antibiotics m\py

Review

Current Concepts in Community and Ventilator
Associated Lower Respiratory Tract Infections
in ICU Patients

Ignacio Martin-Loeches 123

1 Department of Anaesthesia and Critical Care Medicine, St James’s Hospital, D08 X4RX Dublin, Ireland;
drmartinloeches@gmail.com

Multidisciplinary Intensive Care Research Organization (MICRO), St James’s Hospital,

D08 X4RX Dublin, Ireland

Pulmonary Intensive Care Unit, Respiratory Institute, Hospital Clinic of Barcelona, IDIBAPS,
University of Barcelona, CIBERes, 08036 Barcelona, Spain

check for
Received: 21 May 2020; Accepted: 1 July 2020; Published: 5 July 2020 updates

Abstract: It is widely known that pneumonia (either community acquired or hospital acquired, as like
ventilator associated pneumonia (VAP)), is the most frequent type of severe infection and continues
to pose a significant burden on healthcare services worldwide. Despite new diagnostic developments,
most pneumonia cases continue to be difficult to diagnose clinically, partly due to acquired antibiotic
resistance and the lack of a ‘gold standard” method of diagnosis. In other words, the lack of a rapid,
accurate diagnostic test, as well as the uncertainty of the initial etiologic diagnosis and the risk
stratification, results in empirical antibiotic treatments. There are significant changes in the aetiology of
patients with ventilator associated lower respiratory tract infections (VA-LRTI), which are characterised
by a higher incidence of multi drug resistant organisms. Evidence suggests that when patients with
VA-LRTI develop organ failure, the associated mortality can be exceptionally high with frequent
complications, including acute respiratory distress syndrome, acute kidney injury, and septic shock.
Appropriate antibiotic treatments must consider that the present cardiovascular failure seen in patients
has a different association with the patient’s mortality. Unlike patients with less severe clinical
presentations, who have a higher chance of survival when the appropriate antibiotics are administered
promptly, for patients with a severe subtype of the disease, the appropriateness of antibiotic treatment
will impact the patient’s outcome to a lesser extent. The present review highlights certain factors
detectable at the time of admission that could indicate patients who are at a high risk of bacteraemia
and who, therefore, merit more intense therapy and stratified care.
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1. Introduction

The most frequent medical admissions to intensive care units (ICU) result from the development
of respiratory failure, mainly due to infections that are either community acquired or have a nosocomial
origin [1]. Patients with community acquired pneumonia admitted to the ICU who require either
invasive mechanical ventilation or vasopressors present high mortality rates. Current guidelines for
community and ventilator-associated respiratory tract infections (VA-LRTI) emphasize the importance
of prompt broad-spectrum antimicrobial therapy and a combination approach (due to the high severity
of the disease) to target the most frequent pathogens. However, in recent years, we have observed
a surge of “non-common” pathogens, such as Gram-negative bacilli [2]. There is an inherent risk
with this strategy that the liberal use of antimicrobial combinations will encourage the emergence of
polymicrobial resistant organisms and generate untreatable infections. Given the recent significant
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fall-off in the discovery of next-generation novel anti-bacterial agents by the pharmaceutical industry,
the emergence of antibiotic-resistant pathogens has led global leaders to warn of a future where
common bacterial infections become untreatable and oftentimes fatal. This is becoming especially
worrisome in non-Western countries.

The clinical course of ICU patients may be complicated by a large spectrum of lower respiratory
tract infections (LRTI), defined by different clinical and microbiological aspects [3]. Interestingly,
patients admitted to an ICU that require invasive mechanical ventilation after developing pneumonia
in the ward (ventilated Hospital acquired pneumonia) are on the rise [4]. Concepts such as organ failure
in patients with VA-LRTI are being incorporated into guidelines as a risk factor for the acquisition
of multidrug resistant organisms (MDRO). In the present manuscript, current information on both
community acquired and nosocomial pneumonia is provided, with a focus on the risk factors that can
stratify patients, the use of biomarkers, the benefit of pharmacokinetic-guided antibiotic administration,
and how clinical scoring determines whether patients are admitted to the ICU.

2. Changes in Epidemiology in Community Acquired Pneumonia

Worldwide, Streptococcus pneumoniae continues to be the most frequent causative pathogen
in community acquired pneumonia (CAP), independent of the age of patients, comorbid conditions,
or clinical settings (namely, outpatients vs. hospitalised patients). However, in ICU settings,
it is becoming more clear that there are more mixed aetiologies and fewer atypical pathogens [5].
In recent years, it has been observed that the aetiology of CAP is related to resistant pathogens,
independent of whether they are Enterobacteriaceae or not. For this reason, information
pertaining to PES (Pseudomonas aeruginosa, extended-spectrum f-lactamase Enterobacteriaceae,
and methicillin-resistant Staphylococcus aureus (MRSA)) pathogens has been recently published [6].
Notably, P. aeruginosa and MRSA are the most frequently reported pathogens and require antibiotic
therapies that differ from those recommended by the majority of guidelines. There are some factors
that hint at the risk of PES infection: an age >65 years, previous antibiotic use, chronic conditions
(a chronic respiratory disorder or chronic renal disease), and unconsciousness. These risk factors have
been computed into a score by Prina et al. [7], with an area under the curve for the score of 0.759 (a 95%
confidence interval, 0.713-0.806; p < 0.001). In addition, PES pathogens were independently associated
with an increased risk of 30-day mortality (odds ratio = 2.51).

Patients with CAP often develop mild forms of the disease, and only a minority are hospitalised.
When this occurs, there is a small subgroup of patients that require intensive care management, typically
due to septic shock or the need to provide invasive mechanical ventilation. Villafuerte et al. [8] analysed
the data of the 3193 patients enrolled in the Global initiative for methicillin-resistant Staphylococcus aureus
pneumonia (GLIMP) study with CAP to determine the prevalence of Enterobacteriaceae and refine
the classification of the genera and species within this family in infected patients. The authors found that
only 6% of the patients developed a CAP due to Enterobacteriaceae, with half of them resistant to at least
one antibiotic class. The data identified several risk factors important to Enterobacteriaceae acquisition:
severe CAP, being underweight, and prior extended-spectrum beta-lactamase (ESBL) infection.

Viruses also play an important role in CAP patients. Zhou et al. [9] found that in 40% of patients
admitted to 34 hospitals in mainland China, respiratory viruses could be detected by molecular methods.
The influenza virus was detected in one third of the cases, with other respiratory viruses presenting
at a much lower rate (respiratory syncytial virus (3.6%), adenovirus (3.3%), human coronavirus
(3.0%), parainfluenza virus (2.2%), human rhinovirus (1.8%), and human metapneumovirus (1.5%)).
When analysing patients being admitted to the ICU, Choi et al. [10] found that respiratory viruses
caused severe CAP in 36.4% of the cases, but rhinovirus was the most commonly identified virus
(23.6%), followed by the parainfluenza virus (20.8%), human metapneumovirus (18.1%), influenza
virus (16.7%), and respiratory syncytial virus (13.9%). Hence, acquiring information about the type of
infections, causative pathogens, and outcomes could aid in developing further preventive policies,
diagnostic accuracy, treatment, and resource allocation.
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3. Bacteraemic Episodes for Gram Negatives in CAP

In Western countries, CAP due to Gram-negative bacilli (GNB) is relatively rare. Bacteraemic
episodes in patients with CAP are more frequent in patients who present severe forms of CAP,
especially those admitted to an ICU. The presence of bacteraemia has also been associated with higher
mortality rates. The main aetiology of bacteraemic episodes is bacteraemic pneumococcal pneumonia.
Recent evidence has established that the presence of Enterobacteriaceae is uncommon in these GNB
episodes. However, some studies of interest should be noted. Lin etal. [11] reported that K. pneumoniae
were the dominant cause of bacteraemic CAP in Taiwanese hospitalised adults during the period of
2001-2008 and highlighted that septic shock and respiratory failure were independent risk factors for
both early and total mortality in these patients. The authors reported that compared to pneumococcal
bacteraemic, the episodes had a worse prognosis in those affected with K. pneumoniae CAP. Interestingly,
K1 and K2 were the most frequent serotypes, but there were no significant differences due to K1/K2
and non-K1/K2 isolates in the clinical characteristics of patients with bacteraemic CAP, and the mortality
was over 50%. Also Asia, Inghammar et al. [12] reported an 8.6 per cent prevalence of GNBs in all CAP
patients with 30% bacteraemic episodes. The most frequent GNB identified was K. pneumoniae (30%),
followed by Burkholderia pseudomallei (26%), Pseudomonas aeruginosa (19%), and Escherichia coli (9%).
In patients with severe CAP, one out of ten cases were caused by GNBs, and there was a significantly
higher mortality in patients with CAP due to GNB.

4. Epidemiology in Other Rarely Reported Countries

In 2016, total of over 700,000 deaths were estimated by the World Health Organization (WHO)
in Asia due to lower respiratory tract infections [13]. Unfortunately, the majority of granular data
were published more than a decade ago (2002 and 2004) on aetiology, clinical outcomes, and risk
factors by the Asian Network for Surveillance of Resistant Pathogens from a representative sample of
Asian countries [14]. Two thirds of patients were hospitalized, and 10% were admitted to the ICU.
In patients with Pneumonia Severity Index (PSI) categories 4 and 5, mortality ranged from 7.3% to
50.6%. S. pneumoniae was the pathogen most often isolated (29.2%), followed by atypical pathogens
in 25% and Gram-negative bacteria (e.g., K. pneumoniae and P. aeruginosa) in 22%.

In addition, the 2016 Global Burden of Disease study [15] highlighted the substantial improvement
in decreasing the burden of lower respiratory tract infections. However, there continues to be a
knowledge gap in some countries, especially those in Sub-Saharan Africa, Southeast Asia, and South
Asia. In these regions, mortality rates remain high. Here, S. pneumoniae is of lesser importance
compared to western countries; GNB occurred in 13% of hospitalised CAP cases, being more frequent
in India and Southeast Asia. Another pathogen of high relevance is Mycobacterium tuberculosis
in Southeast Asia. In northeast Thailand, Burkholderia Pseudomallei was reported to be a major
pathogen [16].

An important concept in some Asian regions is the overlap of fever syndromes and acute
respiratory failure that leads to acute respiratory distress syndrome (ARDS). Malaria, Dengue,
leptospirosis, and typhus should be included in the differential diagnosis. An important cause of
severe CAP is B. pseudomallei (melioidosis), which is the second most common isolated pathogen
in CAP patients admitted to hospitals in Thailand [17].

5. Impact of Aging in Community Acquired Pneumonia

Those aged over 65 years are defined as elderly, who experience a greater impact from pneumonia
than younger age groups. The annual incidence of pneumonia among the elderly is four-times that
of younger populations [18]. As in other age populations, the most common pathogen isolated
in patients over 65 years with CAP is Streptococcus pneumoniae, although atypical and Gram-negative
bacilli also play a major role [19]. Aspiration pneumonia is also a concern for the elderly. Published
studies have found that age is an independent risk factor for the aspiration pneumonia that commonly
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occurs with dysphagia (neurovascular and medication induced, such as antipsychotics) [20]. Likewise,
Cilloniz et al. [21] conducted a retrospective observational study and found that among patients
with CAP, chronic renal and neurological diseases are both independent risk factors for mortality.
Additionally, for patients more than 80 years of age who are hospitalised with CAP, their mortality
rates increase if they develop sepsis. Likewise, Martin-Loeches et al. [22] conducted a prospective,
observational, multicenter cohort study to determine the risk factors for mortality in elderly and very
elderly critically ill patients with sepsis. The main finding was that age was an independent risk factor
only in the group of patients over 80 years old. While these data are important, the focus of the paper
was on patients with sepsis in general and not only those with CAP.

6. Bacteraemic Episodes in Hospital Acquired Pneumonia

Bacteraemic episodes can be frequent in patients with CAP. However, they are less common
in pneumonia with a nosocomial origin. Bacteraemia has not been widely studied as a risk
factor in patients with nosocomial pneumonia. Some studies show interesting features that
can help us understand the epidemiology of bacteraemia in patients who are mechanically
ventilated. Harmon et al. [23] reported a 11% incidence of bacteraemia in patients mechanically
ventilated after a cardiac arrest in a targeted temperature management (TTM) trial. Gram-negative
[Klebsiella pneumoniae (12.1%)] and Gram-positive pathogens [Staphylococcus aureus (24.2%)] were both
prevalent. Agbaht et al. [24] performed a retrospective, single-centre, observational cohort study
that assessed the association of mortality in patients with bacteraemia. In the design of the study,
the authors matched bacteraemic patients presenting ventilator-associated pneumonia (VAP) with two
controls using VAP and negative blood cultures. The authors estimated that the relative risk of death
for bacteraemic cases was 2.86%, since mortality for cases and matched NB-VAP controls was 40.6%
(13 of 32) and 19.3% (11 of 57), respectively. More recently, Magret et al. [25] conducted a secondary
analysis of a large multicenter cohort of patients with HAP. From 689 patients with nosocomial
pneumonia (465 VAP and 224 HAP), 15% of patients presented a bacteraemic episode. They also found
that the mortality was two times (57.1%) that of patients without bacteraemia (33%). In addition,
infection-related factors, such as aetiology, and predisposition factors, such as diagnostic category at
admission, were associated with a higher risk of bacteraemia. Interestingly, Acinetobacter baumannii’s
aetiology was associated with bacteraemic episodes.

7. Multidrug Resistant Organism Epidemiology in Nosocomial Pneumonia

Gram negative infections currently account for the majority of infection episodes. Vincent et al. [1]
recently published the prevalence and outcomes of infection among patients in Intensive Care Units.
This was an observational 24-hour point prevalence study conducted over 1150 centres in 88 countries.
The authors reported that Gram-negative microorganisms were identified in 67% of the patients with
infection. One of the most important findings was that MDRO were common. Moreover, Klebsiella sp.
resistant to 3-lactam antibiotics, including third-generation cephalosporins and carbapenems or
carbapenem-resistant Acinetobacter species, were independently associated with a higher risk of death
when compared to infection with another microorganism.

One of the most important strategies in current medical practice is to better identify patients at
risk of acquiring MDRO. There are some well-known risk factors, but the use of scores might help
identify the most common MDROs: third-generation cephalosporin-resistant Enterobacteriaceae (3GC-R),
carbapenem-resistant Enterobacteriaceae (CRE), and multidrug-resistant Pseudomonas aeruginosa (MDRP).
Lodise et al. [26] recently published a clinical bedside tool that was used to retrospectively analyse a
large database (almost 125,000 patients), including hospitalised patients with complicated urinary tract
infections (cUTIs), complicated intra-abdominal infections (cIAls), HAP/VAP, or bloodstream infections
(BSIs) due to Gram-negative bacteria. The authors found that the most important predictors of an 3GC-R,
CRE, or MDRP infection were previous administrations of antibiotics, the infection site, the presence
of infection within the previous 3 months, and the hospital’s prevalence of 3GC-R, CRE, or MDRP.
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Martin-Loeches et al. analysed the probability of MDROs in patients with HAP [27]. Interestingly,
in previous years, the classification of HAP was split into two categories. Patients with early onset
(Eo) and late onset (Lo) HAP. The main difference was the time until pneumonia development and if
the patient had risk factors for MDRO. This study found that there were no significant differences
in the presence of potential resistant microorganisms (PRM) in Eo vs. Lo HAP episodes. Moreover,
the major determinants of PRM were the occurrence of septic shock and the prevalence of more
than 25% PRM for HAP episodes in the participating ICU. These findings have been included
in clinical guidelines. Currently, there are two major clinical guidelines for HAP: American [28]
and European [29]. While both guidelines have some differences, they also offer some common points
regarding the aetiology and severity of the disease in patients with nosocomial pneumonia.

An important element in controlling the spread of multidrug resistant organisms in hospital
settings is the adoption of antibiotic stewardship programs (ASP). The main principles of ASP are
to promote the appropriate use of antimicrobials (including antibiotics), improve patient outcomes,
reduce antimicrobial resistance, and decrease the spread of infections caused by multidrug-resistant
organisms. There are many ways to implement such programs, but a multidisciplinary approach
with coordination among the attending physicians, nurses, and pharmacists is the most important
factor [30,31]. In the following section, we further discuss the roles of the biomarkers that are a key
element of ASP.

8. The Role of Biomarkers in Ventilator Associated Lower Respiratory Tract Infections

Biomarkers play a major role in the diagnosis and management of severe infections in the ICU.
Ventilator-associated lower respiratory tract infections (VA-LRTI) consist of ventilator-associated
pneumonia (VAP) and ventilator-associated tracheobronchitis (VAT). Coelho et al. [32] analysed
over 400 patients with VA-LRTI to distinguish the inflammatory responses of patients with either
VAP or VAT. The authors found that procalcitonin (PCT) and C-reactive protein (CRP) presented
lower values in patients with VAT compared to those with VAP; however, this difference was not
significant. Both biomarkers could not help distinguish between VAT and VAP, as there was a
marked overlap between the two. Regarding, VAP resolution, Povoa et al. [33] aimed to analyse
the kinetic performance of several biomarkers (C-reactive protein (CRP), procalcitonin (PCT),
and the mid-region fragment of pro-adrenomedullin (MR-proADM)) in a prospective, multicenter,
observational study of microbiologically documented VAP. The biomarker that demonstrated added
value in diagnostic precision was CRP. CRP kinetics were found to be useful as early as four
days after the initiation of treatment to identify VAP patients with poor outcomes. On the other
hand, Giamarellos et al. [34] developed a prognostic score of bacteraemia using the resolution of
carbapenem-resistant Gram-negative bacteria (CRGNB) with a test and validation cohort. The authors
described three clinical scenarios: (a) On day 2, Procalcitonin (PCT) decreased by more than 30%,
and PCT on day 4 was below 0.5 ng/mL; (b) PCT on day 4 decreased by more than 40%, and PCT
on day 4 was below 0.5 ng/mL; and (c) PCT on day 2 decreased by more than 30%, and PCT on day
4 decreased by more than 40%. However, the absence of these biomarkers is underpinned by our
fundamental ignorance of patients” immune and inflammatory responses in this area of medicine.

9. Vulnerable Patients at Risk for Nosocomial Infections

Patients with a special incidence of Gram-negative infections had comorbid conditions.
Among conditions, cancer is one of the most challenging. The number of cancer patients admitted
to ICUs is expected to increase due to several factors, such as aging and recent advances in therapy
that have prolonged life expectancy. There are few studies that focus on patients with cancer.
Notably, Stoclin et al. [35] recently reported a VAP rate of 24.5/1000 ventilator days among more than
3000 patients. This is clearly far higher than the results of studies conducted on non-cancer patients [36].
Interestingly, GNBs were the most common pathogens and occurred in almost half of the VAP episodes.
Similarly, Moreau et al. [37] analysed the incidence of VA-LRTT in immunocompromised patients
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compared with non-immunocompromised patients. The authors found a lower incidence of VA-LRTI
in immunocompromised patients for both VAP and VAT. The study also found that the rates of MDRO
(72% versus 59%; p = 0.011) and mortality while in the ICU (54% versus 30%; p < 0.0001) were higher
for immunosuppressed patients compared to those who were not immunosuppressed. This result
has two consequences: On the one hand, MDRO have a higher risk of developing VA-LRTI in more
vulnerable hosts, and, when this happens, the outcome is worse.

The data produced in the last decade are interesting for patients with other comorbid conditions,
such as chronic obstructive pulmonary disease (COPD). Koulenti et al. [38] found COPD among 20%
of European ICU admissions. The authors not only reported a higher incidence of mortality compared
to non COPD patients but also a much longer ICU stay. Regarding aetiology, it is unsurprising
that Pseudomonas aeruginosa (PA) was more common in COPD patients with VAP. However, what
is clinically useful is that PA occurred in Early onset-VAP (Eo-VAP) 2.5 times more frequently
than in patients without early-onset VAP. On the other hand, a cohort study by Rouze et al. [39]
found that among COPD patients mechanically ventilated in Europe and Latin America, neither
VAP nor VAT were more frequent. Moreover, among patients with VA-LRTI, Escherichia coli
and Stenotrophomonas maltophilia were found at significantly higher rates in COPD patients.
The authors did not observe worse outcomes for patients with COPD. These are among the largest
multicentre studies performed on patients with COPD, and the results seems to be contradictory.
The selected population and the exclusion of trauma patients in the paper by Koulenti et al. may
partially explain these differences.

10. Organ Failure Severity in Nosocomial Pneumonia

Organ failure is an important determinant of severity in patients with nosocomial pneumonia.
Among organ failure, there are three types of major interest: Acute kidney injury (AKI), ARDS,
and cardiovascular failure. Younan et al. [40] analysed trauma patients admitted to an academic U.S.
hospital. Almost 1500 patients were admitted over the two years of the study period and reported a
low incidence of VAP at 3%. However, one of the most interesting findings was that patients with VAP
presented a higher incidence of AKI and longer ICU stays than those without VAP. Whether the VAP
per se or the development of AKI determined these longer ICU stays remains a question.

One main concern in patients with VA-LRTI is the development of ARDS during their ICU
stay. Zampieri et al. [41] reported a 17% incidence of ARDS in patients who received invasive
mechanical ventilation (MV) >48 h. The attributable mortality among patients with ARDS and VA-LRTI
was significantly higher than the mortality for VA-LRTI alone. Conversely, Forel et al. [42] prospectively
analysed patients with ARDS and found that VAP occurred in almost one third of the patients.
The authors also found an increased crude ICU mortality. However, this result was not significant
after adjustment. Pseudomonas aeruginosa was followed by Methicillin-sensitive Staphylococcus aureus
(MRSA) and other GNBs. Factors associated with mortality were the severity of disease and age.
However, no particular aetiology was significantly associated with mortality.

VAP research developments are commonplace in the literature. However, there is a growing field
of study on respiratory infections in other areas, such VAT. These two entities are very close and, in many
cases, VAP can be considered a continuum from VAT and previous colonization [43]. VA-LRTI as a
whole might have some common ground with both VAT and VAP [3]. Martin-Loeches et al. [44] recently
evaluated the clinical significance of VA-LRTT in patients with cardiovascular failure manifesting in a
Sequential Organ Failure Assessment (mSOFA) cardiovascular score of 4 (at the time of the VA-LRTI
diagnosis and present for at least 12 h). As expected, patients with cardiovascular failure had a higher
mortality rate than those without it. However, the main focus in this prospective observational study
was to determine the association of appropriate antibiotic treatments in patients with and without
cardiovascular failure. In patients with cardiovascular failure, there was no association of appropriate
antibiotic treatment and survival, while in those patients without cardiovascular failure, appropriate
antibiotic treatment conferred a survival benefit only to patients with VAP.
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11. Conclusions

Lower respiratory tract infections, either from community or nosocomial acquisition, represent
a significant burden for health care systems. The epidemiology in patients with CAP has changed
in recent years with a higher incidence of GNBs. Some risk factors, such as age, are associated more
often with GNB acquisition and the presence of anaerobes due to aspiration and dysphagia. Regarding
infections of nosocomial origin, the old concept of early versus late onset episodes has been changed
based on the different risk factors of the patients affected. Patients admitted to an ICU can develop
VA-LRTI with two forms of severity: mild, in the form of tracheobronchitis, or severe, in the form of
pneumonia. Both entities are often linked together. Appropriate antibiotic treatment plays a major
role in VA-LRTI, with a different impact if the patients develop organ failure, such as septic shock or
ARDS. Therefore, the absence of clinically useful biomarkers that can identify community acquired
respiratory infections or those from a nosocomial origin and predict the severity of such infections on
an individual basis remains a significant unmet need.
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References

1. Vincent, J.-L.; Sakr, Y.; Singer, M.; Martin-Loeches, I.; Machado, ER.; Marshall, J.C.; Finfer, S.; Pelosi, P.;
Brazzi, L.; Aditianingsih, D.; et al. Prevalence and Outcomes of Infection Among Patients in Intensive Care
Units in 2017. JAMA 2020. [CrossRef] [PubMed]

2. Martin-Loeches, I; Lisboa, T.; Rodriguez, A.; Putensen, C.; Annane, D.; Garnacho-Montero, ].; Restrepo, M.L;
Rello, J. Combination antibiotic therapy with macrolides improves survival in intubated patients with
community-acquired pneumonia. Intensive Care Med. 2010, 36, 612—-620. [CrossRef] [PubMed]

3.  de Pascale, G.; Ranzani, O.T.; Nseir, S.; Chastre, J.; Welte, T.; Antonelli, M.; Navalesi, P.; Garofalo, E.;
Bruni, A.; Coelho, L.M.; et al. Intensive care unit patients with lower respiratory tract nosocomial infections:
The ENIRRIs project. ERS Monogr. 2017, 3, 00092-2017. [CrossRef] [PubMed]

4. Kollef, M.H.; Novacek, M.; Kivistik, U.; Réa-Neto, A.; Shime, N.; Martin-Loeches, I.; Timsit, J.-E;
Wunderink, R.G.; Bruno, C.J.; Huntington, J.A.; et al. Ceftolozane-tazobactam versus meropenem for
treatment of nosocomial pneumonia (ASPECT-NP): a randomised, controlled, double-blind, phase 3,
non-inferiority trial. Lancet Infect. Dis. 2019, 19, 1299-1311. [CrossRef]

5. Goncalves-Pereira, ].; Conceicao, C.; Povoa, P. Community-acquired pneumonia: identification and evaluation
of nonresponders. Ther. Adv. Infect. Dis. 2013, 1, 5-17. [CrossRef]

6.  Cilloniz, C.; Dominedo, C.; Torres, A. An overview of guidelines for the management of hospital-acquired
and ventilator-associated pneumonia caused by multidrug-resistant Gram-negative bacteria. Curr. Opin.
Infect. Dis. 2019, 32, 656-662. [CrossRef]

7. Prina, E.; Ranzani, O.T.; Polverino, E.; Cilloniz, C.; Ferrer, M.; Fernandez, L.; Puig de la Bellacasa, J.;
Menendez, R.; Mensa, ].; Torres, A. Risk factors associated with potentially antibiotic-resistant pathogens
in community-acquired pneumonia. Ann. Am. Thorac. Soc. 2015, 12, 153-160. [CrossRef]

8.  Villafuerte, D.; Aliberti, S.; Soni, N.J.; Faverio, P.; Marcos, PJ.; Wunderink, R.G.; Rodriguez, A.; Sibila, O.;
Sanz, F.; Martin-Loeches, I; et al. Prevalence and risk factors for Enterobacteriaceae in patients hospitalized
with community-acquired pneumonia. Respirology 2020, 25, 543-551. [CrossRef]

9. Zhou, F; Wang, Y.; Liu, Y,; Liu, X,; Gu, L.; Zhang, X; Pu, Z; Yang, G.; Liu, B.; Nie, Q.; et al. Disease severity
and clinical outcomes of community-acquired pneumonia caused by non-influenza respiratory viruses
in adults: A multicentre prospective registry study from the CAP-China Network. Eur. Respir. |. 2019, 54,
1802406. [CrossRef]

10. Choi, S.H.; Hong, S.B.; Ko, G.B.; Lee, Y.; Park, H.J.; Park, S.Y.; Moon, S.M.; Cho, O.H.; Park, K.H.; Chong, Y.P.;
et al. Viral infection in patients with severe pneumonia requiring intensive care unit admission. Am. J. Respir.
Crit. Care Med. 2012, 186, 325-332. [CrossRef]


http://dx.doi.org/10.1001/jama.2020.2717
http://www.ncbi.nlm.nih.gov/pubmed/32207816
http://dx.doi.org/10.1007/s00134-009-1730-y
http://www.ncbi.nlm.nih.gov/pubmed/19953222
http://dx.doi.org/10.1183/23120541.00092-2017
http://www.ncbi.nlm.nih.gov/pubmed/29164144
http://dx.doi.org/10.1016/S1473-3099(19)30403-7
http://dx.doi.org/10.1177/2049936112469017
http://dx.doi.org/10.1097/QCO.0000000000000596
http://dx.doi.org/10.1513/AnnalsATS.201407-305OC
http://dx.doi.org/10.1111/resp.13663
http://dx.doi.org/10.1183/13993003.02406-2018
http://dx.doi.org/10.1164/rccm.201112-2240OC

Antibiotics 2020, 9, 380 80f9

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lin, Y.-T.; Jeng, Y.-Y,; Chen, T.-L.; Fung, C.-P. Bacteremic community-acquired pneumonia due to Klebsiella
pneumoniae: Clinical and microbiological characteristics in Taiwan, 2001-2008. BMC Infect. Dis. 2010, 10,
307. [CrossRef] [PubMed]

Inghammar, M.; Borand, L.; Goyet, S.; Rammaert, B.; Te, V.; Lorn Try, P.; Guillard, B.; Buchy, P.; Vong, S.;
Tek Chheng, E.; et al. Community-acquired pneumonia and Gram-negative bacilli in Cambodia-incidence,
risk factors and clinical characteristics. Trans. R. Soc. Trop. Med. Hyg. 2018, 112, 57-63. [CrossRef] [PubMed]
World Health Organization. Disease Burden and Mortality Estimates; WHO: Geneva, Switzerland, 2019.
Song, J.-H.; Oh, W.S,; Kang, C.-I.; Chung, D.R.; Peck, K.R.; Ko, K.S.; Yeom, J.S.; Kim, C.K,; Kim, SW.;
Chang, H.-H.; et al. Epidemiology and clinical outcomes of community-acquired pneumonia in adult
patients in Asian countries: a prospective study by the Asian network for surveillance of resistant pathogens.
Int. ]. Antimicrob. Agents 2008, 31, 107-114. [CrossRef] [PubMed]

Estimates of the global, regional, and national morbidity, mortality, and aetiologies of lower respiratory
infections in 195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016.
Lancet Infect. Dis. 2018, 18, 1191-1210. [CrossRef]

Peto, L.; Nadjm, B.; Horby, P.; Ngan, T.T.D.; van Doorn, R.; Van Kinh, N.; Wertheim, H.EL. The bacterial
aetiology of adult community-acquired pneumonia in Asia: a systematic review. Trans. R. Soc. Trop. Med.
Hyg. 2014, 108, 326-337. [CrossRef]

Reechaipichitkul, W.; Lulitanond, V.; Tantiwong, P.; Saelee, R.; Pisprasert, V. Etiologies and treatment
outcomes in patients hospitalized with community-acquired pneumonia (CAP) at Srinagarind Hospital,
Khon Kaen, Thailand. Southeast Asian J. Trop. Med. Public Health 2005, 36, 156-161.

Janssens, J.-P; Krause, K.-H. Pneumonia in the very old. Lancet Infect. Dis. 2004, 4, 112-124. [CrossRef]
Fung, H.B.; Monteagudo-Chu, M.O. Community-acquired pneumonia in the elderly. Am. ]. Geriatr.
Pharmacother. 2010, 8, 47-62. [CrossRef]

Rodriguez, A.E.; Restrepo, M.I. New perspectives in aspiration community acquired Pneumonia. Expert Rev.
Clin. Pharmacol. 2019, 12, 991-1002. [CrossRef]

Cilloniz, C.; Dominedo, C.; Ielpo, A.; Ferrer, M.; Gabarrus, A.; Battaglini, D.; Bermejo-Martin, J.; Meli, A.;
Garcia-Vidal, C.; Liapikou, A.; et al. Risk and Prognostic Factors in Very Old Patients with Sepsis Secondary
to Community-Acquired Pneumonia. J. Clin. Med. 2019, 8, 961. [CrossRef]

Martin-Loeches, I.; Guia, M.C.; Vallecoccia, M.S.; Suarez, D.; Ibarz, M.; Irazabal, M.; Ferrer, R.; Artigas, A. Risk
factors for mortality in elderly and very elderly critically ill patients with sepsis: a prospective, observational,
multicenter cohort study. Ann. Intensive Care 2019, 9, 26. [CrossRef] [PubMed]

Harmon, M.B.A.; Hodiamont, C.J.; Dankiewicz, J.; Nielsen, N.; Schultz, M.].; Horn, J.; Friberg, H.;
Juffermans, N.P. Microbiological profile of nosocomial infections following cardiac arrest: Insights from
the targeted temperature management (TTM) trial. Resuscitation 2020, 148, 227-233. [CrossRef] [PubMed]
Agbaht, K,; Diaz, E.; Mufioz, E.; Lisboa, T.; Gomez, F.; Depuydt, P.O.; Blot, S.I; Rello, ]. Bacteremia in patients
with ventilator-associated pneumonia is associated with increased mortality: A study comparing bacteremic
vs. nonbacteremic ventilator-associated pneumonia*. Crit. Care Med. 2007, 35, 2064-2070. [CrossRef]
Magret, M.; Lisboa, T.; Martin-Loeches, I.; Mafez, R.; Nauwynck, M.; Wrigge, H.; Cardellino, S.; Diaz, E.;
Koulenti, D.; Rello, J.; et al. Bacteremia is an independent risk factor for mortality in nosocomial pneumonia:
a prospective and observational multicenter study. Crit. Care 2011, 15, R62. [CrossRef]

Lodise, T.P; Bonine, N.G.; Ye, ].M.; Folse, H.J.; Gillard, P. Development of a bedside tool to predict
the probability of drug-resistant pathogens among hospitalized adult patients with gram-negative infections.
BMC Infect. Dis. 2019, 19, 718. [CrossRef] [PubMed]

Martin-Loeches, I.; Deja, M.; Koulenti, D.; Dimopoulos, G.; Marsh, B.; Torres, A.; Niederman, M.S.; Rello, J.
Potentially resistant microorganisms in intubated patients with hospital-acquired pneumonia: the interaction
of ecology, shock and risk factors. Intensive Care Med. 2013, 39, 672-681. [CrossRef]

Kalil, A.C.; Metersky, M.L.; Klompas, M.; Muscedere, J.; Sweeney, D.A.; Palmer, L.B.; Napolitano, L.M.;
O’Grady, N.P; Bartlett, J.G.; Carratala, J.; et al. Management of Adults With Hospital-acquired
and Ventilator-associated Pneumonia: 2016 Clinical Practice Guidelines by the Infectious Diseases Society of
America and the American Thoracic Society. Clin. Infect. Dis. 2016, 63, e61-e111. [CrossRef]


http://dx.doi.org/10.1186/1471-2334-10-307
http://www.ncbi.nlm.nih.gov/pubmed/20973971
http://dx.doi.org/10.1093/trstmh/try022
http://www.ncbi.nlm.nih.gov/pubmed/29579302
http://dx.doi.org/10.1016/j.ijantimicag.2007.09.014
http://www.ncbi.nlm.nih.gov/pubmed/18162378
http://dx.doi.org/10.1016/S1473-3099(18)30310-4
http://dx.doi.org/10.1093/trstmh/tru058
http://dx.doi.org/10.1016/S1473-3099(04)00931-4
http://dx.doi.org/10.1016/j.amjopharm.2010.01.003
http://dx.doi.org/10.1080/17512433.2019.1663730
http://dx.doi.org/10.3390/jcm8070961
http://dx.doi.org/10.1186/s13613-019-0495-x
http://www.ncbi.nlm.nih.gov/pubmed/30715638
http://dx.doi.org/10.1016/j.resuscitation.2019.11.033
http://www.ncbi.nlm.nih.gov/pubmed/32032651
http://dx.doi.org/10.1097/01.CCM.0000277042.31524.66
http://dx.doi.org/10.1186/cc10036
http://dx.doi.org/10.1186/s12879-019-4363-y
http://www.ncbi.nlm.nih.gov/pubmed/31412809
http://dx.doi.org/10.1007/s00134-012-2808-5
http://dx.doi.org/10.1093/cid/ciw353

Antibiotics 2020, 9, 380 90f9

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Torres, A.; Niederman, M.S.; Chastre, J.; Ewig, S.; Fernandez-Vandellos, P.; Hanberger, H.; Kollef, M.;
Bassi, G.L.; Luna, C.M.; Martin-Loeches, L; et al. International ERS/ESICM/ESCMID/ALAT guidelines for
the management of hospital-acquired pneumonia and ventilator-associated pneumonia. Eur. Respir. |. 2017,
50, 1700582. [CrossRef]

Zilahi, G.; McMahon, M.A; Povoa, P.; Martin-Loeches, I. Duration of antibiotic therapy in the intensive care
unit. J. Thorac. Dis. 2016, 8, 3774-3780. [CrossRef]

Tiszai-Szucs, T.; Mac Sweeney, C.; Keaveny, J.; Bozza, FA.; O Hagan, Z.; Martin-Loeches, I. Feasibility of
Antimicrobial Stewardship (AMS) in Critical Care Settings: A Multidisciplinary Approach Strategy. Med. Sci.
2018, 6, 40. [CrossRef]

Coelho, L.; Rabello, L.; Salluh, J.; Martin-Loeches, I.; Rodriguez, A.; Nseir, S.; Gomes, J.A.; Povoa, P. C-reactive
protein and procalcitonin profile in ventilator-associated lower respiratory infections. J. Crit. Care 2018, 48,
385-389. [CrossRef] [PubMed]

Povoa, P.; Martin-Loeches, I.; Ramirez, P; Bos, L.D.; Esperatti, M.; Silvestre, J.; Gili, G.; Goma, G.; Berlanga, E.;
Espasa, M.; et al. Biomarkers kinetics in the assessment of ventilator-associated pneumonia response to
antibiotics - results from the BioVAP study. J. Crit. Care 2017, 41, 91-97. [CrossRef] [PubMed]
Giamarellos-Bourboulis, E.J.; Kotsaki, A.; Routsi, C.; Graziano, E.; Righi, E.; Bassetti, M. A prognostic score
for the resolution of bacteremia by Gram-negative bacteria resistant to carbapenems. Eur. J. Clin. Microbiol.
Infect. Dis. 2018, 37, 2083-2089. [CrossRef] [PubMed]

Stoclin, A.; Rotolo, F; Hicheri, Y.; Mons, M.; Chachaty, E.; Gachot, B.; Pignon, J.-P.; Wartelle, M.;
Blot, F. Ventilator-associated pneumonia and bloodstream infections in intensive care unit cancer patients:
A retrospective 12-year study on 3388 prospectively monitored patients. Support. Care Cancer Off. ]. Multinatl.
Assoc. Support. Care Cancer 2020, 28, 193-200. [CrossRef]

Martin-Loeches, I.; Diaz, E.; Valles, J.; Martin-Loeches, 1.; Diaz, E.; Vallés, J. Risks for multidrug-resistant
pathogens in the ICU. Curr. Opin. Crit. Care 2014, 20, 516-524. [CrossRef]

Moreau, A.-S.; Martin-Loeches, L.; Povoa, P; Salluh, J.; Rodriguez, A.; Thille, A.W.; Diaz Santos, E.; Vedes, E.;
Lobo, S.M.; Mégarbane, B.; et al. Impact of immunosuppression on incidence, aetiology and outcome of
ventilator-associated lower respiratory tract infections. Eur. Respir. J. 2018, 51, 1701656. [CrossRef]
Koulenti, D.; Blot, S.; Dulhunty, ] M.; Papazian, L.; Martin-Loeches, I.; Dimopoulos, G.; Brun-Buisson, C.;
Nauwynck, M.; Putensen, C.; Sole-Violan, J.; et al. COPD patients with ventilator-associated pneumonia:
implications for management. Eur. J. Clin. Microbiol. Infect. Dis. 2015, 34, 2403-2411. [CrossRef]

Rouze, A ; Boddaert, P.; Martin-Loeches, I.; Povoa, P.; Rodriguez, A.; Ramdane, N.; Salluh, J.; Houard, M.;
Nseir, S. Impact of Chronic Obstructive Pulmonary Disease on Incidence, Microbiology and Outcome of
Ventilator-Associated Lower Respiratory Tract Infections. Microorganisms 2020, 8, 165. [CrossRef]

Younan, D.; Delozier, S.J.; Adamski, J.; Loudon, A.; Violette, A.; Ustin, J.; Tinkoff, G.; Moorman, M.L.;
McQuay, N. Factors Predictive of Ventilator-associated Pneumonia in Critically Il Trauma Patients. World J.
Surg. 2020, 44, 1121-1125. [CrossRef]

Zampieri, EG.; Pévoa, P; Salluh, J.I; Rodriguez, A ; Valade, S.; Andrade Gomes, J.; Reignier, ].; Molinos, E.;
Almirall, J.; Boussekey, N.; et al. Lower Respiratory Tract Infection and Short-Term Outcome in Patients
With Acute Respiratory Distress Syndrome. J. Intensive Care Med. 2018, 35, 588-594. [CrossRef]

Forel, J.-M.; Voillet, E; Pulina, D.; Gacouin, A.; Perrin, G.; Barrau, K.; Jaber, S.; Arnal, J.-M.; Fathallah, M.;
Augquier, P; et al. Ventilator-associated pneumonia and ICU mortality in severe ARDS patients ventilated
according to a lung-protective strategy. Crit. Care 2012, 16, R65. [CrossRef] [PubMed]

Martin-Loeches, I.; Povoa, P.; Rodriguez, A.; Curcio, D.; Suarez, D.; Mira, J.-P.; Cordero, M.L.; Lepecq, R.;
Girault, C.; Candeias, C.; et al. Incidence and prognosis of ventilator-associated tracheobronchitis (TAVeM):
a multicentre, prospective, observational study. Lancet Respir. Med. 2015, 3, 859-868. [CrossRef]
Martin-Loeches, I.; Torres, A.; Povoa, P.; Zampieri, EG.; Salluh, J.; Nseir, S.; Ferrer, M.; Rodriguez, A.
TAVeM study Group The association of cardiovascular failure with treatment for ventilator-associated lower
respiratory tract infection. Intensive Care Med. 2019, 45, 1753-1762. [CrossRef] [PubMed]

® © 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1183/13993003.00582-2017
http://dx.doi.org/10.21037/jtd.2016.12.89
http://dx.doi.org/10.3390/medsci6020040
http://dx.doi.org/10.1016/j.jcrc.2018.09.036
http://www.ncbi.nlm.nih.gov/pubmed/30308469
http://dx.doi.org/10.1016/j.jcrc.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28502892
http://dx.doi.org/10.1007/s10096-018-3342-3
http://www.ncbi.nlm.nih.gov/pubmed/30083886
http://dx.doi.org/10.1007/s00520-019-04800-6
http://dx.doi.org/10.1097/MCC.0000000000000124
http://dx.doi.org/10.1183/13993003.01656-2017
http://dx.doi.org/10.1007/s10096-015-2495-6
http://dx.doi.org/10.3390/microorganisms8020165
http://dx.doi.org/10.1007/s00268-019-05286-3
http://dx.doi.org/10.1177/0885066618772498
http://dx.doi.org/10.1186/cc11312
http://www.ncbi.nlm.nih.gov/pubmed/22524447
http://dx.doi.org/10.1016/S2213-2600(15)00326-4
http://dx.doi.org/10.1007/s00134-019-05797-6
http://www.ncbi.nlm.nih.gov/pubmed/31620836
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Changes in Epidemiology in Community Acquired Pneumonia 
	Bacteraemic Episodes for Gram Negatives in CAP 
	Epidemiology in Other Rarely Reported Countries 
	Impact of Aging in Community Acquired Pneumonia 
	Bacteraemic Episodes in Hospital Acquired Pneumonia 
	Multidrug Resistant Organism Epidemiology in Nosocomial Pneumonia 
	The Role of Biomarkers in Ventilator Associated Lower Respiratory Tract Infections 
	Vulnerable Patients at Risk for Nosocomial Infections 
	Organ Failure Severity in Nosocomial Pneumonia 
	Conclusions 
	References

