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Abstract 

Purpose 

Antimicrobial prescribing in hospitalized children is frequently inappropriate. Point 

prevalence surveys (PPS) are used to assess prescribing quality, but their potential 

impact on prescribing behavior has not been well studied. We performed repeated PPS 

during a multimodal antimicrobial stewardship intervention in pediatric inpatients. 

Methods 

We analyzed data from the prospective stepped-wedge cluster-randomized 

TeleKasper trial including 33 non-university pediatric hospitals in Germany. Quarterly 

PPS were conducted between March 2022 and June 2024. Prescribing quality was 

assessed by pediatric infectious disease specialists. Optimal care was defined as 

appropriate treatment indication, antibiotic selection, and dosing. Effects of intervention 

and repeated PPS on optimal care were analyzed using mixed-effects logistic 

regression.  

Results 
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Among 868 children receiving antibiotic treatment, no independent improvement in 

optimal care was observed after introduction of the TeleKasper intervention. In 

contrast, each additional PPS (also during the control phase) was associated with a 

14% increase in the odds of optimal care (OR 1.14, 95% CI 1.07–1.20). The proportion 

of patients receiving optimal care increased from 25.8% in the first two PPS to 53.0% 

in the final two surveys. Appropriate treatment duration improved from 22.7% to 39.2%, 

while cephalosporin use decreased from 31.4% to 17.4%. 

Conclusions  

Repeated PPS were associated with improvements in quality of antimicrobial 

prescribing independent of the multimodal stewardship intervention. Beyond their role 

as surveillance tools, repeated PPS may themselves contribute to improving 

antimicrobial stewardship in pediatric hospitals. 
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Introduction 

Antimicrobial resistance (AMR) represents a major global health threat [1]. Infectious 

diseases remain a leading cause of pediatric hospitalization and account for frequent 

use of antibiotic treatment (ABT). Inappropriate antibiotic use promotes the emergence 

of antimicrobial resistance and is associated with avoidable adverse drug events and 

increased healthcare costs [2-5]. The heterogeneity of the pediatric population 

(premature infants to young adults) increases the risk of medication errors [6]. 

Inappropriate antibiotic prescribing occurs across all pediatric subspecialties, 

highlighting substantial potential for improvement [7-11]. Effective antimicrobial 

stewardship programs (ASP) require multidisciplinary expertise, including pediatric 

infectious disease specialists, pharmacists, and microbiologists. However, such 

expertise is often unavailable in non-university pediatric hospitals, in Germany [12].  

To improve prescribing quality, the “Telemedicine Competence Network Antibiotic 

Stewardship in Pediatrics” (TeleKasper) trial implemented a multimodal antimicrobial 

stewardship intervention combining telemedicine consultation, educational resources, 

and repeated point prevalence surveys (PPS). 

Although PPS are well established as surveillance tools for monitoring antimicrobial 

prescribing in hospitals, little is known about whether repeated PPS themselves or 

followed educational feedback may influence prescribing behavior and contribute to 

sustained improvements in antibiotic stewardship [7,13–15]. 

 

Material and Methods 

Study Population and Design 

The TeleKasper intervention included a telemedical antimicrobial stewardship  

consultation service supported by a web- and smartphone-based application 
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(TeleKasper App) providing evidence-based infectious disease and antimicrobial 

treatment recommendations for physicians and pharmacists. This application worked 

as a textbook-style resource and additionally offered telemedical consultations and 

case conferences. Regular educational webinars on pediatric infectious diseases (PID) 

and antimicrobial stewardship (AMS) complemented the intervention. In brief, thirty-

three non-university children's hospitals were organized into four regional networks 

guided by central reference hospitals with specialized PID expertise (Hubs). The non-

university hospitals were randomized in clusters using a stepped-wedge design with a 

monthly run-in intervention phase for one to two hospitals. The study protocol has been 

published previously [16].  

A standardized electronic case report form (CRF) was specifically developed for this 

study by PID specialists and clinical pharmacists to evaluate of ABT prescriptions 

concerning indication, 1st-line choice of ABT, and dosing [17].  The PPS CRF focused 

on non-intensive care wards and was pilot-tested over six months to ensure usability 

and data quality. 

Between March 2022 and June 2024, ten PPS were conducted quarterly on non-

intensive pediatric wards: one PPS (before run-in of the first hospital), eight during the 

step-wise implemented intervention phase, and one during the follow-up period. Due 

to the stepped-wedge design, the duration of intervention phase varied across 

hospitals, with a maximum of 23 months and a minimum of three months plus at least 

3 months follow-up period [16]. Each hospital selected one survey day within a 

predefined four-week period. All patients receiving systemic antibiotic treatment at 8:00 

a.m. on a pre-selected general pediatric wards were eligible after informed consent 

had been obtained. Following centralized quality and plausibility checks, patient 

identifiers were deleted by the participating hospitals. The PPS CRF and the checklist 

for plausibility check are provided in Supplements 10 and 11. 
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In each of the four hubs the CRF were reviewed by an expert panel of pediatricians 

and pharmacists with board qualification in infectious diseases. To ensure consistency 

across hubs, an initial review of 15 randomly selected and blinded cases from all hubs 

was conducted to test assessment comparability. Discrepancies were analyzed and 

discussed, leading to the development of standardized evaluation guidelines. The 

expert panel assessed treatment indication, antibiotic selection, combination therapy, 

route of administration, dosage, planned treatment duration, therapeutic drug 

monitoring, microbiological diagnostics, and therapy category (empirical, calculated, or 

targeted). 

Assessments were based on national and international guidelines together with 

recommendations incorporated into the TeleKasper app. A dosing tolerance range of 

+/-20% (weight-based) was applied according to the app's recommendations. Missed 

microbiological diagnostics strongly recommended, such as drawing blood cultures in 

patients with sepsis or a urine culture in patients with pyelonephritis, led to the category 

“inappropriate diagnostics”. For the length of treatment, we evaluated the planned 

length of treatment (if documented by the prescriber) and the documented length of 

ABT up to the day of the PPS. The primary outcome ("optimal care") was defined as 

fulfillment of all three of the following criteria: indication (distinct clinical reason for 

ABT), recommended antibiotic, dosage according to the TeleKasper app.  

Treatment duration was not included in the final analysis because therapy was often 

still ongoing in many patients at the time of PPS. 

During the intervention phase, the expert panel of each Hub provided the participating 

hospitals with case-by-case feedback (educational feedback). Online conferences to 

discuss reported patients were also offered. In addition, physicians had access to 

online continuing education courses on key topics in PID during the intervention phase. 
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Thus, the TeleKasper intervention combined decision support, specialist consultation, 

educational activities, and structured audit-and-feedback. 

For the data analysis, the hospitals were categorized according to size and urbanity.  

Pediatric departments were classified as small (up to 34 beds), medium (35 to 63 

beds), and large (more than 63 beds). The definition of rural and urban region was 

based on the recommendation of the German Federal Institute for Research on 

Building, Urban Affairs and Spatial Development (Bundesinstitut für Bau-, Stadt- und 

Raumforschung, BBSR). 

Following completion of the final PPS, participating hospitals were invited to complete 

a survey evaluating the acceptance of the intervention. The survey assessed 

respondents' satisfaction with the format of the expert feedback, whether the feedback 

was communicated to the treating physicians, and its perceived value for the 

management of subsequent patients (see Supplementary Table S8). 

Statistical Analysis 

Categorical variables are presented as frequencies and percentages and continuous 

variables as medians with interquartile ranges (IQR). The effect of the intervention on 

optimal care was analyzed using mixed-effects logistic regression models with hospital 

as a random effect. Three alternative models were compared: (i) an immediate change 

after the start of the intervention, (ii) an immediate change plus a continuous 

improvement with each PPS since the start of the intervention, and (iii) a continuous 

improvement with each PPS since the start of the intervention. Hospital size, calendar 

year and seasonality were included as fixed effects. Model fit was assessed using the 

Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC), and the 

model with the lowest BIC was selected for reporting (Supplementary Table S7). In 

addition, the association between the cumulative number of PPS conducted during the 

study period and optimal care assessed in PPS was evaluated in a separate mixed-
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effects logistic regression model including hospital size and seasonality as fixed 

effects. Results are reported as odds ratios (OR) with 95% confidence intervals (CI). 

For descriptive purposes, prescribing quality during PPS 1–2 was compared with PPS 

9–10. Statistical analyses were performed using R version 4.2 or later [18]. 

Ethical Approval 

The study was approved by the Ethics Committee of the Ludwig Maximilians University 

Munich (project number 21-0500) and registered with the German Clinical Trials 

Register (DRKS00028534). Additionally, ethical approval was obtained from the local 

committees of the 3 participating universities (Hubs), as well as their respective 

German State Chambers of Physicians.  

 

Results 

Study population  

Non-intensive care inpatient units of 33 pediatric hospitals participated in ten PPS 

rounds. Across the ten PPS, 5,241 children were hospitalized on participating non-

intensive care wards, of whom 1,005 (19.2%) received antibiotic treatment. The 

median age was 3.67 years (IQR: 8.02 years). 

Sufficient clinical information was available for 903 (89.9%) patients. After exclusion of 

patients receiving antimicrobial prophylaxis, 868 patients treated for active infection 

were included in the analysis. One patient received antibiotic treatment for both 

treatment and prophylaxis, resulting in a cohort of 868 patients treated for active 

infection (86.4% of all patients with antibiotic prescription). For further details of 

enrolled patient groups see Figure 1.  
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Figure 1. Participation Flowchart 

Across ten point prevalence surveys (PPS), 5,241 hospitalized children were 

screened, of whom 1,005 (19.2%) received antibiotic treatment. After exclusion of 102 

patients because of missing consent or incomplete data, and 35 because antibiotics 

were prescribed for prophylaxis. The final study population comprised 868 patients, 

including 520 (59.9%) in the intervention phase and 348 (40.1%) in the control phase. 

For the comparison of early versus late PPS, 132 patients from PPS 1-2 and 166 

patients from PPS 9-10 were included. 

 

The PPS data comprised 1,089 ABT prescriptions. Most patients (667; 76.8%) 

received monotherapy. Combination therapy consisted of two antibiotics in 182 

patients (21.0%), three antibiotics in 18 (2.1%), and four antibiotics in one patient. In 
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906 cases (83.2%) ABT was administered intravenously. For Patient characteristics 

are summarized and recorded diagnoses (Supplementary Tables Tables S1 and S6). 

Effects of TeleKasper intervention 

Among the tested models, the model assuming a change at  the start of the intervention 

provided the best fit according to the BIC criterion (see Supplementary Table S7). In 

this model, no effect of the start of the TeleKasper intervention on optimal care was 

observed (OR 0.74; 95% CI 0.47–1.17) (Table 1).  

Table 1. Effects of introduction of TeleKasper intervention on optimal care 

measured in PPS (multivariable logistic regression additionally controlled for 

hospitals as random effect, OR>1 indicates improvement) 

Variable OR (95% CI) 

Intervention 0.74 (0.47–1.17) 

year 2023 vs. 2022 2.51 (1.57–4.00) 

year 2024 vs. 2022 4.02 (2.20–7.36) 

seasonality (May–September vs. October-April) 1.13 (0.84–1.54) 

N of beds <35 vs. 35-63 1.17 (0.53–2.59) 

N of beds >63 vs. 35-63 1.14 (0.53–2.45) 

 

Results of a multivariable mixed-effects logistic regression model with hospital included 

as a random effect. Odds ratios >1 indicate higher odds of optimal care. 

This conclusion also held for the alternative models (data not shown). Detailed quality 

parameters and antibiotic use comparing control and intervention are provided in 

Supplementary Tables S2 and S3. 

At the same time, optimal care improved gradually over the course of the study, with 

comparable improvements observed during the control and intervention phase, on 
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average 14% per PPS (OR 1.14, 95% 1.07-1.20 per each PPS, see Table 2 and Figure 

2, supplementary Table S9). 

Table 2. Association of the cumulative number of conducted PPS with the 

optimal care measured in PPS (multivariable logistic regression, additionally 

controlled for hospitals as random effect, OR>1 indicates improvement 

Variable OR (95% CI) 

PPS (per 1) 1.14 (1.07–1.20) 

Seasonality (May–September vs. October-April) 1.00 (0.74–1.35) 

N of beds <35 vs. 35-63 1.27 (0.58–2.77) 

N of beds >63 vs. 35-63 1.19 (0.56–2.54) 

 

 

Results of a multivariable mixed-effects logistic regression model with hospital included 

as a random effect. Odds ratios >1 indicate higher odds of optimal care. 

 

Figure 2. Association between repeated point prevalence surveys and 

prescribing quality 
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Optimal care was defined as the composite outcome of (i) an appropriate indication for 

antibiotic treatment, (ii) use of the recommended first-line antibiotic, and (iii) 

appropriate dosage according to the TeleKasper recommendations. The figure 

illustrates the proportion of patients receiving optimal care across ten consecutive 

PPS. Hospitals contributing observations before transition to the intervention are 

shown as "backward", whereas those contributing observations after transition are 

shown as "forward". Detailed data are provided in Supplementary Table S9. 

 

The proportion of patients receiving optimal care increased from 25.8% in PPS 1–2 to 

53.0% in PPS 9–10 (Table 3).  

Table 3. Quality parameters summarized as optimal care in a comparison of early 

versus late PPS 

Quality 
parameters 

  N (PPS 
1+2) 

% (95% CI, 
PPS 1+2) 

N (PPS 
9+10) 

% (95% CI, 
PPS 9+10) 

Treatment 
indicated 

Yes 125 94.7 (90.9–
98.5) 

162 97.6 (95.3–
99.9) 

No 7 5.3 (1.5–9.1) 4 2.4 (0.1–4.7) 

Preferred 
antibiotic 

Yes 85 64.4 (56.2–
72.6) 

130 78.3 (72.0–
84.6) 

No 47 35.6 (27.4–
43.8) 

36 21.7 (15.4–28) 

Recommended 
dosage 

Yes 51 38.6 (30.3–
46.9) 

108 65.1 (57.8–
72.3) 

No 81 61.4 (53.1–
69.7) 

58 34.9 (27.7–
42.2) 

Optimal care 

Yes 34 25.8 (18.3–
33.2) 

88 53.0 (45.4–
60.6) 

No 98 74.2 (66.8–
81.7) 

78 47.0 (39.4–
54.6) 
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Comparison of early (first two PPS) and late (last two PPS) point prevalence surveys. 

For comparison of prescription quality, the three quality indicators were summarized 

as optimal care. 

Effect on specific quality parameters 

Compared with the first two PPS, last two PPS showed improvements in 

documentation of planned treatment duration (+9.5 percentage points [pp]), 

appropriate treatment duration (+16.4 pp), and microbiological diagnostics (+9.5 pp). 

The proportion of empirical, calculated, and targeted therapy remained unchanged, 

whereas cephalosporin use decreased by 14 pp (Supplementary Table S5). Sample 

sizes were insufficient for robust analyses of the remaining quality indicators 

(Supplementary Table S4). 

Acceptance evaluation 

Twenty-six (78.8%) of the 33 hospitals participated in the survey. Expert feedback was 

shared with treating physicians in 24 of 26 hospitals (92.3%). Twenty-five hospitals 

(96.2%) were satisfied with the format and scope of the educational feedback. 

Respondents from all participating hospitals agreed that repeated PPS together with 

expert feedback contributed to improving subsequent patient care. Further details are 

provided in Supplementary Table S8. 

 

Discussion 

Within this stepped-wedge trial with quarterly PPS assessments, we observed a 

progressive improvement in optimal care with each PPS. Improvements occurred both 

before and after initiation of the TeleKasper intervention in the participating hospitals. 

Overall, the proportion of patients classified in PPS as [receiving] optimal care did more 
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than double during the study period, corresponding to an absolute improvement of 27.3 

pp. Although secular trends cannot be completely excluded, the magnitude and 

consistency of the observed improvement suggest that repeated PPS may have 

contributed to improved prescribing quality. These findings support the hypothesis that 

repeated PPS may themselves promote sustained improvements in prescribing 

behavior, an effect similar to the one intended and well established by clinical audits 

[19]. While the design did not allow to separate  the potential impact of repeated PPS 

exposure in our study from the secular temporal trend, evidence from previous AMS 

studies indicates that audit- and feedback-based monitoring strategies can 

independently promote meaningful and sustained improvements in prescribing quality 

[20]. A recent Cochrane review of 140 trials across clinical areas found that such audit 

and feedback produces do have modest effect on improving patient care processes, 

with a median 4.3% absolute improvement in compliance with recommendation 

practice [21].  In our study, there was an improvement of 14% per one PPS (and 

cumulative improvement of 27.3% after 8-9 PPS). The unexpected observation was 

that the improvement was not restricted to the hospitals with already established 

intervention, but was very similar also in the control group (before the Telekasper 

project was started). This could be explained e.g. by the “Hawthorne effect”, whereby 

prescribing practices improve because participants become aware that their clinical 

practice is observed and evaluated [22, 23]. In addition, the structure of the PPS 

questionnaire itself may have influenced prescribing behavior by implicitly highlighting 

desirable AMS items (e.g. appropriate diagnostics, questions to dosing regimens etc.). 

Repeated participation may also have encouraged clinicians to reflect on previous 

prescribing decisions and apply this experience to subsequent patients. In contrast to 

earlier initiatives such as ARPEC (Antibiotic Resistance and Prescribing in European 

Children), where PPS assessments were typically performed as single surveys or at 
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longer intervals, repeated PPS performed at regular short intervals may lead to 

stronger learning and stewardship effects [19, 24].  

All participating hospitals reported that expert feedback supported appropriate 

management of subsequent patients. This observation is consistent with previous 

antibiotic stewardship studies showing that audit-and-feedback approaches alone can 

positively improve future prescribing behavior and support sustained changes in 

clinical practice, albeit with a delay of several years in impact on the prescription quality 

[25, 26].  

We did not observe an independent effect of structured PPS feedback, and the 

TeleKasper intervention itself.  In our Study hospitals participated in the intervention 

phase for a mean duration of 15.7 months and educational interventions, e.g. PPS 

feedback, may require sustained implementation and stable clinical teams before 

measurable effects become apparent. Audit-and-feedback interventions are inherently 

delayed because recommendations can only influence subsequent prescribing 

decisions rather than those already assessed [17]. 

Several methodological limitations of our study should be acknowledged. Data 

collection relied exclusively on CRF-based documentation without access to individual 

patient records, which limited the ability to comprehensively assess therapeutic 

indications and treatment duration. The absence of additional clinical variables, such 

as disease severity, or laboratory findings, may have further reduced the precision of 

prescription quality assessments. Thus, assessment of treatment indication was often 

based solely on the recorded preliminary diagnosis. Further, appropriateness of 

treatment duration could not be finally evaluated in over 50% because treatment was 

still ongoing at the time of PPS. Future studies should therefore consider alternative 

methodological approaches, such as retrospective or prospective assessment of 
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completed events. Another important parameter that was not included in the 

assessment was the proportion of patients with infections who received supportive 

care alone or for whom ABT was intentionally withheld. Implementation in routine care 

will require streamlined workflows and sustainable technical infrastructure beyond the 

setting of a funded research project [27-29]. 

Despite these limitations, our study suggest that repeated PPS may serve not only as 

monitoring instruments but also as interventional tools capable of promoting behavioral 

change [30]. The combination of systematic assessment and educational feedback 

distinguishes the TeleKasper PPS approach from purely observational surveillance 

studies [31, 32]. The measurable improvements observed with respect to optimal care 

over time show the potential value of repeated, feedback-oriented surveillance 

strategies within pediatric ASP. 

Nevertheless, considerable potential for further improvement remains, particularly 

regarding continuous educational feedback and the long-term integration of 

stewardship interventions into routine clinical practice [10]. The maximal achievable 

effect of this study design remains uncertain. 

Whether these improvements are sustained after completion of the TeleKasper 

program remains unknown and should be evaluated in future follow-up studies. 
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