study,
ertapenem is a reasonable potential choice in children
with weak immunity.

In the current study, we found little to no difference between
ertapenem and β-lactam antibiotics and other carbapenems
in risk of adverse events. Ertapenem is a relatively safe
antibiotic which metabolizes mostly in the kidneys and rarely
in liver, rendering it safe in patients with liver diseases and
effective for patients with urinary tract infection (UTI) (19).
This is important to note given UTI is the most common
type of bacterial infection among children under 2 years old
(11, 50). The guidelines often recommend oral antibiotics
for children with UTI (11), while in clinical practice it is
difficult to administer oral medication in some children. In such
conditions, parenteral ertapenem administration twice a day is
a reasonable choice. Due to potential severe toxicity, many anti-
bacterials have the poor safety profiles (51, 52). Compared to
other carbapenem antibiotics (i.e., imipenem and meropenem),
ertapenem has a long half-life and could be administered once
a day (18). Since group 1 and 2 carbapenems have the similar
efficacy and safety, group 2 carbapenem use, but not ertapenem

use, is associated with imipenem-resistant P. aeruginosa (53),
prescribing ertapenem is appropriate in the treatment of
children with low risk of non-fermenters infections. This is
especially for children that do not present with risk factors
for Pseudomonas aeruginosa respiratory tract infections given
ertapenem has low anti-Pseudomonas aeruginosa activity (54).

Limited results from studies (6, 35) included in the present
study showed that ertapenem may help shorten the length of
hospital stay, which improves the compliance of treatment,
reduces the unnecessary consumption of medical resources and
the risk of secondary infection in children. With a benzyl group
in its molecular structure, ertapenem has a longer half-life of
(4.9 ± 5.7) h and lower clearance rate than imipenem and can be
used once a day in adult patients (19). In some studies included
in this meta-analysis, ertapenem was also used once a day in
some children over the age of 13 years (31, 35, 40). These results
support feasibility of a once daily administration of ertapenem,
which is convenient for both guardians and children.

As recorded in the present study, evidence supporting
the use of ertapenem in children, especially the tailoring
of dosage and duration based on the specific disease with
which children are diagnosed, remains unclear. Future studies
should examine ertapenem’s efficacy and safety for children
at different age groups, and compared to antibiotics including
piperacillin + clavulanic acid, cefoperazone, sulbactam. Future
studies should also examine ertapenem’s effectiveness and safety
when used for treatment of bloodstream infection, biliary system
infection, infectious endocarditis and gastrointestinal infection,
and cost-effectiveness of ertapenem treatment for children with
infection compared with other antibiotics.

Our study has some strengths. This study covered common
types of infection in children, including respiratory tract
infection, UTI, skin and soft-tissue infection, and appendicitis.
Therefore, findings regarding ertapenem effectiveness from
the current study provide reference of wide range of use for
pediatric clinicians. Our study also has certain limitations.
First, the number of studies included and their sample sizes
are relatively small. As described before, though this study
included 15 studies, only 2–4 studies were eligible for meta-
analysis of specific outcomes, resulting in evidence with low
power. The children included in the present study mainly
came from USA, Germany, China, and Turkey, all with less
than 1,000 participants, leading to a relatively small sample
size for systematic review and meta-analysis. Furthermore,
subgroup analysis of each specific outcome only came from a
single study which impact generalizability to real-world clinical
practice. Second, heterogeneity may exist due to the differences
regarding study patients, interventions, and controls. Third,
there is potential publication bias as the inclusion of non-
RCTs together with RCTs may lower the overall quality of
evidence. Specifically, subgroup analysis revealed that evidence
of use of ertapenem to treat CAP, cIAI, cUTI, PIC among Asian
population was insufficient, and that comparison of ertapenem
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with aminoglycosides was also insufficient. As for outcome
assessment including length of hospital stay, mortality and
adverse events, comparison of ertapenem with other drugs or
regimens was also insufficient.

In conclusion, ertapenem is a viable antibacterial choice
for children with infection. Further RCTs are warranted in the
future to provide more valid evidence supporting the use of
ertapenem in children.

Data availability statement

The original contributions presented in this study are
included in the article/Supplementary material, further
inquiries can be directed to the corresponding author.

Author contributions

HX, EO, LO, JL, and YK: conception and design. XL, LO,
and YK: data curation. XL, JW, and JZ: investigation. EO: formal
analysis. HX, JL, and RZ: supervision. EO, JL, and XC: resource
management. RZ: manuscript writing. All authors have read and
approved the final manuscript.

Funding

This research was funded by the MSD China.

Acknowledgments

The collection and assembly of data and statistical expertise
were provided by Miss. Sai Zhao and Dr. Sitong Dong

from Systematic Review Solutions, Ltd. This assistance was
funded by MSD China.

Conflict of interest

Authors EO and CL are employed by Merck & Co., Inc. YK,
JL, and XC are employed by MSD China.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of
interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fped.2022.982179/full#supplementary-material

SUPPLEMENTARY APPENDIX FIGURE 1

Ertapenem vs. beta-lactam antibiotics (subgroup). (A) Ertapenem vs.
carbapenems and ertapenem vs. non-carbapenems. (B) Asian vs.
non-Asian patient population. (C) Different bacterial infection sites (cIAI
and cUTI), post-infection cough, and CAP.

References

1. Leung AKC, Wong AHC, Hon KL. Community-acquired pneumonia in
children. Recent Pat Inflamm Allergy Drug Discov. (2018) 12:136–44. doi: 10.2174/
1872213X12666180621163821

2. Schwenger EM, Tejani AM, Loewen PS. Probiotics for preventing urinary
tract infections in adults and children. Cochrane Database Syst Rev. (2015)
2015:CD008772. doi: 10.1002/14651858.CD008772.pub2

3. Snyder MJ, Guthrie M, Cagle S. Acute appendicitis: efficient diagnosis and
management. Am Fam Physician. (2018) 98:25–33.

4. Alter SJ, Vidwan NK, Sobande PO, Omoloja A. Bennett JS. Common
childhood bacterial infections. Curr Probl Pediatr Adolesc Health Care. (2011)
41:256–83. doi: 10.1016/j.cppeds.2011.06.001

5. Gray DT, Mizrahi T. Trends in appendicitis and perforated appendicitis
prevalence in children in the United States, 2001-2015. JAMA Netw Open. (2020)
3:e2023484. doi: 10.1001/jamanetworkopen.2020.23484

6. Yellin AE, Johnson J, Higareda I, Congeni BL, Arrieta AC, Fernsler D,
et al. Ertapenem or ticarcillin/clavulanate for the treatment of intra-abdominal

infections or acute pelvic infections in pediatric patients. Am J Surg. (2007)
194:367–74. doi: 10.1016/j.amjsurg.2007.01.023

7. Newman N, Wattad E, Greenberg D, Peled N, Cohen Z, Leibovitz
E. Community-acquired complicated intra-abdominal infections in
children hospitalized during 1995-2004 at a paediatric surgery department.
Scand J Infect Dis. (2009) 41:720–6. doi: 10.1080/0036554090315
9261

8. Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C, et al.
Community-acquired pneumonia requiring hospitalization among U.S. children.
N Engl J Med. (2015) 372:835–45. doi: 10.1056/NEJMoa1405870

9. Kaplan JA. Leukemia in children. Pediatr Rev. (2019) 40:319–31. doi: 10.1542/
pir.2018-0192

10. Zajac-Spychala O, Skalska-Sadowska J, Wachowiak J, Szmydki-Baran A,
Hutnik L, Matysiak M, et al. Infections in children with acute myeloid leukemia:
increased mortality in relapsed/refractory patients. Leuk Lymphoma. (2019)
60:3028–35. doi: 10.1080/10428194.2019.1616185

Frontiers in Pediatrics 10 frontiersin.org

https://doi.org/10.3389/fped.2022.982179
https://www.frontiersin.org/articles/10.3389/fped.2022.982179/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2022.982179/full#supplementary-material
https://doi.org/10.2174/1872213X12666180621163821
https://doi.org/10.2174/1872213X12666180621163821
https://doi.org/10.1002/14651858.CD008772.pub2
https://doi.org/10.1016/j.cppeds.2011.06.001
https://doi.org/10.1001/jamanetworkopen.2020.23484
https://doi.org/10.1016/j.amjsurg.2007.01.023
https://doi.org/10.1080/00365540903159261
https://doi.org/10.1080/00365540903159261
https://doi.org/10.1056/NEJMoa1405870
https://doi.org/10.1542/pir.2018-0192
https://doi.org/10.1542/pir.2018-0192
https://doi.org/10.1080/10428194.2019.1616185
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


fped-10-982179 October 17, 2022 Time: 8:51 # 11

Zhao et al. 10.3389/fped.2022.982179

11. Okarska-Napierala M, Wasilewska A, Kuchar E. Urinary tract infection in
children: diagnosis, treatment, imaging - Comparison of current guidelines. J
Pediatr Urol. (2017) 13:567–73. doi: 10.1016/j.jpurol.2017.07.018

12. Korbel L, Howell M, Spencer JD. The clinical diagnosis and management
of urinary tract infections in children and adolescents. Paediatr Int Child Health.
(2017) 37:273–9. doi: 10.1080/20469047.2017.1382046

13. O’Connor SM, Boneva RS. Infectious etiologies of childhood leukemia:
plausibility and challenges to proof. Environ Health Perspect. (2007) 115:146–50.
doi: 10.1289/ehp.9024

14. Swerkersson S, Jodal U, Sixt R, Stokland E, Hansson S. Urinary tract infection
in small children: the evolution of renal damage over time. Pediatr Nephrol. (2017)
32:1907–13. doi: 10.1007/s00467-017-3705-5

15. Tullus K, Shaikh N. Urinary tract infections in children. Lancet. (2020)
395:1659–68. doi: 10.1016/S0140-6736(20)30676-0

16. Solomkin JS, Mazuski JE, Bradley JS, Rodvold KA, Goldstein EJ, Baron EJ,
et al. Diagnosis and management of complicated intra-abdominal infection in
adults and children: guidelines by the surgical infection society and the infectious
diseases society of America. Clin Infect Dis. (2010) 50:133–64. doi: 10.1086/649554

17. Shukla B, Aguilera EA, Salazar L, Wootton SH, Kaewpoowat Q, Hasbun R.
Aseptic meningitis in adults and children: diagnostic and management challenges.
J Clin Virol. (2017) 94:110–4. doi: 10.1016/j.jcv.2017.07.016

18. Nix DE, Majumdar AK, DiNubile MJ. Pharmacokinetics and
pharmacodynamics of ertapenem: an overview for clinicians. J Antimicrob
Chemother. (2004) 53(Suppl. 2):ii23–8. doi: 10.1093/jac/dkh205

19. Keating GM, Perry CMJD. Ertapenem: a review of its use in the treatment of
bacterial infections. Drugs. (2005) 65:2151–78. doi: 10.2165/00003495-200565150-
00013

20. Falagas ME, Tansarli GS, Kapaskelis A, Vardakas KZ. Ertapenem use and
antimicrobial resistance to group 2 carbapenems in Gram-negative infections: a
systematic review. Expert Rev Anti Infect Ther. (2013) 11:69–78. doi: 10.1586/eri.
12.149

21. Le Roux DM, Zar HJ. Community-acquired pneumonia in children - a
changing spectrum of disease. Pediatr Radiol. (2017) 47:1392–8. doi: 10.1007/
s00247-017-3827-8

22. Leung AKC, Wong AHC, Leung AAM, Hon KL. Urinary tract infection in
children. Recent Pat Inflamm Allergy Drug Discov. (2019) 13:2–18. doi: 10.2174/
1872213X13666181228154940

23. Liberati A, Altman D, Tetzlaff J, Mulrow C, Gøtzsche P, Ioannidis J, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration. J Clin
Epidemiol. (2009) 62:e1–34. doi: 10.1016/j.jclinepi.2009.06.006

24. Korang SK, Nava C, Nygaard U, Jakobsen JC. Antibiotics for
hospital−acquired pneumonia in neonates and children. Cochrane Database
Syst Rev. (2021) 11:CD013864. doi: 10.1002/14651858.CD013864.pub2

25. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane collaboration’s tool for assessing risk of bias in randomised trials. BMJ.
(2011) 343:d5928. doi: 10.1136/bmj.d5928

26. Wells GA, Shea B, O’Connell Da, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies
in Meta-Analyses. Oxford: Oxford University Press (2000).

27. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot asymmetry in meta-
analyses of randomised controlled trials. BMJ. (2011) 343:d4002. doi: 10.1136/bmj.
d4002

28. Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J,
et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol. (2011)
64:401–6. doi: 10.1016/j.jclinepi.2010.07.015

29. Altman DG, Bland JMJB. Statistics notes: detecting skewness from summary
information. BMJ. (1996) 313:1200. doi: 10.1136/bmj.313.7066.1200

30. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane
Handbook for Systematic Reviews of Interventions. Hoboken, NJ: John Wiley & Sons
(2019). doi: 10.1002/9781119536604

31. Arguedas A, Cespedes J, Botet FA, Blumer J, Yogev R, Gesser R, et al.
Safety and tolerability of ertapenem versus ceftriaxone in a double-blind study
performed in children with complicated urinary tract infection, community-
acquired pneumonia or skin and soft-tissue infection. Int J Antimicrob Agents.
(2009) 33:163–7. doi: 10.1016/j.ijantimicag.2008.08.005

32. Arnold MR, Wormer BA, Kao AM, Klima DA, Colavita PD,
Cosper GH, et al. Home intravenous versus oral antibiotics following
appendectomy for perforated appendicitis in children: a randomized
controlled trial. Pediatr Surg Int. (2018) 34:1257–68. doi: 10.1007/s00383-018-
4343-0

33. Dalgic N, Karadag CA, Bayraktar B, Sancar M, Kara O, Pelit S, et al.
Ertapenem versus standard triple antibiotic therapy for the treatment of perforated
appendicitis in pediatric patients: a prospective randomized trial. Eur J Pediatr Surg.
(2014) 24:410–8. doi: 10.1055/s-0033-1352524

34. Jin R. Application of ertapenem in the treatment of childhood acute leukemia
infection. Chin Disabil Med. (2016) 23:564–6.

35. Pogoreliæ Z, Silov N, Jukiæ M, Elezoviæ Baloeviæ S, Poklepoviæ Perièiæ
T, Jeronèiæ A. Ertapenem monotherapy versus gentamicin plus metronidazole
for perforated appendicitis in pediatric patients. Surg Infect. (2019) 20:625–30.
doi: 10.1089/sur.2019.025

36. Yi T, Zhaobo C, Xiuhong J, Min L, Xiangfeng Z. Clinical efficacy of ertapenem
in the treatment of severe community-acquired pneumonia in children. Henan
Med Res. (2013) 22:18–20.

37. Wirth S, Emil SGS, Engelis A, Digtyar V, Criollo M, DiCasoli C, et al.
Moxifloxacin in pediatric patients with complicated intra-abdominal infections:
results of the MOXIPEDIA randomized controlled study. Pediatr Infect Dis J.
(2018) 37:e207–13. doi: 10.1097/INF.0000000000001910

38. Abdel-Rahman SM, Kearns GL, Topelberg S, Jacobs RF, Mistry
GC, Majumdar A, et al. Pharmacokinetics and tolerability of single-
dose intravenous ertapenem in infants, children, and adolescents.
Pediatr Infect Dis J. (2010) 29:1072–6. doi: 10.1097/INF.0b013e3181e8
2608

39. Blanco FC, Davenport KP, Nadler EP, Sandler AD. The effect of adopting
a clinical pathway for the management of pediatric appendicitis and comparison
to the pediatric health information system database. Surg Infect. (2011) 12(Suppl.
1):S36–7.

40. Dalgic N, Sancar M, Bayraktar B, Dincer E, Pelit S. Ertapenem for the
treatment of urinary tract infections caused by extended-spectrum β-lactamase-
producing bacteria in children. Scand J Infect Dis. (2011) 43:339–43. doi: 10.3109/
00365548.2011.553241

41. Xinshun G, Rong G. Application analysis of ertapenem in infectious diseases
in pediatric outpatient and emergency department. Chin Pediatr Emerg Med. (2013)
22:18–20.

42. Karaaslan A, Kadayifci EK, Atici S, Akkoc G, Yakut N, Öcal Demir S, et al. The
clinical efficacy and safety of ertapenem for the treatment of complicated urinary
tract infections caused by esbl-producing bacteria in children. Int J Nephrol. (2015)
2015:595840. doi: 10.1155/2015/595840

43. Rutkoski JD, Gaines BA. Ertapenem for the treatment of perforated
appendicitis in children. Surg Infect. (2011) 12(Suppl. 1):S75.

44. Filip R, Stanescu D, Oprea D, Filip F. “A two-year retrospective
study on antibiotic regimens used in children with acute perforated
appendicitis,” in Proceedings of the 2017 IEEE International Conference
on E-Health and Bioengineering Conference. E-Health and Bioengineering
Conference, (New York: IEEE) (2017). p. 745–8. doi: 10.1109/EHB.2017.799
5531

45. Dekker ARJ, Verheij TJM, van der Velden AW. Antibiotic management
of children with infectious diseases in Dutch primary care. Fam Pract. (2017)
34:169–74. doi: 10.1093/fampra/cmw125

46. Hafiz S. Antibiotics for children. J Pak Med Assoc. (1992) 42:285.

47. Congeni BL. Ertapenem. Expert Opin Pharmacother. (2010) 11:669–72. doi:
10.1517/14656561003631397

48. Bai N, Sun C, Wang J, Cai Y, Liang B, Zhang L, et al. Ertapenem
versus ceftriaxone for the treatment of complicated infections: a meta-analysis of
randomized controlled trials. Chin Med J. (2014) 127:1118–25.

49. Clarke RT, Van den Bruel A, Bankhead C, Mitchell CD, Phillips B, Thompson
MJ. Clinical presentation of childhood leukaemia: a systematic review and meta-
analysis. Arch Dis Child. (2016) 101:894–901. doi: 10.1136/archdischild-2016-
311251

50. Mattoo TK, Shaikh N, Nelson CP. Contemporary management of urinary
tract infection in children. Pediatrics. (2021) 147:e2020012138. doi: 10.1542/peds.
2020-012138

51. Kothari U, Krilov LR. Aminoglycosides. Pediatr Rev. (2012) 33:531–2. doi:
10.1542/pir.33.11.531

52. Patel A, Meesters K. Macrolides in children: judicious use, avoiding resistance
and reducing adverse effects. Arch Dis Child Educ Pract Ed. (2021) 106:216–9.
doi: 10.1136/archdischild-2020-320357

53. Carmeli Y, Lidji SK, Shabtai E, Navon-Venezia S, Schwaber MJ. The effects
of group 1 versus group 2 carbapenems on imipenem-resistant Pseudomonas
aeruginosa: an ecological study. Diagn Microbiol Infect Dis. (2011) 70:367–72. doi:
10.1016/j.diagmicrobio.2011.03.009

54. Wexler HM. In vitro activity of ertapenem: review of recent studies. J
Antimicrob Chemother. (2004) 53(Suppl. 2):ii11–21. doi: 10.1093/jac/dkh204

Frontiers in Pediatrics 11 frontiersin.org

https://doi.org/10.3389/fped.2022.982179
https://doi.org/10.1016/j.jpurol.2017.07.018
https://doi.org/10.1080/20469047.2017.1382046
https://doi.org/10.1289/ehp.9024
https://doi.org/10.1007/s00467-017-3705-5
https://doi.org/10.1016/S0140-6736(20)30676-0
https://doi.org/10.1086/649554
https://doi.org/10.1016/j.jcv.2017.07.016
https://doi.org/10.1093/jac/dkh205
https://doi.org/10.2165/00003495-200565150-00013
https://doi.org/10.2165/00003495-200565150-00013
https://doi.org/10.1586/eri.12.149
https://doi.org/10.1586/eri.12.149
https://doi.org/10.1007/s00247-017-3827-8
https://doi.org/10.1007/s00247-017-3827-8
https://doi.org/10.2174/1872213X13666181228154940
https://doi.org/10.2174/1872213X13666181228154940
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1002/14651858.CD013864.pub2
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1136/bmj.313.7066.1200
https://doi.org/10.1002/9781119536604
https://doi.org/10.1016/j.ijantimicag.2008.08.005
https://doi.org/10.1007/s00383-018-4343-0
https://doi.org/10.1007/s00383-018-4343-0
https://doi.org/10.1055/s-0033-1352524
https://doi.org/10.1089/sur.2019.025
https://doi.org/10.1097/INF.0000000000001910
https://doi.org/10.1097/INF.0b013e3181e82608
https://doi.org/10.1097/INF.0b013e3181e82608
https://doi.org/10.3109/00365548.2011.553241
https://doi.org/10.3109/00365548.2011.553241
https://doi.org/10.1155/2015/595840
https://doi.org/10.1109/EHB.2017.7995531
https://doi.org/10.1109/EHB.2017.7995531
https://doi.org/10.1093/fampra/cmw125
https://doi.org/10.1517/14656561003631397
https://doi.org/10.1517/14656561003631397
https://doi.org/10.1136/archdischild-2016-311251
https://doi.org/10.1136/archdischild-2016-311251
https://doi.org/10.1542/peds.2020-012138
https://doi.org/10.1542/peds.2020-012138
https://doi.org/10.1542/pir.33.11.531
https://doi.org/10.1542/pir.33.11.531
https://doi.org/10.1136/archdischild-2020-320357
https://doi.org/10.1016/j.diagmicrobio.2011.03.009
https://doi.org/10.1016/j.diagmicrobio.2011.03.009
https://doi.org/10.1093/jac/dkh204
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Effectiveness of ertapenem for treatment of infections in children: An evidence mapping and meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Criteria for study inclusion/exclusion
	Study selection
	Outcomes
	Data extraction
	Data synthesis
	Risk of bias assessment
	Quality of evidence
	Statistical analyses

	Results
	Study selection
	Risk of bias assessment
	Study characteristics
	Meta-analysis of ertapenem vs. ß-lactam antibiotics
	Subgroup analyses

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


