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Abstract

Background and objective Antimicrobial resistance (AMR) is a global crisis, however, relatively little is known regard-
ing its impact in chronic respiratory disease and the specific challenges faced by healthcare workers across the world
in this field. We aimed to assess global healthcare worker views on the challenges they face regarding AMR in chronic
respiratory disease.

Methods An online survey was sent to healthcare workers globally working in chronic respiratory disease
through a European Respiratory Society clinical research collaboration (AMR-Lung) focussed on AMR in chronic lung
disease. Responses from different geographic regions were analysed.

Results 279 responses were received across 60 countries. 54.5% of respondents encountered AMR in chronic
respiratory disease weekly. There were differences in perceived high-priority diseases and species with AMR bur-
den between Europe, Asia and Africa. 76.4% of respondents thought that inappropriate antimicrobial prescribing

in chronic respiratory disease was common. However, only 43.4% of respondents thought that there were adequate
antimicrobial stewardship programmes in their area for chronic respiratory disease, with limited availability in outpa-
tient (29.0%) and ambulatory settings (24.7%). Developing rapid diagnostics for antimicrobial susceptibility (59.5%)
was perceived to be the most common challenge in implementing antimicrobial stewardship, with an improved
understanding of regional epidemiology of AMR strains the most important factor to improve outcome (55.2%).

Conclusions AMR has significant perceived burden in chronic respiratory disease by healthcare professionals glob-
ally. However, current implementation of antimicrobial stewardship is limited, with significant challenges related
to the availability of rapid diagnostics and understanding of regional epidemiology of AMR strains.
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Background

Antimicrobial resistance (AMR) is one of the top global
public health and development threats, with estimated
direct responsibility for 1.3 million deaths in 2019 and
projections indicating an increase to 10 million deaths
by 2050 [1, 2]. AMR has complex drivers, including the
improper use of antimicrobials in agricultural practices,
veterinary medicine and human healthcare [3]. This con-
tributes significantly to healthcare expenses and is pre-
dicted by the World Bank to lead to an extra $1 trillion in
healthcare expenditures by 2050 [4].

Antimicrobial therapy plays a critical role in the man-
agement of patients with chronic respiratory disease
(including chronic obstructive pulmonary disease,
bronchiectasis and asthma), which is a major contribu-
tor to the global healthcare burden with an estimated
prevalence of 454.6 million cases, and the third leading
cause of death (4 million cases annually) [5]. Although
recent studies have detailed the presence of AMR within
chronic respiratory disease and associated AMR with
poor clinical outcome, there is limited data on global
AMR prevalence in chronic respiratory disease, with
a lack of antimicrobial stewardship policy within the
field [6-8]. Individuals with chronic respiratory diseases
often require recurrent or prophylactic antimicrobial
therapies to treat or prevent exacerbations, emphasising
the importance of understanding microbial epidemiol-
ogy alongside the need for tailored treatment strategies
and antimicrobial stewardship programmes [9]. For this
reason, the AntiMicrobial Resistance in Lung infections
(AMR-Lung) clinical research collaboration was estab-
lished by the European Respiratory Society (ERS) to bet-
ter understand the impact of AMR in chronic respiratory
disease, the role of current and novel diagnostic tech-
niques, and to refine therapeutic approaches and antimi-
crobial stewardship policy for AMR-related respiratory
infections [10].

Healthcare workers play a critical role in appropriate
antimicrobial prescription, patient education on anti-
microbial use and the implementation of antimicrobial
stewardship programmes. Hence, understanding health-
care workers’ perspectives on AMR in chronic respira-
tory disease is critical to developing and implementing
effective strategies to combat this rapidly growing global
threat. However, practices and policies vary consider-
ably globally, and although prior surveys have highlighted
general AMR perception amongst healthcare practition-
ers, there is little understanding of healthcare worker
exposure, understanding and practice relating to AMR
within chronic respiratory disease [11-13]. To address
these gaps, we conducted a global survey among health-
care professionals involved in the care of patients with
chronic respiratory disease. The objectives of the study
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were to explore healthcare workers’ views and experi-
ences regarding AMR in chronic respiratory disease
management and policy, and to assess perception about
antimicrobial stewardship principles.

Methods

Survey design

An online survey was created, covering the main themes
of AMR and antimicrobial stewardship in chronic respir-
atory disease (Table S1). Survey questionnaire items were
adapted from previous surveys of healthcare workers on
AMR, with further items developed through steering
group consensus comprising AMR experts from within
the AMR-Lung clinical research collaboration [13-16].

The survey comprised four sections: (1) Respondent
demographics; (2) Importance of AMR in chronic res-
piratory disease; (3) Antimicrobial stewardship and (4)
Research priorities. The first section focussed on the
respondents’ demographic details and included items
to understand respondents’ level of experience, work
setting and which respiratory conditions they primar-
ily manage. The second section covered the importance
of AMR in respiratory disease, including the impact of
AMR on respondents’ clinical practice, which resistant
species were considered most important, and priorities
for improving management of AMR in chronic respira-
tory disease. The third section included items regard-
ing the content and quality of antimicrobial stewardship
programmes in the respondents’ region of practice. The
last section included items detailing respondents’ views
on the priorities for future research in AMR in chronic
respiratory disease.

Items either used a 5-point Likert scale (strongly disa-
gree to strongly agree) or included a limited number of
options to highlight the most important priorities. Free-
text boxes were provided as an option in some items in
case respondents felt that an important answer was not
included in the list of provided options. For items regard-
ing specific antimicrobial resistant species, the species
chosen were based on the most common resistant species
found in respiratory disease globally [1]. The online sur-
vey was created using the Google Forms survey adminis-
tration software (Google, California, USA).

Data collection

Survey distribution occurred over a 6-week period
between 2nd February to 18th March 2024, and included
members of the ERS AMR-Lung clinical research col-
laboration, alongside respiratory clinicians and scientists
via newsletters of national respiratory societies, includ-
ing the British Thoracic Society and Pan Africa Thoracic
Society.
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Statistical analysis

Responses were collated and statistical analysis per-
formed using GraphPad Prism 10.2, with continuous data
presented as mean * standard deviation unless stated oth-
erwise. Geographical sub-group analysis was performed
for the continents of Asia, Africa and Europe. Insufficient
responses were available for the other major continents:
Australasia (3 responses), North America (5 responses)
and South America (7 responses) to be included in sub-
group analysis. Chi-squared test was used to compare
categorical data between the three continents analysed.
For between-continent differences, the significance level
a was set as 0.016 (0.05 divided by 3) to account for mul-
tiple comparisons.

Results

279 responses were received from 60 countries across
6 continents (Fig. 1), with the majority from Europe
(159/279; 57.0%) followed by Asia (63/279; 22.6%) and
Africa (42/279; 15.1%). Respondents were practis-
ing healthcare workers for 15.8+9.0 years, with 91.4%
(255/279) of respondents working as clinicians (Table S2
shows the occupations of the respondents). Figure S2
shows further demographic details of the respondents,
with 65.2% (182/279) working in tertiary or quaternary
care, and the majority managing adult patients or both
adult and paediatric patients, with just 15.1% (42/279)
managing paediatric patients only. 70.6% (197/279) of

Page 3 of 12

respondents prescribed and/or reviewed antimicrobial
prescriptions daily.

54.5% (146/279) of respondents encountered multi-
drug resistant (MDR) organisms in respiratory infec-
tions daily or weekly, with 41.9% (114/279) stating that
AMR limited their treatment options for respiratory
infections daily or weekly (Fig. 2A, B). 20.8% (58/279)
of respondents had seen patients with respiratory infec-
tions clinically deteriorate due to a lack of treatment
options because of AMR daily or weekly (Fig. 2C), with
10.1% (28/279) of respondents having seen patients die
daily or weekly due to AMR (Figure S3). 60.9% (170/279)
of respondents felt that AMR in chronic respiratory dis-
ease was considered an important topic by policymakers
in their region (Fig. 2D). There were no differences in the
perception of AMR based on the respondents’ continent
of practice.

Overall, the three disease areas within chronic lung
disease with the greatest perceived AMR burden by the
respondents were bronchiectasis (72.8%, 203/279), inten-
sive care (60.6%, 169/279) and mycobacteria (53.0%,
148/279). There were geographical differences in the
perceived burden of AMR with mycobacteria more fre-
quently picked by respondents in Africa (76.2%, 32/42)
compared with Asia (46.0%, 29/63; p=0.002) and Europe
(52.2%, 83/159; p=0.005) (Fig. 3A). In contrast, cystic
fibrosis (CF) was more frequently identified as having a
high AMR burden from respondents in Europe (54.1%,
86/159) compared with Africa (11.9%, 5/42; P<0.001)

Fig. 1 World map showing the survey respondents’ countries of origin (highlighted in red). Map created using MapChart.net [39]
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and Asia (25.4%, 16/63; P<0.001). Bronchiectasis was
perceived as having a higher AMR burden in respond-
ents in Asia (87.3%, 55/63) compared with Africa (59.5%,
25/42; p=0.001) and Europe (71.1%, 113/159; 0.01).

Overall, the three species with the greatest perceived
AMR burden by respondents were Pseudomonas aer-
uginosa (90.0%, 251/279), Klebsiella pneumoniae (52.7%,
147/279) and Acinetobacter baumannii (38.0%, 106/279).
Pseudomonas aeruginosa was picked more frequently
as a species with higher AMR burden by respondents
in Europe (95.0%, 151/159) and Asia (92.1%, 58/63)
compared with Africa (66.7%, 28/42; P<0.001 for both)
(Fig. 3B), whereas Mycobacterium tuberculosis was
picked more frequently by respondents in Africa (71.4%,
30/42) compared with Asia (33.3%, 21/62; p<0.001) and
Europe (27.7%, 44/159; P<0.001). By comparison, non-
tuberculous mycobacteria was picked more frequently
by respondents in Europe (37.7%, 60/159) compared
with Africa (11.9%, 5/42; p=0.006) and Asia (7.9%, 5/63;
p<0.001).

69.2% (193/279) and 62.4% (174/279) of respondents
strongly agreed that prior antimicrobial use and inap-
propriate and/or empirical antimicrobial use respec-
tively were important factors in the acquisition of AMR
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Fig. 2 The burden of antimicrobial resistance (AMR) in chronic respiratory disease. A Frequency that respondents encounter multi-drug resistant
(MDR) organisms in respiratory infections. B Frequency that respondents’treatment options are limited due to AMR in respiratory infections. C
Frequency that respondents see patients with respiratory infections clinically deteriorate due to a lack of treatment options as a result of AMR. D
The extent to which respondents feel that policymakers in their regions consider AMR in chronic lung disease to be an important topic

in chronic respiratory disease (Figure S4). By compari-
son, only 16.8% (47/279) and 17.6% (49/279) of respond-
ents strongly agreed that person-to-person transmission
within lung disease and one-health environmental acqui-
sition of drug-resistant organisms respectively were
important factors in AMR acquisition in chronic respira-
tory disease.

76.4% (213/279) of respondents agreed or strongly
agreed that inappropriate antimicrobial prescribing in
chronic respiratory disease is common in their local area
(Fig. 4A), while only 43.4% (121/279) agreed or strongly
agreed that there are adequate antimicrobial steward-
ship programmes for chronic respiratory diseases in
their regions (Fig. 4B). 82.1% (229/279) stated that anti-
microbial stewardship interventions occur at an inpa-
tient setting locally, compared with only 29.0% (81/279)
for outpatient and 24.7% (69/279) for ambulatory care
settings (Fig. 4C). There were varied levels of specific
infection prevention and control (IPC) programmes
against MDR variants of common species, with 63.8%
(178/279) of respondents indicating the presence of IPC
programmes for MDR variants of Mycobacterium tuber-
culosis compared with only 13.6% (38/279) for Steno-
trophomonas maltophilia (Fig. 4D). When asked to detail
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Fig. 3 Geographical differences in the perceived burden of antimicrobial disease. A Disease areas with the greatest perceived burden

of antimicrobial resistance. B Species with the greatest perceived priority in antimicrobial resistance. TB, tuberculosis; NTM, nontuberculous
mycobacterium; COPD, chronic obstructive pulmonary disease. *P<0.05; **P <0.01; ***P<0.001
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B There are adequate antimicrobial stewardship
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Fig. 4 Perceived application of regional antimicrobial stewardship in chronic lung disease. A Views on inappropriate antimicrobial prescribing
regionally. B Views on the quality of regional antimicrobial stewardship programmes. C Setting of regional antimicrobial stewardship programmes
for chronic respiratory disease. D Regional availability of infection prevention and control (IPC) programmes for multi-drug resistant variants

of species in chronic lung disease

the composition of their regional antimicrobial steward-
ship programmes, the three most common members
were infectious disease physicians (61.6%, 172/279),
microbiologists (59.1%, 165/279) and respiratory physi-
cians (42.7%, 119/279) (Figure S5).

The three priorities most commonly picked by
respondents to improve regional outcomes of antimicro-
bial-resistant infections in chronic respiratory disease
were: better understanding of the epidemiology of AMR
strains (55.2%, 154/279), improving healthcare policy and
practices (47.3%, 132/279) and better diagnostics (46.2%,
129/279) (Figure S6).

Overall, the three challenges most frequently picked in
implementing antimicrobial stewardship in chronic res-
piratory disease were developing rapid diagnostics for
antimicrobial susceptibility (59.5%, 166/279) and patho-
gen species (42.7%, 119/279), and understanding whether
pathogens will respond to antimicrobials in chronic

infection (40.9%, 114/279). More respondents in Africa
stated that the lack of healthcare resources provided by
policy-makers was a challenge (66.7%, 28/42) compared
with Asia (34.9%, 22/62; p=0.001) and Europe (35.8%,
57/159; P<0.001) (Fig. 5A). A lack of local guidelines
on the management of MDR species was more com-
monly identified by respondents in Africa (35.7%, 15/42)
and Asia (27.0%, 17/63) compared with Europe (12.6%,
20/159; P<0.001 and p =0.003 respectively).

The top three research priorities in AMR in chronic
respiratory disease identified by respondents were
MDR Gram-negative bacteria in bronchiectasis (60.6%,
169/279), new strategies on the implementation of anti-
microbial stewardship (40.9%, 114/279) and the impact
of antimicrobials on the respiratory microbiome (40.5%,
113/279). MDR-tuberculosis (MDR-TB) was a more
common research priority amongst healthcare workers in
Africa (66.7%, 28/42) compared with Asia (38.1%, 24/63;
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Fig. 5 Future outlook of antimicrobial resistance (AMR) in chronic respiratory disease. A Views on the most important challenges

in the implementation of antimicrobial stewardship in chronic respiratory disease. B Views on the most important research priorities in AMR

in chronic respiratory disease. Al, artificial intelligence; TB, tuberculosis; COPD, chronic obstructive pulmonary disease; CF, cystic fibrosis. *P < 0.05;
**P<0.01;***P<0.001
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p=0.004) and Europe (32.1%, 51/159; p<0.001) (Fig. 5B).
By comparison, MDR Gram-negative bacteria in CF was
a more common research priority in respondents from
Europe (34.0%, 54/159) compared with Africa (14.3%,
6/42; p=0.01).

Discussion

We detail for the first time global views of healthcare
workers on the burden and impact of AMR in chronic
respiratory disease. Our survey results indicate AMR is
perceived to be highly prevalent globally in chronic res-
piratory disease with significant burden, but with geo-
graphical differences in species and diseases of concern,
including important differences in perceived high-pri-
ority areas in Asia compared to other continents. Our
survey results also highlight inconsistencies in local
antimicrobial stewardship and IPC programmes and the
need for improved health policy and understanding of
regional AMR epidemiology within chronic respiratory
disease.

Over half of the respondents in our survey reported
encountering MDR pathogens daily or weekly in chronic
respiratory disease, and over 40% reported that AMR
limits their treatment options weekly, indicating a high
global AMR burden in chronic respiratory disease. This is
corroborated by previous research which has highlighted
the prevalence of AMR in chronic respiratory disease,
such as a recent systematic review of AMR in COPD
where 53% of the included studies reported a resistance
rate of >50% for Pseudomonas aeruginosa and 46% for
Streptococcus pneumoniae [7]. Furthermore, MDR-TB
has been shown to cause approximately 13% of all deaths
attributed to AMR globally [1, 17]. Further studies have
additionally highlighted the importance of MDR patho-
gens in bronchiectasis, which are associated with worse
clinical outcomes and increased mortality [8, 18]. This is
evident in our survey where Gram-negative pathogens in
bronchiectasis were perceived as a key research priority
area, especially by respondents from Asia [19]. A limita-
tion of our survey is the likely bias towards the inclusion
of healthcare professionals with an interest in AMR. Nev-
ertheless, given the limited epidemiological data on the
true global AMR burden in chronic respiratory disease,
our survey highlights the perceived significant burden
and the need for further research to corroborate findings.

There were expected geographical variations in the
conditions and species with greatest perceived AMR
burden, such as TB predominating in Africa and CF in
Europe [20, 21]. Bronchiectasis and research into Gram-
negative pathogens affecting bronchiectasis were con-
sidered high priorities more frequently by respondents
in Asia, perhaps reflecting the increasing prevalence
recently reported in this region [22]. The establishment
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of international bronchiectasis research networks includ-
ing countries in Asia has led to better understanding of
geographical differences in aetiology and microbiol-
ogy, and provides a template to better understand spe-
cific regional AMR outcomes and challenges in chronic
lung disease [23]. Our survey results also highlight the
AMR burden in species such as Klebsiella pneumoniae
and Acinetobacter baumannii, which are comparatively
less well studied in the context of chronic lung disease.
Klebsiella pneumoniae had one of the greatest perceived
AMR burdens by our survey respondents and has been
shown to be independently associated with bronchiec-
tasis and COPD exacerbation mortality [23, 24]. There
is additionally limited literature on the role of Acineto-
bacter baumannii in chronic respiratory disease, despite
it being regarded particularly important by our survey
respondents, especially from Asia, where prior studies
have identified it as a common MDR bacterial species
within bronchiectasis [18]. To date, there is little under-
standing of the drivers and transmission dynamics within
airway colonisation of chronic lung disease and whether
repeated antibiotic use in these patients contributes to
the high prevalence of MDR and hypervirulent Klebsiella
and Acinetobacter strains, isolated from community- and
hospital-acquired pneumonia in the Asian subcontinent.
In our survey, IPC programmes for Klebsiella pneumo-
niae and Acinetobacter baumannii were reported to be in
place by less than 50% of respondents in their institutions
and less commonly than other species, such as Pseu-
domonas aeruginosa. Further research is urgently needed
to better understand transmission dynamics and whether
IPC programmes for these pathogens could translate to
improved regional AMR outcomes.

Our survey results additionally show that lack of
appropriate antimicrobial stewardship in chronic res-
piratory disease is perceived to be a global problem
and challenge. 76.2% of respondents reported that
inappropriate antimicrobial prescribing is common in
their area. This corroborates recent research which
revealed that within analysis of over 26,000 patient vis-
its in a primary care system, 69.0% of antibiotic pre-
scriptions for respiratory infections were inappropriate
[25], with similar within exacerbations of airways dis-
ease in 16-58% of patients [26-28]. Inappropriate
antimicrobial prescribing was also perceived by survey
respondents as one of the most important factors in
the acquisition of AMR in chronic respiratory disease.
Given the drive towards outpatient and ambulatory
care, including management of exacerbations (such as
parenteral antibiotic therapy in bronchiectasis) within
chronic respiratory disease, our survey reveals limited
implementation of antimicrobial stewardship in these
settings, despite evidence that outpatient antimicrobial
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stewardship programmes can lead to improved adher-
ence to guidelines for respiratory tract infections [29,
30]. However, recent global modelling studies examin-
ing socioeconomic, anthropogenic and environmental
indicators, alongside country-level rates of AMR in
humans and food-producing animals, suggest that lim-
iting antimicrobial prescription alone is unlikely to be
sufficient to combat global AMR prevalence [31, 32].
Whether targeted antimicrobial stewardship in high-
risk chronic lung disease settings can limit AMR prev-
alence and improve outcomes is unclear and requires
further prospective research.

There remain significant hurdles to be overcome in
the implementation of antimicrobial stewardship in
chronic respiratory disease. As highlighted by our sur-
vey respondents, the availability and use of rapid diag-
nostics for AMR and pathogen species detection is an
ongoing challenge. Although novel technologies are
being developed, there is a requirement for prospec-
tive trials to determine the effectiveness of rapid diag-
nostics, such as novel sequencing or multiplex rapid
detection systems, to enable decision-making around
the need, targeting and cessation of antimicrobial ther-
apies in chronic respiratory disease [33, 34]. Antimi-
crobial prescribing behaviour is additionally a complex
process, influenced by a broad range of determinants,
and understanding how to translate evidence of effec-
tiveness of novel diagnostic approaches to exacer-
bation management in chronic lung disease clinical
practice, where empiric treatment is commonplace,
will be required.

Further challenges include the presence of polymi-
crobial infection and understanding the aetiology of
exacerbation in the context of chronic microbial colo-
nisation [35]. The advent of microbial sequencing has
shown that microbial interaction networks are asso-
ciated with exacerbation risk (rather than microbial
abundance alone), with distinct “resistotypes” (clus-
ters of AMR genes) identified in recent studies cor-
relating with clinical outcomes in chronic respiratory
disease, in particular bronchiectasis [8, 36, 37]. Thus,
a paradigm shift in antimicrobial prescription may be
needed to tackle the complex microbial interplay pre-
sent in chronic lung disease exacerbations. A lack of
healthcare resources was a more prevalent challenge
for respondents in Africa compared to the other conti-
nents, reflecting the general trend of lower healthcare
expenditure per capita in African countries [38]. Given
the global spread of AMR, international collaboration
is thus imperative to facilitate improved resource allo-
cation in low-middle income countries to combat the
global spread and burden of AMR.

Page 9 of 12

Conclusions

Our survey for the first time presents the views of health-
care worker on the impact and burden of AMR in chronic
respiratory disease, with AMR being perceived as a signif-
icant challenge and threat globally. Whilst daunting chal-
lenges remain, it is encouraging that most respondents
felt that AMR was a key priority for policymakers within
their region. The survey however clearly identifies areas
where there is currently a lack of clarity and focus, with
limited implementation of antimicrobial stewardship,
and unclear evidence and international guidance around
requirements for IPC programmes for many MDR path-
ogens in chronic respiratory disease. Further research
is needed to better understand infection transmission
dynamics of AMR pathogens in chronic respiratory dis-
ease, as well as the development of publicly accessible
real-time AMR surveillance systems at regional levels to
guide antimicrobial stewardship and prescribing, which
was identified as the highest priority to improve current
outcomes. Our survey indicates a need for international
collaboration to urgently facilitate a prospective rigorous
approach to accurately understand AMR epidemiology
and burden in chronic respiratory disease.
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