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Abstract

Obijective: To assess clinicians perspectives on the diagnosis and management of infections in the pediatric intensive care unit
(PICU) in India, with a focus on common pathogens, diagnostic and therapeutic approaches, meropenem usage, antimicrobial
stewardship, and clinicians' perceptions of the efficacy, safety, and clinical outcomes of meropenem therapy. Methods: Clinicians
across India participated in a cross-sectional survey using a structured 23-item questionnaire that assessed pathogen profile,
diagnostic and therapeutic practices, meropenem usage, antimicrobial stewardship, and clinicians' perceptions of efficacy, safety,
and clinical outcomes. Data were analyzed using descriptive statistics. Results: Among the 205 clinicians who participated in
the survey, more than three-quarters (76.59%) identified bacterial infections as the most common cause of pediatric infections
in the PICU. Nearly two-thirds (63.90%) reported that newborns and infants were the age group at the highest risk of developing
severe infections in the PICU. Most clinicians (78.05%) recognized sepsis as the most common complication associated with
ventilator-associated pneumonia in pediatric patients. Additionally, 74% preferred antibiotics as the initial treatment for critically
ill pediatric patients with confirmed septic shock. Meropenem was the preferred antimicrobial agent for both empirical and
targeted therapy, depending on the clinical scenario, as reported by 80% of respondents. Approximately three-quarters (75.61%)
identified inadequate awareness of antibiotic stewardship as the primary factor contributing to the misuse or overuse of
meropenem. Furthermore, 87% considered meropenem's broad-spectrum activity against both Gram-positive and Gram-negative
organisms to be its greatest therapeutic advantage. Based on the 5-point Global Improvement Scale, 69% reported marked
improvement in clinical outcomes following meropenem therapy. Conclusion: The survey emphasizes the importance of early
antibiotic therapy, appropriate meropenem use, and antimicrobial stewardship. Meropenem is perceived as an effective broad-
spectrum agent, with favorable clinical outcomes reported by most clinicians, supporting its role in the management of severe
pediatric infections.
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1. Introduction

Pediatric infections remain a major cause of admission to
pediatric intensive care units (PICUs) worldwide. Severe in-
fections, including sepsis, pneumonia, meningitis, ventilator-
associated pneumonia, bloodstream infections, and compli-
cated intra-abdominal infections, are associated with substan-
tial morbidity and mortality in critically ill children. The in-
ternational SPROUT study, conducted across 128 PICUs in
26 countries, reported a point prevalence of severe sepsis of
8.2% among PICU patients, with a higher prevalence in Asia
(15.3%), highlighting the significant burden of severe infec-
tions in this region [1]. Respiratory tract infections, particu-
larly pneumonia, continue to be a leading cause of PICU ad-
missions globally. In 2015, an estimated 138 million episodes
of childhood pneumonia occurred worldwide, and pneumonia
remained one of the leading infectious causes of death among
children younger than five years [2]. India bears a high burden
of severe pediatric infections, accounting for nearly 32% of
global childhood pneumonia cases. In Indian PICUs, respira-
tory illnesses, sepsis, and healthcare-associated infections are
major causes of admission and mortality [2-4].

Meropenem is a broad-spectrum carbapenem B-lactam an-
tibiotic widely used for the treatment of severe bacterial infec-
tions in critically ill pediatric patients. It exerts bactericidal
activity by binding to multiple penicillin-binding proteins
(PBPs), thereby inhibiting peptidoglycan cross-linking during
bacterial cell wall synthesis, leading to cell lysis and death.
Meropenem exhibits time-dependent bactericidal activity and
remains stable against most chromosomal and plasmid-medi-
ated B-lactamases, including extended-spectrum B-lactamases
(ESBLSs). Its broad-spectrum activity against Gram-positive,
Gram-negative, and anaerobic pathogens makes it an im-
portant option for both empirical and targeted therapy in se-
vere pediatric infections [5, 6].

Despite the widespread use of meropenem in PICUs, data
on clinicians' practices, antimicrobial stewardship, and per-
ceptions of its clinical effectiveness in India remain limited.
Therefore, this survey evaluates current clinical practice pat-
terns in the diagnosis and management of pediatric infections
in the PICU, with particular emphasis on common pathogens,
diagnostic and therapeutic strategies, meropenem prescribing
practices, antimicrobial stewardship, and clinicians' percep-
tions of its efficacy, safety, and clinical outcomes.

2. Materials and Methods

2.1. Study Settings

Between June and December 2025, a cross-sectional survey
was undertaken among clinicians involved in the diagnosis
and management of pediatric infections in the PICU across
major Indian cities. Ethical approval was obtained from the
Bangalore  Ethics Independent Ethics  Committee
(ECR/355/Indt/KA/2022), recognized by the Drug Controller
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General of India, and the survey was conducted in compliance
with the approved ethical standards.

2.2. Study Participants

Clinicians actively involved in the management of pediatric
infections in the PICU were invited to participate in the survey
in March 2025. Overall, 205 clinicians from major cities
across different Indian states, ensuring broad geographic rep-
resentation, agreed to participate and provided the requested
information.

2.3. Study Procedure

Clinicians who consented to participate received the Pra-
retco- CT (Paediatric Response Towards effective Car-
bapenem Treatment) questionnaire booklet. The survey in-
strument consisted of 23 questions designed to to capture in-
formation on the epidemiology and burden of pediatric infec-
tions in the PICU, common bacterial pathogens, age groups at
highest risk, causes of mortality, determinants of disease se-
verity, complications of ventilator-associated pneumonia, di-
agnostic approaches for ventilator-associated pneumonia and
viral respiratory infections, and management strategies for
meningitis and septic shock. The questionnaire further as-
sessed indications for meropenem usage, empirical and tar-
geted use of meropenem, factors influencing empirical antibi-
otic selection, methods of meropenem administration, dose
adjustment according to renal function, concerns regarding
carbapenem resistance, combination therapy practices, factors
contributing to meropenem misuse, monitoring for adverse ef-
fects, occurrence of adverse drug reactions, perceived clinical
benefits of meropenem, and overall treatment outcomes using
a 5-point Global Improvement Scale. The questionnaire
demonstrated acceptable internal consistency based on split-
half reliability (coefficient alpha), although further refinement
may improve its reliability in future applications. Criterion va-
lidity was evaluated by comparing clinicians' responses with
independent assessments conducted by an external reviewer
and a statistician. Potential sources of variability, including
differences in clinical experience and familiarity with newer
therapeutic agents, were acknowledged during the validation
process. Participants were informed that they could omit any
question if they chose to do so and were requested to complete
the questionnaire independently without discussing their re-
sponses with colleagues. Written informed consent was ob-
tained from all clinicians prior to their participation in the sur-
vey.

2.4. Statistical Analysis

Survey responses were analysed using descriptive statisti-
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cal methods. Categorical variables were summarized as fre-
quencies and percentages. The findings were presented using
tables and figures generated in Microsoft Excel.

3. Results

A total of 205 clinicians participated in the survey. More
than three-quarters (77%) of the respondents identified bacte-
rial infections as the most common cause of pediatric infec-
tions in the PICU (Figure 1). Approximately 80% of the par-
ticipants identified Streptococcus pneumoniae as one of the
most common bacterial pathogens associated with PICU-ac-
quired infections. The majority (63.90%) of respondents iden-
tified newborns and infants as the age group at the highest risk
of developing severe infections in the PICU (Figure 2).

Approximately 47% of respondents reported sepsis as the
leading cause of mortality among pediatric patients with in-
fections in the PICU. Around 44% of clinicians identified nu-
tritional status as the key determinant of infection severity in
pediatric patients admitted to the PICU. The majority (78.05%)
of respondents reported sepsis as the most common complica-
tion of ventilator-associated pneumonia in pediatric patients

admitted to the PICU (Table 1).

Response rate (n = 205)

Parasitic
infections
3%

Figure 1. Distribution of responses on the most common cause of
pediatric infections in the PICU.
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Figure 2. Distribution of responses on the age group at highest risk for severe infections in the PICU.

Table 1. Distribution of responses on the most common complica-
tion of ventilator-associated pneumonia in pediatric PICU patients.

Complications Response rate (n = 205)

Sepsis 78.05%
Cardiovascular collapse 8.29%
Renal failure 1.95%

Complications Response rate (n = 205)

Chronic lung disease 7.8%

All of the above 3.9%

Nearly half (48.78%) of the respondents considered bron-
choalveolar lavage (BAL) the gold standard for diagnosing
ventilator-associated pneumonia. Half (50.24%) of the re-
spondents reported that PCR testing for viral RNA/DNA as
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the primary diagnostic tool used for identifying viral respira-
tory infections in pediatric patients in the PICU. More than
two-thirds (66.83%) of respondents considered early initiation
of intravenous antibiotics as the most important management
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0.49%
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Antipyretics

strategy for pediatric patients with meningitis in the PICU.
Similarly, 74.15% reported antibiotics as the preferred initial

therapy for critically ill pediatric patients with confirmed sep-
tic shock (Figure 3).

24.39%

0.98%

Fluid resuscitation  All of the above

Figure 3. Distribution of responses on the preferred initial therapy for critically ill pediatric patients with confirmed septic shock.

About 56% of the participants reported sepsis/septic shock
as the most frequent indication for preferring meropenem. The
majority (79.51%) reported using meropenem for both empir-
ical and targeted therapy, depending on the clinical scenario
(Table 2). Approximately 52% of respondents indicated that
the patient's clinical presentation and severity of illness were
the primary factors influencing empirical meropenem usage.
More than half (56.59%) of the clinicians preferred short-du-
ration infusion (30 minutes) for meropenem administration.
Approximately 42% reported always adjusting the mero-
penem dosage according to renal function.

Nearly half (49.27%) of the respondents were extremely
concerned about the increasing rates of carbapenem resistance
in clinical practice. Approximately 53% of clinicians reported
using meropenem in combination with other antibiotics for
suspected polymicrobial infections. The majority (75.61%)
identified lack of awareness regarding antimicrobial steward-
ship as the most important factor contributing to the misuse or
overuse of meropenem (Table 3). Furthermore, 87.8% consid-
ered meropenem's broad-spectrum activity against both
Gram-positive and Gram-negative organisms to be its princi-
pal therapeutic advantage (Table 4).

Table 2. Distribution of responses on the primary use of meropenem in clinical practice.

Views

Empirical therapy (before culture results are available)

Targeted therapy (after culture results and sensitivity data are available)

Both (depending on the clinical scenario)

Response rate (n = 205)

9.76%
10.73%
79.51%

Table 3. Distribution of responses on the most significant factors contributing to meropenem misuse or overuse.

Factors

Lack of awareness about antibiotic stewardship

Diagnostic uncertainty

60

Response rate (n = 205)

75.61%
6.34%
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Factors

Empirical treatment without proper de-escalation

Fear of poor patient outcomes if a broad-spectrum antibiotic is not used

Response rate (n = 205)

12.68%
5.37%

Table 4. Distribution of responses on the primary benefits of meropenem in critically ill pediatric patients.

Benefits

Broad-spectrum activity against both gram-positive and gram-negative organisms

Only effective against gram-negative bacteria

Narrow spectrum reducing risk of resistant pathogens

Approximately 63% of respondents reported regularly
monitoring patients for potential adverse effects or complica-
tions associated with meropenem. About 90% of clinicians
had encountered no adverse drug reactions associated with
meropenem. Based on the 5-point Global Improvement Scale,
69% of respondents reported marked improvement in clinical
outcomes following meropenem therapy (Figure 4).

Response rate (n = 205)

Slight
improvement
6%
Moderate
improvement
Marked 16%
improvement
67%

/

Figure 4. Distribution of responses on rating the clinical outcomes
with meropenem based on a 5-point global improvement scale.

4. Discussion

The survey indicates that bacterial infections remain the
predominant cause of pediatric infections in the PICU, with
Streptococcus pneumoniae identified as one of the most
common pathogens. This finding is consistent with pub-
lished evidence showing that bacterial pathogens continue to
contribute substantially to severe infections, particularly
pneumonia and sepsis, among critically ill children.
Dorofaeff et al. reported that bacterial pathogens, particu-
larly Streptococcus pneumoniae and Staphylococcus aureus,

61

Response rate (n = 205)

87.8%
8.78%
2.44%

are the leading causes of severe pneumonia requiring PICU
admission, highlighting the significant contribution of bac-
terial infections to pediatric critical illness [7]. Similarly,
Gormley et al., in a multicenter cohort study, found that com-
munity-acquired bacterial infections were a major indication
for PICU admission, with lower respiratory tract infections
accounting for 43% of cases and meningitis for 20% [8].
Wattal and Goel also reported that bloodstream infections
caused predominantly by gram-negative organisms, espe-
cially Klebsiella pneumoniae, along with gram-positive bac-
teria, are frequently encountered in PICUs, further empha-
sizing the substantial burden of bacterial infections among
critically ill children [9].

The majority of respondents identified newborns and in-
fants as the age group at the highest risk for severe infections
in the PICU. Freedman et al. demonstrated that younger age
is an independent risk factor for PICU admission due to in-
fectious diseases, with infancy and low birth weight signifi-
cantly increasing the likelihood of severe infections requir-
ing intensive care [10]. Similarly, the Centers for Disease
Control and Prevention (CDC) reports that newborns, partic-
ularly preterm infants, are highly susceptible to severe bac-
terial infections such as early-onset neonatal sepsis, a major
cause of neonatal morbidity and PICU admission [11]. Con-
sistent with these findings, the World Health Organization
(WHO) states that young infants (0-59 days) bear a dispro-
portionately high burden of serious bacterial infections, in-
cluding sepsis, meningitis, and pneumonia, which contribute
substantially to mortality and frequently necessitate inten-
sive care management [12].

Another important observation of the present survey is the
identification of sepsis as the most common complication of
ventilator-associated pneumonia in pediatric PICU patients.
Vijay et al. reported that sepsis was the most common admit-
ting diagnosis among mechanically ventilated children and
highlighted ventilator-associated pneumonia as a serious
healthcare-associated infection associated with systemic in-
fection, prolonged mechanical ventilation, and poor clinical
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outcomes. Gram-negative organisms were identified as the
predominant  causative  pathogens [13].  Similarly,
Bhattacharya et al. demonstrated that pediatric ventilator-as-
sociated pneumonia was associated with prolonged mechani-
cal ventilation, extended PICU stay, and increased mortality,
reflecting progression to severe systemic illness. The predom-
inance of gram-negative pathogens further underscores the
high risk of sepsis and other serious complications in children
with ventilator-associated pneumonia [14].

Many respondents in the present survey preferred antibiot-
ics as the initial therapy for critically ill pediatric patients with
confirmed septic shock. This finding is consistent with current
international guidelines that emphasize the importance of
early empirical antimicrobial therapy in improving clinical
outcomes. Weiss et al., in the Surviving Sepsis Campaign
guidelines, recommend administering empiric broad-spec-
trum intravenous antibiotics within 1 hour of recognizing sep-
tic shock in children, highlighting early antimicrobial therapy
as a cornerstone of initial management that is associated with
improved survival and reduced mortality [15]. Similarly, the
American College of Critical Care Medicine guidelines advo-
cate prompt initiation of empiric broad-spectrum antibiotics
immediately after obtaining appropriate cultures, as delays in
antibiotic administration are associated with increased mortal-
ity and poorer clinical outcomes [16]. Consistent with these
recommendations, the WHO also advises the immediate initi-
ation of parenteral broad-spectrum antibiotics as part of the
initial management bundle for children with suspected or con-
firmed septic shock, alongside fluid resuscitation and support-
ive care [17].

The majority of respondents reported using meropenem for
both empirical and targeted therapy, depending on the clinical
scenario, and considered its broad-spectrum activity against
both Gram-positive and Gram-negative organisms to be its
principal therapeutic advantage. These findings are consistent
with current guideline recommendations and published evi-
dence. The Infectious Diseases Society of America (IDSA)
guidance by Tamma et al. recommends empirical carbapenem
therapy, including meropenem, for patients at high risk of in-
fections caused by extended-spectrum B-lactamase (ESBL)-
producing Enterobacterales, followed by targeted therapy
based on microbiological identification and antimicrobial sus-
ceptibility testing [18]. Similarly, the Surviving Sepsis Cam-
paign guidelines by Weiss et al. recommend initiating broad-
spectrum empirical antibiotics in children with septic shock,
followed by de-escalation to targeted therapy according to cul-
ture and susceptibility results [15]. The broad-spectrum activ-
ity of meropenem has also been well documented. Baldwin et
al. described meropenem as a carbapenem with potent activity
against a wide range of Gram-positive and Gram-negative
pathogens, including ESBL-producing Enterobacterales,
making it an appropriate option for the empirical treatment of
serious infections [5].

The majority of respondents identified a lack of awareness
regarding antibiotic stewardship as the most important factor
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contributing to the misuse or overuse of meropenem. This
finding is supported by previous studies. Gerber et al., on be-
half of the American Academy of Pediatrics (AAP), reported
that inappropriate antibiotic prescribing and inadequate imple-
mentation of antimicrobial stewardship principles contribute
to unnecessary broad-spectrum antibiotic use and the emer-
gence of antimicrobial resistance, emphasizing the importance
of education and stewardship programs in optimizing antibi-
otic prescribing in children [19]. Similarly, Rungsitsathain et
al. demonstrated that structured antimicrobial stewardship in-
terventions, including prospective audit and feedback, im-
proved meropenem de-escalation and reduced the acquisition
of carbapenem-resistant Gram-negative bacteria, highlighting
the role of effective stewardship in promoting appropriate
meropenem use [20]. Zaffagnini et al. showed that pediatric
antimicrobial stewardship interventions incorporating educa-
tion, audit, feedback, and prescribing guidelines significantly
reduced antibiotic consumption while improving prescribing
appropriateness, underscoring the critical role of stewardship
awareness in preventing unnecessary broad-spectrum antibi-
otic use [21].

Based on the 5-point Global Improvement Scale, many re-
spondents reported marked improvement in clinical out-
comes following meropenem therapy. This finding is sup-
ported by previous studies. Fujii et al. demonstrated excel-
lent clinical efficacy of meropenem in a multicenter study
involving 389 pediatric patients, with 95-98% of patients
achieving good or excellent clinical responses across serious
infections, including pneumonia, septicemia, meningitis,
and urinary tract infections. The study also reported bacteri-
ological eradication in 96.7% of isolates, indicating signifi-
cant clinical improvement following meropenem therapy
[22]. Similarly, Schuler demonstrated in a multicenter ran-
domized trial involving 170 hospitalized children that mero-
penem achieved satisfactory clinical responses in 98% of pa-
tients and exhibited efficacy comparable to cefotaxime-
based regimens in the treatment of severe pediatric bacterial
infections [23]. Furthermore, Wang et al. reported that opti-
mized meropenem exposure in critically ill infants and chil-
dren significantly enhanced antibacterial efficacy, resulting
in greater reductions in fever, white blood cell count, and C-
reactive protein without increasing adverse events, thereby
improving overall clinical outcomes [24].

This study provides valuable evidence on contemporary
clinical practices for the diagnosis and management of pediat-
ric infections in the PICU across India by capturing the per-
spectives of 205 practicing clinicians. It comprehensively as-
sessed pathogen epidemiology, diagnostic and therapeutic ap-
proaches, meropenem prescribing practices, antimicrobial
stewardship, safety monitoring, and treatment outcomes using
a structured questionnaire. However, the findings are limited
by the cross-sectional survey design and reliance on self-re-
ported clinician responses, which may be subject to recall and
response bias.
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5. Conclusions

This cross-sectional survey provides contemporary insights
into clinicians' perspectives on the diagnosis and management
of pediatric infections in the PICU across India. The findings
indicate that bacterial infections, particularly those caused by
Streptococcus pneumoniae, are perceived as the predominant
cause of severe pediatric infections, with newborns and in-
fants considered the most vulnerable population. Sepsis was
identified as the leading complication of ventilator-associated
pneumonia, and most clinicians emphasized the importance of
early initiation of broad-spectrum intravenous antibiotics for
critically ill children with septic shock.

Meropenem was widely preferred for both empirical and
targeted therapy because of its broad-spectrum activity and
perceived clinical effectiveness against severe infections.
Most respondents reported favorable clinical outcomes with
meropenem, minimal adverse drug reactions, and recognized
its value in the management of serious pediatric infections. At
the same time, clinicians identified inadequate awareness of
antimicrobial stewardship as the principal contributor to inap-
propriate meropenem use, highlighting the need for strength-
ened stewardship initiatives, timely microbiological diagnosis,
culture-guided de-escalation, and rational antibiotic prescrib-
ing.

Overall, these findings reflect current clinical practice pat-
terns among Indian clinicians and support the continued role
of meropenem as an important therapeutic option for severe
pediatric infections in the PICU when used judiciously within
antimicrobial stewardship frameworks. The results also pro-
vide useful real-world evidence that may inform future clini-
cal practice, educational programs, and antibiotic stewardship
strategies aimed at optimizing outcomes while minimizing an-
timicrobial resistance.

6. Recommendations

The present survey provides valuable insights into current
clinical perspectives on the diagnosis and management of pe-
diatric infections in the PICU; however, further research is
warranted to strengthen the evidence base and optimize clini-
cal practice. Future studies should include large-scale, multi-
center prospective investigations evaluating real-world treat-
ment outcomes, antimicrobial prescribing patterns, and re-
sistance trends across diverse healthcare settings in India. Ob-
servational studies comparing empirical and culture-guided
meropenem therapy, including antimicrobial de-escalation
strategies, would help define best practices for antibiotic stew-
ardship in critically ill pediatric patients.

Further research should also assess the impact of structured
antimicrobial stewardship programs on prescribing behavior,
antimicrobial resistance, healthcare costs, and patient out-
comes in PICUs. In addition, pharmacokinetic and pharmaco-
dynamic studies evaluating optimized meropenem dosing
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strategies, including prolonged or continuous infusion in crit-
ically ill children, would provide important evidence for im-
proving therapeutic efficacy while minimizing the emergence
of resistance. Finally, randomized controlled trials and imple-
mentation studies evaluating rapid diagnostic technologies,
biomarker-guided antimicrobial therapy, and stewardship in-
terventions are needed to facilitate earlier targeted treatment,
improve clinical outcomes, and promote rational antibiotic use
in pediatric intensive care settings.
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