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Abstract
Introduction: Community-acquired pneumonia (CAP) is associated with high
morbidity and mortality rates. Despite methicillin-resistant Staphylococcus aureus
(MRSA) having often been associated with nosocomial pneumonia, the condition of
some MRSA CAP patients is severe enough to warrant their being admitted to ICU.
Objective: The purpose of this study is to conduct a systematic review of the literature
on antibiotic treatment of MRSA CAP in critically-ill patients.
Material and methods: An online search was conducted for locating articles on
MRSA CAP in critically ill patients. Relevant publications were identified in PUBMED,
the BestPractice database, UpToDate database and the Cochrane Library for articles
published in English within the December 2001 - April 2016 time frame.
Results: A total of 70 articles were found to have been published, 13 (18.8%) having
been included and 57 (81.4%) excluded. Cohort studies were predominant, having
totaled 16 in number (20.7%) as compared to one sole cross-sectional study (3.5%).
Conclusions: The experience in the treatment of MRSA CAP in patients requiring
admission to ICU is quite limited. Vancomycin or linezolid seem to be the treatments
of choice for MRSA CAP, although there not be any specific recommendation in this
regard. It may be useful to use alternative routes, such as administration via aerosolized
antibiotics, continuous infusion or in association with other antibiotics.
KEYWORDS: MRSA++ CAP++ Critically-ill patient++ Aerosolized antibiotic.

Resumen

Introduccién: La neumonia adquirida en la comunidad (NAC) estd relacionada
con unas tasas elevadas de morbi-mortalidad. A pesar de que Staphylococcus aureus
resistente a meticilina (SARM) se ha relacionado frecuentemente con la neumonia
nosocomial, algunos pacientes con NAC por este microorganismo revisten la suficiente
gravedad como para precisar su ingreso en la UCL

Objetivos: Efectuar una revision sistemdtica de la literatura sobre el tratamiento
antibidtico de la NAC por SARM en pacientes criticos.
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Material y métodos: Se realizd una busqueda de articulos sobre NAC por SARM
en el paciente critico. Se identificaron las publicaciones pertinentes en PUBMED,
BestPractice database, UpToDate database y Cochrane Plus Library para articulos
publicados en inglés desde diciembre del 2001 hasta abril del 2016.

Resultados: Se encontraron 70 publicaciones, incluyendo 13 (18,8%) y excluyendo 57
(81,4%). Predominaron los estudios de cohortes con un total de 6 (20,7%), frente a una
tinica publicacién en forma de estudio transversal (3,5%).

Conclusiones: La experiencia en el tratamiento de la NAC por SARM en pacientes que
precisen ingreso en la UCI es muy limitada. La vancomicina o el linezolid parecen ser
las terapias en las que se dispone de una mayor experiencia, aunque no existe ninguna
recomendacién especifica al respecto. Puede ser util la utilizacion de vias alternativas
como la nebulizada, administracién en perfusién continua o en asociacién con otros
antibiéticos.

PALABRAS CLAVE: SARM, NAC, Paciente critico, Antibiético inhalado.
Introduction

Community-acquired pneumonia (CAP) is associated with high
morbidity and mortality rates often giving rise to hospital admissions,
especially among elderly patients'. In the “Global Burden of Disease
Study”, the pneumonias within the context of lower respiratory tract
infections were found to be the fourth-ranked cause of global mortality

and the second-ranked cause of loss of potential years of life*. In a review
conducted for the purpose of determining the incidence rate and the risk
factors regarding CAP being acquired by adults in Europe, the major
comorbidities found to exist included chronic respiratory, cardiovascular
and cerebrovascular diseases, Parkinson’s disease, epilepsy, dementia,
dysphagia, HIV infection or chronic kidney or liver disease, which double
or quadruple the probability of acquiring this disease.

The CAP incidence in Europe rose from 1.07-1.20 to 1.54-1.70 cases
per 1,000 persons per year’. A study conducted in the area of Tarragona
involving the participation of 3 hospitals (Joan XXIII, Santa Tecla and
Pius Hospital) and 8 primary care centers (Tarragona-Valls, Bonavista-
La Canonja, Torreforta-La Granja, Sant Pere i Sant Pau, Tarraco, Sant
Salvador, Salou and Valls) included 11,240 persons age 65 or older and
showed the CAP incidence to increase significantly with age, having
totaled an incidence of 9.90 cases per 1,000 persons per year within the
65-74 age range as compared to the 29.40 cases per 1,000 persons per year
in persons over 85 years of age (p < 0,001)*%,

Nosocomial pneumonia is one of the most frequent infections
in critically-ill paticntss. From the etiological standpoint, methicillin-
resistant Staphylococcus aureus (MRSA) is one of the most prevalent
microorganisms in this infection and may be found in 27% of
the critically-ill patients who have this infectious disease®. Despite
methicillin-resistant Staphylococcus aureus (MRSA) having often been
associated with nosocomial pneumonia in patients admitted to ICU,
MRSA CAP in Europe is estimated to fall within the range of 0.51-0.64
cases per 100,000 inhabitants, entailing a mortality rate of 10%-25% in

patients requiring hospitalization’.
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In order to select the best option for treating MRSA community-
acquired pneumonia, it is indispensable to know both the clinical
characteristics of the patients and the pharmacokinetic variations which
have a bearing on the concentrations of the antibiotics used in their
treatment, as well as their sensitivity to MRSA. The purpose of this
review is to conduct a systematic review of the literature on the antibiotic
treatment of MRSA CAP in critically-ill patients.

Material and methods

A thorough online search was conducted of the bibliography published
on MRSA CAP in critically-ill patients. The relevant publications were
identified in PUBMED, the BestPractice database, UpToDate database
and the Cochrane Plus Library for articles published in English within
the December 2001 - April 2016 time frame. The key words used for
this search were: “pneumonia” and “critically ill” or “intensive care
unit” and “methicillin resistant staphylococcus aureus” and “community-
acquired”. On the basis of the articles found in the search, a manual search
was conducted in the reference lists for the purpose of identifying the
relevant articles.

Figure 1 includes meta-analyses, systematic reviews and revisions,
clinical trials, observational studies, clinical practice manuals, consensus
conferences and abstracts in English. Those articles on in-vitro efficacy,
animal model studies, pediatric studies and those not including a
diagnosis of CAP or whenever the article included CAP of a different
etiology and did not make a specific analysis of the results of the MRSA
CAP cases, termed as being non-specific in approach, were excluded. Two
independent reviewers took part in the process of selecting the articles
and, in view of any discrepancy, a third senior reviewer having made the
selection.

Total number of articles located

Articles evaluated

Articles located for evaluating in detail

Articles included in the review

(n=T70)

‘-I Duplicated (n=1) |
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Figure 1
Distribution of the studies located



Nuria Carballo, et al. Community-acquired pneumonia caused by methicillin-resistant Staphylococcus aureus in critically-ill patients: system...

Results

A total of 70 potentially-relevant articles were identified. After having
conducted a complete review of the texts, a total of 13 studies (18.84%)
met the requirements for inclusion, a total of 57 (81.4%) having been
excluded (Table 1). The cohort studies were predominant, having totaled
six in number (20.69%) as compared to one sole article published on a
cross-sectional study (3.45%).

Table 1
Results of the published studies

Table. Characteristics of the studies included

Source (country) Population Study design Antibiotics Variables Results of the intervention
Patent, age 27, admitted to

Jorsd Safunen s ICLU diagnosed with sepsis = -

Osornio of al, 2006 (baciemmia and multilobar Clinical case Vancomycin DDWRLT;JO‘L;?H#L Fa"n“‘n&?;ﬂ?;ﬂwtffqm;ﬁggﬁﬂm' cin, the
[Span)® WRSA pneumonial and severe : ad 3 5
acute post-akcoholic pancreatitis
5 3 Pationt presented refractoriness 1o prios treatment with

ot Ia:::;fm: 'D 2000 fl-acr:}a‘;@ e 253 ar::ﬁ;‘ér el i Vancomycin Description of a single moxifioxadn and whe, following antibiogram being

¥ -'u‘s{n.f“‘ & |agne::”w gl Lingzolid chnica casa taken and changeover to bnezolid, showed favorable

evolution after completing 8 days of therapy

CA-MRSA: Community-acquired methicillin-resistant Staphylococcus aureus

RR: Relative Risk
HR: Hazard Radio
OR: Odds Ratio
CI: Confidence Interval
CAP: Community-acquired pneumonia
HAP: Hospital-acquired pneumonia
ICU: Intensive Care Unit
MRSA: Methicillin-resistant Staphylococcus aureus
MSSA: Methicillin-sensitive Staphylococcus aureus
HCAP: Healthcare-associated pneumonia
PVL: Panton-Valentine Leukocidin

Discussion

The information available on the treatment of MRSA community-
acquired pneumonia in patients requiring admission to ICU is quite
limited. This paucity of information could be due to the studies having
focused mainly on nosocomial pneumonias. However, this disease shows
itself to be significantly relevant in clinical practice, given that it is
associated with a high mortality rate®,

In the present systematic review, the predominant treatment in this
infectious entity was found to be vancomycin. In addition thereto, as
a major limitation, the studies have focused on populations affected by
different etiological agents and not solely on MRSA, which totaled only
a minor percentage.

Vancomycin has been the treatment of choice in recent years.
However, the difficulty of achieving therapeutic levels at the pulmonary
level, in conjunction with the current controversy concerning the
influence of the minimum inhibitory concentration (MIC) on the
efficacy of vancomycin has led to other treatment alternatives being

soughtg. In this regard, MRSA strains with a MIC for vancomycin > 1.5
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mcg/ml have been found to be associated with worse clinical outcomes in

different types of infections'’.

However, one must bear in mind that none of the studies analyzed
specifically deal with the impact of higher vancomycin MICs on the

prognosis of MRSA CAP patients, unlike what has been studied in

MRSA nosocomial pneumonia'’.

To deal with all of these limitations, the combination of rifampicin and
vancomycin has recently been evaluated in one review, showinga possible
benefit on the treatment of MRSA pneumonia, although it has not as yet

been specifically evaluated in MRSA CAP!,
Linezolid is an antibiotic which has widely demonstrated its efficacy

in treating pneumonia9, although no specific experience in MRSA
CAP currently be available. However, given its ability to reach high
d'?1B, it could

be an effective alternative for the treatment of MRSA community-

concentrations in the pulmonary epithelial lining flui

acquired pneumonia. Additionally, its use could be especially indicated
in patients diagnosed with MRSA CAP who produce Panton-Valentine
Leukocidin (PVL), taking into account the ability of linezolid to inhibit
the production of this toxin'*!®. Another of the advantages of using
linezolid is its excellent pharmacokinetics, makinga sequenced treatment
from the intravenous route to the oral route possible due to its 100%
bioavailabilicy'.

Other antibiotics available on the market for treating MRSA CAP are
telavancin, ceftobiprole (neither of which are not marketed in Spain),
ceftaroline, clindamycin and cotrimoxazole. Telavancin has not been
evaluated for MRSA CAP, but rather for the treatment of the hospital-
acquired pneumonia (HAP) caused by this microorganism'”. As far as the
two cephalosporins are concerned, the only published studies available
provide a low degree of scientific evidence, such cohort studies including
a small number of patients or case series. In the case of the use of
ceftobiprole, a clinical study is available comparing it to ceftriaxone,
making it possible to add linezolid to this branch in view of clinical signs
and symptoms of suspected MRSA'®. This study revealed ceftobiprole not
to be inferior to the drug with which it was compared. As far as the use
of ceftaroline in CAP, there are only two clinical trials available, but they
excluded patients admitted to the ICU in whom MRSA infection was
confirmed.

The use of clindamycin is described only to a minor degree in patients
diagnosed with MRSA CAP. However, the use of clindamycin associated
with linezolid provided good results in comparison to the vancomycin
and rifampicin combination, given its ability to block PVL in the case of
a critically-ill patient diagnosed with MRSA CAP.b.

As far as cotrimoxazole is concerned, just as in the case of clindamycin,
there is little evidence as to its use in MRSA CAP. Bearing in mind
the major activity of both of these antimicrobials combatting out-of-
hospital MRSA strains, as well as their easy handling on being possible
to administer orally or intravenously, they theoretically seem to be
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treatment alternatives of interest for the treatment of MRSA CAPY.
However, it is advisable to stress the absence of clinical evidence of these
antibiotics for this indication.

Critically-ill patients show widely-varying pharmacokinetics regarding
antibiotics®’. Multiple organ failure, increased volume of distribution
(hypoalbuminemia, resuscitation fluids, shock, edemas...), as well as the
use of vasoactive drugs and extracorporeal circuits can give rise to a high

degree of variability in the plasma concentrations?’. Asaresult of all of the
foregoing, different treatment strategies have been studied in an attempt
to achieve a greater stability in the plasma concentrations, such as the
administration of antibiotics in continuous infusion for those of time-
dependent bactericidal activity.

This high degree of variability in the plasma concentrations gives rise
to a great deal of uncertainty regarding the final quantity of antimicrobial
reaching the site of infection, the lung in this case. In this regard, more
selective administration routes have been studied, making it possible to
achieve a higher concentration at the site of infection with less of a risk
of adverse systemic effects. One such technique is the administration of
aerosolized antibiotics.

In the present review, all of the studies analyzed the different
treatments for MRSA CAP when the antimicrobials were administered
asin standard practice, that s to say, in intermittent intravenous infusion.
However, there are alternative treatment strategies, given that both
linezolid and vancomycin could be administered in continuous infusion,
and other administration routes could be used, such as via aerosolized
administration, although there is no information of MRSA CAP.

Continuous infusion of vancomycin has not shown itself to provide
efficacy-related benefits in comparison to intermittent administration in
patients with different diseases, although it apparently might cause alesser

degree of nephrotoxicityzz. However, its potential benefit in MRSA CAP
is unknown, given that it has not been studied specifically.

In the case of linezolid, limited information exists on its administration
in continuous infusion, said information having to do mainly with
HAP?. A clinical case was presented recently in the form of a poster and
oral presentation involving a critically-ill patient diagnosed with MRSA
necrotizing pneumonia. After having initially undergone treaty with
vancomycin, given the resulting poor evolution, linezolid in continuous

infusion was started at higher than standard dosages of 600 mg/12 h,

which enable the patient to show a proper evolution with clinical cure®*,

Another more innovative strategy with a promising future lies in
the administration of certain aerosolized antibiotics, given that the
concentrations reached in the pulmonary lining fluid can be of less

than 50% of those detected via plasma®. One of the possible tools for
remedying this problem would be the use of aerosolized antibiotics, the
use of which is scarcely repor ted in the literature. This administration
route makes it possible to achieve local levels much higher than the serum
levels (by following a suitable technique, the levels could be increased
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by up to 650%)*, with a lower systemic concentration of antibiotic and

hence a lesser risk of adverse effects®.
Conclusions

Myriad active molecules are available for combating MRSA which have
been used in the treatment of pneumonia, although the experience in
patients with MRSA CAP requiring admission to ICU is quite limited.
Especially in critically-ill patients, vancomycin or linezolid are apparently
the treatments of choice for treating MRSA CAP, although there not be
any specific recommendation in this regard. The clinical pharmacist may
be useful in recommending and providing advice concerning alternative
strategies for administering certain specific antibiotics, such as linezolid
orvancomycin, both of which can be administered in continuous infusion
or in association with other antibiotics. Clinical pharmacists may also be
useful in assessing alternative routes, such as acrosolized, all of which are
options with a promising future in treating this disease.

However, the clinical efficacy of these treatment strategies has not been
evaluated in MRSA CAP, thus substantiating the need of conducting
future studies on this infectious disease with a high morbidity and
mortality rate.

References

Welte T, Torres A, Nathwani D. Clinical and economic burden of community-
acquired pneumonia among adults in Europe. Thorax 2012;67:71-9.

Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235
causes of death for 20 age groups in 1990 and 2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet 2012;380:2095-128.

Torres A, Peetermans WE, Viegi G, Blasi F. Risk factors for community-
acquired pneumonia in adults in Europe: a literature review. Thorax

2013;68:1057-65.

Ochoa-Gondar O, Vila-Corcoles A, de Diego C, et al. The burden of
community-acquired pneumonia in the elderly: the Spanish EVAN-65
study. BMC public health 2008;8:222.

Palomar M, Olaechea P, Lépez Pueyo MJ, Gimeno R, Gracia Arnillas MP, et
al. Estudio nacional de vigilancia de infeccién nosocomial en servicios de
medicina intensiva. Sociedad Espafola de Medicina Intensiva Critica y
Unidades Coronarias (SEMICYUC) Grupo de trabajo de enfermedades

infecciosas y sépsis 2015.

Klepser ME. Acrosolized antibiotics for the treatment of nosocomial
pneumonia. Medscape 2012

Vardakas KZ, Matthaiou DK, Falagas ME. Incidence, characteristics
and outcomes of patients with severe community acquired-MRSA
pneumonia. The European respiratory journal 2009;34:1148-58.

Marrie TJ, Shariatzadeh MR. Community-acquired pneumonia requiring

admission to an intensive care unit: a descriptive study. Medicine
2007;86:103-11.



Nuria Carballo, et al. Community-acquired pneumonia caused by methicillin-resistant Staphylococcus aureus in critically-ill patients: system...

Park SY, Oh IH, Lee HJ, et al. Impact of reduced vancomycin MIC on clinical
outcomes of methicillin-resistant Staphylococ cus aureus bacteremia.

Antimicrobial agents and chemotherapy 2013;57:5536-42.

Wunderink RG, Niederman MS, Kollef MH, et al. Linezolid in methicillin-
resistant Staphylococcus aureus nosocomial pneumonia: a randomized,
controlled study. Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America 2012;54:621-9.

Avdic E, Cosgrove SE. Management and control strategies for community-
associated methicillin-resistant Staphylococcus aureus. Expert opinion on

pharmacotherapy 2008;9:1463-79.

Honeybourne D, Tobin C, Jevons G, Andrews J, Wise R. Intrapulmonary
penetration of linezolid. The Journal of antimicrobial chemotherapy

2003;51:1431-4.

Conte Jr JE, Golden JA, Kipps J, Zurlinden E. Intrapulmonary
pharmacokinetics of linezolid. Antimicrobial agents and chemotherapy
2002;46:1475-80.

Peyrani P, Ramirez J. What is the best therapeutic approach to methicillin-
resistant Staphylococcus aureus pneumonia? Current opinion in
infectious diseases 2015;28:164-70.

Soavi L, Signorini L, Stellini R, et al. Linezolid and clindamycin improve the
outcome of severe, necrotizing pneumonia due to community- acquired
methicillin-resistant Staphylococcus aureus (CAMRSA). Le infezioni in
medicina : rivista periodica di eziologia, epidemiologia, iagnostica, clinica
¢ terapia delle patologie infettive 2011;19:42-4.

Clemett D, Markham A . Linezolid. Drugs 2000;59:815-27.

Sandrock CE, Shorr AF. The role of telavancin in hospital-acquired pneumonia
and ventilator-associated pneumonia. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America 2015;61
Suppl 2:579-86.

Nicholson SC, Welte T, File TM, Jr., et al. A randomised, double-
blind trial comparing ceftobiprole medocaril with ceftriaxone with
or without linezolid for the treatment of patients with community-

acquired pneumonia requiring hospitalisation. International journal of
antimicrobial agents 2012;39:240-6.

Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the
infectious diseases society of america for the treatment of methicillin-
resistant Staphylococcus aureus infections in adults and children. Clinical
infectious diseases : an official publication of the Infectious Discases
Society of America 2011;52:¢18-55.

Cotta MO, Roberts JA, Lipman J. Antibiotic dose optimization in critically ill
patients. Medicina intensiva / Sociedad Espanola de Medicina Intensivay
Unidades Coronarias 2015;39:563-72.

Zarogoulidis P, Kioumis I, Lampaki S, et al. Optimization of nebulized
delivery of linezolid, daptomycin, and vancomycin aerosol. Drug design,
development and therapy 2014;8:1065-72.

Hao JJ, Chen H, Zhou JX. Continuous versus intermittent infusion of
vancomycin in adult patients: A systematic review and meta-analysis.
International journal of antimicrobial agents 2016;47:28-35.

Adembri C, Fallani S, Cassetta MI, et al. Linezolid pharmacokinetic/
pharmacodynamic profile in critically ill septic patients: intermittent



Farmacia Hospitalaria, 2017, 41(2), Mar-Apr, ISSN: 1130-6343 / 2171-8695

versus continuous infusion. International journal of antimicrobial agents
2008;31:122-9.

De Antonio Cuscéd M, Carballo Martinez N, Luque Pardos S, Echeverria-Esnal
D, Munoz Bermudez R, Grau Cerrato S. Aplicacion de diversas estrategias
terapéuticas en el tratamiento antibiético de una neumonia necrotizante
en un paciente critico. Congreso SEFH 2015 2015.

Wood GC. Acrosolized antibiotics for treating hospital-acquired and
ventilator-associated pneumonia. Expert review of anti-infective therapy
2011;9:993-1000.

Zarogoulidis P, Kioumis I, Porpodis K, et al. Clinical experimentation with
aerosol antibiotics: current and future methods of administration. Drug

design, development and therapy 2013;7:1115-34.

Griffin AT, Peyrani P, Wiemken TL, et al. Empiric therapy directed against
MRSA in patients admitted to the intensive care unit does not
improve outcomes in community-acquired pneumonia. Infection 2013

41:517-523.

Taneja C, Haque N, Oster G, et al. Clinical and Economic Outcomes in Patients

With Community-Acquired Staphylococcus aureus Pneumonia J Hosp
Med. 2010 Nov-Dec;5(9):528-34.

Leem AY, Jung WJ, Kang YA, et al. Comparison of Methicillin-Resistant
Staphylococcus aureus Community-Acquired and Healthcare-Associated
Pneumonia. Yonsei Med ] 2014; 55(4):967-974.

Obed M, Garcia-Vidal C, Pessacq P, et al.Caracteristicas clinicas y prondstico
de la neumonia adquirida en la comunidad causada por Staphylococcus
aureus resistente a la meticilina. Enferm Infecc Microbiol Clin. 2014
Jan;32(1):23-7.

Moran GJ, Krishnadasan A, Gorwitzet RJ, et al. Prevalence of Methicillin-
Resistant Staphylococcus aureus as an Etiology of Community-Acquired
Pneumonia. CID 2012:54.

Hota B, Lyles R, Rim J, et al. Predictors of Clinical Virulence in Community-
Onset Methicillin-Resistant - Staphylococcus aureus Infections: The
Importance of USA300 and Pneumonia. CID 2011:53

Sosa AF, Banauch G. A 24-year-old man with cough, rhabdomyolysis, and
pneumomediastinum. ] Intensive Care Med. 2012 Feb;27(1):55-7.

Hernando Gémez C, Perilla AM, Gonzalez C, et al. Neumonia necrosante por
Staphylococcus aureus extrahospitalario resistente a la meticilina: reporte
de dos casos en Colombia. Biomédica 2009;29:523-30

Vardakas KZ, Matthaiou DK, Falagas ME. Comparison of community-acquired
pneumonia due to methicillin-resistant and methicillin-susceptible
Staphylococcus aureus producing the Panton-Valentine leukocidin. Int J
Tuberc Lung Dis 2009;13(12):1476-1485.

Vardakas KZ, Matthaiou DK, Falagas ME. Incidence, characteristics
and outcomes of patients with severe community acquired-MRSA
pneumonia. Eur Respir ] 2009; 34: 1148-1158

Baldwin LN, Lowe AD. Panton-valentine leukocidin associated with
community acquired methicillin resistant Staphylococcus aureus: a case
report and review of interim guidelines Anaesthesia, 2008, 63, pages

764-766



Nuria Carballo, et al. Community-acquired pneumonia caused by methicillin-resistant Staphylococcus aureus in critically-ill patients: system...

Sifuentes-Osornio J, Pérez-Patrigeon S. Staphylococcus aureus resistente
a meticilina: la sombra de una amenaza permanente. Revista de

Investigacién Clinica 2006; 58(6): 598-607

Schlaudecker JD. A refractory case of community-acquired pneumonia. J Fam

Pract. 2009 Nov;58(11):573-5.

Author notes

Autor  para  correspondencia.  Correo  electrénico:
sgrau@parcdesalutmar.cat (Santiago Grau).



