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Abstract

Background: Antimicrobial resistance (AMR) poses a critical global health threat, with inappropriate antibiotic use being
a major driver. Timely microbiological specimen submission before initiating antibiotic therapy is a cornerstone of antimicro-
bial stewardship (AMS), enabling pathogen-directed therapy and reducing unnecessary broad-spectrum exposure. However,
suboptimal compliance remains common due to workflow interruptions, technological barriers, and behavioral factors. Failure
Mode and Effects Analysis (FMEA), a proactive risk-assessment method widely used in health care quality improvement,
provides a systematic framework to identify process vulnerabilities and prioritize corrective actions. Despite its increasing
application, few studies have integrated FMEA with hospital informatization to optimize microbiological specimen submission
workflows in routine AMS practice.

Objective: This study aimed to systematically identify workflow risks affecting preantibiotic microbiological specimen
submission and to design, implement, and evaluate informatization-enabled interventions using an FMEA-based framework.

Methods: FMEA was conducted at a tertiary hospital in China. A multidisciplinary team identified potential failure modes
across 4 domains: health information systems, personnel, administration, and external support. Risk Priority Numbers (RPNs)
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and Action Priority (AP) indices were calculated for each failure mode. Targeted interventions were implemented, includ-
ing dual-verification barcode scanning, artificial intelligence-driven clinical decision support alerts, EHR-integrated training
modules, and automated compliance dashboards. Pre- and postintervention specimen submission rates (January 2024-Decem-
ber 2024) were analyzed using the Mann-Kendall trend test.

Results: The top 5 failure modes included PDA barcode scanning failures (RPN=175), inadequate clinical decision sup-
port (RPN=140), insufficient clinician awareness (RPN=56), suboptimal oversight mechanisms, and patient-related barriers.
Postintervention, significant upward trends were observed in overall specimen submission rates (P<.001), with similar
improvements for restricted-use (P<.001) and special-use antibiotics (P<.001).

Conclusions: FMEA-based risk management combined with hospital informatization effectively optimized specimen
submission workflows. Real-time decision support, process standardization, and interdisciplinary collaboration significantly
enhanced compliance. Future research should evaluate long-term impacts on AMR reduction and diagnostic integration.
Integrating FMEA with hospital informatization effectively strengthened the microbiological specimen submission process.
Digital decision support, standardized workflows, and real-time monitoring substantially improved compliance with preantibi-
otic specimen submission. This approach provides an actionable model for data-driven AMS enhancement. Future studies

should assess scalability, cost-effectiveness, and impacts on downstream AMR outcomes.
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Introduction

Antimicrobial resistance (AMR) poses a critical threat to
global public health and health care systems [1,2]. It was
estimated that AMR was associated with 4.71 million deaths
worldwide in 2021 [3]. Inappropriate use of antibiotics is
a primary driver of AMR [4]. Accurate microbiological
pathogen detection is essential for guiding rational antibi-
otic therapy [5]. On one hand, identifying the causative
pathogens and their antimicrobial susceptibility profiles can
reduce unnecessary exposure to broad-spectrum antibiotics.
On the other hand, microbiological test results support
clinicians in refining therapeutic strategies, thereby shorten-
ing the infection control cycle. However, multiple stud-
ies have reported low rates of microbiological specimen
submission prior to initiating antibiotic therapy. A multicen-
ter study in Europe found that only 50% of patients had
specimens submitted before antibiotic administration [6].
Similarly, a study conducted in Beijing, China, showed that
among patients receiving carbapenem therapy, the preantibi-
otic microbiological submission rate was only 64.76% [7].

The accuracy and timeliness of pathogen detection rely
heavily on standardized and efficient specimen submis-
sion workflows. Many countries have established tailored
guidelines and policies [8]. Specimens should be obtained
prior to initiating antibiotic therapy to ensure timely
microbiological culture [9]. For example, China has included
the microbiological specimen submission rate for high-pri-
ority antibiotics as a core quality indicator in Healthcare-
Associated Infection Management Quality Control Indicators
(2024 Edition) [10]. In clinical practice, multiple chal-
lenges hinder preantibiotic specimen submission, including
insufficient awareness among clinicians, delays in specimen
collection by nursing staff, and transport inefficiencies [11].
As the specimen collection and submission process involves
multiple departments and procedural steps, its complexity has
hindered improvement of submission rates [12]. Currently,
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there is a limited understanding of risk factors across the
entire microbiological specimen submission pathway.

Failure mode and effects analysis (FMEA), as a risk
management tool, has been extensively used in research
on optimizing and refining hospital management processes
[13,14]. The core principle of FMEA involves assembling
an interdisciplinary team to systematically identify poten-
tial failure modes within a workflow, analyze their causes
and consequences, and prioritize high-risk steps by calcu-
lating the Risk Priority Number (RPN), thereby guiding
the development of targeted improvement interventions. For
example, Yang et al [15] applied FMEA to hospital infec-
tion prevention in a stomatology department by mapping the
clinical workflow, identifying potential failure modes through
expert consensus, and ranking high-risk steps using RPN to
inform targeted control strategies. Chiereghin et al [16] used
FMEA to improve the quality of an organized colorectal
cancer screening program. These studies highlight FMEA’s
value in systematically dissecting complex clinical processes
and guiding resource allocation toward high-impact improve-
ments. However, its application to microbiological speci-
men submission within antimicrobial stewardship programs
remains limited, particularly when integrated with hospital
digital infrastructure.

Digital health and information systems can support
this process by embedding real-time alerts into electronic
prescribing workflows, prompting clinicians to submit
microbiological specimens before initiating antibiotic therapy.
Integrated informatics tools, such as electronic health records
(EHRs), computerized physician order entry, barcode-based
specimen tracking systems, and clinical decision support
systems (CDSS), enable end-to-end, closed-loop management
of specimen collection, transport, and laboratory processing.
However, digital health and information systems may also
impose additional workload on health care professionals [17].
Therefore, developing feasible implementation strategies and
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continuously evaluating the real-world performance of these
technologies are essential to ensure sustainable optimization.

Therefore, this study aimed to identify the failure modes
contributing to low microbiological specimen submission
rates in a tertiary hospital of Chinese Medicine using FMEA
and to develop and evaluate targeted interventions to improve
specimen submission practices.

Methods

Study Setting and Design

This study was conducted at Zhejiang Provincial Hospital
of Chinese Medicine, a general tertiary hospital located in
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Hangzhou, Zhejiang Province, China. Applying FMEA to
assess risks in preantibiotic therapy microbiological specimen
submission, formulate targeted interventions, and evaluate
their effectiveness. A complete checklist is available in
Checklist 1. The implementation steps are as follows (Figure

1):

Figure 1. Schematic figure of Failure Mode and Effects Analysis for microbiological specimen submission. IPC: infection prevention and control.
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Step 1: Form an Interdisciplinary Team

A multidisciplinary expert team was established to ensure
comprehensive identification of workflow risks across
clinical, laboratory, managerial, and informatics domains. The
team consisted of 9 members, including clinical physicians,
Disease Prevention and Control Experts, infection preven-
tion and control (IPC) professionals, microbiology laboratory
staff, senior nurses, and health informatics engineers. Team
members were selected based on predefined criteria: (1) at
least 5 years of professional experience in their respective
fields; (2) direct involvement in antimicrobial stewardship,
specimen management, or infection surveillance activities;
(3) familiarity with routine workflows and known bottle-
necks within the hospital; and (4) willingness to partici-
pate in structured meetings, independent FMEA scoring,
and consensus discussions. This interdisciplinary composi-
tion ensured that all key steps of the specimen submission
process, from clinical decision-making to specimen collec-
tion, laboratory processing, and information system opera-
tion, were adequately represented, providing a balanced and
comprehensive perspective for risk analysis.

Step 2: Identify Potential Failure Modes

We first conducted a systematic review of the literature
to identify common influencing factors in the microbiologi-
cal specimen submission workflow (Multimedia Appendix
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1). Commonly reported factors affecting microbiological
specimen submission were extracted and categorized into four
predefined domains: (1) health information systems factors,
(2) personnel-related factors, (3) administrative and manage-
ment factors, and (4) external support factors. This frame-
work was used to guide subsequent discussions. Building on
this framework, the multidisciplinary expert panel partici-
pated in 2 rounds of structured brainstorming sessions.
During each session, experts were instructed to identify
specific, concrete scenarios within each domain that could
plausibly lead to specimen submission failure or delay. To
enhance consistency, failure modes were defined as observ-
able deviations from the expected workflow (eg, missed
test ordering, delayed collection, incomplete data capture),
rather than abstract causes or outcomes. All proposed failure
modes were collated, merged, and refined by the research
team. Redundant items were consolidated, and ambiguous
descriptions were clarified through iterative discussion with
panel members. Items were retained only if consensus was
reached that the scenario was (1) operationally distinct, (2)
locally relevant to routine practice in the study hospital, and
(3) theoretically supported by either literature evidence or
expert experience. A final set of 30 locally relevant failure
modes was generated. These items formed the basis for
subsequent FMEA scoring and prioritization.
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Step 3: Evaluate Risk Priority

Before formal scoring, all team members received standar-
dized training on the FMEA scoring criteria provided by
the research team. Each member independently evaluated
the Severity (S), Occurrence (O), and Detection (D) of each
potential failure mode. After all 9 members completed their
independent assessments, a consensus meeting was convened
to discuss discrepancies and clarify scoring decisions. Final
S, O, and D scores for each failure mode were determined
through group consensus. The RPN was calculated using the
formula: RPN=SxOxD.

The scoring range for S, O, and D was 1-10. Convention-
ally, corrective actions are mandated when the RPN exceeds
125. To address limitations of the RPN method, we intro-
duced the Action Priority (AP) index. The determination
of AP followed the standard methodology outlined in the
Automotive Industry Action Group—Verband der Automobi-
lindustrie FMEA guidelines. Unlike the RPN, the AP level
is not calculated through a mathematical formula; instead, it
is assigned by consulting the guideline’s AP lookup table,
which specifies the corresponding action level based on
different combinations of Severity (S), Occurrence (O), and
Detection (D). As shown in Multimedia Appendix 2, AP
levels are categorized as high, medium, or low. High AP
indicates that corrective actions should be taken with priority,
medium AP suggests that action is recommended but can be
scheduled, and low AP indicates that existing controls are
acceptable and require only routine monitoring. High-priority
failure modes identified by the FMEA (based on both RPN
and AP indices).

Step 4: Develop Targeted Interventions

For each mode, the multidisciplinary team collaboratively
designed corresponding digital health solutions. All digital
interventions underwent iterative refinement through pilot
testing in selected departments. Feedback from clinicians,
nurses, infection control practitioners, and IT personnel
was collected to optimize alert thresholds, interface design,
workflow integration points, and data visualization formats.

The final intervention package consisted of three interrela-

ted components:

1. An artificial intelligence-driven (DeepSeek-R1) CDSS
was developed and integrated into the hospital’s EHR
and computerized physician order entry system to
promote microbiological specimen submission before
antibiotic therapy. When a clinician initiates an order
for therapeutic antibiotics, particularly restricted-use or
special-use agents, the system automatically evaluates
whether a corresponding microbiological specimen has
been ordered or collected within a predefined time
window.

2. Online training module and learning management
system (LMS): The module was jointly created by
the Infection Prevention and Control Department, the
Microbiology Laboratory, and the IT Department. The
training curriculum covered standardized procedures
for microbiological specimen collection, requirements
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for specimen transport, electronic order entry work-
flows, and regulations related to preantibiotic specimen
submission.

3. Supplementary digital process-enhancement measures:
Additional supportive measures included enhanced
barcode-based specimen tracking and monitoring
dashboards with feedback mechanisms. Barcode-based
tracking strengthened specimen traceability during
collection and transport, reducing data loss caused
by scanning failures or workflow deviations. Dash-
boards aggregated compliance data by department
and antibiotic category, generating periodic feedback
reports for clinical units and infection control teams to
facilitate continuous quality improvement.

Step 5: Implement and Evaluate
Effectiveness

After developing the intervention measures, we proceeded
with the implementation phase following the standard quality
improvement process. The preparatory stages of FMEA,
including workflow mapping, identification and scoring
of failure modes, prioritization, and intervention design,
were completed between January 1 and March 31, 2024.
Beginning on April 1, 2024, the FMEA-informed interven-
tions were formally implemented. Physicians, nurses, and
support staff received training on the updated specimen
submission workflow and information system functions
through the online learning platform. The effectiveness
evaluation covered the period from January to December
2024. Improvements were assessed by comparing pre- and
postintervention microbiological specimen submission rates.

Three core outcome indices were evaluated:

1. Specimen submission rate before antibiotic therapy
of inpatients (%)=number of inpatients with patho-
gen submission before antibiotic therapy/number of
inpatients with therapeutic application of antibiotics
during the same period *100%.

2. Specimen submission rate before restricted-use
antibiotic therapy of inpatients (%)=number of
inpatients with pathogen submission before restric-
ted-use antibiotic therapy/number of inpatients with
therapeutic application of restricted-use antibiotics
during the same period *100%.

3. Specimen submission rate before special-use antibi-
otic therapy of inpatients (%)=number of inpatients
with pathogen submission before special-use antibiotic
therapy/number of inpatients with therapeutic applica-
tion of special-use antibiotics during the same period
*100%.

Data Collection

Specimen submission data from January 1, 2024, to Decem-
ber 31, 2024, was extracted from the Hospital Infection
Surveillance System (Xinglin System). The dataset included
antibiotic order time, drug category (restricted-use, special-
use), and timing of administration relative to specimen
submission. To ensure data quality and consistency, only
complete records with clearly documented timestamps for
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both specimen submission and antibiotic prescribing were
included in the analysis. Duplicate entries, canceled orders,
and specimens rejected by the laboratory due to quality issues
were excluded.

Data Analysis

Statistical analyses were performed using SPSS (version 27.0;
IBM Corp). Categorical variables were reported as counts
(percentages). The Mann-Kendall trend test was used to
examine the trend of submission rate over time. When the
Z score was positive, it meant that the composition ratio of
each indicator showed an upward trend. When the z score was
negative, it meant that the composition ratio of each indicator
presented a downward trend. Statistical significance was set
at 2-tailed P<.05.

Ethical Considerations

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Zhejiang Chinese Medical University

Table 1. Failure modes summary for Failure Mode and Effects Analysis.

Wu et al

(2025-KLS-038-01). As this study used retrospective data,
the ethics committee waived the requirement for participants
to provide written informed consent. The research data does
not involve individual patient information. No compensation
was provided to participants as this study was a secondary
analysis of preexisting data with no new patient recruitment
or intervention. The research was conducted in accordance
with the Declaration of Helsinki.

Results

Hazard Analysis of Specimen Submission

The top five failure modes limiting preantibiotic speci-
men submission were (1) PDA barcode scanning failures,
(2) inadequate clinical decision support alerts, (3) insuffi-
cient clinician awareness of testing protocols, (4) subopti-
mal oversight mechanisms, and (5) patient-related health
constraints (Table 1).

Potential failure modes RPN? APP
Health information system
Interoperability gaps exist between the inpatient electronic medical records system and the health care—associated 146 Moderate
infection surveillance system, resulting in inaccurate and delayed data sharing and synchronization between the 2
platforms.
Failure of PDA barcode scanning or over-rapid scanning operations led to unrecorded specimen collection data in the 168 High
system, compromising preanalytical traceability.
Incomplete capture or delayed updating of pathogen detection-related data compromised the integrity of microbiological =~ 158 High
specimen submission records.
The absence of proactive alerts for pathogen detection failed to prompt clinicians to initiate microbiological testing before 70 Low
antimicrobial therapy, resulting in prescription restrictions due to noncompliance with stewardship protocols.
The hospital information system failed to accurately distinguish the purpose of antimicrobial use (therapeutic vs 35 Low
prophylactic) during medication documentation, undermining the precision of stewardship analytics.
The calculation methodology for pathogen detection-related metrics in the information system was not aligned with 84 Low
national standards, resulting in inaccurate statistical outcomes.
Hospital personnel
Delayed communication and coordination among IPC® professionals due to ineffective communication channels or the 48 Low
absence of established mechanisms hindered timely interventions.
Incomplete data verification by IPC professionals was attributed to the overwhelming volume of data and the inherent 32 Low
limitations of manual review processes, leading to frequent oversights.
Misinterpretation of infection protection and control standards by IPC professionals occurred due to frequent updates and 48 Low
inadequate, timely training, resulting in noncompliant practices.
Health care providers demonstrated insufficient awareness of pathogen detection protocols, with inadequate 126 High
understanding of its clinical significance, leading to missed testing opportunities in cases where microbiological analysis
was indicated.
Delays in specimen submission by health care providers were attributed to heavy workloads leading to oversight or 75 Moderate
missed submissions, as well as suboptimal time window settings that conflicted with clinical workflows.
Noncompliant specimen collection practices by health care providers, stemming from insufficient familiarity with 50 Low
collection protocols and deviations from aseptic techniques, resulted in specimen contamination or invalid samples.
Noncompliant specimen transport practices by health care providers, due to insufficient knowledge of transport protocols 80 Low
and inadequate protective measures during transit, compromised sample integrity.
Health care providers mistakenly prescribed therapeutic antibiotics instead of prophylactic regimens, leading to 80 Low
inappropriate antimicrobial use.
Ineffective communication between nurses and physicians, due to the absence of established collaboration mechanisms, 96 Low
resulted in suboptimal specimen collection practices, as nurses lacked clear guidance on proper techniques and timing,
leading to noncompliant samples.
IT personnel failed to facilitate tripartite coordination, lacking effective communication and collaboration mechanisms. 48 Low
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Potential failure modes RPN? APP
IT personnel lacked sufficient knowledge of infection surveillance data extraction guidelines: the complexity of 48 Low
guidelines for building infection surveillance information systems made them difficult to understand.
Insufficient expertise among hospital microbiology laboratory personnel and inadequate detection technology levels. 40 Low
Health care administration
Inadequate regulatory mechanisms for pathogen detection specimen submission: issues include unclear regulatory 120 Low
responsibilities, limited regulatory methods, and insufficient regulatory enforcement.
Inadequate performance evaluation mechanisms for pathogen detection specimen submission: evaluation metrics are not 48 Low
linked to health care providers’ performance or career advancement, lacking incentives.
Inadequate feedback mechanisms for pathogen detection specimen submission: test results are not timely or accurately 48 Low
communicated to health care providers.
Inadequate communication and collaboration mechanisms among hospital departments: information flow and 96 Low
interdepartmental coordination are suboptimal.
Inadequate training content on pathogen detection specimen submission: issues include outdated content, lack of 84 Low
relevance, or limited training methods.
Lack of standardized specimen collection and submission processes: issues include unclear procedures, inconsistent 96 Low
operational standards, or poor process execution.
External support
Some patients may not understand or be willing to cooperate with pathogen detection specimen submission, leading to 49 Low
difficulties in sample collection.
Patients’ poor health status or physical condition may hinder cooperation, affecting the smooth progress of sample 49 Low
collection (eg, difficulty in expectorating sputum leading to challenges in sputum sample collection).
Patients’ health status or physical condition may affect the smooth progress of sample collection. 192 Moderate
Limited space in the microbiology laboratory may reduce the efficiency of sample processing. During peak hours, sample 80 Low
backlogs may occur, prolonging testing times.
Convenience of specimen collection: health care providers may face space and equipment limitations when collecting 64 Low
samples in patient rooms. For example, the lack of appropriate sputum induction devices may compromise sample
quality, reducing motivation for submission.
Inadequate cleaning and disinfection of patient rooms: a high pathogen load in the room environment may lead to cross- 128 Moderate

contamination, interfering with the diagnosis of the patient's own infectious pathogens.

4RPN: Risk Priority Number.
bAP: action priority.
IPC: infection prevention and control.

Develop Targeted Interventions

For the potentially high-risk failure modes, recommended
interventions were identified with a view to reducing their
occurrence or improving their detection (Table 2). An
LMS-based online training was implemented. All personnel
involved in specimen collection or antibiotic order entry were
required to complete the module and pass a competency

assessment. A score of at least 80% was considered a passing
result. The LMS automatically recorded training completion
and assessment outcomes; individuals who did not complete
the module or did not achieve a passing score were required
to undergo retraining before being allowed to independently
perform the related tasks. A real-time CDSS was embedded
into the antibiotic prescribing process.

Table 2. Interventions recommended to improve the specimen submission rate.

High-risk failure modes

Targeted interventions

PDA barcode scanning failures .

Implement dual-verification protocols combining manual entry with barcode scanning,

accompanied by real-time error alerts in the mobile application.

Inadequate clinical decision support alerts .

Deploy AI*-driven decision support systems to automatically flag high-risk cases requiring

preantimicrobial testing, with escalating alert tiers.

Insufficient clinician awareness of testing protocols .

Develop role-specific e-Learning modules with embedded competency assessments.

* Integrate protocol reminders into electronic health record order entry workflows.

Suboptimal oversight mechanisms .

Establish automated dashboards tracking testing compliance, with weekly feedback reports

to department heads.

* Introduce “process champions” in each unit to monitor adherence and facilitate peer-to-peer

learning.
Patient-related health constraints

* Create adaptive sampling protocols.

* Train nursing staff in motivational interviewing techniques to improve patient engagement.

3AL artificial intelligence.
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When clinicians initiated orders for therapeutic antibiotics,
particularly restricted-use or special-use agents, the CDSS
automatically evaluated whether an appropriate microbiolog-
ical specimen had been ordered. If noncompliance was
detected, the system generated real-time alerts prompting
clinicians to initiate specimen submission. This workflow
enabled prospective intervention at the point of care, reducing
missed submissions caused by time pressure or oversight.
Supportive process-enhancement measures were integrated
to reinforce execution and oversight. Enhanced PDA-based
barcode scanning strengthened specimen traceability during
collection and transport, reducing data loss related to
scanning failures or rapid operations. In parallel, automa-
ted monitoring dashboards aggregated specimen submission
compliance data by department and antibiotic category.

Wu et al

Regular feedback reports were provided to clinical units and
infection control teams, supporting targeted supervision and
continuous workflow optimization.

Effect of FMEA Management on
Specimen Submission

Following the implementation of FMEA management in
April 2024, significant improvements were observed in the
overall specimen submission rate (Figure 2), the submission
rate for restricted antibiotics (Figure 3), and the submission
rate for special-use antibiotics (Figure 4). The Mann-Kendall
trend test revealed that all 3 categories of specimen submis-
sion rates exhibited a statistically significant upward trend
(P<.001).

Figure 2. Changes in the specimen submission rate before antibiotic therapy among in-patients, 2024.
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Figure 3. Changes in the specimen submission rate before restricted-use antibiotic therapy among in-patients, 2024.
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Figure 4. Changes in the specimen submission rate before special-use antibiotic therapy among in-patients, 2024.
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Discussion

Principal Findings

Microbiological specimen submission plays a pivotal role
in hospital infection control and promoting rational anti-
biotic use, representing a complex systemic endeavor [18,
19]. This study implemented the internationally recognized
risk assessment tool —FMEA, to conduct a multidimensional
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evaluation of the entire etiological specimen submission
workflow, spanning information systems, health care
personnel, hospital administration, and external support.
Through expert panel discussions, the research identified
multiple failure modes and prioritized targeted intervention
strategies, providing scientifically grounded decision-making
support for improving the quality of specimen submission
practices. This study provides a replicable pathway and
methodological framework for improving microbiological
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specimen submission workflows, and may indirectly support
hospital infection prevention efforts by enhancing antimicro-
bial stewardship and strengthening infection surveillance.

The advancement of intelligent health care information
systems has emerged as a critical driver for improving
specimen submission rates [20]. FMEA-based investigation
identified PDA barcode scanning failures and insufficient
CDSS alerts as high-priority intervention targets. Mechanisti-
cally, real-time alert mechanisms within information systems
can trigger specimen collection reminders before antimicro-
bial administration, thereby minimizing workflow delays
caused by human oversight and ensuring precise tempo-
ral control of submissions [21]. Concurrently, integrated
multisource data platforms, by consolidating heterogeneous
data from EHRs, laboratory results, and other sources, enable
dynamic decision-making models that assist clinicians in
accurately evaluating the necessity of testing indications and
the specificity of required assays [22]. These findings reveal
a dual-driven mechanism of information system optimization:
process monitoring reduces operational deviations, while data
integration enhances diagnostic decision-making efficacy.

This study also revealed that inadequate clinician
awareness of specimen submission constitutes a critical
bottleneck in improving submission quality. To address this,
the research team implemented a dual-track capacity-build-
ing framework, “theoretical training+practical supervision,”
alongside intelligent system upgrades: standardized opera-
tional training was used to reinforce protocol adherence,
while interdepartmental supervision mechanisms established
closed-loop quality improvement cycles. Postintervention
evaluation demonstrated statistically significant improve-
ments in specimen submission rates (P<.001). Although
the observational study design precludes causal inferen-
ces regarding direct relationships between interventions
and outcome improvements, the synergistic decline across
multidimensional surveillance metrics indirectly suggests
potential systemic spillover effects of FMEA-based man-
agement in hospital infection prevention and antimicrobial
stewardship.

Despite achieving improvements in nosocomial infec-
tion specimen submission processes and promoting rational
antimicrobial use through hospital-wide informatization,
several areas for development remain. Externally, budget
constraints limit access to advanced yet costly testing
modalities, hindering comprehensive testing. Variations in
patient case mix create department-specific testing demands
that cannot be uniformly addressed. Additionally, diagnosis-
related group reimbursement constraints introduce cost-ben-
efit trade-offs that indirectly influence testing decisions.
Therefore, hospital management must continue refining
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collaborative mechanisms across clinical, technical, and
administrative departments. Strategic initiatives should
include optimizing test menu configurations through cost-
effectiveness analysis, developing disease-specific testing
guidelines, and leveraging informatization for continuous
monitoring to enhance staff efficiency. These measures
will ultimately strengthen AMR control, promote rational
antibiotic use, improve surveillance capabilities for emerg-
ing pathogens, and drive health care quality toward higher
precision and patient safety.

This study has several limitations that warrant considera-
tion. First, some of the interventions relied on a relatively
well-developed hospital information infrastructure, such as
artificial intelligence-driven CDSS alerts. Institutions with
limited digital capacity may need to adopt manual checklists
or simplified reminder mechanisms as alternatives. Second,
the study was conducted in a tertiary TCM hospital. Although
the hospital includes Western medicine departments such
as the intensive care unit, respiratory medicine, and emer-
gency medicine, with antimicrobial use patterns compara-
ble to general hospitals, the patient population and service
model of TCM hospitals may differ from other health care
settings, which may limit generalizability. Nevertheless, the
methodological framework of FMEA is highly transferable,
and individual institutions may adapt specific interventions
according to their local resources and workflows. Addition-
ally, this was a single-center, before and after study with-
out a control group, which imposes inherent limitations on
causal inference. Improvements in specimen submission rates
may not be attributable solely to the FMEA-based interven-
tions; they may also reflect the hospital’s broader emphasis
on antimicrobial stewardship, underlying secular trends in
workflow optimization, or concurrent quality improvement
initiatives or policy changes. Future research should validate
the effectiveness of these interventions using multicenter
designs with appropriate control groups.

Conclusions

This study validated FMEA as a risk management tool for
optimizing preantimicrobial specimen submission work-
flows. By addressing critical failures like barcode errors
and inadequate decision support, FMEA-based interven-
tions significantly improved specimen submission rates
for restricted/special-use antibiotics, aligning with national
quality standards. Challenges, including cost constraints and
patient barriers, necessitate policy-level solutions. This model
offers a scalable framework for antimicrobial stewardship,
with future research needed to evaluate long-term outcomes
and advanced diagnostic integration.

Funding

This research was supported by grants from the University-level Scientific Research Project of Zhejiang Chinese Medical
University (2025GJYY41) and Zhejiang Provincial Basic Public Welfare Research Program (LTGY23H260002).

Data Availability

The data used in this research are available upon individual request from the corresponding author.

https://www jmir.org/2026/1/e78118

J Med Internet Res 2026 | vol. 28 178118 | p. 9
(page number not for citation purposes)


https://www.jmir.org/2026/1/e78118

JOURNAL OF MEDICAL INTERNET RESEARCH Wu et al

Authors’ Contributions

TYD and LXL contributed to the conception and design of the study. JXW contributed to writing the data analysis and drafted
the original draft. WJZ, JH, and BWZ contributed to methodology and data curation. QLG, MZ, XYZ, and YXZ critically
revised the study.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Systematic review of the submission rate of microbiological specimen before antibiotic therapy.
[DOCX File (Microsoft Word File), 142 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Action Priority lookup table.
[DOCX File (Microsoft Word File), 26 KB-Multimedia Appendix 2]

Checklist 1

iCHECK-DH (Guidelines and Checklist for the Reporting on Digital Health Implementations) guidelines and checklist for the
reporting on digital health implementations.
[DOCX File (Microsoft Word File), 25 KB-Checklist 1]

References

1. The Lancet. Antimicrobial resistance: an agenda for all. The Lancet. Jun 2024;403(10442):2349. [doi: 10.1016/S0140-
6736(24)01076-6]

2. Painter C, Limmathurotsakul D, Roberts T, et al. Sustainable antimicrobial resistance surveillance: time for a global
funding mechanism. Lancet Infect Dis. Feb 2025;25(2):¢99-e103. [doi: 10.1016/S1473-3099(24)00649-2] [Medline:
39706207]

3. Naghavi M, Vollset SE, Ikuta KS, et al. Global burden of bacterial antimicrobial resistance 1990-2021: a systematic
analysis with forecasts to 2050. The Lancet. Sep 2024;404(10459):1199-1226. [doi: 10.1016/S0140-6736(24)01867-1]

4. LinL,SunR, Yao T, Zhou X, Harbarth S. Factors influencing inappropriate use of antibiotics in outpatient and
community settings in China: a mixed-methods systematic review. BMJ Glob Health. Nov 2020;5(11):e003599. [doi: 10.
1136/bmjgh-2020-003599] [Medline: 33184066]

5. Lim C, Ashley EA, Hamers RL, et al. Surveillance strategies using routine microbiology for antimicrobial resistance in
low- and middle-income countries. Clin Microbiol Infect. Oct 2021;27(10):1391-1399. [doi: 10.1016/j.cmi.2021.05.037]
[Medline: 34111583]

6. Schuts EC, Hulscher M, Mouton JW, et al. Current evidence on hospital antimicrobial stewardship objectives: a
systematic review and meta-analysis. Lancet Infect Dis. Jul 2016;16(7):847-856. [doi: 10.1016/S1473-3099(16)00065-7]
[Medline: 26947617]

7. ZouQ,Zhang Y, Ai X, et al. Impact of multidisciplinary collaboration on microbiological specimen submission and
appropriate use of carbapenems: a pre-post cohort study. Infect Drug Resist. 2025;18:4301-4309. [doi: 10.2147/IDR.
S532011] [Medline: 40895614]

8.  Centers for Disease Control and Prevention. Core elements of hospital antibiotic stewardship programs[r]. US
Department of Health and Human Services, CDC; 2019. URL: https://www.cdc.gov/antibiotic-use/hcp/core-elements/
hospital.html [Accessed 2026-02-17]

9. Sanchez-Romero MI, Garcia-Lechuz Moya JM, Gonzélez Lépez JJ, Orta Mira N. Collection, transport and general
processing of clinical specimens in microbiology laboratory. Enferm Infecc Microbiol Clin (Engl Ed). Feb
2019;37(2):127-134. [doi: 10.1016/j.eimc.2017.12.002] [Medline: 29426791]

10.  Circular on the issuance of medical quality control indicators for emergency medicine and five other specialties (2024
edition) by the General Office of the National Health Commission [EB/OL]. China’s National Health Commission.
URL: https://www.nhc.gov.cn/yzygj/c100068/202405/7d1d82090e8b44d2af3339d7ee8c7cca.shtml [Accessed
2026-02-17]

11. Mokrani D, Chommeloux J, Pineton de Chambrun M, Hékimian G, Luyt CE. Antibiotic stewardship in the ICU: time to
shift into overdrive. Ann Intensive Care. May 6, 2023;13(1):39. [doi: 10.1186/s13613-023-01134-9] [Medline:
37148398]

12. Wang Q, Zhang X, Zheng F, Wang L, Yu T. Clinicians’ intention to submit microbiological pathogenic test before
antibiotics use and its influencing factors: new evidence from the perspective of hospital management. IDR.
2022;Volume 15:3013-3023. [doi: 10.2147/IDR.S366892]

https://www.jmir.org/2026/1/e78118 J Med Internet Res 2026 | vol. 28 1 €78118 I p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v28i1e78118_app1.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78118_app1.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78118_app2.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78118_app2.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78118_app3.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e78118_app3.docx
https://doi.org/10.1016/S0140-6736(24)01076-6
https://doi.org/10.1016/S0140-6736(24)01076-6
https://doi.org/10.1016/S1473-3099(24)00649-2
http://www.ncbi.nlm.nih.gov/pubmed/39706207
https://doi.org/10.1016/S0140-6736(24)01867-1
https://doi.org/10.1136/bmjgh-2020-003599
https://doi.org/10.1136/bmjgh-2020-003599
http://www.ncbi.nlm.nih.gov/pubmed/33184066
https://doi.org/10.1016/j.cmi.2021.05.037
http://www.ncbi.nlm.nih.gov/pubmed/34111583
https://doi.org/10.1016/S1473-3099(16)00065-7
http://www.ncbi.nlm.nih.gov/pubmed/26947617
https://doi.org/10.2147/IDR.S532011
https://doi.org/10.2147/IDR.S532011
http://www.ncbi.nlm.nih.gov/pubmed/40895614
https://www.cdc.gov/antibiotic-use/hcp/core-elements/hospital.html
https://www.cdc.gov/antibiotic-use/hcp/core-elements/hospital.html
https://doi.org/10.1016/j.eimc.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29426791
https://www.nhc.gov.cn/yzygj/c100068/202405/7d1d82090e8b44d2af3339d7ee8c7cca.shtml
https://doi.org/10.1186/s13613-023-01134-9
http://www.ncbi.nlm.nih.gov/pubmed/37148398
https://doi.org/10.2147/IDR.S366892
https://www.jmir.org/2026/1/e78118

JOURNAL OF MEDICAL INTERNET RESEARCH Wu et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Prieto-Molina A, Aranda-Gallardo M, Moya-Sudrez AB, Rivas-Ruiz F, Peldez-Cherino J, Canca-Sinchez JC. Patient
transfers from emergency departments to other in-hospital areas: a failure mode and effects analysis. Emergencias. Dec
2023;35(6):456-462. [doi: 10.55633/s3me/E010.2023] [Medline: 38116970]

Weber L, Schulze I, Jaechde U. Using failure mode and effects analysis to increase patient safety in cancer chemotherapy.
Res Social Adm Pharm. Aug 2022;18(8):3386-3393. [doi: 10.1016/j.sapharm.2021.11.009] [Medline: 34838476]
Yang S, Yang L, Chuang YC, Asihaer G, Lin X. Identification of key risk areas and failure modes using the FMEA
method for the prevention and control of major infectious diseases in a stomatology department. BMC Oral Health. Jan
8,2025;25(1):45. [doi: 10.1186/512903-024-05321-3] [Medline: 39780161]

Chiereghin A, Squillace L, Pizzi L, Bazzani C, Roti L, Mezzetti F. Applying the healthcare failure mode and effects
analysis approach to improve the quality of an organised colorectal cancer screening programme. J] Med Screen. Jun
2024;31(2):70-77. [doi: 10.1177/09691413231197300] [Medline: 37674432]

Wosny M, Strasser LM, Hastings J. The paradoxes of digital tools in hospitals: qualitative interview study. J Med
Internet Res. Jul 15, 2024;26:e56095. [doi: 10.2196/56095] [Medline: 39008341]

Skodvin B, Wathne JS, Lindemann PC, et al. Use of microbiology tests in the era of increasing AMR rates— a
multicentre hospital cohort study. Antimicrob Resist Infect Control. 2019;8(1):28. [doi: 10.1186/s13756-019-0480-z]
[Medline: 30740221]

Lao Y, Tang Q, Zeng J, Gong W, Shen Y. Effect analysis of multi-department cooperation in improving etiological
submission rates before antibiotic treatment. Int J Qual Health Care. Jun 6,2023;35(2):mzad018. [doi: 10.1093/intghc/
mzad018] [Medline: 37040384]

Zheng F, Wang K, Wang Q, Yu T, Zhang X. The pre-analytical process management status and influencing factors of
laboratory test before prescribing antimicrobial in developing country. BMC Health Serv Res. Mar 25, 2023;23(1):283.
[doi: 10.1186/s12913-023-09243-8] [Medline: 36966281]

Catho G, Sauser J, Coray V, et al. Impact of interactive computerised decision support for hospital antibiotic use
(COMPASS): an open-label, cluster-randomised trial in three Swiss hospitals. Lancet Infect Dis. Oct
2022;22(10):1493-1502. [doi: 10.1016/S1473-3099(22)00308-5] [Medline: 35870478]

Dutey-Magni PF, Gill MJ, McNulty D, et al. Feasibility study of hospital antimicrobial stewardship analytics using
electronic health records. JAC Antimicrob Resist. Mar 2021;3(1):dlab018. [doi: 10.1093/jacamr/dlab018] [Medline:
34223095]

Abbreviations

AMR: antimicrobial resistance

AP: Action Priority

CDSS: clinical decision support systems
EHR: electronic health record

FMEA: Failure Mode and Effects Analysis
LMS: learning management system

RPN: Risk Priority Number

TCM: traditional Chinese medicine

Edited by Amy Schwartz; peer-reviewed by Oluwaseun Ajileye, Sandi L L Holgate; submitted 28.May.2025; accepted
16.Jan.2026; published 10.Mar.2026

Please cite as:

Wu J, Zhan W, Hua J, Ge Q, Zhu Y, Yu H, Zhao M, Zhan X, Zhu B, Xiang T, Lu L, Dai T

Investigating the Effect of Hospital Infection Control Informatization on Optimizing Microbiological Specimen Submission
Before Antibiotic Therapy: Failure Mode and Effects Analysis

J Med Internet Res 2026,28:¢78118

URL: hitps://www . jmir.org/2026/1/e78118

doi: 10.2196/78118

© Jianxiong Wu, Weijiang Zhan, Jun Hua, Qinling Ge, Yuexian Zhu, Huixian Yu, Min Zhao, Xiaoyan Zhan, Bingwei
Zhu, Tongqi Xiang, Longxi Lu, Tieying Dai. Originally published in the Journal of Medical Internet Research (https://
www.jmir.org), 10.Mar.2026. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly

https://www.jmir.org/2026/1/e78118 J Med Internet Res 2026 | vol. 28 178118 I p. 11

(page number not for citation purposes)


https://doi.org/10.55633/s3me/E010.2023
http://www.ncbi.nlm.nih.gov/pubmed/38116970
https://doi.org/10.1016/j.sapharm.2021.11.009
http://www.ncbi.nlm.nih.gov/pubmed/34838476
https://doi.org/10.1186/s12903-024-05321-3
http://www.ncbi.nlm.nih.gov/pubmed/39780161
https://doi.org/10.1177/09691413231197300
http://www.ncbi.nlm.nih.gov/pubmed/37674432
https://doi.org/10.2196/56095
http://www.ncbi.nlm.nih.gov/pubmed/39008341
https://doi.org/10.1186/s13756-019-0480-z
http://www.ncbi.nlm.nih.gov/pubmed/30740221
https://doi.org/10.1093/intqhc/mzad018
https://doi.org/10.1093/intqhc/mzad018
http://www.ncbi.nlm.nih.gov/pubmed/37040384
https://doi.org/10.1186/s12913-023-09243-8
http://www.ncbi.nlm.nih.gov/pubmed/36966281
https://doi.org/10.1016/S1473-3099(22)00308-5
http://www.ncbi.nlm.nih.gov/pubmed/35870478
https://doi.org/10.1093/jacamr/dlab018
http://www.ncbi.nlm.nih.gov/pubmed/34223095
https://www.jmir.org/2026/1/e78118
https://doi.org/10.2196/78118
https://www.jmir.org
https://www.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://www.jmir.org/2026/1/e78118

JOURNAL OF MEDICAL INTERNET RESEARCH Wu et al

cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this
copyright and license information must be included.

https://www.jmir.org/2026/1/e78118 J Med Internet Res 2026 | vol. 28 1 e78118 | p. 12
(page number not for citation purposes)


https://www.jmir.org/
https://www.jmir.org/2026/1/e78118

	Investigating the Effect of Hospital Infection Control Informatization on Optimizing Microbiological Specimen Submission Before Antibiotic Therapy: Failure Mode and Effects Analysis
	Introduction
	Methods
	Study Setting and Design
	Step 1: Form an Interdisciplinary Team
	Step 2: Identify Potential Failure Modes
	Step 3: Evaluate Risk Priority
	Step 4: Develop Targeted Interventions
	Step 5: Implement and Evaluate Effectiveness
	Data Collection
	Data Analysis
	Ethical Considerations

	Results
	Hazard Analysis of Specimen Submission
	Develop Targeted Interventions
	Effect of FMEA Management on Specimen Submission

	Discussion
	Principal Findings
	Conclusions



