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ABSTRACT 
 
 

Dahal, M. Management of methicillin-resistant Staphylococcus aureus mediated ventilator-
associated pneumonia. MS in Clinical Microbiology, May 2018, 43 pp. (W. Schwan) 

 
 

This review paper focuses on prevention strategies and clinical management of methicillin-
resistant Staphylococcus aureus (MRSA) infections in ventilated patients who develop 
ventilator-associated pneumonia (VAP). Since MRSA are the most frequently isolated bacteria in 
patients with VAP, and a significant cause of morbidity and mortality in intubated patients, rapid 
diagnosis and early treatment could reduce mortality. By taking a few preventive steps (i.e. 
screening ventilated patients for MRSA, decolonization, and handwashing), MRSA-associated 
VAP can be effectively controlled. Clinical presentations can be used before the results of 
culture are obtained to direct empiric treatment, but upon culture confirmation of MRSA, the use 
of an appropriate antibiotic therapy earlier on could help in the management of VAP. 
Vancomycin or linezolid are the current drugs of choice for MRSA-associated VAP, while new 
drugs and monoclonal antibodies are in clinical trials. 
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PNEUMONIA 

Pneumonia is a microbial infection with subsequent inflammation of the lungs that leads 

to a massive buildup of inflammatory cells and fluid in the terminal bronchioles and alveoli 

(Hoare & Lim, 2006). Pneumonia is prevalent in chronically ill and immune-compromised 

patients, smokers, and patients with interstitial lung diseases. However, the most vulnerable age 

group is children under age five. Almost 935,000 children under age five die each year from 

pneumonia worldwide (Ginsburg et al., 2015). 

Pneumonia can be presented in one of four ways: 1) Community–acquired pneumonia is 

a pneumonia that occurs outside hospital or health care facilities, 2) Hospital-acquired 

pneumonia (HAP) that is not seen at the time of admission at a hospital but occurs after 48 h of 

being admitted to the hospital, 3) Healthcare-associated pneumonia (HCAP) where the patient is 

not hospitalized but contracts pneumonia after contact with a healthcare professional, and 4) 

Ventilator-associated pneumonia (VAP) that occurs 48-72 h after endotracheal intubation (Hoare 

& Lim, 2006).  

 

VENTILATOR-ASSOCIATED PNEUMONIA 

Ventilator-associated pneumonia usually occurs after 48 h of intubation and mechanical 

ventilation.  The pneumonia that results is characterized by fever, chest congestion, and dyspnea. 

VAP pneumonia should have new or progressive pulmonary infiltrate as well as any of the 

following symptoms:  Fever, decreased oxygenation, purulent tracheobronchial secretions, and 

increased respiratory rate.  Symptoms of pneumonia can develop gradually or can develop 

suddenly with a cough that contains blood, wheezing, and increased expiratory time. Fever, 
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cough, and fast breathing frequently occur in children, whereas elderly patients typically display 

confusion and delirium as the presenting symptoms (Meduri, 1995;  Rello et al., 1999).  

A number of bacterial species can cause VAP including Staphylococcus aureus (28.8%), 

Pseudomonas aeruginosa (21.8%), Klebsiella species (9.8%), Escherichia coli (6.9%), 

Acinetobacter species (6.8%), and Enterobacter species (6.3%). These species are responsible 

for almost 80% of VAP. The remaining 20% of VAP is caused by Serratia species, 

Stenotrophomonas maltophilia, Streptococcus pneumoniae, and Haemophilus influenzae (Jones, 

2010). 

VAP can occur either early within 48-96 h of intubation, or it can occur late, after four 

days of intubation.  The species found during the early and late phases of VAP vary (Guidelines 

for the management of Adults with Hospital-acquired, Ventilator-associated, and Healthcare-

associated Pneumonia, 2005). Early onset VAP is usually caused by antibiotic susceptible 

bacteria, whereas late onset VAP is mostly caused by multidrug resistant bacteria (Restrepo et 

al., 2013). The different types of species associated with early and late onset VAP is linked to 

previous antibiotic administration, time on mechanical ventilation, and local factors which are 

institutional specific. Methicillin-sensitive S. aureus (MSSA), S. pneumoniae, H. influenzae, 

Proteus spp, Serratia marcescens, Klebsiella pneumoniae, and E. coli are typically found to be 

associated with the early phase of pneumonia, while methicillin-resistant S. aureus (MRSA),   

Acinetobacter spp. P. aeruginosa, and Enterobacter species are more regularly associated with 

late onset VAP (Augustyn, 2007).  

          Intubation increases the chances of acquiring VAP as it increases bacterial adherence and 

colonization of airways and acts as a reservoir for bacterial proliferation (Alp et al, 2006). 
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In a prospective study that compared patients who were intubated and patients who were not 

intubated at the time of admission and free of pneumonia when admitted,  intubation increased 

the chance of developing pneumonia by 21-fold. (Cross et al., 1981; Usman et al., 2014) and 9 to 

27% of ventilated patients developed VAP  > 48 h after being ventilated (Kalanuria et al., 2014). 

The most common mechanism of infection in intubated patients is direct contact with 

environmental reservoirs, including respiratory devices, contaminated water reservoirs, and 

disposable tubing used in respiratory circuits or endotracheal tubes contaminated by hospital 

personnels, improper handwashing (Bonten et al., 2004). Even after intense cleaning of 

ventilator equipment, there is still a possibility of VAP as a result of negligence in washing 

hands or not changing gloves between patients (Augustyn et al., 2007).  

 

MRSA MEDIATED VAP 

Various organisms can cause VAP despite taking the precautions to avoid the risk factors,  

although S. aureus is one of the most common causes of VAP (Chan et al., 2011). Depending on 

the sensitivity to methicillin, S. aureus are either MSSA or MRSA. S. aureus strains without the 

mecA gene are referred to as MSSA and will display an MIC ≤ 2 µg/mL against methicillin, 

whereas S. aureus that carry the mecA gene  have an MIC ≥ 4 µg/mL against methicillin are 

labeled MRSA (Dibah et al., 2014). The mecA gene encodes the production of an altered 

penicillin-binding protein PBP2a that does not allow for the binding of β-lactam drugs to the 

bacterial cell wall. PBP2a takes over the functions of PBPs and allow bacterial cell to grow in 

presence of antibiotics like methicillin (Llarrull et al., 2009).  

Methicillin was introduced in 1959 and MRSA arose in hospitals around 1961. The first 

community-associated MRSA (CA-MRSA) was reported in the United States in 1980, but 
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around 1990, the CA-MRSA pulse-field gel electrophoresis (PFGE) type USA400 lineage 

became widespread.  In 2000, the PFGE type USA300 lineage arose and has replaced the 

USA400 lineage in the United States (Uhlemann, Otto, Lowy, & DeLeo, 2014; Jones et al., 

2014). As the USA300 MRSA variety supplanted other strains, the incidence of HA-MRSA 

infections by USA300 MRSA also rose. In 2005, the USA300 MRSA type represented 29% of 

invasive MRSA infections, including 67% of CA-MRSA and 22% of HA-MRSA. By 2011, the 

USA300 type accounted for 32% of HA-MRSA (Diekema et al., 2014).  

According to U.S. MRSA surveillance, it was estimated that there were 131,261 invasive 

MRSA infections in 2005 (8% had >1 infection), but only 80,461 invasive MRSA infections and 

11,285 deaths in the USA in 2011. Data collected by the Active Bacterial Core surveillance 

(ABCs)/Emerging Infections Program Network showed that invasive MRSA infections from 

2005 to 2011 decreased 27.7 % for healthcare-associated community-onset, 54.2 % for hospital-

onset, and a 5 % decrease in community-associated infections (Dantes, 2013). 

S. aureus is typically the number one cause of VAP in the United States, representing 14-

24 % of all VAP cases (Rubinstein et al., 2008). Other countries or regions of the world have 

variable rates of S. aureus-associated VAP.  For instance, S. aureus is the third leading cause of 

VAP in Latin America and Asian ICUs  (Hidron et al., 2008). 

 In the United States, MRSA is responsible for 50% of ICU infections caused by S. aureus 

(Poulakou et al., 2012). The prevalence of VAP due to S. aureus can vary based on the type of 

ICU where the patient is staying. Patients in ICUs have more VAPs compared to patients in other 

parts of a hospital, and MRSA is a common cause of VAP (Meyer et al., 2010). S. aureus causes 

approximately one third of all VAP cases in neurological and neurosurgical ICUs, likely due to 

the presence of a higher number of patients having greater aspiration of nasopharyngeal flora due 
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to neurotrauma. On the other hand, S. aureus is responsible for fewer cases of VAP in patients 

residing in cardiothoracic ICUs.  

RISK FACTORS FOR MRSA-ASSOCIATED VAP 

 Because MRSA-associated VAP is a significant medical concern, it is important to 

understand the multiple predisposing factors that are associated with the onset of MRSA-

associated VAP. The predominant risk factors tied to MRSA-associated VAP are age, race, 

severity of underlying conditions like trauma, presence of endotracheal tube, longer duration of 

mechanical ventilation, prior antibiotic treatment, and aspiration from either the digestive or the 

respiratory tract in ventilated patients (Bouza et al., 2012).  

         The most significant risk factor linked to MRSA-associated VAP is the presence of an 

endotracheal tube (ETT). An ETT will disrupt the patient’s innate defense mechanisms, like a 

cough reflex and mucocilliary clearance (Augustyn, 2007). Intubation for longer periods  is also 

associated with a higher risk of MRSA-associated VAP, increasing the risk of occurrence by 6 to 

21-fold as opposed to patients who are not intubated (Meyer et al., 2010). The risk of developing 

pneumonia increases between 1% and 3%  each day a patients  requires intubation (Rello et al., 

2003). Patients ventilated for a longer time are more likely to have an increase in biofilm 

formation and an increase in colonizing bacterial numbers in their lungs. Similarly, reintubation 

or unplanned extubating puts the patient at a higher risk of contracting MRSA-associated VAP 

(Ranjan et al., 2014). According to univariate analysis by Bouza et al, that compared the 111 

MRSA-VAP episodes with 363 episodes due to other microorganisms, significant differences 

were found in the median age (68 vs 62 years; P = 0.003), presurgical antibiotic prophylaxis 

(38.7% vs 24%; P = 0.003), receiving any antibiotic at the present admission before VAP (82.9% 
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vs 64.5%; P < 0.001), and abdominal surgery (35% vs 19%, P = 0.001). See Table 1. (Bouza et 

al., 2012). 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

            Besides intubation, another significant risk factor linked to MRSA-associated VAP is the 

use of broad spectrum antibiotics in the preceding seven days. One study has shown that a 

patient’s previous exposure to antibiotic therapy will significantly increasing their chance of 
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acquiring MRSA-associated VAP (19.7%) as compared to a patient that has not been treated 

with antibiotics (3.1%) (Tacconelli et al., 2007). Another study showed VAP was observed more 

than three times more frequently among patients who had prior exposure to antibiotics compared 

to patients that did not have prior antibiotic treatment (Wooten & Winston, 2013). 

  

CLINICAL PRESENTATIONS OF MRSA-ASSOCIATED VAP 

An association with any of the risk factors detailed above will make a patient be more 

likely to contract MRSA-associated VAP.  After a patient has developed MRSA-associated 

VAP, clinical presentations can differ from one patient to another, ranging from minor 

inflammation to a more fulminant infection.  Early on, the clinical manifestations of pneumonia 

caused by MRSA are indistinguishable from pneumonia resulting from infection with MSSA or 

other pathogens (Tacconelli & De Angelis, 2009). However if CA-MRSA is involved, then a 

necrotizing VAP will develop with ensuing tissue destruction and cavitation. In these patients 

afflicted with necrotizing VAP, parenchymal infiltrations are commonly bilateral and multilobar. 

Abscesses and pleural empyema often occur in CA-MRSA-associated VAP (Kreienbuehl et al., 

2011).  

VIRULENCE FACTORS AND THEIR ASSOCIATION WITH SEVERITY OF 

MRSA-ASSOCIATED VAP 

    When the clinical presentation of MRSA-associated VAP occurs, it is important to understand 

the host inflammatory response to the bacterial infection as well as the potential virulence factors 

expressed by the bacteria. Because pneumonia is associated with a high mortality, it is important 

to understand the pathogenesis of the bacteria. S. aureus expresses a number of virulence factors 

that can activate the host inflammatory response, allow it to adhere to various surfaces, invade 
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host cells, avoid the immune system, and cause harmful toxic effects to the host. When VAP is 

caused by CA-MRSA, some virulence factors will contribute more directly to lung tissue 

necrosis. 

S. aureus possess numerous virulence factors that play an important role in causing 

pneumonia and lung injury. One study showed that the accessory gene regulator A (AgrA), 

Panton–Valentine leukocidin (PVL), staphylococcal protein A (Spa), alpha toxin, and beta toxin 

were the chief S. aureus virulence factors that contribute to the pathogenesis of S. aureus-

associated pneumonia (Bien et al., 2011). The PVL is a cytotoxin composed of two subunits, the 

LukS-PV and the LukF-PV proteins encoded by the pvl prophage genes that have been integrated 

into the chromosome of S. aureus. A synergistic action of these proteins help to destroy white 

blood cells by creating pores in the cell membrane and causing their lysis (Watkins et al., 2012). 

 Two other S. aureus virulence factors that have important roles in S. aureus-associated 

pneumonia and lung injury are the alpha and beta toxins. Alpha toxin is secreted by nearly all S. 

aureus strains and undergoes a series of conformational changes that lead to the formation of a 

heptameric structure in the host cell membrane. This heptameric structure creates pores in cell 

membranes of a variety of host cells, including lung epithelial cells, triggers alterations in ion 

gradients, loss of membrane integrity, activation of stress-signaling pathways, and cell death 

(Parker & Prince, 2012). In mice, secretion of alpha toxin has been a found to worsen the 

pneumonia caused by MRSA strains by damaging the air-blood barrier (Kebaier et al., 2012). 

Alpha toxin can also reduce clearance of polymorphonuclear (PMN) white blood cells by 

alveolar macrophages resulting in greater lung damage and S. aureus colonization of the lung 

(Bonesso et al., 2016; Cohen et al., 2016). Beta toxin causes host cells to be susceptible to  many 
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lytic agents, like α-toxin and PVL, and maximizes lung injury by enhancing PMN infiltration 

(Bien et al., 2011). 

          Protein A is another well-known and well-characterized S. aureus virulence factor that is 

anchored to the bacterial cell wall and is shed from the cell surface during early stages of 

bacterial growth (Parker & Prince, 2012). Staphylococcal protein A induces pneumonia through 

activation of the proinflammatory cytokine cascade (Fitzpatrick et al., 2017). In a murine model 

of pneumonia, spa mutants were unable to cause pulmonary infection (Soong et al., 2011).  

Overall, the production of these three toxins and protein A allow MRSA strains to cause 

significant direct damage of lung tissues in humans. Furthermore, there are indirect damage 

effects caused by these virulence factors, including activation of the pro-inflammatory cytokine 

cascade and migration of phagocytic cells into the lungs. The high mortality rate attributed to 

MRSA-associated VAP is due to both direct and indirect damage caused by these virulence 

factors. 

DIAGNOSING MRSA INFECTIONS IN PATIENTS WITH VAP 

 Mortality due to VAP is high, so suspected cases of VAP need to be diagnosed quickly 

to start proper treatment. The key diagnostic strategies include careful examination of clinical 

features, radiological assessment of the lungs, and laboratory biomedical tests.  The American 

Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) 2005 guidelines outline 

that pneumonia is suspected if a new or progressive radiographic infiltrate with proof that the 

infiltrate is of an infectious origin (e.g. fever, leukocytosis or leukopenia, purulent secretions, 

and decline in oxygenation in ventilated patients) is seen in ventilated patient (Kalil et al., 2016). 

To confirm the patient with abnormal chest x-rays has VAP, samples are collected from 

the alveoli and airways.  Respiratory samples can be collected from these patients either by  
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non-bronchoscopic or bronchoscopic techniques.  Non-bronchoscopic samples include tracheal 

bronchial aspirations and mini bronchioalveolar lavage (BAL) specimens.  To collect tracheal 

bronchial aspiration samples, a catheter is inserted through an endotracheal tube, suction is 

applied, and collected specimens are sent to the laboratory for identification. The mini BAL is a 

procedure for collection of respiratory samples for culture. A mini BAL sample is collected by 

inserting a catheter through the endotracheal tube followed by a saline infusion into the lungs, 

and finally a mucus trap is connected to aspirate out the sample via suction for collection into a 

specimen cup (Waghray et al., 2015). 

Although non-bronchoscopic procedures are quicker and less invasive, there is 

sometimes a need for a bronchoscopic sampling technique. During a bronchoscopic procedure, a 

protected specimen brush (PSB) is employed. The PSB brushes the lower airways to allow for 

better specimen collection. Specimens are collected by brushing the airway wall, withdrawing 

the brush into the sheath, and then removing the sheath from the bronchoscope (Kalil et al., 

2016).  Once the specimens are collected in sterile containers and brought to a microbiology 

laboratory, they are vortexed for 1 min, pelleted by centrifugation for 10 min, and aliquots of the 

samples are then Gram stained.  Samples containing S. aureus will display Gram-positive cocci 

in a mixture of arrangements. A negative predictive value (NPV) of 97% is associated with Gram 

staining an endotracheal aspirate. A NPV indicates if S. aureus was not seen from the Gram 

stain, there is a high chance the culture will not grow S. aureus. A culture result usually takes 

takes 72 h to be available, so a Gram stain can influence the empiric therapy (O’Horo et al., 

2012) 

After part of the specimen has been Gram stained, another part of the specimen is plated 

onto sheep blood agar, mannitol salt agar, a differential agar (e.g. eosin methylene blue or 
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MacConkey agar), and chromogenic agar followed by incubation overnight at 370 C (Bairy et al., 

2007). CHROMagar MRSA provides selection and differential properties tied to the rapid 

isolation of S. aureus. The chromogenic agar possesses MRSA selectivity by incorporating either 

methicillin or oxacillin into the agar as well as a chromogenic enzyme substrate that changes 

color in the presence of S. aureus. Colonies with mauve or pink color on CHROMagar MRSA 

are considered positive, indicating MRSA (Micheel et al., 2015). Chromogenic media has high 

false positive results, so positive results should be confirmed using other methods (Wendt et al., 

2010). S. aureus with colony counts of ≥ 103 CFU/mL on the agar above are considered to be 

significant for PSBs, whereas S. aureus colony counts of ≥105 CFU/mL are considered 

significant for samples obtained by bronchoalveolar lavage. If the colony count is lower than 103 

CFU/mL for a PSB and 105 CFU/mL for bronchoalveolar lavage, then treatment will only be 

started if the risk of missing VAP exceeds the risk of unnecessary treatment (Bairy et al., 2007).  

S. aureus displaying prototypic colony features (e.g., convex, medium to large, opaque, 

yellowed colored, and β-hemolytic on sheep blood agar) are then confirmed to be S. aureus using 

the tube coagulase test or one of several latex agglutination tests.  Any colony showing a positive 

result is identified as S. aureus and negative results with these tests would indicate a coagulase 

negative Staphylococcus spp (Akcam et al., 2009).  

Once there is identification that the patient has S. aureus-associated VAP, antibiotic 

susceptibility testing is performed to detect whether the clinical isolate is MRSA or MSSA. A 

common, inexpensive way to screen for MRSA uses a cefoxitin saturated disk as part of a Kirby 

Bauer disk diffusion assay.  According to the Clinical and Laboratory Standards Institute (CLSI), 

a zone of growth inhibition around the cefoxitin disk (30 µg)  ≤ 19 mm in diameter indicates 

MRSA, while an inhibition zone size of  ≥ 22 mm indicates MSSA instead (Anand et al.,  2009). 
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S. aureus culture and antibiotic susceptibility testing for MRSA takes 48-72 h. VAP is 

associated with high morbidity and mortality, therefore, more rapid detection of MRSA is 

needed to avoid MRSA-associated VAP mortality. One such rapid detection methodology is the 

Xpert MRSA assay that is a real-time polymerase chain reaction technology. This assay is used 

for detecting an MRSA-specific DNA sequence within the SCC element in 2 h. The Xpert 

MRSA assay test uses a respiratory sample from the bronchiolalveolar lavage (BAL) or mini 

BAL. Since MRSA is found to have a high negative predictive value, this test can be used to 

exclude unnecessary antibiotic use in patients suspected of having MRSA-associated VAP 

(Leone, 2013). Overuse of antibiotics will result in an increase in multidrug resistant pathogens, 

treatment-related side effects, and increase the cost of hospitalization. This test is not used for 

confirmatory diagnosis of MRSA from respiratory specimens because of a low positive 

predictive value. Since the Xpert MRSA test provides results within 2 h, it can be used to guide 

empiric therapy in VAP patients.  

Other tests can be used for evaluating VAP, such as measuring procalcitonin or C-

reactive protein levels, but they have very little role in the diagnosis of MRSA-associated VAP. 

Procalcitonin is a biological marker that can be used as a diagnostic tool to decide whether or not 

to start antibiotic in patients, but it is not used as a diagnostic marker in MRSA-associated VAP 

patients. This is because most VAP patients have developed systemic inflammation response 

syndromes, multiorgan failure, or conditions known to raise the procalcitonin level in the 

absence of active infection (Luyt et al., 2008). However, in patients who have confirmed VAP, 

serum calcitonin is useful to decide whether or not to initiate antibiotic therapy and the test can 

be used as a prognostic marker since increases in serum procalcitonin have been associated with 

septic shock and mortality (Ramirez et al., 2008). Other biomarkers, such as C-reactive protein, 
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are not used to discriminate between patients with and without VAP  because their 

concentrations in BAL fluid have minimal diagnostic value for VAP (Fagon, 2011; Linssen et al, 

2008). 

After a diagnosis of MRSA has been made in a patient with VAP, typing methods can be 

used to discriminate between different bacterial strains. Rapid and accurate epidemiologic typing 

systems are useful in controlling MRSA infections. Pulse-field gel electrophoresis is regarded as 

the gold standard genotyping method for MRSA, and it is a very useful method for tracking 

outbreaks associated with MRSA (Pasquale et al., 2013). For PFGE analysis, MRSA genomic 

DNA is digested with SmaI and separated by PFGE. During outbreaks, DNA fingerprinting 

patterns are uploaded to the national database and each fingerprint pattern is investigated to see if 

one strain is causing a particular outbreak. These typing methods can help in both the early 

identification of outbreaks  as well as the immediate institution of appropriate infection control 

measures (Rebic et al., 2016). However, PFGE is also a slow and time-consuming method that 

requires trained personnel and sophisticated equipment. In an outbreak, rapid and reliable results 

are needed as opposed to excellent discriminatory power. PCR-based typing methods are cheaper 

and can be used for faster molecular typing, but they are still insufficient to replace PFGE 

because of the high discriminatory power and reproducibility of PFGE (Frickmann et al., 2012). 

MANAGEMENT OF MRSA INDUCED VAP 

After a diagnosis of VAP, treatment should be started quickly, but the emergence of 

multidrug-resistant MRSA strains has created a problem in the management of MRSA-

associated VAP. Treatment of MRSA-associated VAP has been challenging due to co-morbidity 

and complications. Currently, various prevention and treatment strategies have been adopted for 
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the management of MRSA-associated VAP, such as taking preventive measures, rapid and 

appropriate antibiotic therapy, and treatment of complications associated with VAP.  

 

Preventive Methods to Restrict MRSA-associated VAP 

A VAP-associated disease outcome can be greatly reduced by adopting certain preventive 

measures. In 2011, most European countries had MRSA prevalence rates between 10% and 50%. 

However, four European countries (Sweden, Norway, Denmark, and the Netherlands) reported 

MRSA prevalence rates that were less than 5%. In these four countries, a low prevalence of 

MRSA was accomplished using preventive interventions, like screening by PCR or culture, 

isolation in a single room, contact precautions, decolonization with mupirocin, and proper 

antibiotic stewardship (Chastre et al., 2014). European countries where MRSA prevalence was 

high had preventive measures that were often not fully implemented. (Kock et al., 2014). 

Active Surveillance of MRSA  

To prevent MRSA-associated VAP, patients who are asymptomatically colonized with 

MRSA need to be identified and decolonized. Active surveillance of MRSA in hospitals can be 

done by collecting samples from the anterior nares, rectum, throat, or skin of healthcare 

personnel and patients upon admission or during their stay in the hospital.  Collection from the 

anterior nares is the most standard method of sampling (Lai et al., 2015).  Samples can be 

screened for MRSA as described above or by a PCR detection method within 48 h of admission.  

Unlike culturing, the PCR testing for MRSA in anterior nares samples takes less than 2 h with a 

sensitivity of 88% and a negative predictive value of 99.2% for MRSA-associated pneumonia 

(Dangerfield et al., 2014). Therefore, a negative result would exclude MRSA.  The use of PCR-
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based detection methods could help reduce MRSA-directed empiric antibiotic therapy for 

patients hospitalized with lower respiratory tract infections (Johnson et al., 2015). 

A patient colonized with MRSA at the time of hospital admission will have a 

significantly greater risk of developing MRSA-associated VAP (Baby et al., 2017; Langsjoen et 

al., 2014). In one cohort study, patients found to be negative for MRSA nasal colonization at the 

time of admission at the hospital rarely developed MRSA-associated VAP compared to most 

patients who had MRSA nasal colonization at admission who often developed MRSA-associated 

VAP. A high negative predictive value (94%) when screening for MRSA nasal colonization 

would indicate patients that did not have MRSA in their anterior nares on admission to the 

hospital would rarely develop MRSA-associated VAP (Langsjoen et al., 2014).  

Preventive Measures to Reduce MRSA  

Besides active surveillance, appropriate hand hygiene remains an important 

preventive measure for VAP. Thorough hand washing should be done for 10 secs before and 

after contact with all patients. Additionally, contact precautions should be done before and after 

examining patients colonized with MRSA, including the use of protective gowns and gloves 

which should always be worn when there is contact with oral and endotracheal secretions 

(Augustyn et al., 2007). 

Another method to prevent MRSA spread is by placing patients suspected of being 

colonized with MRSA in single rooms. If single rooms are not available, then patients could be 

placed in rooms with other patients who are at low risk of acquiring MRSA.  Healthcare workers 

that have indirect contact with patients should also be screened for MRSA colonization (Sadsad 

et al., 2013). 
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           Healthcare workers that rotate between hospitals or long-term care facilities and the 

community have a higher chance of being reservoirs, vectors or victims of MRSA cross-

transmission. A routine screening of MRSA in healthcare patients  may not be possible due to 

the cost (Albrich  et al., 2008). Routine screening and decolonization of healthcare workers is 

recommended for those who work in high-risk units, such as burns wards, ICUs, and surgical 

wards. When there are nosocomial outbreaks or during the  early stages of an institutional 

epidemic, a screening regimen will help to control these nosocomial-based MRSA outbreaks 

(Dulon et al. , 2014). After screening, nasal decolonization of infected patients can control 

MRSA infection. Nasal decolonization can be done by using mupirocin, which is an 

antimicrobial used for decolonization of MRSA that inhibits the synthesis of bacterial proteins 

by inhibiting bacterial isoleucyl-tRNA synthetase. Mupirocin and it has been recommended for 

clearance of nasal MRSA carriage during outbreaks (Babu et al., 2009). Since 1980, mupirocin 

has been considered as the standard to decolonize S. aureus from patients (Coates et al., 2009). 

Several studies have shown that 81 to 100% of patients were effectively decolonized using a 

nasal mupirocin spray (Calfee et al., 2014; Ammerlaan et al., 2009;  Mody et al., 2003).  

Besides screening and decolonization, another method for prevention of VAP is elevating 

the head of the bed. By elevating the head of the bed, VAP can be reduced in intubated patient 

by lessening the subsequent aspiration and development of VAP. Patients should be placed in a 

semi-recumbinant position with the head of bed elevated at an angle of 30 to 45 degree. This will 

help to prevent reflux and aspiration of bacteria from the stomach into the airways (Klompas et 

al., 2016) . 

Because an ETT is a significant risk factor for VAP, the use of a silver-coated  ETT was 

found to decrease VAP in intubated patients for more than 24 h by 40% compared to patients 
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who were intubated with uncoated tubes (Kollef, 2008). In a randomized single-blinded trial that 

compared silver-coated ETTs with uncoated ETTs in patients undergoing endotracheal 

intubation, the use of silver-coated ETTs was also associated with a significant delay in the 

occurrence of VAP. Silver-coated ETTs slowly release silver cations that have strong 

antimicrobial effects which has been shown to an effective means to prevent VAP  (Tokmaji et 

al., 2015).  

Overall, preventive measures like screening, isolation, contact precautions, 

decolonization, and silver coated endotracheal tube, can reduce the occurrence of MRSA-

associated VAP. These methods when implemented in the care of ventilated patients can save the 

people lives. 

Treatment of Disease 

Antibiotic Therapy to Control VAP Caused by MRSA  

Various preventive strategies can help stop the occurrence of VAP.  However, if these 

precautionary measures fail, suspected VAP patients must be rapidly administered an appropriate 

antibiotic therapy to manage their VAP. 

        The primary way MRSA-associated VAP is controlled is through antibiotic therapy. When 

MRSA is suspected in a VAP case, empiric coverage includes linezolid or vancomycin 

(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, 2016). Because microbiological results take 24 to 48 h, empirical treatment 

based on clinical presentation is often done (Rivera & Boucher, 2011).  If multidrug-resistant 

pathogens are suspected, then empiric treatment for multidrug resistance strains is initiated.   

However, once culture and antibiotic susceptibility results are completed, the treatment of VAP 
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may change.  Patients who receive the correct treatment as soon as symptoms are displayed will 

have a lower mortality (Park, 2005).  If a patient has been receiving antibiotics in a hospital 

where MRSA, P. aeruginosa, or other drug resistant gram-negative bacilli are prevalent, then 

specific antimicrobial treatment regimens should be considered (Kalil et al., 2016).  

 

 Linezolid or Vancomycin. If a patient is in a hospital where MRSA is prevalent or 

when the patient is diagnosed with MRSA-associated VAP,  then a special antimicrobial regimen 

should  include linezolid or vancomycin (Kalil et al., 2016). Linezolid is an effective antibiotic 

against S. aureus with an effective dosage of 600 mg twice a day, given orally or via intravenous 

(IV) drip if the patient is unable to receive oral medications. Pulmonary penetration of linezolid 

is good (Pletz et al., 2010).  Linezolid is an effective alternative to vancomycin in people with 

renal impairment or that have poor intravenous access. On the other hand, linezolid is associated 

with more gastrointestinal side effects (Rivera & Boucher, 2011). If the patient is taking selective 

serotonin reuptake inhibitors, then linezolid use can be associated with serotonin syndrome. 

Linezolid treatment is restricted to a maximum of 28 days (Pletz et al., 2010).  Longer use of 

linezolid can cause adverse effects like cytopenias, induction of lactic acidosis blindness, and 

peripheral neuropathy. Linezolid is also found to be associated with thrombocytopenia and 

myelosuppression (Plosker & Figgitt, 2005). 

          Vancomycin has been the gold standard for the treatment of MRSA infections. 

Vancomycin treatment  is 15 to 20 mg/kg administered IV every 8 to 12 h to patients who have 

normal renal function with a target serum trough concentration of 15 to 20 mg/ml. (Rivera & 

Boucher, 2011). Desirable properties of vancomycin include a low resistance rate, a relatively 

safe profile, and limited anti-MRSA regimens that are available. However, vancomycin has a 
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slow bactericidal action,  pulmonary penetration is poor, and renal damage may occur (Pletz et 

al., 2010). High trough levels are associated with nephrotoxicity, which may require 

discontinuation of drugs in a patient. Vancomycin can cause red man syndrome, leading to a 

erythematous rash on the face and upper body.  Red man syndrome can be cured by reducing the 

dosage of vancomycin. Besides red man syndrome, vancomycin can cause ototoxicity, which 

require prompt discontinuation of the drug (Klibanov et al., 2003). In patients with normal renal 

function, vancomycin is poorly metabolized and is excreted unchanged in urine. Patients who 

have impaired renal function, renal excretion of drug is impaired that cause drug accumulation in 

body. Vancomycin drug accumulation can cause toxic effects, so the dose needs to be adjusted if 

a patient has renal impairment (Vacher et al., 2002). Patients infected with MRSA strains 

possessing a vancomycin MIC of  ≥ 2 µg/ml have a higher chance of treatment failure, thus, an 

alternate drug therapy is recommended. Vancomycin pharmokinetics may be different in patients 

depending on age, weight, and the underlying disease. It is recommended that the vancomycin 

dose be determined individually in VAP patients (Elyasi & Khalili, 2016).  

           Various studies have been conducted to determine whether linezolid or vancomycin is 

superior in controlling MRSA-associated VAP. In one study, patients were treated with either 

linezolid or vancomycin and the outcomes were compared. Successful patient outcomes for 

MRSA-associated VAP patients treated with linezolid or vancomycin were 58% and 48%, 

respectively. Patient treated with both drugs had similar death rates, clinical responses, and 

MRSA eradication rates (Rivera & Boucher, 2011).  Respiratory specimen culturing found that 

16 out of 92 VAP patients who received linezolid were still culture positive for MRSA, whereas 

50 out of 109 patients who received vancomycin were culture positive for MSRA. Thus, 

linezolid treatment had statistically better clinical and microbiological results, but the patient 

https://www-ncbi-nlm-nih-gov.elibrary.einstein.yu.edu/pubmed/?term=Launay-Vacher%20V%5BAuthor%5D&cauthor=true&cauthor_uid=12225605
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mortality rate was the same as vancomycin treated patients.  Although vancomycin treatment led 

to the same number of deaths as linezolid treatment, nephrotoxicity was more common in 

patients treated with vancomycin (Wunderink et al., 2012). Other antibiotics that can treat 

MRSA-associated VAP are needed because of the limitations associated with both linezolid and 

vancomycin. 

One newer approved drug is telavancin. Telavancin, was approved by the FDA in 2013, 

as an alternative drug for the treatment of MRSA-associated HAP and VAP. The dose of 

telavancin is 10 mg/kg given IV every 24 h in patients who have normal renal function. 

According to the assessment of telavancin for treatment of hospital-acquired pneumonia 

(ATTAIN) study, the MRSA-associated VAP cure rate after telavancin treatment was 82%, 

whereas the vancomycin cure rate was 74% (Barriere, 2014).  

Because 15 to 20 % of patients with S. aureus-associated VAP have bloodstream co-

infections, treatment with telavancin may be advantageous compared to either linezolid or 

vancomycin (Sandrock & Shorr, 2015).  Linezoid has bacteriostatic activity and may not rapidly 

clear bloodstream infections.  Vancomycin is less effective at treating S. aureus-associated VAP 

in patients with concurrent bacteremia (Gonzalez et al., 1999). Telavancin treatment has been 

found to be more effective than vancomycin as a treatment for MSSA-associated pneumonia 

because it has activity against several gram positive pathogens besides MRSA (Hooper & Smith, 

2012; Sandrock & Shorr, 2015). 

Unfortunately, telavancin has many side effects in patients with severe renal impairment, 

including an increased chance of mortality as compared to treatment with vancomycin (Corey et 

al., 2014). Minor side effects include taste disturbances, nausea, headache, vomiting, 

constipation, insomnia, and foamy urine.  Telavancin drug therapy was associated with adverse 



21 
 

fetal outcomes in animal studies (Pletz et al., 2010) and should be used only when the benefit to 

the patient outweighs the risks.  

Other anti-staphylococcal drugs have been approved for the treatment of MRSA 

infections, but are not recommended for the treatment of VAP. Daptomycin  cannot be used to 

treat pneumonia because it doesn’t achieve a sufficiently high concentration in the respiratory 

tract and is inhibited by pulmonary surfactant (Liu et al., 2011). Another recently approved 

broad-spectrum drug is tigecycline, which can be used for CAP and HAP.  However, this drug is 

not approved for VAP caused by MRSA because of an increased risk of mortality and clinical 

failure compared with other drugs (Montravers et al., 2016). Tigecycline has adverse effects such 

as fever, chills, headache, pain. In patients with baseline bacteremia, this drug is associated with 

high mortality and clinical failure due to delayed clearance of bacteremia (McGovern et al., 

2013). 

In Europe, the broad-spectrum antibiotic ceftobiprole has been approved for treatment of 

MRSA-associated HAP and CAP as well as HAP and CAP caused by other gram-positive 

bacteria and gram-negative bacteria, but the drug is not recommended for VAP. The FDA has 

not approved ceftobiprole for use in the United States (Awad et al., 2014). 

New Drugs and Monoclonal Antibodies in Pipeline  

Although several drugs are approved for MRSA-associated VAP, there is still a need to 

find alternative drugs to use in treatment regimens. Two antibiotics in the pipeline that have been 

shown to be effective for treating MRSA infections include dalbavancin and oritavancin, but 

neither drug has been proven to treat pneumonia (Ramirez et al., 2012). Other antibiotics in the 

pipeline to treat MRSA-associated CAP are radezolid and cethromycin, but neither drug has been 

evaluated in VAP. Phase II clinical trials were completed for CAP and uncomplicated skin and 
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skin structure infections (Vuong et al., 2016).  If cethromycin is shown to not cause 

hepatotoxicity, then the drug could show promise for treating community-associated pneumonia 

(Kurosu et al., 2013). 

Because MRSA will continue to develop resistance to antibiotics, there is a need to 

develop novel therapeutics, like monoclonal antibodies, against MRSA infections. Many 

monoclonal antibodies have been developed for MRSA-associated pneumonia, but they have not 

been  introduced into clinical practice because they failed to provide sufficient efficacy (Giersing 

et al., 2016). Two monoclonal antibodies, Aridis Pharmaceuticals candidate AR-301 and 

Medimmune's MEDI4893, target S. aureus alpha toxin and are in clinical evaluation for the 

treatment of MRSA-associated VAP. MED14893 has completed phase I trials and is in phase II 

study, while AR-301 is in a phase clinical I/II clinical trial (Vuong  et al., 2016). 

Complications of MRSA-Associated VAP  

 Patients usually improve within 3-5 days after starting antibiotic treatment for MRSA-

associated VAP (Hamilton et al., 2012). However, despite early use of antibiotics, resolution of 

MRSA-associated VAP is sometimes slow or incomplete. Life-threatening hemoptysis, 

septicemia, respiratory failure, empyema, and lung abscess can develop as a result of treatment 

failure and complications from the initial pneumonia (Domínguez et al., 2006).  Clinical failure 

can occur during treatment of VAP in which the patient may die or may not show improvement 

after treatment for more than 10 days. If the signs and symptoms of VAP still persist after 10 

days, then the therapy should be changed (Hamilton et al., 2012). The clinical failure rate of 

patients with MRSA-based VAP is 30 to 40%.  Treatment failure may be because of several 

factors, including co-morbidities, age, and the severity of the VAP. Sometimes treatment failure 

is because of sequestered foci, like empyema or lung abscesses, which prevent the antibiotic 
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from reaching the site of infection.  When medical treatment fails and complications occur, 

surgical interventions like debridement or resection is done to decrease morbidity and mortality 

(Schweigert, et al., 2012). For patients who cannot tolerate resection, lung debridement is an 

option. The appropriate timing for surgery is unclear, although it is recommended that surgery be 

done if the patient did not improve or if they develop complications following the use of 

antibiotics or less invasive procedures (Tsai & Ku, 2012; Rello, 2008). Clinical management of 

patients with suspected VAP is summarized below. (See Figure 1, Rubinstein, 2008). 

   

Figure 1. Clinical management of a patient with suspected MRSA-based VAP (Modification of 

Rubinstein, 2008). 

CONCLUSION 

MRSA-associated VAP can cause significant morbidity and mortality. Currently, the 

standard diagnostic technique for MRSA-associated VAP is respiratory culture, but diagnosis is 

moving towards the use of molecular techniques like PCR. PCR has not yet made a breakthrough 

as a diagnostic tool for MRSA from respiratory specimens, however, PCR provides a faster 

result and has a high negative predictive value for MRSA from respiratory specimen. A faster 
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PCR result alleviates the wait-time for culture, therefore, it allows proper treatment to be started 

very early in ventilated patients. Ventilated patients may be better off with faster result from 

PCR as a diagnostic tool as oppose to more accurate result from culture in rush to save life. In 

the future, PCR will likely be the gold standard method for the rapid diagnosis of MRSA from 

respiratory specimens. A rapid diagnosis would be helpful to avoid empiric therapy for MRSA 

and instead begin proper treatment earlier. 

Besides rapid diagnosis, preventive interventions such as screening, contact precautions 

decolonization, and antibiotic stewardship as well as educating healthcare providers about risk 

factors and preventive measures for VAP will also help to decrease incidence of VAP. Active 

surveillance of handwashing by assigned healthcare personnel, using early appropriate 

antibiotics and followed by de-escalation on the basis of microbial cultures will help in the 

management of VAP.  
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