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Abstract
Novel diagnostic stewardship in infectious disease con-
sists of interventions that modify ordering, processing, 
and reporting of diagnostic tests to provide the right test 
for the right patient, prompting the right action. The in-
terventions work upstream and synergistically with tra-
ditional antimicrobial stewardship efforts. As diagnostic 
stewardship continues to gain public attention, it is critical 
that antimicrobial stewardship programmes not only learn 
how to effectively leverage diagnostic testing to improve 
antimicrobial use but also ensure that they are stake-
holders and leaders in developing new diagnostic stew-
ardship interventions within their institutions. This review 
will discuss the need for diagnostic and antimicrobial 
stewardship, the interplay of diagnostic and antimicrobial  
stewardship, evidence of benefit to antimicrobial stew-

ardship programmes, and considerations for successfully 
engaging in diagnostic stewardship interventions.
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Introduction
Diagnostic stewardship and antimicrobial 
stewardship: two peas in a pod
Although laboratory stewardship techniques have been 
used in clinical microbiology for decades, the modern 
definition and practice of diagnostic stewardship is rel-
atively new, first being described in 2017 by Morgan et al.1 
Diagnostic stewardship is an extension of principles of 
improving diagnosis through preventing diagnostic er-
ror as detailed by the National Academies.2 At its core, 
diagnostic stewardship refers to the modification of the 
process of ordering, performing and reporting of diag-
nostic test results to improve diagnostic accuracy, opti-
mize treatment and improve overall patient outcomes.3,4

Modern diagnostic stewardship in infectious diseas-
es works synergistically with antimicrobial stewardship 
(AMS). In fact, the CDC and Prevention Core Elements for 
AMS Programs designate diagnostic stewardship as a 
core part of AMS activities.5 Diagnostic stewardship often 

works upstream of traditional AMS efforts (Figure 1). Based 
on the terminology provided by Messacar et al.,6 diag-
nostic stewardship aims to provide the right test, for the 
right patient, at the right time, whilst AMS aims to provide 
the right (test) interpretation, providing the right antimi-
crobial, at the right time. Many of the core elements and 
key features needed for successful diagnostic steward-
ship interventions also directly align with those in AMS.  
In 2021, the CDC Division of Healthcare Quality Promotion, 
along with thought leaders, released a white paper on the 
importance of diagnostic stewardship for healthcare- 
associated infections, antimicrobial resistance, and sep-
sis management.7 This paper stressed the importance 
of an interdisciplinary approach that engages as many 
stakeholders as possible and includes AMS programme 
as core members of diagnostic stewardship teams.

Methods
This is a literature review using PubMed and Google Schol-
ar for English-language papers on infectious diseases 
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diagnostic stewardship and overdiagnosis of common 
healthcare-associated infections. The following key-
words were used for the review of diagnostic stewardship: 
“antimicrobial stewardship”, “antibiotic stewardship”, “di-
agnosis”, “diagnostic stewardship”, “overdiagnosis”, “rap-
id diagnostics” and “stewardship”. Studies were limited 
to those most common to the healthcare setting, which 
had published literature on interventions, including epi-
demiology and treatment of asymptomatic bacteriuria 
(ASB) and urinary tract infections (UTIs), Clostridioides 
difficile infections (CDIs), bloodstream infections (BSIs), 
and lower respiratory tract infections (LRTIs). These were 
included as additional search terms. Given the novel na-
ture of diagnostic stewardship, the search was limited 
to 2010–2022, and relevant papers reporting outcomes 
of the intervention on antibiotic utilization were selected 
for emphasis. The intended audience for this review in-
cludes healthcare professionals practicing in acute care 
settings; other settings, such as ambulatory care or out-
patient, are not comprehensively addressed. Additional-
ly, unless otherwise specified, interventions are focused 
to the adult patient population.

Review
The need for diagnostic stewardship
Whilst identifying a causative organism for an infectious 
syndrome allows for appropriate diagnosis and optimi-
zation of treatment, overdiagnosis in the field of infectious 
diseases has been increasingly recognized. Reliance on 
a sole diagnostic test, whether culture or non-culture 
based, leads to false-positive results, excessive antimi-
crobial exposure and associated downstream negative 
consequences, such as adverse drug events, CDI and 
selective pressure leading to development of resistance.8

Perhaps the most common cases of overdiagnosis and 
overtreatment occur in the setting of ASB. As defined in 
the 2019 Infectious Diseases Society of America guide-
lines, ASB is the presence of one or more bacteria in the 
urine in the absence of signs and symptoms of infection 
that are attributable or referable to the urinary tract.9 
The incidence of ASB varies significantly: from 5–15% in 
healthy individuals to 30–60% amongst elderly patients 
residing in communities versus long-term care facilities, 
respectively, to upwards of 100% amongst those with 
chronic urinary catheters.10–12 Antimicrobial therapy for 
ASB is exceedingly common, occurring in upwards of 
50% of cases documented in clinical literature.13 Addi-
tionally, a survey of hospital resident physicians found 
that only 33.7% were able to differentiate ASB from true 
infection and, importantly, after correct identification of 
ASB, approximately 50% reported still prescribing an-
timicrobial therapy despite no clear indication.14 Addi-
tional surveys have highlighted overcautiousness or risk 
perceptions, institutional culture and social norms, and 
being overworked as associated with overtreatment.15–18 
Amongst primary care clinicians, 71% indicated that they 
would prescribe antimicrobial therapy in the setting 
of ASB without a clear indication.19 Clinical inertia often 
leads to continuation of antimicrobial therapy in the set-
ting of ASB. For instance, in a 43-hospital cohort study 
of patients presenting to the emergency department 
with positive urine cultures but no documented signs or 
symptoms of a UTI, 74.4% received antimicrobial thera-
py.20 Factors associated with antimicrobial prescribing in 
the emergency department consisted of the presence 
of altered mental status, leucocytosis and abnormal re-
sults on urinalysis. Importantly, once antimicrobials were 
started, they often continued into patients’ hospital stay 
for at least 3 days; this was associated with longer hos-
pitalization and development of CDI. Thus, inappropriate 

Figure 1. Relationship between diagnostic and antimicrobial stewardship.
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antimicrobial prescribing frequently stems from inap-
propriate urine culturing.21,22

CDIs are amongst the most common healthcare- 
associated infections and result in significant morbid-
ity, mortality, hospital readmissions and attributable 
healthcare costs of approximately $6.3 billion USD an-
nually.23–26 Diagnosis is through a combination of lab-
oratory detection and clinical signs and symptoms of  
infection.27 In the 2010s, PCR for the detection of the genes 
responsible for toxin A and B production were released 
with sensitivities greater than 90%.28 Not long after, how-
ever, concerns emerged about the risk of ‘false-positive’  
PCR-driving diagnosis and treatment.29 Importantly, 
adults can become asymptomatically colonized with  
C. difficile, with reported rates of 10% and 50% in patients 
who are acutely hospitalized or in long-term care, re-
spectively, and colonization is 5–10 times more common 
than infection.29–32 A prospective study demonstrated 
the importance of differentiating infection versus colo-
nization and the overreliance on PCR results.33 Amongst 
hospitalized adults tested for C. difficile, those who were 
positive in both toxin and PCR had longer durations of di-
arrhoea (median 3 days versus 2 days; p=0.003), higher 
rates of CDI complications (7.6% versus 0%), and higher 
rates of recurring CDI-attributable mortality (8.4% versus 
0.6%; p=0.001) compared with those who were only pos-
itive in PCR. In fact, those who were toxin negative and 
PCR positive had clinical courses comparable to patients 
without a diagnosis of C. difficile. In a more recent study 
evaluating outcomes of patients who were PCR positive/
toxin negative, results were similar in two time periods 
when PCR was reported, where patients were largely 
treated compared with a time period when toxin was re-
ported and patients were largely untreated. Treatment 
for CDI in these PCR-positive/toxin-negative patients 
decreased from 91.5% to 15.1% after implementation, 
with no significant differences in unresolved diarrhoea  
at 7-day or 30-day mortality, suggesting substantial 
overtreatment of CDI occurring on the basis of PCR results 
alone.34 Overdiagnosis of CDI leads to overtreatment, 
which leads to concern of overgrowth of vancomycin- 
resistant enterococci, development of antimicrobial re-
sistance and increased risk of future development of CDI 
through gut dysbiosis.35–38

Antimicrobial and diagnostic stewardship are also im-
portant for the prompt and appropriate management 
of BSIs, which are often associated with sepsis. Studies 
have shown the importance of diagnostics to improve 
the time to appropriate therapy in sepsis and its asso-
ciation with improved mortality.39,40 On the other hand, 
however, diagnostic stewardship can help optimize 
blood culture practices and reduce unnecessary treat-
ment of contaminated blood cultures. Overall, blood 
cultures are associated with an extremely low yield, as 

only approximately 10% grow organisms. As Fabre et al. 
indicated, this low yield is partially caused by frequent 
ordering of blood cultures in those at low risk of a BSI.41 
Additionally, though false positives can be caused by 
the blood culture identification instrument, this only ac-
counts for less than 1% of bottles.42 More commonly, false 
positives are caused by contamination, with upwards of 
50% of positive blood cultures being possibly contami-
nated.43,44 These contaminated cultures frequently result 
in prolonged hospital stays, antimicrobial therapy, and 
additional diagnostic testing.45–47 Similarly, amongst true 
Gram-negative BSIs, it has been shown that unneces-
sary follow-up blood cultures also result in prolonged 
antimicrobial administration and hospital stay.48,49

In the setting of intensive care units (ICUs), antimicrobial 
use is primarily driven by suspected ventilator-associated  
pneumonia (VAP), which has a reported incidence of 
more than 50%.50 This aligns with the significant morbidi-
ty and mortality of VAP, where delays in appropriate an-
timicrobial therapy have been directly associated with 
poor outcomes.51,52 These concerns were illuminated by a 
qualitative survey of healthcare providers that identified 
fear of missing a diagnosis as the primary driver of over-
diagnosis and excessive antimicrobial therapy.53 Further 
compacting the issue is the wide array of non-specific 
diagnostic criteria and overreliance on microbiological 
culturing to determine a diagnosis because there is a 
lack of other reliable methods, such as biomarkers or 
scoring systems, to aid in the diagnosis.54 As such, it is 
speculated that VAP misdiagnosis is a common occur-
rence amongst patients in the ICU. For example, in a study 
of 231 patients with possible VAP, 58.4% were determined 
to not have this diagnosis based on external multidis-
ciplinary committee review of day 1 symptomatology.55 
Additionally, antimicrobials were continued in over 75% 
of patients determined not to have VAP on day 3, and re-
searchers estimated patients received over 1100 excess 
antimicrobial days of therapy (DOT). The overreliance 
on respiratory culturing to diagnose VAP can be seen in 
the recent cohort study by Albin et al., who evaluated 
patients on mechanical ventilation with new abnormal 
white blood cell (WBC) count or temperature but without 
radiographic evidence, ventilatory changes or purulent 
secretion.56 Amongst the 534 patients studied, 21.2% had 
respiratory tract sampling for microbial cultures. This 
respiratory tract culturing was strongly associated with 
prolonged unnecessary antimicrobial use (OR 2.32; 95% 
CI 1.23–4.24), including broad-spectrum antimicrobial 
use (OR 2.23; 95% CI 1.33–3.73). This over-reliance on res-
piratory culturing and misconception that the presence 
of bacteria is synonymous with infection led Albin et al. 
to coin the term “asymptomatic bacterisputia” as an aid 
in promoting VAP stewardship efforts.57 How to decrease 
detection and treatment of asymptomatic bacterispu-
tia in patients with VAP remains an area with research 
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gaps that need to be addressed before widespread 
measures can be implemented.58

Examples of the impact of diagnostic 
stewardship on antimicrobial use
Ordering phase
Several stewardship interventions have focused on the 
preanalytic, or ordering, phase of diagnostic testing, 
which includes the process of placing an order for the 
test. In the Choosing Wisely Campaign, the American 
Board of Internal Medicine and the American Society 
of Clinical Pathology highlight the need for appropriate 
test selection and timing.59,60 Both underutilization and 
overutilization of diagnostic tests are important as well 
as optimizing the timing of test ordering and perfor-
mance. In the case of overutilization, interventions may 
focus on removing certain tests from routine order 
sets, reducing duplicative laboratory orders/testing, 
limiting repeat testing, providing decision support to 
guide appropriate testing, and/or educating clinicians 
about appropriate indications for diagnostic testing 
(Figure 2).61,62 Underutilization of appropriate diagnos-
tic testing can lead to unnecessary diagnostic delays, 
increased unnecessary empirical antimicrobial use, 
longer hospitalization or worse patient outcomes due 
to missed diagnoses.61

A variety of best practices have been proposed to op-
timize testing for UTIs.62 These have been evaluated for 
their impact in several different populations and set-
tings and may substantially reduce urine culture orders, 
UTI rates, costs, and antimicrobial use.63–70 For example, 
in a cluster-randomized controlled trial, a multifacet-
ed intervention including educational sessions and a 
diagnostic/treatment algorithm was implemented in 
nursing homes. The intervention was associated with a 
31% reduction in antimicrobials prescribed for suspect-
ed UTIs.70 More recently, an educational intervention in 
concert with computerized clinical decision support 
(CCDS) resulted in a reduction in urine cultures as well 
as antimicrobial use in a cluster-randomized trial in 
Canadian long-term care facilities.68 UTI antimicrobial 
prescriptions declined from 3.2 to 2.5 per 1000 resident 
days with no increase in hospital admissions; all-cause 
mortality declined in the intervention facilities (0.2 per 
1000 resident days compared with baseline). Interven-
tions focused on urine culture ordering in the critical 
care setting have also been successful. In one study, 
a reflex to culture strategy was adopted in the adult 
ICUs of an academic medical centre, whereby cultur-
ing was only performed based on the presence of pyu-
ria in urinalysis (WBC count >10/hpf).67 This resulted in a 
30% reduction in urine cultures performed immediate-
ly after the protocol started and a 6% monthly decline  

Figure 2. Evidence-based diagnostic stewardship examples impacting antimicrobial use.

AST, automated susceptibility testing; CCDS, computerized clinical decision support; CDI, C. difficile infection; ID/AMs, Infectious 
Diseases/Antimicrobial Stewardship; NAAT, Nucleic Acid Amplification Test; PCT, procalcitonin; RDT, rapid diagnostic testing; RVP, 
respiratory viral panel; UA, urinalysis; UTI, urinary tract infection
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during the following year. The use of urinary antimicrobial 
agents in ICUs decreased from 449 DOT per 1000 patient 
days (DOT/1000 PD) preintervention to 425 DOT/1000 PD 
postintervention but, overall, there was not a significant 
trend to demonstrate a month-over-month decline 
during the 12-month postintervention period compared 
with baseline. In a random subset of patients, there was 
a significant decrease in new antimicrobial starts based 
on urine culture results (41% preintervention phase  
versus 23% postintervention; p<0.002).

Similarly, diagnostic stewardship interventions have op-
timized the workup of C. difficile, leading to reductions in 
CDI rates and antimicrobial use. Most publications re-
porting the impact of CDI test ordering interventions on 
antimicrobial use describe the implementation of clin-
ical decision support tools or questions posed to clini-
cians at the time of test ordering.71–74 One centre used a 
‘soft stop’, whereby the clinician can continue to place 
an order after viewing alerts reminding them of appro-
priate criteria, followed by a ‘hard stop’ that prevents the 
order from being placed unless certain criteria are met. 
They were able to demonstrate a decrease in test or-
dering of 24% as well as a decrease in oral vancomycin 
use.71 These strategies were compared in a multicentre 
collaborative study that initiated hard (nine institutions) 
or soft stops (four institutions) on orders for patients who 
had recently received laxatives or had a recent CDI test 
performed.75 Two additional institutions employed a hu-
man interaction approach, whereby members of AMS 
would encourage the cancellation of CDI test orders for 
inappropriate indications. This resulted in an adjusted 
33% and 23% reduction in CDI test ordering at hard-stop 
and soft-stop sites, respectively, and a 21% reduction at 
the human interaction sites. All three interventions were 
associated with a lower rate of CDI cases and with sig-
nificantly lower use of antimicrobials for CDI treatment, 
with reductions in oral vancomycin and fidaxomicin use 
of 23% for hard-stop, 15% for soft-stop and 27% for human 
interaction sites. CCDS tools have even been successful-
ly extended to haematology/oncology populations, who 
are at high risk for C. difficile colonization and infection.74 
A CCDS CDI testing algorithm requiring the presence of 
symptoms (leukocytosis, abdominal pain, >3 loose stools 
in 24 hours) and no laxative use within 72 hours was im-
plemented in haematology/oncology wards as well as 
in a haematopoietic stem cell transplant unit of an aca-
demic medical centre. The centre also had a best prac-
tice alert (BPA) with a soft stop to prevent testing in the 
presence of laxative use within the previous 72 hours as 
well as C. difficile test positivity within the past 14 days. 
This intervention resulted in a 63% decrease in CDI rate, 
a 55% decrease in monthly CDI events, a 57% decrease 
in mean monthly use of oral vancomycin on these units, 
a 77% decline in vancomycin-resistant enterococci col-
onization, and an 86% decline in vancomycin-resistant  

enterococci hospital-onset bacteraemia over 22 months 
of follow-up.

Several recent studies have evaluated the potential ef-
fects of diagnostic stewardship interventions on blood 
culture orders, but not all have measured the direct im-
pact of these on antimicrobial use.43,76 The use of a check-
list and decision algorithm to guide decision-making by 
clinicians regarding blood culture orders was evaluated 
in a 36-bed paediatric ICU (PICU).76 The intervention was 
associated with a 46% reduction in blood culture collec-
tion rate with no increase in in-hospital mortality or re-
admissions. Consensus recommendations for when to 
avoid blood cultures in patients in the PICU were devel-
oped by an expert panel, and then subsequently studied 
with a quality improvement intervention in 14 PICUs.76,77 
This resulted in a 33% relative reduction in blood cul-
tures and a 13% relative reduction in the use of broad- 
spectrum antimicrobials, with no increase in mortality, 
length of stay, readmission, or clinical diagnoses such 
as sepsis/severe sepsis.

Stewardship interventions aimed at optimizing test or-
dering for the evaluation of LRTIs have been deployed 
using different strategies. In the ICU setting, a protocol 
was implemented to allow pharmacists to order di-
agnostic tests (influenza PCR, a respiratory viral panel, 
Legionella urine antigen test and procalcitonin (PCT)) 
based on certain criteria for patients with communi-
ty-acquired pneumonia.78 This increased the perfor-
mance of recommended diagnostic testing, with a  
1.5-fold increase in the identification of a pathogen and 
more than a two-fold increase in antimicrobial de- 
escalations without any apparent increase in adverse 
patient outcomes. In patients with suspected pneumo-
nia, several studies have evaluated adding a PCT order 
to standard of care and leveraging those results in anti-
microbial de-escalation.79,80 However, this has not been 
universally successful so needs to be considered in the 
context of turn-around times and resources available 
at each facility.81 For instance, PCT levels that suggest a 
non-bacterial cause of infection do not necessarily re-
sult in timely antibiotic discontinuation in the majority 
of patients.82 Increasing availability of multiplex respira-
tory virus panels (RVPs) has added to the complexity of 
diagnostic test options available to clinicians, with the 
potential for more rapid results but at increased cost 
and, in some cases, may be duplicative with other tests. 
Several methods might be employed to optimize order-
ing of these tests, including reflexive or stepwise test-
ing based on other results, diagnostic algorithms/CCDS, 
prior authorization from ID/AMS teams for testing and 
educational programmes.6,83,84 In the case of LRTIs, the 
addition of a multiplex panel with rapid results-directed 
standardized antimicrobial recommendations (within 5 
hours of testing) shortened the duration of inappropriate  
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antimicrobial therapy by 38.6 hours, without apparent 
adverse consequences on clinical stability, length of 
stay, or readmission rate.85

Processing phase
Clinical microbiology laboratories have established cri-
teria for various types of specimens to ensure reliable 
test performance.3,86 These criteria and testing algo-
rithms largely go unnoticed by clinicians. Diagnostic 
stewardship interventions aimed at processing of spec-
imens exist in addition to these established testing crite-
ria and can also have a significant downstream impact 
on antimicrobial use. However, evidence is largely limit-
ed to urine and stool/C. difficile testing.

Conditional urine reflex testing is the practice of can-
celling urine cultures when specific criteria are not met 
by urinalysis.62 Several studies have demonstrated that 
implementation of conditional urine testing signifi-
cantly decreases the number of urine cultures being 
processed, which has a substantial impact on labora-
tory workflow.67,87–91 Less data, however, are available to 
demonstrate the impact of this procedure on antimi-
crobial use. In a recent prospective pilot study of over 
4000 patients, authors examined a matrix of urinalysis 
criteria (either alone or in combination) and their im-
pact on urine culture positivity, UTIs, and inappropriate 
antimicrobial use.92 The authors reported that imple-
mentation of conditional urine reflex testing has the 
potential to decrease inappropriate antimicrobial use 
from 45% to 9%. In a recent quasi-experimental study in 
the emergency department setting, implementation of 
conditional urine reflex testing resulted in a significant 
decrease in inappropriate treatment of ASB from 10.2% 
to 1.9% (p=0.01).93

The Updated Infectious Diseases Society of America  
C. difficile Guidelines recommend multistep testing to 
aid in diagnostics of CDI.27,94 This assists in decreasing 
false-positive results, which are often caused by the 
combination of high sensitivity of nucleic acid ampli-
fication tests and colonization of the gastrointestinal 
tract with C. difficile.33 Implementation of a two-step 
testing algorithm for CDI at an 800-bed regional med-
ical centre was associated with significant reductions 
in hospital-onset and community-onset CDI cases as 
well as with a 58% reduction in initiation of metronida-
zole (IV and oral) as treatment for CDI.95 A similar study 
found that, though PCR-positive C. difficile results did 
not change after implementation of two-step testing, 
the incidence of reportable CDI significantly decreased 
(54/10,000 admissions versus 15/10,000 admissions; 
p<0.0001). Importantly, use of oral vancomycin also de-
creased significantly, from 16 DOT/1000 PD to 9 DOT/1000 
PD (p=0.0002).96

Reporting phase
Antimicrobial stewardship programmes frequently col-
laborate with clinical microbiology laboratories to alter 
the reporting of culture- and non-culture-based results 
to influence prescribing practices and decrease inap-
propriate antimicrobial use.6,97 The term ‘nudge’ has 
been used to describe these types of interventions and 
originated from behavioural economic theory.98 Nudg-
es are interventions meant to guide decision-making 
through choice architecture whilst maintaining autono-
my. The recent scoping review from Langford et al., enti-
tled NIMBLE, described the most common type of nudges 
used in diagnostic and antimicrobial stewardship to af-
fect antimicrobial use.99

There are examples of nudges within an electronic 
medical record (EMR) to alter not only urine culture or-
dering but also antimicrobial prescribing. Use of a BPA 
to remind providers that positive urine cultures, without 
signs or symptoms referred to the urinary tract, do not 
require treatment was able to decrease antimicrobi-
al utilization from an average of 6.3 days to 2.2 days 
(p<0.001) without subsequent adverse events.100 Selec-
tive or cascade reporting of antimicrobials has also 
successfully altered prescribing practices for suspect-
ed UTIs.101–103 Given the successful impact of these inter-
ventions, they have become recommended by experts 
as core urine culture diagnostic stewardship practic-
es.62 The most extreme form of selective reporting is to 
completely restrict reporting of all results from the urine 
culture, instead requiring clinicians to call the clinical 
microbiology laboratory for results if concerns for true 
infections persisted. In a proof-of-concept study, Leis 
et al.104 restricted urine culture results for all patients 
without a catheter. Amongst the specimens collect-
ed in the postintervention period, 89% of patients with 
positive cultures did not meet criteria for UTIs. The rate 
of antimicrobial prescribing for ASB decreased by 36% 
(95% CI 15–57%). A subsequent randomized, parallel, 
unblinded, superiority trial, again in patients without a 
catheter, demonstrated that restrictive reporting sig-
nificantly improved the appropriateness of antimicro-
bial prescribing compared to traditional reporting (80%  
versus 52.7%; p=0.002).105

Limited data exist with respect to altering reporting for 
CDIs.106 Similar to BSI, AMS interventions often occur after 
reporting rapid diagnostic test (RDT) results. Most data 
relate to diagnostic stewardship interventions to prevent 
unnecessary test ordering.106 One recent study leveraged 
multistep processing of C. difficile nucleic acid amplifi-
cation tests and toxin A/B testing in conjunction with a 
nudge to consider colonization when the toxin enzyme 
immunoassay test was negative.107 After implementation 
of this nudge, authors reported significantly decreased 
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mean duration of CDI therapy (13.6−7.9 days (−5.8 days); 
95% CI −3.9 to −7.6) and an increase in the proportion of 
patients who did not receive any CDI therapy (OR 4.5; 
95% CI 2.3–8.7). Importantly, there was no change in the 
number of patients who later developed toxin positivity 
or experienced mortality.

Two main types of reporting interventions are commonly 
used by AMS programmes to improve antimicrobial use 
in BSIs: cascade reporting and AMS review and feedback 
on blood culture rapid diagnostics. RDTs for BSIs can 
identify key causative organisms hours to days sooner 
than traditional microbiological testing methods, with a 
high degree of sensitivity.108–110 In both Gram-positive and 
Gram-negative BSI, studies have shown the importance 
of AMS intervention on RDT results to improve time to 
appropriate antimicrobials and clinical outcomes.111–113 In 
one of a seminal paper by Banerjee et al., using a ran-
domized trial design, those assigned to AMS review had 
significantly decreased time to therapy optimization 
compared with traditional testing or RDT with use of a 
templated comment. This includes both time to antimi-
crobial de-escalation (34 hours control versus 38 hours 
RDT versus 21 hours RDT plus AMS; p<0.001) and antimi-
crobial escalation (24 hours control versus 6 hours RDT 
versus 5 hours RDT plus AMS; p=0.04).114 In a systematic 
review and meta-analysis, Timbrook et al. also demon-
strated that AMS involvement in review and feedback on 
RDT results can improve patient outcomes; in particular, 
studies with AMS involvement showed a decreased odds 
of all-cause mortality compared with those without AMS 
(OR 0.64; 95% CI 0.51–0.79).115 Finally, AMS involvement with 
RDT results has also been shown to be cost-effective.116,117 
In decision-analytic models, RDTs with AMS review have 
a probability of being 80% cost-effective and have sub-
stantially improved incremental cost-effectiveness ra-
tios compared with other identification methods or RDT 
alone.116,117 Given the important impact of AMS on patient 
outcomes, it is crucial that AMS programmes are inte-
gral in the implementation of diagnostic strategies for 
BSI at their local facilities.118

Cascade reporting is a more passive intervention often 
employed by AMS to alter prescribing practices by first 
reporting limited-spectrum agents and only reporting 
secondary, more broad-spectrum agents if resistance 
to those limited-spectrum agents is present.119 Cascade 
reporting is most commonly employed for blood and 
urine cultures.99 Several studies have reported on the 
impact of cascade reporting on the management of BSI, 
including across eight Veterans’ Health Affairs Medical 
Centres. In this study, AMS developed reporting testing 
algorithms by genus for BSI caused by Enterobacterales 
or Pseudomonas aeruginosa.120 After implementation of 
cascade reporting, there was a 24% decrease in mean 
DOT/1000 PD for meropenem use (p=0.005).

Antimicrobial stewardship programmes have shown the 
power of collaborating with clinical microbiology to alter 
reporting of sputum, tracheal aspirate and bronchoal-
veolar lavage cultures with simple nudges regarding the 
presence or absence of certain organisms.121,122 For exam-
ple, Musgrove et al.121 implemented a nudge comment 
that highlighted the absence of methicillin-resistant  
Staphylococcus aureus or Pseudomonas spp. in the fi-
nal culture results. This comment, coupled with AMS pro-
vider education, was able to decrease broad-spectrum  
antimicrobial prescribing from a median of 7 to 5 days 
(p<0.001) and was independently associated with a 5.5-
fold increased odds of de-escalation. The widespread 
use of multiplex RVP PCRs has provided AMS programmes 
with opportunities to intervene on unnecessary antimi-
crobial therapy. CDSS tools that flag patients with positive  
RVP test results sent to AMS pharmacists for prospec-
tive audit and feedback have been shown to facilitate 
significant and substantial decreases in unnecessary 
therapy.123–125 The biomarker PCT has also been studied 
in randomized trials as a tool to differentiate a viral from 
bacterial aetiology of LRTI.79,126–128 However, adherence to 
algorithms in real-world practice tends to be less than 
optimal.129,130 Nevertheless, the combination of RVP, PCT 
and AMS involvement can be highly valuable in guiding 
providers to appropriate management or viral LRTIs.84 
For example, Moradi et al.131 implemented an AMS alert 
for adult patients with positive RVP, low PCT and at least 
one systemic antimicrobial agent ordered that urged 
providers to reassess the continued need for therapy. 
After implementing this BPA, mean DOT decreased by 2.2 
days and there was a significant decrease in antimicro-
bial use at discharge (47.8% versus 20%; p<0.001).

Discussion
Pitfalls and considerations of 
implementing diagnostic stewardship
There are many pitfalls to avoid when leveraging diag-
nostic stewardship to optimize antimicrobial use. These 
have been reported on to some extent in the literature 
but additional local considerations may be identified 
and addressed by including multidisciplinary groups 
with various perspectives in the planning stages.  
Designing these interventions can be hampered by a lack 
of consensus around certain testing criteria and marked 
variability between labs in specimen handling and pro-
cessing.132 Engaging physician champions and under-
standing the local culture within an institution are helpful 
to navigating these challenges. Implementation of test-
ing protocols may also be sub-optimal when the report-
ed reference range for a test is not consistent with AMS 
protocols to guide interpretation as has been described 
with PCT.133
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An important consideration when undertaking diag-
nostic stewardship interventions is the need for admin-
istrative support, and it is imperative to include health 
information technology and other administrative per-
sonnel in the diagnostic stewardship team in order to 
ensure successful implementation and maintain pos-
itive impact. Many of these interventions involve pro-
gramming EMR systems to provide CCDS and nudge 
comments on test results to guide antimicrobial se-
lection or de-escalation. Too many alerts may lead to 
disruptions in clinician workflow, alert fatigue and infor-
mation overload.7,61,134 However, user-centred EMR design 
could make it easier for clinicians to appropriately order 
diagnostic tests. For example, showing recent laxative 
use in an order panel or dates/results of prior CDI testing 
has been shown to facilitate appropriate ordering of CDI 
tests.73 There is increasing recognition of the challenges 
inherent in making one group responsible for antimi-
crobial use within an institution or health system and a 
call to broaden this responsibility to individual prescrib-
ers. By harnessing CCDS, educational tools, local syn-
drome-based guidelines, established frameworks for 
decision-making and other stewardship strategies, pro-
grammes can engage prescribers in taking ownership 
of diagnostic and antimicrobial stewardship to drive 
appropriate use of diagnostic tests and antimicrobial 
agents.135

Additionally, the adoption of new broad syndromic di-
agnostic panels without careful attention may lead to 
unintended consequences. For example, molecular test-
ing for C. difficile is included in several comprehensive 
stool testing panels; therefore, if performed in addition to 
other CDI testing, these could be unnecessarily duplica-

tive and could yield conflicting results.136 Low-yield sce-
narios for implementation of syndromic panels should 
be considered and, if multiplex panels are adopted for 
higher-yield use cases, these diagnostic tests should 
be carefully stewarded.7 Furthermore, implementation 
of highly sensitive non-culture-based diagnostic tests 
might identify organisms that did not appear in cultures 
and do not definitively indicate the organism is respon-
sible for the symptoms the patient is experiencing nor do 
they distinguish colonization from infection.

Conclusions
There is a need to address overdiagnosis of infectious 
diseases, particularly in acute care settings, as this of-
ten leads to excessive antimicrobial use. As AMS pro-
grammes continue to strive to improve antimicrobial 
use and patient outcomes, novel diagnostic steward-
ship interventions should be considered. Core AMS prin-
ciples, such as prospective audit and feedback, remain 
central components of a successful AMS programme. By 
leveraging diagnostic stewardship and strong relation-
ships with clinical microbiology laboratories as well as 
interdisciplinary teams, AMS programmes will be able to 
affect positive changes throughout the diagnostic pro-
cess and will not be limited to interventions that occur 
after diagnostic decision-making. These diagnostic in-
terventions will complement AMS activities. Recognizing 
the limitations of our current knowledge and technolo-
gy in relation to diagnostic methods, we must engage 
in continuous quality improvement to build on what we 
know and optimize diagnosis and treatment for patients 
with infectious syndromes.
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