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and antibiotics. Despite this, economic and soci-
etal challenges hinder AMS efforts. The objective 
of this study was to obtain insights from health-
care professionals (HCPs) on current challenges 
and identify opportunities for optimising diag-
nostic test utilisation and AMS efforts.
Methods: Three hundred HCPs from six coun-
tries (representing varied gross national incomes 
per capita, healthcare system structure, and AMR 
rates) were surveyed between November 2022 
through January 2023. A targeted literature 
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Introduction: Antimicrobial resistance (AMR) 
is a global public health challenge. Global efforts 
to decrease AMR through antimicrobial steward-
ship (AMS) initiatives include education and 
optimising the use of diagnostic technologies 
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review and expert interviews were conducted to 
inform survey development. Descriptive statis-
tics were used to summarise survey responses.
Results: These findings suggest that the great-
est challenges to diagnostic test utilisation were 
economic in nature; many HCPs reported that 
AMS initiatives were lacking investment (32.3%) 
and resourcing (40.3%). High resistance rates 
were considered the greatest barriers to appro-
priate antimicrobial use (52.0%). Most HCPs 
found local and national guidelines to be very 
useful (≥ 51.0%), but areas for improvement were 
noted. The importance of AMS initiatives was 
confirmed; diagnostic practices were acknowl-
edged to have a positive impact on decreasing 
AMR (70.3%) and improving patient outcomes 
(81.0%).
Conclusion: AMS initiatives, including diag-
nostic technology utilisation, are pivotal to 
decreasing AMR rates. Interpretation of these 
survey results suggests that while HCPs consider 
diagnostic practices to be important in AMS 
efforts, several barriers to successful implemen-
tation still exist including patient/institutional 
costs, turnaround time of test results, resourc-
ing, AMR burden, and education. While some 
barriers differ by country, these survey results 
highlight areas of opportunities in all countries 
for improved use of diagnostic technologies 
and broader AMS efforts, as perceived by HCPs. 
Greater investment, resourcing, education, and 
updated guidelines offer opportunities to further 
strengthen global AMS efforts.

PLAIN LANGUAGE SUMMARY

Antimicrobials are medications used to treat 
infections caused by bacteria (e.g. antibiotics), 

viruses, parasites, and fungi. Over time, these 
microbes may become resistant to antimicro-
bials, limiting how well they work. This often 
happens as a result of overuse, using antimicro-
bials when there is not an infection, or using 
an inappropriate antimicrobial. Antimicrobial 
resistance is a growing global problem. Antimi-
crobial stewardship programs aim to improve 
appropriate use of antimicrobials. Diagnostic 
testing plays an important role in these pro-
grams by identifying the microbes responsible 
for infections so patients can be given the right 
treatment as quickly as possible. We aimed to 
obtain the perspective of healthcare profession-
als from six countries on the challenges of and 
ways to improve diagnostic testing and antimi-
crobial stewardship programs. We found that 
some of the greatest challenges were related to 
costs. Approximately one-third of participants 
said that antimicrobial stewardship initiatives 
were lacking investment (32.3%) and resourc-
ing (40.3%). High rates of antimicrobial resist-
ance were identified as the greatest barriers to 
appropriate antimicrobial use (52.0%). Partici-
pants said that diagnostic practices have a posi-
tive impact on decreasing antimicrobial resist-
ance (70.3%) and improving patient outcomes 
(81.0%). Overall, we found that healthcare 
professionals consider diagnostic tests to be an 
important part of antimicrobial stewardship, but 
there are several barriers to their success, includ-
ing patient/hospital costs, turnaround time of 
test results, resourcing, antimicrobial resist-
ance, and education. To overcome these barri-
ers, increased funding, education, and resourc-
ing, regular guideline updates, and development 
of optimised testing algorithms may help to 
improve antimicrobial stewardship and ulti-
mately decrease antimicrobial resistance.
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Key Summary Points 

Why carry out this study?

Despite antimicrobial resistance being a topic 
of global importance and the reported posi-
tive impact of diagnostic technologies and 
antimicrobial stewardship efforts, barriers to 
appropriate use of diagnostic utilisation and 
effective antimicrobial stewardship practices 
widely exist.

This research aimed to obtain insights from 
healthcare professionals on current chal-
lenges and identify opportunities for optimis-
ing diagnostic and antimicrobial stewardship 
efforts.

What was learned from the study?

While healthcare professionals consider diag-
nostic practices to be important in antimi-
crobial stewardship efforts, there are several 
barriers to their successful implementation, 
including patient/institutional costs, turna-
round time of test results, resourcing, antimi-
crobial resistance burden, and education.

To overcome these barriers, increased fund-
ing, education, and resourcing along with 
regular clinical guideline updates and devel-
opment of optimised testing algorithms may 
help to improve antimicrobial stewardship 
efforts and ultimately decrease antimicrobial 
resistance.

INTRODUCTION

Antimicrobial resistance (AMR) is a prominent, 
global public health challenge; an estimated 
1.27 million deaths annually are directly attrib-
utable to infections caused by drug-resistant 
bacteria [1]. Continued rise in AMR could, by 
2050, place 10 million lives and US$100 trillion 
at risk each year globally [2]. In 2022, the World 
Health Organization (WHO) Global Antimi-
crobial Resistance and Use Surveillance System 
reported that AMR rates had increased globally 

by at least 15% between 2017 through 2020 for 
highly resistant pathogens [3].

A challenge is that wide variation in testing 
coverage and data representativeness presents 
a major limitation in interpreting AMR rates 
globally [3]. The Center for Disease Dynamics, 
Economics & Policy (now One Health Trust) 
published a 2021 report on global antibiotic 
use, which shows there are significant between-
country variations on indicators for policy, AMR, 
antimicrobial use, and public health [4].

There are global efforts to reduce AMR 
through antimicrobial stewardship (AMS), 
aiming to meet recommendations from the 
WHO and the Review on AMR [2, 5], includ-
ing enhancing infection prevention, awareness 
of AMR, surveillance, and prudent prescribing 
of antimicrobials, alongside optimising use of 
diagnostic technologies and medicines. The 
Review on AMR recommends promotion of 
“new, rapid diagnostics to cut unnecessary use 
of antibiotics” and published a thematic paper 
on rapid diagnostics [6]. Definitions of rapid 
diagnostics vary depending on application and 
time to result (TTR, time from sample collec-
tion to results returned) [6–8], but may include 
automated phenotypic tests [8], biomarker 
tests [7], and point-of-care tests [7]. Addition-
ally, the Infectious Diseases Society of America 
has advocated for development of more qual-
ity outcomes research, education, and fund-
ing for the development of new diagnostics to 
ultimately help decrease AMR [9]. Strategic and 
data-driven utilisation (a data-driven approach 
for optimising the use of diagnostic testing and 
subsequent antimicrobials through the utilisa-
tion of hospital data and guidelines) of these 
technologies could transform the way antimi-
crobials are employed, reducing unnecessary 
use, slowing AMR, and making existing drugs 
effective for longer [2], with improved patient 
care and outcomes [6]. Evidence-based prescrib-
ing and dispensing should be the standard of 
care, supported by the appropriate use of rapid 
diagnostics [5, 6].

Several international studies have demon-
strated that diagnostics, including rapid diag-
nostics, decrease time to initiation of optimal 
antibiotic therapy [10–13]. Rapid diagnostics 
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have also been found to improve patient clini-
cal outcomes [10], reduce mortality [11, 12, 14, 
15], and improve economic outcomes, includ-
ing reduced length-of-stay and healthcare costs 
[10–12, 14–16]. AMS initiatives play an essential 
role in these improved outcomes [12, 14, 15]. 
However, there is the need for implementation 
of effective AMS programs globally, including in 
lower-income countries [17].

Rapid diagnostic testing has been recognised 
as having a broad impact on multiple areas of 
AMS programs [18] as well as in reducing AMR 
[2, 9, 18]. However, headwinds exist regarding 
the implementation and use of diagnostic tests, 
especially rapid tests, which may vary by country 
[19]. A recent global survey of 81 members of the 
International Society of Antimicrobial Chemo-
therapy across 31 countries assessed patterns of 
use of rapid diagnostic tests and concluded that 
there is no “one size fits all” solution to rapid 
diagnostic test utilisation and requirements must 
be tailored to healthcare settings in which they 
are deployed [19]. Challenges include economic 
barriers (e.g. set-up costs and high per-test costs), 
quality assurance and regulatory issues, device 
performance and data management issues, and 
staff and operational issues [20, 21]. Implemen-
tation of AMS programs can also be difficult; a 
survey of 660 hospitals across 67 countries found 
that the main barriers were perceived to be lack 
of funding or personnel, lack of information tech-
nology support, and prescriber opposition [22].

It is important to understand the viewpoints 
of healthcare professionals (HCPs) on the cur-
rent and anticipated challenges to optimal use 
of diagnostic technologies. This can support the 
development of strategies to improve appropri-
ate diagnostic test and antibiotic use, subse-
quently improving patient outcomes. The objec-
tive of this study was to obtain insights from 
HCPs about the barriers they face and opportu-
nities for optimising diagnostic testing practices 
to inform AMS in different country settings.

METHODS

In this cross-sectional study, 300 HCPs were sur-
veyed across six countries, chosen to represent 

varied gross national incomes (GNI) per capita, 
healthcare system structures, and AMR rates: 
Brazil, China, Germany, Italy, India, and the 
USA [4, 23]. Four themes were explored: tech-
nology in infectious disease (ID) management, 
role of diagnostic testing in AMS, challenges in 
diagnostic technology utilisation, and the use of 
guidelines. Surveys were administered via email.

Survey Development

A targeted literature review (TLR) and expert 
interviews were conducted to inform survey 
development. Qualitative interviews with two 
local practice experts per country (n = 12) took 
place between April and June 2022, which fur-
ther explored findings of the TLR. Interviewees 
were experts in the field of AMR, AMS, or diag-
nostic practices.

A web-based survey, consisting of ten screener 
questions and 25 scientific questions, was devel-
oped (Appendix in the Supplementary Material). 
The same local practice experts (n = 12) reviewed 
the survey questions prior to fielding, consider-
ing the applicability of the scientific questions 
in real-world practice, ease of responding, and 
relevance to country practices. The survey was 
translated into local language for Brazil, China, 
Germany, and Italy before online programming 
using Confirmit Survey Designer.

Survey Fielding

The survey was completed by 300 HCPs (50 per 
participating country) between November 2022 
and January 2023. To gain a wholistic picture 
of where resources may be limited and define 
potential challenges in diagnostic testing, uti-
lisation, and AMS efforts, responses were col-
lected from four different HCP specialty groups 
across the continuum of acute care (clinicians 
with ID experience, intensive care unit [ICU] 
clinicians/hospitalists, pharmacists, and lab 
managers/supervisors; n = 12 or 13 per specialty 
per country). All participants worked within an 
inpatient clinical setting with at least 100 beds 
and had experience in diagnostic use for infec-
tions (Table 1). Additional screening questions 
to assess AMS team/committee membership, role 
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Table 1  Characteristics of survey participants

n (%)
N = 300

How many beds are there in your hospital?

 100–250 81 
(27.0%)

 251–500 78 
(26.0%)

 501–750 57 
(19.0%)

 751–999 21 (7.0%)

 ≥ 1000 63 
(21.0%)

Which of these roles best describes your primary role?

 Physician 40 
(13.3%)

 Infectious disease physician 37 
(12.3%)

 Hospitalist/ICU physician 78 
(26.0%)

 Pharmacist 73 
(24.3%)

 Lab manager/supervisor 72 
(24.0%)

Are you or do you have experience as an infection control officer?

 Yes (current) 120 
(40.0%)

 Yes (former) 45 
(15.0%)

 No 135 
(45.0%)

How would you describe your hospital?

 Rural 23 (7.7%)

 Urban 277 
(92.3%)
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Table 1  continued

n (%)
N = 300

How would you describe your hospital?

 Private 111 
(37.0%)

 Public 189 
(63.0%)

How would you describe your hospital?

 Academic 149 
(49.7%)

 Non-academic 151 
(50.3%)

Does your hospital have an on-site microbiology lab?

 Yes 281 
(93.7%)

 No 18 (6.0%)

 Don’t know 1 (0.3%)

How many years of experience do you have since you completed your training/primary qualifications?

 1–2 2 (0.7%)

 3–5 10 (3.3%)

 6–9 65 
(21.7%)

 10+ 223 
(74.3%)

Are you part of an antimicrobial stewardship team/committee within your institution?

 Yes 162 
(54.0%)

 No 138 (46.0%)

ICU intensive care unit

as an infection control officer, and clinical set-
ting description were used to ensure a balanced 
sample of responses and avoid bias.

Panel and custom recruitment were used 
to enrol participants. Descriptive analyses of 
the survey responses were performed, and no 

adjustments were made for missing data or non-
response. No items were weighted to adjust for 
non-representativeness of the sample. Responses 
were summarised using descriptive statistics in R 
version 4.0.3 and Microsoft Excel.
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Ethics

Ethics committee approval was not required 
for this study. Survey recruitment and admin-
istration was performed by Medefield, a market 
research company. Participants were limited to 
experienced HCPs and were recruited via email. 
An agreed upon honorarium was offered to the 
participants. Researchers did not have access 
to personally identifiable information of the 
participants.

RESULTS

Responses were obtained from 50 respond-
ents per country across the four HCP groups of 
interest (Table S1 in the Supplementary Mate-
rial). Participant characteristics are outlined 
in Table 1. A total of 189 (63.0%) worked in a 
public setting, and 288 (96.0%) had more than 
6 years of experience in their field.

Providers View Diagnostic Practices to Have 
a Positive Impact on AMS Activities and 
Patient Outcomes

Participants were asked to outline how diagnos-
tic technologies (Table S2 in the Supplementary 
Material) are used within their hospital inpa-
tient setting. Traditional, culture-based testing 
was routinely used for all patients with symp-
toms of infection by 82.7% of participants. More 
advanced diagnostics were less frequently uti-
lised for all patients with symptoms of infection 
(7.0–43.0%). Next-generation sequencing and 
matrix-assisted laser desorption/ionization-time 
of flight gas chromatography mass spectrometry 
(MALDI-TOF GC–MS) were rarely used routinely 
in all countries (0.0–16.0% and 4.0–20.0%, 
respectively). There was slightly higher routine 
usage of next-generation sequencing in China 
(16.0%) and MALDI-TOF GC–MS in the USA 
(20.0%). Instead, more participants considered 
these advanced diagnostics to be used on a case-
by-case basis for selected or severely ill patients.

To gain insight into the impact and utility of 
current diagnostic practices at their hospital, 
participants were asked to select factors that 
in their opinion improved patient, economic, 

Fig. 1  Reported impact of current diagnostic testing land-
scape/practices on patient, economic and AMS outcomes. 
Participants were asked to select the most appropriate 
option for each outcome listed on the basis on the current 

diagnostic testing landscape/practices in your hospital. 
AMR antimicrobial resistance, AMS antimicrobial stew-
ardship. n = 300 per outcome
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and AMS outcomes. Most participants reported 
diagnostic practices led to the following out-
comes at their hospital: treatment adjustment 
(86.3%), early and accurate detection of patho-
gens (82.7%), treatment de-escalation (81.3%), 
improved patient outcomes (81.0%), spectrum 
of antibiotics being narrowed (79.0%), decreased 
inappropriate use of antibiotics (78.3%), organi-
sational economic outcomes (71.3%), decreased 
AMR (70.3%), and decreased need for additional 
lab testing (66.3%) (Fig. 1).

Barriers Were Identified That Inhibit 
Effective Use of Diagnostic Tests

When asked about challenges to the use of 
diagnostic tests, the most frequently selected 
responses were cost of individual tests (42.3%), 
cost of set-up/initial outlay to purchase equip-
ment (35.7%), concerns relating to sensitivity/
accuracy (29.0%), lack of education/awareness 
on new diagnostic tests (25.7%), and access to 
diagnostic tests (25.0%) (Fig. 2). “Cost of indi-
vidual tests” was the most selected answer in 
India (74.0%) and the USA (50.0%), where pri-
vate health insurance or patient out-of-pocket 
fees are common, and Brazil (54.0%), which 
has a universal healthcare system, but Brazilian 
citizens can also opt to buy private insurance or 
pay out-of-pocket. The most common responses 
were “lack of clinical data” for China (48.0%), 
“concerns around accuracy and sensitivity/

specificity of the diagnostic test” for Germany 
(44.0%), and “access to diagnostic tests” for Italy 
(34.0%).

Participants were asked to estimate the aver-
age time between sample collection of bacte-
rial, fungal, and viral specimens to results being 
returned per diagnostic step at their hospital. 
Over half of participants selected turnaround 
times of 12 h or less for identification (54.2%) 
and initial antimicrobial susceptibility test-
ing (AST) (53.6%); whereas slower turnaround 
times were more frequently reported for com-
prehensive AST and resistance gene identifica-
tion (Table S3a in the Supplementary Material). 
Forty-seven participants (15.8%) estimated a 
TTR of 2 h or less for identification. Additional 
analyses found that 85% (n = 40) of these par-
ticipants had access to multiple rapid diagnos-
tic tests for identification and, of the remaining 
15% (n = 7) who estimated a TTR of 2 h or less 
based on one diagnostic test, 85% were phar-
macists. Many participants indicated that turna-
round times were suboptimal to inform antimi-
crobial prescribing decisions: 46.9% considered 
TTRs were “sometimes” or “not” quick enough 
for identification, 48.0% for initial AST, 60.9% 
for comprehensive AST, and 63.4% for resistance 
gene identification (Table S3b in the Supplemen-
tary Material). This pattern was also present in 
higher-income countries like the USA and Italy. 
In the USA, 57.1% of participants reported sub-
optimal TTR for identification, 53.1% for initial 
AST, 79.6% for comprehensive AST, and 67.3% 

Fig. 2  Most commonly reported challenges to the use of 
diagnostic tests across the treatment pathway. AMR anti-
microbial resistance, AMS antimicrobial stewardship, HCP 

healthcare professional. n = 50 respondents per country. 
Respondents could select up to five answers
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for resistance gene identification. In Italy, 55.1% 
of participants reported suboptimal TTR for 
identification, 51.0% for initial AST, 63.3% for 
comprehensive AST, and 61.2% for resistance 
gene identification. In Germany, suboptimal 
TTRs were more frequently reported for compre-
hensive AST (64.0%) and resistance gene iden-
tification (76.0%) compared with identification 
(36.0%) and initial AST (28.0%).

Further, participants selected factors (from 
a provided list) that lead to diagnostic test-
ing and/or return of results being too slow to 
impact patient care. Lack of a 24 h a day/7 days a 
week (24/7) microbiology lab (24.9%), shortage 
of laboratory staff (21.6%), and a lack of rapid 
diagnostic testing (18.8%) were most frequently 
reported as the main reason for suboptimal turn-
around times (Table 2). There were country-level 
differences in the primary issues relating to turn-
around time: “lack of rapid diagnostic testing” 
was most common for Brazil (45.5%) and the 

USA (29.5%); “lack of 24/7 microbiology lab” 
for India (39.5%) and Italy (33.3%); “shortage 
of laboratory staff” for Germany (31.9%) and 
the USA (29.5%); and “lack of protocols” for 
China (22.2%) (Table S4 in the Supplementary 
Material).

There Are Barriers to Ensuring the 
Appropriate Use of Antimicrobials and 
Efficient Stewardship, with Country‑Specific 
Challenges

Survey participants were asked to comment 
on their level of agreement with the following 
statements:

• “The appropriate use of newly released anti-
microbials may depend on suitable diagnos-
tics being available.”

Table 2  Factors which are considered to lead to diagnostic testing and/or return of results being too slow to impact patient 
care

AMS antimicrobial stewardship, HCP healthcare professional, ID infectious diseases
a N = 245

Factors n (%)a

Lack of 24–7 microbiology lab 61 (24.9)

Shortage of laboratory staff 53 
(21.6)

Lack of rapid diagnostic testing for patients that would benefit from a rapid turnaround time 46 
(18.8)

Lack of protocols for efficient diagnostic testing (diagnostic stewardship) 20 
(8.2)

Lack of internal processes to report diagnostic test results to HCP 16 
(6.5)

HCP workload preventing results being acted on in real-time 15 
(6.1)

Restriction of diagnostic test use to certain HCPs (i.e. ID clinicians, AMS team members) 12 
(4.9)

Lack of system to alert HCP of available diagnostic test result 9 (3.7)

Diagnostic test outsourcing (sending to off-site labs) 9 (3.7)
Unable to comment 4 (1.6)
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• “The lack of diagnostic test availability is a 
barrier to the appropriate use of new antimi-
crobials.”

Among participants, 82.0% agreed (29.0% 
completely; 53.0% somewhat) and 61.3% agreed 
(16.7% completely; 44.7% somewhat) with these 
statements, respectively (Fig. S1 in the Supple-
mentary Material). “Agree” responses to the lat-
ter statement varied considerably by country: 
92.0% in Brazil, 82.0% in India, 68.0% in Italy, 
60.0% in China, 48.0% in the USA, and 18.0% 
in Germany. Furthermore, lack of diagnostic test 
availability resulted in a specific challenge for 
India, where participants reported guidelines 
were always/frequently not followed because of 
a lack of diagnostic test availability (42.0%, com-
pared to 6.0–18.0% for the other five countries) 
and as a result of antibiotics not being available 
because of access restrictions (38.0%, compared 
to 6.0–16.0% for the other five countries; Fig. S2 
in the Supplementary Material).

Participants were asked to select the greatest 
challenges to the use of narrow-spectrum anti-
biotics. The most commonly reported obstacle 
across all countries was “high resistance rates” 
(52.0% overall). Other common challenges 
included “slow turnaround time to receiving 
AST data” (31.7%), “presence of multidrug resist-
ant organisms (MDROs) based on local AMR 
data” (31.0%), “fear of not treating the causa-
tive organism conclusively due to sensitivity 

and specificity of diagnostic tests” (31.0%), and 
“slow turnaround time to receiving diagnostic 
test results” (27.0%) (Fig. 3).

When asked about their views on investment 
in AMS compared with investment in other 
healthcare issues at their facility/institution, 
overall responses were similar for investment 
being “much greater/greater” (27.7%), “compa-
rable with other healthcare issues” (36.0%), and 
“somewhat/seriously lacking” (32.3%) (Fig. S3a 
in the Supplementary Material). However, at a 
country-level, 46.0% and 56.0% of participants 
in China and India, respectively, considered that 
investment in AMS was much greater/greater 
than other healthcare issues, whereas invest-
ment in AMS was perceived as somewhat/seri-
ously lacking by 44.0% of participants in both 
Brazil and Germany. Participants were also 
asked about their views on resourcing (staff, 
funding, and equipment) of the AMS program 
and broader AMS efforts at their facility/institu-
tion. Overall, 54.3% responded that resources 
were “abundant/sufficient,” while 40.3% felt 
that resources were “somewhat/seriously lack-
ing” (Fig. S3b in the Supplementary Material). 
In Germany, 22.0% of participants reported that 
resources were seriously lacking, compared to 
0.0–8.0% in other countries. The most common 
resource that was lacking varied by country: 
“diagnostic test availability” in China (80.0%) 
and Brazil (60.9%), “AMS team staffing” in Italy 
(94.4%) and the USA (52.9%), and “clinical staff 

Fig. 3  Most commonly reported challenges to the use of 
narrow-spectrum antibiotics. AMR antimicrobial resist-
ance, AMS antimicrobial stewardship, AST antimicrobial 
susceptibility testing, HCP healthcare professional, ID 

infectious diseases, MDROs multidrug resistant organisms. 
n = 50 respondents per country. Respondents could select 
up to five answers
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to manage the AMS program and broader AMS 
efforts” in India (66.7%) and Germany (62.9%) 
(Fig. S3c in the Supplementary Material).

Guidelines Are Important for HCPs in All 
Countries Surveyed, But Opportunities Exist 
for Guideline Improvements to Aid AMS

Participants indicated that guidelines are highly 
consulted in clinical practice, with international, 
national, regional, and local guidelines being 
“always” or “sometimes” consulted by at least 
87.0% of participants and with slightly greater 
emphasis placed on local and national guide-
lines (Table S5a in the Supplementary Material). 
Guideline adherence was considered high, with 
46.3% of participants selecting “high adher-
ence” and 48.0% selecting “some adherence” 
for antimicrobial recommendations, and 41.0% 
selecting “high adherence” and 48.3% selecting 
“some adherence” for diagnostic recommenda-
tions (Fig. S4a in the Supplementary Material). 
In China, perceived adherence to antimicrobial 
and diagnostic guidelines was higher (74.0%) 
in comparison to other countries (36.0–44.0%; 
Fig.  S4b, c in the Supplementary Material). 
Participants considered current guidelines to 
be useful, with at least 80% rating all types of 
guidelines as “very useful” or “somewhat use-
ful,” again, with greater utility ascribed to local 
and national guidelines (Table S5b in the Sup-
plementary Material). Only 18.0% believed 
guidelines were “very recent and up to date” 
(Table  S5c in the Supplementary Material). 
When asked what could improve guidelines, 
“more frequent guideline updates” was selected 
by half of all responders (50.6%) whilst the most 
frequent country-level responses were for guide-
line recommendations to “follow local data/
resistance patterns” (Brazil, 80.0%; India, 76.9%; 
USA, 64.3%; Italy, 60.0%), “greater education” 
(Germany, 51.0%), and “capabilities in detecting 
AMR” (China, 75.0%) (Table 3).

DISCUSSION

This survey provides perspectives from HCPs 
on current challenges and opportunities for the 

use of strategic and data-driven diagnostic tech-
nologies and broader AMS efforts for optimised 
antimicrobial use in inpatient care. Diagnostic 
practices were widely reported by participants 
to have a positive impact on AMS activities and 
on economic and patient outcomes. Despite 
this, the survey results highlighted that barriers 
exist relating to the widespread use of diagnos-
tic tests to enhance patient care. While some 
barriers are universal to all countries surveyed, 
we also found that obstacles differ by country. 
Cost remains a prominent challenge across all 
surveyed countries, including the cost of indi-
vidual tests (42.3%) and initial outlay of costs 
to purchase equipment (35.6%). The Infectious 
Diseases Society of America describes expense 
as a key challenge for integration of diagnostic 
tests into clinical care including cost of running 
individual tests and cost of new equipment to 
process tests [9, 24]. Cost challenges are also 
reported in recent literature [20, 21]. There may 
be an opportunity for the positive economic 
impact of advanced diagnostic testing to be 
demonstrated, in terms of patient cost savings, 
institutional cost savings from shorter hospital 
stays, benefits in patient care, and AMS [11, 12, 
14–16]. Demonstration of the value of diagnostic 
tests is needed to encourage wider test utilisation 
and AMS efforts [6, 24]. Further investigations 
into cost burdens by country/healthcare system 
may enable the positive economic impact of 
new diagnostics to be decisively demonstrated.

In addition to costs, common challenges for 
diagnostic test uptake identified in the survey 
included lack of knowledge of new and emerg-
ing diagnostic tests, concerns relating to sensi-
tivity/specificity, and access, which have also 
been reported in published literature [6]. While 
most participants reported that their hospital 
has an on-site microbiology lab, with little vari-
ability by country, differences emerged by coun-
try when assessing staffing of the microbiology 
lab. Lack of a microbiology lab that is staffed 
24/7 was a primary issue relating to turnaround 
time for India and Italy. Both laboratory staff 
shortage and lack of a 24/7 microbiology lab 
were reported as factors in Germany. Different 
aspects of diagnostic test barriers were noted in 
higher-income countries. While cost was the 
most common concern for participants in the 
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USA, access to diagnostic tests was reported as 
the most common challenge for participants in 
Italy. Concerns around accuracy and sensitivity/
specificity of the diagnostic test were the most 
common challenge for participants in Germany.

The survey results also indicate that some 
HCPs may not have a thorough understand-
ing of TTR of diagnostic tests, highlighting that 
additional education may be needed to help 

better understanding of the entire diagnostic 
pathway and the related workflow efficiencies 
that may influence downstream clinical out-
comes. This aligns with the WHO Global Action 
Plan strategic objective to improve awareness 
and understanding of AMR through effective 
communication, education, and training [5]. 
Moreover, the survey results suggest that TTR 
for diagnostic testing is suboptimal, particularly 

Table 3  Factors which survey participants believe would make guidelines more useful

Data are presented as n (%)
AMR antimicrobial resistance, MDR multidrug resistance
a Participants (n = 239) could select multiple answers

Factora Brazil
(n = 35)

China
(n = 40)

Germany
(n = 43)

India
(n = 39)

Italy
(n = 40)

USA
(n = 42)

Guideline recommendations to follow local data/resist-
ance patterns

28 (80.0) 16 (40.0) 18 (41.9) 30 (76.9) 24 (60.0) 27 (64.3)

More frequent guideline updates 24 (68.6) 17 (42.5) 11 (25.6) 21 (53.8) 22 (55.0) 26 
(61.9)

Inclusion of evidence sources, such as peer-reviewed 
publications

20 (57.1) 15 (37.5) 18 (41.9) 24 (61.5) 22 (55.0) 17 
(40.5)

Greater education 9 (25.7) 14 (35.0) 22 (51.0) 17 (43.6) 20 (50.0) 20 
(47.6)

Diagnostic and antimicrobial access options 19 (54.3) 18 (45.0) 6 (14.0) 24 (61.5) 16 (40.0) 11 
(26.9)

Capabilities in detecting AMR 13 (37.1) 30 (75.0) 6 (14.0) 19 (48.7) 15 (37.5) 10 
(23.8)

Guidance on efficient and appropriate use of antimicro-
bials

18 (51.4) 8 (20.0) 9 (20.9) 17 (43.6) 18 (45.0) 19 
(45.2)

Ease of use at point of care (mobile apps, searchability 
etc.)

13 (37.1) 2 (5.0) 12 (27.9) 21 (53.8) 9 (22.5) 14 
(33.3)

Mechanisms to track compliance 13 (37.1) 7 (17.5) 7 (16.3) 21 (53.8) 10 (25.0) 13 
(31.0)

Addressing country-specific challenges 11 (31.4) 11 (27.5) 12 (27.9) 15 (38.5) 9 (22.5) 6 
(14.3)

Accurate global MDR burden 6 (17.1) 22 (55.0) 4 (9.3) 10 (25.6) 9 (22.5) 7 
(16.7)

Preanalytical and analytical lab specimen processing 
guidance

12 (34.3) 7 (17.5) 2 (4.7) 19 (48.7) 7 (17.5) 4 (9.5)

Unable to comment 1 (2.9) 0 (0.0) 5 (11.6) 0 (0.0) 0 (0.0) 1 (2.4)
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for advanced diagnostic investigations, such as 
comprehensive AST (60.9%) and resistance gene 
identification (63.4%). Reasons varied by coun-
try but largely related to workflow processes 
such as lack of a 24/7 microbiology lab, short-
age of laboratory staff, and availability of rapid 
diagnostic testing. These barriers are present 
in both low- and high-income countries. Over 
one-half of participants from the USA and Italy 
reported that turnaround times were suboptimal 
to inform antimicrobial prescribing decisions. 
A recent report from the European Centre for 
Disease Prevention and Control suggests that 
national preparedness to combat AMR should 
include activities to ensure hospitals can screen 
samples in a timely manner [25]. Given that the 
results of diagnostic tests drive definitive ther-
apy choices, improved workflow processes and 
greater education for HCP groups appear to be 
opportunities where time to definitive therapy 
could be improved, thereby informing the ear-
lier use of the most effective and appropriate 
antibiotics and improving patient care.

Despite guidelines advocating narrowing the 
spectrum of antimicrobial treatment as much as 
possible [26, 27], HCPs face several challenges 
regarding the use of limited-spectrum antibi-
otics. This survey highlighted that challenges 
include high resistance rates, fear of not treating 
the causative organism, presence of MDROs in 
the community and/or hospital, and slow turna-
round time to receive AST data and diagnostic 
test results. Narrow-spectrum agents have the 
potential to reduce selection and spread of resist-
ance across multiple bacterial species. However, 
their use relies on rapid and accurate diagnostic 
tests to correctly identify causative pathogens 
and their susceptibilities, as well as good edu-
cation about the use and associated benefits of 
tailored therapies [28]. Investment in optimised 
diagnostic testing algorithms and appropriate 
diagnostic technologies alongside development 
of limited-spectrum antimicrobials may help 
combat the high AMR rates that were identified 
as the main barrier to use of narrow-spectrum 
agents reported in the survey. Indeed, 82.0% of 
survey participants agreed that appropriate use 
of newly released antimicrobials may depend 
on suitable diagnostic tests being available. Lack 
of diagnostic test availability may be a greater 

concern in countries with high resistance rates 
[4]. Survey respondents in India reported that 
lack of diagnostic test availability impacted the 
ability of providers to follow guidelines and use 
newly released antimicrobials. HCPs highlighted 
that guidelines could be improved if recommen-
dations followed local data/resistance patterns. 
These findings demonstrate the importance of 
the availability of local/regional AMR data to 
HCPs, which may increase overall awareness of 
resistance patterns and confidence in the use of 
appropriate narrow-spectrum antimicrobials and 
diagnostic tests.

Survey participants had varied views on 
investment and resourcing for AMS at an insti-
tutional level across the different countries. Of 
survey participants, 32.3% believed investment 
in AMS to be lacking (somewhat/seriously) with 
German and Brazilian participants selecting 
this answer more frequently than other coun-
tries surveyed. In the instrument-development 
interviews with experts from China, AMS was 
described as part of the daily work for doctors. 
These differences in perceptions and practice 
may explain why most survey respondents from 
China (84.0%) believed investment in AMS to 
be comparable to/greater than other healthcare 
issues. A lack of diagnostic test availability and 
adequate staffing were the most reported AMS 
resource challenges. Previous literature further 
highlighted resourcing challenges, especially in 
resource-limited settings [29, 30]. These findings 
suggest that greater funding for AMS activities, 
including resourcing, would positively benefit 
the utilisation of rapid diagnostics and may con-
tribute to decreasing AMR.

The results of this survey suggest guide-
lines—especially local and national guide-
lines—are highly consulted by HCPs, perceived 
to have high adherence for both antibiotic and 
diagnostic recommendations, and considered 
useful. Where appropriate, guideline improve-
ments could include more frequent updates, 
inclusion of local data/resistance patterns, and 
accurate global MDRO burden, alongside better 
education. Published literature, including an 
article that utilised key stakeholders to propose 
a value framework for diagnostic technologies, 
also describes a lack of guideline awareness and 
availability, especially for guiding the type of 
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diagnostic test to use in different clinical set-
tings [29, 31]. Improvements or updates to 
guidelines may support HCPs, enabling earlier 
diagnoses and faster switch from initial empiric 
therapy to guided or definitive therapies.

Limitations of this study include potential 
survey responder bias as participants were 
asked to report on the basis of their own expe-
riences and interpretation of survey questions. 
The survey included 50 participants per coun-
try, which may not be representative of all 
inpatient settings within a country. Further-
more, the survey was limited to six countries, 
which does not offer representation at a global 
level. However, the study design aimed to miti-
gate this by selecting countries with varied GNI 
per capita and AMR rates; focusing on countries 
that represent middle- to high-income coun-
tries. Practices in low-income countries were 
not explored in this study. Another limitation 
was survey length, which precluded analysis 
by infection type. For example, findings may 
have been more aligned if urinary tract infec-
tions (which are common and a major source 
of antimicrobial utilisation but are not often 
subject to rapid diagnostics [32]) had been dif-
ferentiated from bloodstream infections.

The use of panel and custom recruitment 
may have led to recruitment bias, with individ-
uals who are more interested/qualified in the 
area of AMS and diagnostic testing participat-
ing. While this study aimed to obtain a wholis-
tic picture of diagnostic testing and AMS efforts 
by surveying HCPs across the continuum of 
acute care, strengths and potential knowledge 
gaps may differ by specialty and could bias the 
study. Additionally, close to one-half of the 
participants in the survey were not part of their 
institutional AMS team, but just over one-half 
of respondents reported that internal data at 
their hospital shows that diagnostic practices 
lead to treatment de-escalation and aid treat-
ment adjustment. This suggests that many hos-
pitals disseminate internal data on AMS to staff 
members, but we were not able to confirm if 
that is the case as this was not a question in 
the survey. Future studies could explore how 
data on AMS is disseminated within hospitals.

CONCLUSION

Improved understanding of the role of diag-
nostics in optimised antibiotic utilisation and 
patient care are critical to reducing AMR. This 
study highlighted that, while HCPs consider 
diagnostic practices to be important in AMS 
efforts, there are several barriers to their suc-
cessful implementation, including patient/
institutional costs, turnaround time of test 
results, resourcing, AMR burden, and educa-
tion. While some barriers differ by country, 
these survey results highlight areas of opportu-
nities in all countries for improved use of diag-
nostic technologies and broader AMS efforts, 
as perceived by HCPs. To overcome these bar-
riers, increased funding, education (including 
personnel training), and resourcing (including 
staffing) should be adopted. Regular guideline 
updates and development of optimised testing 
algorithms and local policies for guideline use 
offer further opportunities. Inclusion of diag-
nostics into guidelines may increase their use 
in AMS activities and guide clinicians in envi-
sioning their optimal place in treatment man-
agement. Collectively, these efforts may further 
optimise strategic and data-driven diagnostic 
test utilisation and appropriate antimicrobial 
use, resulting in efficient stewardship and 
improved patient outcomes.
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