AB Diposit digital
de documents
Universitat Auténoma de la UAB

de Barcelona

This is the accepted version of the review article:

Campana-Duel, Elena; Camprubi-Rimblas, Marta; Areny-Balaguerd, Aina; [et
al.]. «Risk of Multidrug-Resistant Pathogens in Severe Community-Acquired
Pneumonia». Seminars in Respiratory and Critical Care Medicine, Vol. 45 Nam.
2 (november 2024), p. 246-254. DOI 10.1055/s-0043-1778138

This version is available at https://ddd.uab.cat/record /311275

IN
under the terms of the COPYRIGHT license


https://ddd.uab.cat/record/311275

Risk of Multi-Drug Resistant Pathogens in Severe Community-Acquired Pneumonia

E. Campaiia-Duel!?, M. Camprubi-Rimblas®?, A. Areny-Balaguero?, Sara Quero*?, A.

Artigas'?, A. Ceccato?3

1. Critical care center, Parc Tauli Hospital Universitari. Institut d’Investigacio i Innovacio

Parc Tauli (I3PT-CERCA). Universitat Autonoma de Barcelona. Sabadell, Spain.
2. CIBER of Respiratory Diseases (CIBERES), Institute of Health Carlos 111, Madrid, Spain.

3. Intensive care unit, Hospital Universitari Sagrat Cor, Grupo Quironsalud, Barcelona,

Spain.

Corresponding author

Adrian Ceccato

Institut d'Investigacid i Innovacio6 Parc Tauli I3PT
Placa Torre de I'Aigua, s/n, 08208 Sabadell

aaceccato@tauli.cat



ABSTRACT

Severe community-acquired pneumonia (SCAP) is difficult to treat when caused by difficult-
to-treat (DTR) pathogens because of limited treatment options and poorer clinical outcomes.
Over time, several predictive scoring systems based on risk factors for infection with multi-
drug resistant (MDR) pathogens have been developed. We reviewed the available tools for
identifying DTR pathogens as the cause of SCAP, both predictive scoring systems and rapid
diagnostic methods, to develop management strategies aimed at early identification of DTR

pathogens, reducing broad-spectrum antibiotic use and improving clinical outcomes.

The scoring systems reviewed show considerable heterogeneity among them at the level of the
region studied, the definition of risk factors, as well as which DTR pathogens are the target
pathogens. The models described have shown limited effectiveness in reducing inappropriate
antibiotic treatment or improving patient outcomes by themselves. However, predictive models
could serve as a first step in identifying DTR pathogen infections as part of a larger detection

algorithm.

Rapid diagnostic tools, such as multiplex polymerase chain reaction (PCR), would be useful
for rapid identification of pneumonia-causing pathogens and their resistance mechanisms. In
resource-limited settings, rapid tests should be limited to patients at high risk of developing
SCAP due to DTR pathogens. We propose an integrative algorithm based on the different
scores, taking into account local epidemiological data, where ideally each center should have

an antimicrobial stewardship program.

KEYWORDS: community-acquired pneumonia; risk factors; difficult-to-treat pathogens;

multidrug-resistant pathogens; antibiotic therapy; infection; pneumonia management



INTRODUCTION

Severe community-acquired pneumonia (SCAP) is a major concern worldwide as it is
a leading cause of morbidity and mortality 1. The increasing incidence of difficult-to-treat
(DTR) pathogens has further complicated the management of this disease. DTR pathogens limit

available treatment options and lead to poorer clinical outcomes.

The Global Burden of Disease estimated that 4.95 million deaths were associated with
multi-drug resistant (MDR) pathogens in 2019, although the incidence of MDR varies
according to region, the prevalence of the different pathogens in these regions, and healthcare

settings 2.

The etiology of SCAP has evolved since the dawn of the antibiotic era, with viruses
being one of the major causative agents *. Streptococcus pneumoniae is the most common cause
of bacterial SCAP *. However, Staphylococcus aureus, Pseudomonas aeruginosa,
Haemophilus influenzae, Legionella pneumophila, and enteric gram-negative bacteria may also

cause SCAP in varying proportions °.

Patients with SCAP receive empirical treatment covering the most frequent
microorganisms. Guidelines suggest that patients with SCAP should receive third-generation
cephalosporins, ceftaroline, or aminopenicillins plus a B-lactamase inhibitor plus a macrolide
or fluoroquinolone. Over time, MDR microorganisms not covered by these antimicrobials such
as methicillin-resistant S. aureus (MRSA), P. aeruginosa, and extended-spectrum B-lactamase
(ESBL)-producing or carbapenems-resistant Enterobacterales and Acinetobacter baumannii,
have emerged as causative agents of community-acquired pneumonia (CAP). Inappropriate
antimicrobial treatment has been shown to lead to poor clinical outcomes ©, and overuse of
antibiotics targeting DTR pathogens promotes drug resistance and may worsen clinical

outcomes, probably because of higher toxicity 2.



The prevalence of MDR pathogens varies worldwide. In an international transversal
study analyzing the prevalence of these pathogens, MRSA prevalence was 3% 9 P.
aeruginosa prevalence was 4.2% '°, and MDR Enterobacteriaceae 1.2% . Staphylococcus
aureus was isolated in 1.6% in the USA, MRSA only in 1% 2. In most epidemiological studies,

the prevalence of MDR pathogens is < 10% 3°.

This review aims to revise the available tools to identify MDR pathogens as a cause of

SCAP.
RISK FACTORS FOR MDR PATHOGEN INFECTION

Risk factors for infection by MDR pathogens in SCAP are those related to the
healthcare setting, treatments administered to the patient, and the immunity and pathology of

the host. The main risk factors for MDR pathogens are summarized in Table 1.

Prior exposure to healthcare settings, such as hospitalization or chronic hemodialysis,
are risk factors that facilitate the acquisition of microorganisms >4, Prior exposure time is
important because gram-negative MDR bacteria persist for several months compared to

MRSA.

Pathogen colonization is mostly determined by factors such as patient
immunosuppression due to treatments such as corticosteroids and previous antibiotic use ¥1°,
which exert selective pressure on the oropharynx and lung microbiome, favoring the

persistence of MDR pathogens.

In contrast, both host immunity and pathology often play critical roles in the invasion
of the lower respiratory tract. Guidelines identify that the strongest individual risk factor is
previous colonization with MDR pathogens, such as MRSA or P. aeruginosa, especially from

the respiratory tract 1316, The upper and lower respiratory tract or gut may be colonized by



MDR pathogens. MRSA is usually detected in nares, ESBL-producing Enterobacteriaceae in
the gut, and P. aeruginosa in the lower respiratory tract or gut. If an MDR pathogen colonizes

a patient, an attempt must be made to eradicate it. However, this is not always the case.

The detection of colonized patients by screening tests could be useful in identifying
patients with infections caused by these pathogens. The most common method is the detection
of MRSA in nares using conventional culture or polymerase chain reaction (PCR). In a meta-
analysis, the detection of nasal MRSA showed a sensitivity of 85% and a specificity of 92%.
This result highlights a very high negative predictive value of 98% *’. Despite the availability
of rapid PCR tests to detect MRSA, the detection of ESBL-producing Enterobacteriaceae and

P. aeruginosa may be delayed, similar to that in other conventional cultures.

These risk factors must be validated at the local level and it must be verified that there
are no other risk factors specific to the area. The Infectious Diseases Society of America
(IDSA)/American Thoracic Society (ATS) 2019 guidelines recommend covering MRSA and
P. aeruginosa causing SCAP with empiric treatment only if the risk factors have been locally

validated for these pathogens 8.

In 2005, the IDSA/ATS guidelines introduced a new concept for healthcare-associated
pneumonia (HCAP)!. These guidelines suggested treatment with broad-spectrum
antimicrobials for patients with a risk factor for MDR infection. This led to the overuse of
antimicrobials and an increase in antibiotic resistance, which proved useless in terms of
mortality or other clinical outcomes 2°2%, This concept has been discouraged in the latest

clinical guidelines 822,

PREDICTIVE SCORING SYSTEMS



Various predictive scoring systems have been developed based on the risk factors
mentioned above to calculate the probability of a patient being infected with an MDR pathogen
(Table 2). However, different risk factors do not always have the same weight. Therefore, in
some predictive systems, different scores are obtained depending on the impact of the risk

factors.

Shorr et al. developed a scoring system 2 based on HCAP criteria that showed an
association with resistant pathogen pneumonia through logistic regression: recent
hospitalization within the last 90 days (4 points), residence in a nursing home or long-term care
facility (3 points), long-term treatment with hemodialysis (2 points), or underlying
immunosuppression (1 point). In a cohort of 639 patients with pneumonia, 45.2% were infected
with MDR pathogens. Patients with resistant infections were more likely to meet HCAP
criteria. Nevertheless, the scoring system helped to stratify the population into low-,
intermediate-, and high-risk groups. Patients with MDR infection comprised less than 20% of
the total number of patients with a score of 3. In contrast, 75% of the patients scored more than
six points on the scoring system. This study was validated in 977 patients with pneumonia, and
it was shown that there was a correlation between high scores and infection by resistant

pathogens 24,

Aliberti et al. also formulated a system based on risk factors with different weights °:
chronic renal failure (5 points), hospitalization for more than 2 days in 90 days (4 points), and
residence in a nursing home (3 points). Minor risk factors (diabetes, antimicrobial therapy,
home wound healing, etc.) were scored with 0.5 points. Among the 935 patients with CAP,
40% were infected by an MDR pathogen and had a score of between 3 and 12.5 provided by
the scoring system. This study was compared and validated using the Shorr method in a

European population . These two scoring systems displayed a higher area under the ROC



curve than the HCAP classification in predicting pneumonia caused by MDR in intensive care

unit patients.

Shindo et al. studied patients with pneumonia at ten institutions in Japan and developed
a risk score?. Although MDR pathogens were detected more frequently in patients with HCAP
(26.6%) than in those with CAP (8.6%), the risk factors for MDR pathogen infection were
shared between HCAP and CAP. The system of Shindo et al. is an unweighted scoring system
that considers risk factors such as prior hospitalization, immunosuppression, previous

antibiotic treatment, gastric-acid suppression, tube feeding, and non-ambulatory status.

Self et al. performed an external validation of six different algorithms: HCAP, Summit,
Brito and Niederman, Shorr, Aliberti, and Shindo 2. Among 614 patients with CAP, all
algorithms performed suboptimal classification into low- or high-risk groups for resistant

bacteria compared to the HCAP criteria.

Falcone et al. developed the ARUC score 2!, which was based on PaO2/FiO2 (<300)
(1.5 points), HCAP criteria (1 point), pleural effusion, and bilateral pulmonary infiltration (0.5
points). In total, 900 patients with community-onset pneumonia were included in this study. It
was observed that patients showing an ARUC of > 3 points comprised 41% of patients infected
with MDR pathogens, while those with an ARUC of <0.5 points comprised only 3%. The
ARUC score had a major negative predictive value (97%) among the Shindo (91%), Aliberti
(92%), and Shorr (94%) scores. The score was validated in an external cohort in Spain that

included 929 patients.

The PES score is based on the identification of P. aeruginosa, p-lactamase-positive
Enterobacterales, and MRSA in patients with CAP 28, The risk factors taken into account are:
fever (-1 point); male sex (1 point); previous antibiotic use, chronic respiratory disorder,

consciousness impairment (2 points); age (0-2 points); chronic renal disease (3 points). This



study was conducted in 1597 patients with CAP, in whom PES pathogens were identified in a
small proportion of patients (6%), with high mortality. Among the patients who scored high
risk for PES pathogens, 70% were infected with resistant pathogens. This score was validated
in a Valencia cohort of patients with CAP and a Matar6 cohort of patients with SCAP 2°.
Although the PES score is accurate in detecting PES pathogens, it can lead to over- or under-
treatment. Therefore, the authors propose that, owing to its high negative predictive value
(96%), it could be used as the first step in a broader strategy. The PES score might be a useful
algorithm for identifying patients with CAP who require different empirical antibiotic
treatments. Falcone et al * proposed an algorithm based on PES score, epidemiological data,
and clinical evaluation. This system considers the initiation of broad-spectrum antibiotic
treatment in patients with a score of < 5 points, and in those with > 5 points, it is advised that

local epidemiology should be considered.

The DRIP score was developed in a study including 200 pneumonia patients 3. Logistic
regression was used to detect risk factors associated with pneumonia caused by MDR
pathogens, and a new predictive scoring system was developed: the drug resistance in
pneumonia (DRIP) score. The risk factors were classified into major risk factors scoring 2
points each (prior antibiotic use, long-term care residence, tube feeding, prior infection with
MDR pathogens) and minor risk factors scoring 1 point each (prior hospitalization, chronic
pulmonary disease, poor functional status, gastric acid suppression, wound care, and previous
MRSA colonization). Applying the DRIP score resulted in a 46% reduction in the inappropriate
prescription of broad-spectrum antibiotics compared with the use of HCAP. This algorithm
was validated in an independent cohort study 3. The electronic pneumonia clinical decision
support tool (ePNa) is based on the DRIP score that guides risk stratification, diagnosis, and
treatment of pneumonia. After the implementation of ePNa, the 30-day all-cause mortality

showed a 38% relative reduction. Moreover, accurate antibiotic therapy was increased and



administered sooner. Nevertheless, this system could have dictated the prescription of broad-

spectrum antibiotics to patients at risk of infection by resistant pathogens .



Despite efforts to develop a predictive model, none of the described models has
demonstrated efficacy in reducing inappropriate antibiotic treatment or improving patient

outcomes, outside of ePNA, which was applied only in the setting where was developed.

The various models differ from each other in terms of population, and the systems
should be validated in populations distinct from those in which the model has been described.
In addition, each system defines the term "MDR pathogen™ differently, as well as describes
risk factors. Some algorithms do not include carbapenem-resistant Enterobacterales or A.
baumannii as they have recently emerged as pathogens causing CAP. Others, such as the PES
score, narrow the spectrum of the causative pathogens. Some studies have attempted to separate
MRSA 2632 but many risk factors for MRSA infection overlap with those of other MDR
pathogens **. Regarding the severity of pneumonia, some scores, such as DRIP or PES, do not
directly consider it, while scores such as Falcone's do. However, some criteria for the Falcone
system require analysis or imaging methods, which does not allow it to be a fast system. In
addition, the score must be corroborated by the sample cultures, which sometimes cannot be

obtained.

The IDSA/ATS guidelines recommend considering both the prevalence of different
pathogens in different regions and local validation of risk factors 8. The best scoring system
should be based on risk factors specifically associated with MDR pathogens, reproducible in
any region, even with different prevalence of MDR pathogens causing pneumonia, and easy to

apply at the clinical level to make the selection of the initial empirical treatment effective.

One approach to integrating such systems into the clinic is the creation of automated
systems based on scores integrated into electronic tools (e.g. ePNa) or artificial intelligence
that incorporates predictive systems that support clinical decision-making; however, it should

be combined with clinical judgment.



RAPID DIAGNOSTIC TOOLS

Conventional cultures do not always identify the causative organisms, and standard
methods achieve a maximum of 50% etiological diagnoses *. These methods are based on
Gram staining and sample culture followed by Maldi-TOF (Matrix-Assisted Laser
Desorption/lonization — Time-Of-Flight) mass spectrometry, which usually takes 24-48 hours
and has low sensitivity, particularly when performed after antibiotic treatment. Difficulties in
obtaining high-quality specimens and in the use of prior antibiotics are common in patients
with pneumonia. The presence of non-cultivable pathogens, the need for special media, and
obtaining results two or three days after starting antibiotics have led to the need for rapid

diagnostic tools that are different from traditional culture methods.

Multiplex PCR platforms can also identify multiple pathogens, including viruses,
bacteria, and fungi in respiratory and blood samples. The advantages of these methods are that
they can detect genetic material in low proportions and can be used in patients receiving
antimicrobial treatment. Most importantly, they were able to identify the presence of genes for
different resistance mechanisms. Some PCR panels, such as the Unyvero or the Species-
Specific Bacterial Detector (SSBD), have been reported to take 4-5h to obtain results *. These
advantages allowed us to escalate or de-escalate antimicrobial treatment within hours of sample

collection.

In a clinical trial, 208 patients were randomized to a strategy based on multiplex PCR
or conventional culture results. Patients enrolled in the PCR group had a significantly shorter
duration of inappropriate antimicrobial treatment and a higher rate of prompt antibiotic

change®’.

In a retrospective study, Monard et al, found that in 83% of the samples, the multiplex

PCR gives an etiologic result and allows its modification in 77% of the cases®®. Some studies,



such as that of Buchan *°, determined that PCR panels, such as the FilmArray Pneumonia panel
(BioFire Diagnostics, United States), are not a replacement for conventional methods and that
they have to be combined with other supports and interpreted with proper judgment. The
MULTI-CAP trial (NCT03452826) aimed to combine a multiplex PCR panel with

procalcitonin analysis to reduce exposure to inadequate treatment in SCAP .

The European Respiratory Society (ERS), European Society of Intensive Care Medicine
(ESICM), European Society of Clinical Microbiology and Infectious Diseases (ESCMID), and
Latin American Thoracic Association (ALAT) in their last guideline about severe CAP

recommend the use of multiplex PCR for etiological diagnosis of CAP .

Next-generation sequencing of metagenomes enables the broad identification of pathogens;
however, the utility of this approach is still unknown. The possibility of contamination and the

inability to differentiate colonization from infection limits its clinical applicability %2,
CLINICAL MANAGEMENT

Nonetheless, the predictive models described could serve as a first step in discarding MDR
pathogen infections as part of a major algorithm to detect which resistant pathogens cause

pneumonia.

We proposed an integrative algorithm (Figure 1) in which each center has local epidemiological
data and knows the best score to identify patients at risk of developing infections by MDR
pathogens. We propose that each center should have an antimicrobial stewardship program. If
a patient does not have a risk factor for MDR pathogens, they should be treated according to
the latest guidelines 341, with a B-lactam plus macrolide or fluoroquinolone. Adherence to
guideline recommendations improves the short- and long-term outcomes “3. If one or more risk

factors are present, we suggest calculating a score (the best for each local epidemiology); if the



result is low risk, we suggest against adding broad-spectrum antimicrobials given the high
negative predictive value of the scores. If a moderate or high risk is the result of the calculated
score, we suggest administering the first dose of broad-spectrum antimicrobials, using a rapid
diagnostic test (if available), and adjusting treatment based on the results. If rapid diagnostic
tests are not available, broad-spectrum antimicrobials should be administered and reassessed

based on the results of conventional culture.

In recent years, several antibiotics have been introduced for the treatment of SCAP %4, Some
of them could be used to treat DTR pathogens such as MRSA, P aeruginosa or B-lactamase
positive enterobacteria (including carbapenemase). Among these new antibiotics tested in
pneumonia, ceftaroline, a cephalosporin with activity against MRSA, S pneumoniae and
similar activity as 32 generation cephalosporin against gram-negative bacilli, has been tested
in several clinical trials**~*” and was recommended as an alternative to treat SCAP in the latest
ATS/IDSA guidelines®®. It is worth noting that ceftaroline showed superiority compared to
ceftriaxone to treat CAP, but this study did not include patients with severe disease®.
Ceftobiprole another cephalosporin that covers MRSA showed non-inferiority compared to
ceftriaxone with or without linezolid in patients with CAP%. Delafloxacin a novel
fluoroquinolone has proven efficacy in patients with CAP compared with moxifloxacin®C.

Delafloxacin covered MRSA and some gram-negative DTR bacilli®*

Other new antibiotics include B-lactam plus new B-lactamase inhibitors or new B-lactam with
coverage of ESBL-producing gram-negative bacilli, P. aeruginosa or non-fermenting gram-
negative bacilli are available, however, it is less likely that broad-spectrum antibiotics can be
used as empirical treatments and should be reserved for those patients at risk of DTR as we

suggested above. According to the prevalence of DTR, each hospital should decide on its



empirical treatment, covering the most common pathogens and according to the

efficacy/effectiveness and safety profile of the available antibiotics.

CONCLUSIONS

The increasing prevalence of MDR pathogens causing pneumonia is a global concern.
Although these rates are not high enough to change empirical treatments, epidemiologic
surveillance is needed to implement changes. Identification of risk factors for having an MDR
pathogen could help to change antimicrobial treatments in these high-risk patients or
implement algorithms for rapid diagnostic tests. Inappropriate antimicrobial treatment and/or
overuse of broad-spectrum antibiotics may affect outcomes; therefore, the correct identification
of at-risk patients is mandatory. A multistep integrated algorithm appears to be the best

approach because the use of risk factors or scores is not sufficiently accurate.
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Figure 1. Proposed integrative algorithm for therapeutic decision of severe community-

acquired pneumonia patients. MDR: multidrug-resistant.

Table 1. Risk factors for multidrug-resistant (MDR) pathogen infection producing severe
community acquired pneumonia (SCAP). MRSA: Methicillin-resistant Staphylococcus

aureus.

Healthcare exposure

e Prior hospitalization

e Recent intensive care unit stay
e Long-term care residence

e Haemodialysis

e Nursing home residence

e  Wound care

e Tube feeding

e Indwelling catheter

Host immunity and disease

o Age

e Tobacco smoker

e Prior colonization by P. aeruginosa or MRSA
e Immunosupression

¢ Bronchiectasis

e Aspiration risk

e Qastric acid supression




e Diabetes mellitus

e Cerebrovascular disease
e Chronic lung disease

e Chronic kidney disease
e Cognitive impairment

e Overall poor functional status

Therapies selective pressure

e Corticosteroids and immunosupresive therapies
e Prior Broad-spectrum antibiotics

e Qastric acid supression




Table 2. Predictive scoring systems for MDR pathogen infection. MDR: multidrug-resistant; MRSA: methicillin-resistant Staphylococcus

aureus; ESBL.: extended-spectrum B-lactamases; HCAP: healthcare-associated pneumonia; ICU: intensive care unit.

Prior antibiotics (1)

Predictive | Patient | MDR Definition Percentage Risk factors (points) Risk for External
system cohort of MDR MDR validation
pathogens pathogen
Shorr et al | 639 MRSA, P. aeruginosa, 45.2% Recent hospitalization (4) >1 21,2427
(2008) 2> | USA extended-spectrum [3- Residence in long-term care
lactamase-producing Klebsiella facility (3)
species, nonfermenting gram- Hemodyalisis (2)
negative rods. Immunosuppression (1)
Schreiber | 190 MRSA, P. aeruginosa, ESBL- | 33% Immunosupression (3) >2 No
et al USA producing Enterobactericeae. Admission from long-term care
(2010) 33 (2)




Aliberti et | 935 MRSA; P. aeruginosa resistant | 18.8% Chronic renal failure (5) >3 2527
al Italy to antipseudomonal penicillins, Recent hospitalization (4)
(2012)° cephalosporins, carbapenems, Nursing home residence (3)

and quinolones; Diabetes, antimicrobial therapy,

Stenotrophomonas maltophilia; home wound healing (0.5)

vancomycin-resistant

Enterococcus; A. baumannii;

ESBL-producing

Enterobacteriaceae;

nonfermenting gram-negative

bacilli.
Madaras- | 375 Any organism nonsusceptible 31.46% Prior MRSA colonization or NA No
kelly etal | USA to non-pseudomonal third infection (45-100)
(2012) ¥ generation cephalosporins or Nursing home (45)

non-pseudomonal 8-methoxy




fluoroquinolones, MRSA, P.

Infusion therapy (35)

aeruginosa. Cephalosporin antibiotics,
diabetes (30)
ICU admission (25)
Park etal | 339 MRSA, P. aeruginosa, A. 36% Tube feeding (5) >3 52
(2013) > | South | baumannii, S. maltophilia, and Recent hospitalization (3)
Korea | ESBL-producing Recent intravenous antibiotics
Enterobacteriaceae. 2)
Recent chemotherapy, wound
care, chronic dialysis (1)
Shindo et | 1413 MRSA, P. aeruginosa, ESBL- | 15,3% Unweighted. Prior >3 27
al Japan | producing Enterobacteriaceae. hospitalization,
(2013) ¢ immunosuppression, previous

antibiotic treatment, gastric-acid
suppression, tube feeding, non-

ambulatory status.




Ma et al 354 MRSA, P. aeruginosa, ESBL- | 13,55% Bronchiectasis (14) >2.5 14
(2014)°° | China | producing Enterobacteriaceae, Recent hospitalization (5)
A. baumannii Severe pneumonia (2)
Nursing home residence, home
infusion therapy, chronic wound
care, chronic dialysis, or
immunosuppression (0.5)
Falcone et | 900 MRSA, S. maltophilia, ESBL- | 33% of Pa02/Fi02 (<300) (1.5) >3 21
al Italy producing or carbapenem- isolations HCAP criteria (1)
(AUROC resistant Enterobacteriaceae, (n=300) Pleural effusion, and bilateral
score) any bacterial strain non- pulmonary infiltration (0.5).
(2015)! susceptible to at least one agent

in three or more antimicrobial

categories.




Wang et al | 530 MRSA, K. pneumoniae, 38.9% PSI score plus risk factors PSIIITand | No
(2015)3° | Taiwan | Escherichia coli, Proteus Wound care (PSI V) IV and risk
mirabilis, P. aeruginosa, A. Nasogastric tube feeding and factor >1
baumannii, S. maltophilia, bronchiectasis (PSI III and IV)
Cheryseobacterium.
Prinaetal | 1597 P. aeruginosa, ESBL- 6% Fever (-1) >5 29
(PES Spain | producing Enterobacteriaceae, Male sex (1)
score) and MRSA. Previous antibiotic use, chronic
(2015) % respiratory disorder,
consciousness impairment (2)
Age (0-2)
Chronic renal disease (3)
Webb et al | 200 Organisms resistant to drug 25% Major risk factors (2): prior >4 31
(DRIP USA regimens recommended for the antibiotic use, long-term care
score) treatment of CAP (ceftriaxone residence, tube feeding, prior
(2016) 3! infection with MDR pathogen)




plus azithromycin or

levofloxacin)

Minor risk factors (1): prior
hospitalization, chronic
pulmonary disease, poor
functional status, gastric acid
suppression, wound care, and

previous MRSA colonization)

Rothberg
(CARM

score)

(2022) 7

138762

USA

Any organism resistant to
either a quinolone or the
combination of a third-
generation cephalosporin and a

macrolide.

8.8%

Unweighted. Prior resistant
organism, invasive mechanical
ventilation, pressure ulcer,
vasopressor administration,
paralysis, admission to ICU,
poor functional status, prior
hospital admission, nursing care
facility, chronic pulmonary
disease, male sex, current

tobacco smoker.

>4

No




Figure 1. Clinical management for patients with pneumonia.
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