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PREVALENCE, PATTERN, RISKS FACTORS AND CONSEQUENCES OF 
ANTIBIOTIC RESISTANCE IN COPD: A SYSTEMATIC REVIEW 
  

A concern of antibiotic use in chronic obstructive pulmonary disease (COPD) is the 

emergence and propagation of antimicrobial resistance (AMR). A systematic review 

was conducted to determine prevalence, pattern, risk factors and consequences of AMR 

in COPD. Bibliographic databases were searched from inception to November 2020, 

with no language restrictions, including studies of any design that included patients 

with COPD and reported prevalence and pattern of AMR. 2748 unique titles and 

abstracts were identified, of which 63 articles, comprising 26387 patients, met 

inclusion criteria. Forty-four (69.8%) studies were performed during acute 

exacerbation. The median prevalence of AMR ranged from 0-100% for P aeruginosa, 

M catarrhalis, K pneumoniae and A baumannii. Median resistance rates of H 

influenzae and S pneumoniae were lower by comparison, with maximum rates ≤40% 

and ≤46%, respectively, and higher for S aureus. There was a trend towards higher 

rates of AMR in patients with poorer lung function and greater incidence of previous 

antibiotic exposure and hospitalisation. The impact of AMR on mortality was unclear. 

Data regarding antimicrobial susceptibility testing techniques and the impact of other 

risk factors or consequences of AMR were variable or not reported. This is the first 

review to systematically unify data regarding AMR in COPD. AMR is relatively 

common and strategies to optimise antibiotic use could be valuable to prevent the 

currently under-investigated potential adverse consequences of AMR. 
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Introduction 

Chronic obstructive pulmonary disease (COPD) is characterised by persistent and progressive 

airflow limitation. 1 COPD is estimated to affect 11.7% of the global population, although these 

figures may be an underestimate of the true current values due to rapidly increasing prevalence 

and underdiagnosis. 2-4 Patients with COPD experience acute exacerbations (AECOPD), 

defined as acute worsening of respiratory symptoms that results in additional therapy, 1 

typically recognised clinically by deviation from usual sputum volume, sputum purulence and 

breathlessness. 5 The aetiology of AECOPD may be infective or non-infective; infective causes 

comprise bacterial, viral and bacterial-viral coinfection, which comprise 29%, 23% and 25% of 

infective hospitalised AECOPD, respectively. 6 The airways of patients with COPD are 

considered to be more susceptible to bacterial infection as a result of impaired barrier and 

innate immune cell function, which may be induced initially by cigarette smoke, other noxious 

particles or AATD. 7,8 In a cyclical manner, bacteria within the airway may influence bacterial 

acquisition or expansion by promoting inflammation and directly impairing host defences. 7 

This interaction is well exemplified by non-typeable H influenzae, which is observed to adhere 

to mucous membranes, inducing epithelial cell damage, mucin production and ciliotoxicity. 9 

Cumulatively, excessive mucus production and reduced mucous clearance in combination 

with impaired innate defences in COPD airways provide a fertile environment for bacterial 

infection. According, bacteria are detected in approximately 50% of AECOPD cases, 

prompting antibiotic use as a management strategy. approximately 50% of AECOPD treated 

with antibiotics in primary care and COPD patients receiving approximately 3 times more 

antibiotic prescriptions than the general public. 10,11 

A primary concern of antibiotic use in COPD, as in other conditions, is the emergence and 

propagation of AMR. AMR can be defined according to microbiological or clinical 

resistance, but is considered here to denote any reduction in susceptibility in a bacterial strain 



compared to the susceptible wildtype. 12,13 AMR is recognised as a global threat and an NHS 

and UK government priority to reduce. 14-16 Besides frequent antibiotic provision, the COPD 

pulmonary environment may facilitate the development of AMR by being permissive towards 

the formation of biofilms, which limit antimicrobial infiltration and induce a phenotypically 

quiescent bacterial phenotype which persist and develop multidrug resistance. 17 Owing to the 

extent of antibiotic exposure, long-term prophylactic therapy could be perceived to put the 

greatest pressure on AMR development. This may be worsened by the relatively long half-

life of azithromycin which may lead to prolonged suboptimal concentrations of the antibiotic, 

potentially below the minimum inhibitory concentration (MIC). 18 Evidence regarding 

resistance rates following macrolide therapy versus placebo are inconsistent across studies. 19-

21 Furthermore, the use of chronic macrolide therapy for chronic respiratory diseases may link 

to population-level resistance. 22 Understanding AMR in COPD is therefore of importance for 

both public and individual health interventions. 

In order to address the heterogeneous nature of the literature and guide future work, we aimed 

to systematically collate the evidence concerning the prevalence, pattern, risk factors and 

consequences of AMR in COPD. 

 

Methods 

The protocol for this review was registered with PROSPERO (2020:CRD42020218684) prior 

to commencing work.  23 

Inclusion/exclusion criteria 

Study designs eligible were randomised controlled trials (RCTs), cohort studies, case control 

studies, case series ≥10 cases and systematic reviews. Duplicate publications or publications 

using the same dataset e.g. sub-group analyses, editorials and non-systematic reviews were 



excluded.  Studies published only in abstract form dated before 2017 were excluded. The 

population, intervention, comparator, outcome and study design (PICOS) framework was 

used to define the inclusion criteria. Included patients had a clinical diagnosis of COPD. 

Studies of chronic bronchitis (CB) or emphysema were also included. In the event of 

identifying studies with mixed populations, studies were included if data from COPD patients 

was presented separately. Patients with a primary clinical diagnosis of bronchiectasis were 

excluded. Included studies may have had intervention with an antibiotic, or could be 

observational in nature, in order to identify reports of the prevalence and pattern of AMR, 

irrespective of antibiotic use. In studies using antibiotics as the intervention or reporting on 

history of antibiotic use, the prevalence of antibiotic resistance in intervention versus control 

arms was considered, as was the association of previous antibiotic exposure on AMR rates. 

The comparator was placebo or usual care or none. This allowed inclusion of cohorts with 

relevant prevalence data.  

Outcomes 

The primary outcome was the prevalence and pattern of resistant isolates, as measured by rate 

of resistance of selected microorganisms to selected antibiotic. Microorganisms and 

antibiotics were selected on the basis of clinical relevance and pilot searches. Resistance rates 

of the following bacteria to the following antibiotics were recorded: 

Bacteria: H influenzae; P aeruginosa; S pneumoniae; S aureus; M catarrhalis; K 

pneumoniae; A baumannii. 

Antibiotics: Penicillin; Ampicillin; Amoxicillin; Co-Amoxiclav; Tetracycline; 

Doxycycline; Levofloxacin; Ciprofloxacin; Azithromycin; Erythromycin; 

Clarithromycin; Cefuroxime; Piperacillin/Tazobactam; Colistin. 



Secondary outcomes and measures of these are presented in Supplementary Table 1. 

Search strategy 

Bibliographic databases were searched from inception to 02 November 2020 with no 

language restrictions. The Ovid interface was used to search MEDLINE and EMBASE. The 

Cochrane Central Register of Controlled Trials (CENTRAL) and ClinicalTrials.gov were 

used to search for ongoing trials. The EBSCO interface was used to search CINAHL. 

Reference lists (e.g. from reviews) were searched manually to identify additional studies. The 

search strategy included terms relating to or describing COPD and AMR, including relevant 

synonyms and can be found in the supplementary material. Search limits were applied to 

include human studies only. Non-English texts were translated using a combination of online 

language translation services with input from native speakers when required. 

Study selection, quality assessment and data extraction 

Standard systematic review methodology aimed at minimising bias was employed, in 

accordance with guidance from the Cochrane Handbook of Systematic Reviews. 24 Following 

searches, duplicates were electronically identified and removed. Titles and/or abstracts were 

screened by two independent review authors with a similar process at full text (DS, AG and 

LH). Any disagreement over the eligibility of particular studies at both title/abstract and full 

text review stage was resolved by discussion with a third reviewer, AT. Any missing or 

additional required data was requested from the studies’ corresponding authors.  

During the full text review, DS, AG and LH independently assessed the risk of bias in the 

included studies. The risk of bias in included RCTs was assessed using the Cochrane 

Collaboration’s Risk of Bias tool (RoB 2.0 tool). 25 The risk of bias in included prevalence 

studies was assessed using the Joanna Briggs Institute Critical Appraisal Checklist for 



Prevalence Studies. 26 This tool was also used for non-RCT studies where extraction of AMR 

prevalence was our primary interest.  

A standardised form was created and used by DS to extract data from included studies for 

evidence synthesis and assessment of study quality. Full details of fields for data extraction 

are in the supplement. 

Data synthesis 

A narrative synthesis was produced together with summary statistics of resistance rates of 

selected bacteria to selected antibiotics in each major setting. Studies contributing antibiotic 

susceptibility testing in ≥10 samples per antibiotic per microorganism were used to calculate 

summary statistics (median and range of resistance rates (%)).  

  



Results 

Search results 

A total of 3506 records were identified. After duplicate removal 2748 titles and abstracts 

were screened for inclusion. 231 articles were reviewed in full and 63 articles were judged to 

meet the inclusion criteria (Figure 1), including 26387 COPD patients. 58 studies were 

published primary research, 3 articles were published only in abstract or poster form and 2 

articles were ongoing clinical trials. A summary of characteristics of studies is in 

Supplementary Table 2. Many studies failed to report data for lung function and other 

baseline demographic information. Types of sample used for testing and general methods for 

assessment of AMR varied and are shown in Figure 2. Five studies reported data on AMR 

genes only; this data is reported in the supplement since it is unclear whether it fully relates to 

resistance in clinical practice. 

[Figure 1 near here] 

[Figure 2 near here] 

Prevalence of AMR 

Forty-one (65.1%) studies included results of antibiotic susceptibility testing. Studies of 

hospitalised AECOPD comprised the majority of studies within the review (n=26, 

Supplementary Table 3), followed by non-hospitalised setting (n=17, Table 1), mixed/unclear 

settings (n=14, Supplementary Table 4) and ICU (n=6, Supplementary Table 5). Across all 

settings, resistance of H influenzae to amoxicillin was ≤40%, and lower to co-amoxiclav, as 

expected. Ten out of 19 (53%) of the median resistance rates calculated for P aeruginosa 

across all settings were >50%, of which 7 were 100%. Lower median rates of AMR were 

observed for P aeruginosa towards colistin and piperacillin/tazobactam, as expected. 

Variable patterns of resistance were seen for S pneumoniae ranging from 0% to 46%, greater 



for macrolide and tetracycline antibiotics than other antibiotic classes, and higher in 

hospitalised compared to non-hospitalised patients. AMR rates were generally low for M 

catarrhalis (≤26%), with the exception of penicillin, amoxicillin and ampicillin, as expected. 

Antimicrobial susceptibility rates were available for S aureus isolates from hospitalised and 

ICU settings only, with AMR generally being higher in ICU cases. A baumannii was also 

studied in hospitalised and ICU settings, while K pneumoniae was only studied in the 

hospitalised setting. 

Risk factors for AMR 

Eight studies reported on the relationship between antibiotic exposure and AMR rates. Three 

studies identified higher rates of previous antimicrobial prescriptions in patients with 

multidrug resistant (MDR) microorganisms detected in sputum when compared to patients 

with susceptible isolates. 27-29 Higher rates of antibiotic prescriptions in the previous 3 months 

were seen in hospitalised patients with P aeruginosa-resistant compared to P aeruginosa-

sensitive isolates (77% vs 33%, p = 0.01). 30 Brill et al analysed 243 isolates from 69 non-

hospitalised COPD patients whom underwent antimicrobial susceptibility testing at baseline 

and following treatment with either moxifloxacin, azithromycin, doxycycline or placebo. 31 

At 13 weeks, each antibiotic was associated with a ≥threefold increase in MIC compared to 

baseline with a parallel increase in clinical resistance in patients assigned to those antibiotics 

compared with placebo (p = 0.01 for all). Similarly, 54.4% of pneumococcal isolates from 

patients exposed to macrolides in the previous 3 months exhibited resistance to erythromycin 

versus 18.7% of isolates from non-exposed patients (p < 0.05). 32 Higher frequencies of β-

lactamase-negative ampicillin-resistant strains have also been reported in cultures isolated 

from patients with a history of repeated antibiotic prescriptions. 33 

Six studies reported on the isolation of AMR microorganisms following long-term 

azithromycin therapy. Albert et al observed no difference in the overall prevalence of 



macrolide resistance in patients receiving azithromycin v placebo (52% vs 57%; p = ns). 20 

However, patients in the azithromycin group who were not colonised at baseline were more 

likely to become colonised during the trial with macrolide resistant microorganisms (81% vs 

41%; p < 0.001). 20 Similarly a retrospective study of cyclical azithromycin was observed to 

increase the rate of detection of macrolide resistant organisms compared to baseline (9/18 vs 

1/52). 34 Conversely, Uzun et al observed that the detection of macrolide resistant bacteria 

was significantly lower in patients receiving azithromycin compared to placebo (6% vs 25%, 

respectively, p = 0.036). 21 In another study, the number of patients receiving prophylactic 

macrolide therapy did not differ significantly between patients with sensitive versus resistant 

pseudomonas isolates. 30 Pettigrew et al observed a four-fold increase in macrolide MIC in 

19% of H influenzae strains, which persisted following exposure to macrolides. 35 Brill et al 

noted increases in MIC and clinical resistance in patients treated for 13 weeks with 

azithromycin. 31 

Four studies reported a relationship between lung function and AMR; in general more severe 

COPD was associated with higher AMR rates. Three studies reported a relationship between 

frequent hospitalisation and higher rates of AMR, and studies of ICU care also supported a 

role for intubation and length of stay with worsening AMR rates. Smoking and demographic 

features exhibited inconsistent patterns of association with AMR. These results are shown in 

more detail in the supplement. 

Impact of AMR 

Five studies reported on the effect of AMR on mortality rate. 28 36 30 29,37 There were no clear 

trends identified across the included studies. Three studies reported on the impact of AMR on 

duration of inpatient admission, two showing no difference 28 38 and one suggesting stay was 

longer by 3 days. 39 There were no differences observed in the rate of ICU admission, 



invasive or non-invasive mechanical ventilation between patients with microorganisms 

resistant to conventional antibiotic treatment compared to patients with susceptible and 

negative isolates. 28 AMR appeared to have no effect on future AECOPD frequency. 28 No 

data was available on the relationship between the incidence of AMR and chronic bacterial 

colonisation, quality of life or disease progression. 

Study quality and bias 

Variability in sample description and testing methods contributed to bias across studies in 

general (Figure 2). Most studies displayed moderate risks of bias. These are summarised in 

supplementary Tables 4 and 5. 

Discussion 

This review has demonstrated that AMR is relatively common in COPD, in particular during 

AECOPD. However, study of AMR has been driven by acute antibiotic studies, such that the 

impact of AMR at population level remains poorly described and may need to be a focus for 

future work.  

It is well recognised that H influenzae, S pneumoniae and M catarrhalis are the most 

commonly isolated PPMs in both the stable and exacerbated COPD state. The higher levels 

of resistance of H influenzae and M catarrhalis to beta-lactam antibiotics in likely reflects the 

increasing global prevalence of beta-lactamase producing microorganisms, especially M 

catarrhalis, of which 95% of global clinical isolates were observed to be beta-lactamase 

produces. 40-42 In the UK, the recommended first line antibiotics for AECOPD are amoxicillin, 

doxycycline and clarithromycin. 43 However, we found that at least one of H influenzae, S 

pneumoniae and M catarrhalis to show high levels of resistance to at least one of these 

antibiotics, which likely contributes to treatment failure and facilitates emergence of 



resistance. Accordingly, this represents a substantial barrier to the effectiveness of empirical 

antibiotic prescribing.  

S aureus was observed to have very high median rates of resistance in this review, 

particularly in the ICU setting, with all median resistance rates ≥90%. While the lack of 

susceptibility testing results for S aureus in the non-hospitalised setting does not imply its 

absence in this setting, previous evidence has demonstrated low prevalence in the 

community. 44 Furthermore, S aureus is not typically considered to be a pathogen of major 

importance in COPD, unlike CF, in which S aureus, particularly resistant strains, have been 

shown to associate with disease progression. 45-49 Therefore, while the high rates of resistance 

of S aureus in this study should be viewed with caution, the clinical implication may be less 

than for other pathogens. Susceptibility rates of K pneumoniae and A baumannii were 

infrequently reported, making it hard to compare resistance rates between study settings. Of 

particular note, high median resistance rates were observed for A baumannii in the ICU 

setting. While previous evidence implicates colistin as the most effective antimicrobial for A 

baumannii eradication, we were only able to corroborate this finding in the hospitalised 

setting, owing to lack of susceptibility data in other settings. 50 In fact, across all bacteria, 

there was a tendency for greater rates of susceptibility to colistin and piperacillin/tazobactam, 

supporting the roles for these antibiotics in severe AECOPD cases, especially those with P 

aeruginosa infection. 43,51 Perhaps reflecting the severity of AECOPD encountered in non-

hospitalised setting, we observed little evidence of colistin and piperacillin/tazobactam 

susceptibility testing in this setting, but surprisingly found no evidence of susceptibility 

testing in the ICU, where these antibiotics may be most required. Susceptibly to quinolones 

was generally high, with the exception of S aureus in the ICU setting, in agreement with 

previous studies. 52,53 



Our review has confirmed that use of antibiotics appears to drive AMR in COPD, at least 

when looking at data for Pseudomonas and for various species with regard to macrolides.  

Despite the lack of clear or high-quality evidence 54, antibiotics are used very frequently in 

COPD, with approximately 50% of AECOPD treated with antibiotics in primary care and 

COPD patients receiving approximately 3 times more antibiotic prescriptions than the general 

public. 10,11 This use of antibiotics is not without consequence. Aside from resistance, adverse 

effects include diarrhoea and Clostridium difficile infection and guidelines consequently 

emphasise the use of factors such as biomarkers or clinical signs to optimise antibiotic use in 

COPD. 55,56 1,57 

We had hypothesised that AMR would be associated with poorer outcomes for patients, but 

were not able to prove this in the published works. Nevertheless hints that length of stay may 

be longer, and antibiotic choices more limited in primary care are a concern. Our review 

supports the fact that AMR is an increasing problem, such that stewardship is important if we 

are to reduce impact of this on clinical care – already where quinolone resistance rates are 

high, for example, treatment with intravenous agents may mandate admission for treatment in 

many healthcare systems. 

The data was highly variable but use of median resistance rates assisted the interpretation of 

results. Variability of data may relate to a number of factors, not least the variations in 

definitions of COPD and AECOPD, disease severity, geographical location of the studies, 

year of publication, sample size and antimicrobial susceptibility testing (AST) technique. We 

noted substantial variation in AST technique, origin of sample and breakpoint guidelines 

used. The lack of reporting and standardisation between AST techniques and breakpoint 

guidelines hinders ability of researchers, including ourselves, to compare results across 

settings and disease state. Future studies should strive to employ standardised techniques and 



methodology; the advent of application of metagenomic approaches to AMR may play a role 

in this regard, because of their ability to screen the full microbiome. 

A key strength of our study is that by including a broad range of search terms, reviewing 

references of included works, and employing few restrictions other than human studies we 

are confident our searches should have retrieved all relevant data. We also included a 

comprehensive range of outcomes, thus aiding identification of future areas of priority for 

research. As with all systematic reviews we were limited by the quality and indexing of 

relevant studies, and it was primarily the variable quality and type of reporting in included 

works which limited the conclusions we could draw. Furthermore, by only reporting PPMs, we 

are unable to determine the extent of AMR in non-PPMs. It has recently been demonstrated than 

COPD microbiome acts as a reservoir for AMR genes, particularly macrolide resistant genes 

harboured by Streptococcus and Actinomyces gena, independent of antibiotic exposure. 58 Although 

clinical utility remains low at present, it is likely that metagenomic sequencing approaches may 

become the optimum method for investigating the airway microbiome, dispersion of AMR genes and 

inter-species interactions which may play a key role in AMR. Such methods may also overcome some 

measurement inconsistencies encountered by this review. 72 We suggest that the framework we 

used here to present data by organism and drug class may be a starting point for such a 

consensus to be drawn up on AMR reporting. 

Conclusion 

AMR is common in COPD, driven by antibiotic use, and may be associated with adverse 

clinical consequences for patients. Standardised reporting of AMR rates in all future 

antibiotic studies in COPD could help to quantify the problem fully. The framework we used 

here to present data by organism and drug class may be a starting point for such a consensus 

to be drawn up. 
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Tables 

  Resistance rate (number of samples resistant/number of samples tested, (%)) 

Microorganism 

Author, year 

State* Penicillin Ampicillin p/ 

Amoxicillin x 

Co-amoxiclav Tetracycline t/ 

Doxycycline d 

Quinolones 

Ciprofloxacin c / 
Levofloxacin l 

Macrolides x 

Azithromycin a / 

Erythromycin e / 
Clarithromycin c 

Cefuroxime Piperacillin/ 

Tazobactam 

Colistin 

H. influenzae                  

Median, range (%)    39.7 20.4–73.3 1.85 0–40 0.5 0.2–6.7 0 0–0 4 0–46.7 0.2 0–0.5   

Maddi et al, 2017 Stable   11/15 p 

8/15 x 

(73.3) 

(53.3) 

6/15 (40) 1/15 t (6.7) 0/15 c,l (0) 3/15 a 

7/15 e 

4/15 c 

(20) 

(46.7) 

(26.7) 

      

Pettigrew et al, 2016 Mixed         0/100 c,l (0) 1/100 a (1)       

Pfaller et al, 2001 AE   -/- p (26) -/- (0) -/- t (0.2) -/- c,l (0) -/- a 

-/- c 

(1) 

(7) 

-/- (0.2)     

Pfaller et al, 2002 AE   -/- p (20.4) -/- (3.7) -/- d (0.5) -/- c,l (0) -/- a 

-/- c 

(0) 

(7.3) 

-/- (0.5)     

Querol-Ribelles et 
al, 2006 

AE     -/- (0)   -/- c,l (0) -/- a 

-/- c 

(0) 

(0.6) 

-/- (0)     

P. aeruginosa                    

Median, range (%)          51.3 50–52.6     19.2 19.2–19.2 2.6 2.6–2.6 

Gallego et al, 2014 Mixed         41/78 c 

39/78 l 

(52.6) 

(50) 

    15/78 (19.2) 2/78 (2.6) 

S. pneumoniae                    



Median, range (%)  11.3 3–15 1.2 1.2–1.2 1.2 1.1–3 22.1 20.2–24 1 0–4.2 33.1 24–35 16.9 13.6–20.2     

Desai et al, 2010 Mixed 6/75 (8)         18/75 e (24)       

Pfaller et al, 2001 AE -/- (15)   -/- (3) -/- t (24) -/- l (1) -/- e (35)       

Pfaller et al, 2002 AE 13/89 (14.6)   1/89 (1.1) 18/89 t (20.2) 0/89 l (0) 29/89 e (32.6) 18/89 (20.2)     

Querol-Ribelles et 
al, 2006 

AE -/- (3) -/- x (1.2) -/- (1.2)   -/- l (4.2) -/- a,c 

-/- e 

(33.1) 

(34.3) 

 (13.6)     

M. catarrhalis                    

Median, range (%)  93 93–93 90.4 90.4–90.4 0 0–0 0.5 0.3–0.7 0 0–0 2 0–3.7 0 0–0     

Pfaller et al, 2001 AE  (93)   0/323 (0) 1/323 t (0.3) 0/323 c,l (0) -/- e (2) 0/323 (0)     

Pfaller et al, 2002 AE   -/- p (90.4) -/- (0) -/- t (0.7) -/- c,l (0) -/- e (3.7) -/- (0)     

Querol-Ribelles et 
al, 2006 

AE     -/- (0)   c,l (0) -/- a,c (0) -/- (0)     

Table 1: Antimicrobial resistances rates in non-hospitalised patients 
Summary statistics for each bacterium are shown in bold type, with individual studies below. Studies which did not explicitly state the number of samples 
tested for antimicrobial susceptibility are listed above as percentages only and are denoted by “-/-“. * ‘State’ refers to the status of the patients COPD during 
the study: stable, patients with stable (non-exacerbated COPD); AE, patients with acute exacerbations; mixed, a study cohort including patients with either 
exacerbated or stable COPD. Abbreviations: AE, acute exacerbation
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Figure captions 

Figure 1: PRISMA flow diagram 

Figure 2: Visual representation of distribution of: (A) origin of sample for antimicrobial 
susceptibility testing, (B) antibiotic susceptibility testing technique and (C) breakpoint 
antimicrobial susceptibility guidelines used, within included studies. Abbreviations: CLSI, 
Clinical Laboratory Standards Institute; NCCLS, National Committee on Clinical Laboratory 
Standards; EUCAST, European Committee on Antimicrobial Susceptibility Testing.  
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