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Abstract

Backerouno—Hospital-acquired pneumonia accounts for 25% of all health care-associated
infections and is classified as either ventilator-associated or non—ventilator-associated pneumonia.
Hospital-acquired pneumonia most frequently results from aspiration of oropharyngeal secretions
into the lungs. Although preventive measures for ventilator-associated pneumonia are well
established, few preventive measures exist for the nonventilator type.

OgJective—To (1) explore oral microbes associated with ventilator-associated and non—ventilator-
associated pneumonia in acutely ill, adult hospitalized patients, and (2) provide evidence-based
recommendations for measures to prevent pneumonia in hospitalized patients.

MeTHops—A literature search was conducted using CINAHL, Academic Search Premier,
Medline, and the Cochrane Library.

ResuLts—Ten studies were found that identified common oral microbes in ventilator-associated
and non—ventilator-associated pneumonia, including Acinetobacter baumannii, Escherichia coll,
Klebsiella pneumoniae, Pseudomonas aeruginosa, methicillin-resistant Staphylococcus aureus, S
aureus, and Streptococcus pneumoniae. Collectively, oral colonization with £ coli, P aeruginosa,
methicillin-resistant S aureus, and S aureus increased the risk of nonventilator pneumonia.
Findings also suggested microaspiration of colonized oral microbes into the lungs. Non—ventilator-
associated pneumonia had similar colonization rates of gram-positive and gram-negative bacteria,
whereas ventilator-associated pneumonia had greater colonization with gram-negative bacteria.
The literature did not indicate a standard of oral care effective in all patient populations.

Discussion—oOral care is an effective intervention to prevent hospital-acquired pneumonia by
reducing pathogenic oral microbial colonization. The impact of different methods and timing
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of oral care on oral microbes should be further explored, particularly in patients not receiving
mechanical ventilation.

Concrusions—Findings reaffirm the importance of consistent oral care in hospitalized patients.
In addition, practices should be different in patients receiving mechanical ventilation versus
patients not receiving ventilation. Results may also provide knowledge to inform future preventive
measures for pneumonia, particularly for nonventilator pneumonia.

Hospital-acquired pneumonia (HAP) is a common problem in health care, accounting
for 25% of all health care-associated infections.! Hospital-acquired pneumonia develops
after 48 hours of hospital admission and is typically categorized as either ventilator-
associated pneumonia (VVAP) or non-ventilator-associated hospital-acquired pneumonia
(NV-HAP).23 Ventilator-associated pneumonia occurs in critically ill, intubated patients
and has been an important research focus owing to its high mortality rate, negative clinical
outcomes, and high costs per case.*® Unlike VAP, NV-HAP can affect any hospitalized
patient, not just those who are critically ill. Interest in NV-HAP has increased owing to its
high rate of occurrence, high mortality rate, and increased costs.® Currently, NV-HAP occurs
in 1.2 to 8.9 patients per 1000 patient days, although rates are likely underestimated because
hospitals are not required to report cases of NV-HAP, as they are for VAP.6 The costs of
NV-HAP vary from $28 000 to $40 000 per case, and mortality rates among adults range
from 13% to 30%.5

Etiology of HAP

Many different types of microbes colonize the mouth and upper respiratory tract

in all individuals, including hospitalized patients.” Hospitalization itself changes the
microbial colonization of the mouth and worsens oral health in adult patients.>:8° Hospital-
acquired pneumonia results from aspiration of oropharyngeal secretions into the lungs,?:10
highlighting the importance of adequate oral health. Owing to the causal relationship
between the oral microbial environment and the occurrence of HAP, it is useful to compare
microbial colonization in the mouth versus the lungs.

Dental plaque, which is found in both natural teeth and dentures, is a biofilm of microbes
that is frequently a source of pneumonia development.8:11 Additional sources of microbial
colonization associated with HAP include medical devices situated in the gastrointestinal or
pulmonary systems (such as feeding tubes, gastric tubes, and endotracheal tubes), transfer
of microbes between staff members (lack of adequate hand hygiene), host or treatment
colonization risk factors (eg, antibiotics, surgery, underlying disease severity, invasive
devices), and the environment.10

Bacteria are the main cause of HAP.10 Viral and fungal causes of HAP are much less
common and are typically seen in patients who are immunocompromised.12 Most bacterial
cases of HAP are caused by gram-negative bacteria, with only 20% to 30% of cases being
caused by gram-positive bacteria.1® Hospital-acquired pneumonia is also classified as either
early onset or late onset. Early-onset HAP occurs within the first 4 days of hospitalization
and is generally caused less frequently by drug-resistant bacteria compared with late-onset
HAP13
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Multidrug-resistant (MDR) bacteria, such as methicillin-resistant Staphylococcus aureus
(MRSA), are found more frequently in HAP compared with community-acquired
pneumonia, and MDR infections are increasing in both NV-HAP and VAP cases.14
Immune suppression, antibiotic use and resistance, and hospitalization within the last 3
months are risk factors for experiencing an MDR infection.14 In intubated patients, greater
time receiving mechanical ventilation increases the likelihood of experiencing an MDR
infection.1® Early-onset HAP cases are generally associated with more positive clinical
outcomes compared with late-onset HAP (owing to the virulence of the microbes found in
the latter). In addition, late-onset HAP is often polymicrobial, making it more difficult for
clinicians to identify and manage.13

Clinical Management of HAP

Diagnosis and management of HAP rely on understanding causative mechanisms and
individualizing treatment on the basis of the causative microbes.1>-16 Evidence-based
guidelines for HAP management suggest that patients with NV-HAP be managed in

a similar manner to those with VAP by identifying risk for pneumonia infection with
specific microbes (such as MDR pathogens).10 Patients with NV-HAP should be treated

in accordance with specific microbes identified from noninvasive samples.1® Cultures are
obtained from different specimen types including from the lungs and oropharyngeal or
nasotracheal secretions.10:13 Lung specimens are obtained using bronchoalveolar lavage
(BAL) or protected BAL fluid. Bronchoalveolar lavage sampling is performed during
bronchoscopy by instillation of sterile normal saline into a section of the lung and suctioning
to collect the fluid for analysis.1” Protected BAL uses a sterile protected brush to obtain the
specimen from the lung.18 Oropharyngeal secretions may be collected using a mouth swab
and/or a sputum sample. Analyses of microbial colonization in dental plaque are also used in
clinical researchl9 but are not commonly performed in the clinical setting.

Purpose of Integrative Review

Methods

Oral microbes play an important role in the occurrence of HAP.8 To our knowledge, no other
published articles have explored the commonalities and differences among oral microbes
found in NV-HAP and VAP. Identifying certain patterns of microbial colonization may also
provide a foundation for development of a preventive regimen for NV-HAP. The purpose

of this integrative review was to (1) explore common oral microbial species associated

with NV-HAP and VAP in acutely ill, hospitalized adults and (2) provide evidence-based
recommendations for prevention of HAP.

The databases used for this integrative review were CINAHL, Academic Search Premier,
MEDLINE, the Cochrane Central Register of Controlled Trials, and the Cochrane Database
of Systematic Reviews. The search strategy used was pneumonia© AND hospital acquired*
OR nosocomial infectiorr™ OR cross infectior™ AND oral microbe* OR oral bacteria* OR
oral colonization*.
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Avrticles were included if they were peer-reviewed research articles, were published in the
English language, focused on adult hospitalized patients with either NV-HAP or VAP, and
made mention of oral microbial colonization in relation to NV-HAP or VAP. Articles were
excluded if they did not focus on the population described, did not include discussion of
mechanical ventilation status, made no mention of oral microbe colonization in relation to
HAP, or were literature reviews or evidence-based practice guidelines.

The results of the search process are shown in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses diagram in the Figure. The initial search yielded 388 articles
(305 articles after duplicates were removed and 2 additional articles were identified through
searches of references in relevant articles), of which 295 were excluded. Thus, 10 articles
were included in this review. We completed a critical appraisal of each article using the
Joanna Briggs appraisal tools specific to study design.2 The levels of evidence found

for the 10 articles were as follows: level | (experimental design), 1 article; level Il (quasi-
experimental design), 2 articles; level 111 (nonexperimental study design), 6 articles; and
level V (case study), 1 article.2

The 10 articles included in this review are listed in the Table.811.19.22-28 Co|lectively, the
studies provide an overview of commonalities and differences among oral microbes in the
different types of pneumonia.

NV-HAP

Patients with NV-HAP had similar colonization rates of gram-positive bacteria and gram-
negative bacteria. The most common oral microbes in NV-HAP were Acinetobacter
baumannii, Pseudomonas aeruginosa, and S aureus.1%24 Patients who had a combination

of oropharyngeal colonization with Escherichia coli, P aeruginosa, MRSA, and S aureus
were more than 9 times as likely to develop NV-HAP (odds ratio, 9.48; 95% Cl, 2.28-38.78;
P=.002).8 The presence of £ coliand S aureus independently increased the risk of
NV-HAP occurrence.8 In contrast, some oral microbes, including Haemophilus influenzae
and Streptococcus pneumoniae, were actually protective against NV-HAP.8 Findings for S
pneumoniae were conflicting, as this bacterium was causative in 17% of NV-HAP cases in
patients with moderate to severe chronic periodontitis.®

Microbes identified in dental plague were also associated with the occurrence of NV-
HAP.8.19 In most patients with NV-HAP, dental plague was colonized with 1 or more
microbes, with S aureus being the most common.1® Other bacteria identified in dental plaque
included Bacteroides species, coagulase-negative staphylococci, and S pneumoniae.t®

Specimens obtained by BAL from patients with NV-HAP contained similar microbes
to those found in the oropharynx and dental plaque,1® suggesting microaspiration of
oropharyngeal secretions into the lungs. The most common microbe found in the lungs
was S aureus.®
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Different oral care regimens did not significantly change oral bacteria in patients with
NV-HAP, aside from greater colonization with Stenotrophomonas maltophiliain patients
who had oral care with 0.2% chlorhexidine gluconate (CHG) compared with patients who
had oral care with 0.08% metronidazole.23 Metronidazole is an antibacterial agent, whereas
CHG s an antiseptic agent,29 which could account for differences in oral microbial findings.
Oral colonization with S maltophilia could also have been due to water contamination.

Microbes in VAP

Intubated patients with VAP had greater colonization with gram-negative bacteria than

with gram-positive bacteria. The most common oral microbes found in VAP cases were A
baumannii, Klebsiella pneumoniae, P aeruginosa, MRSA, and S aureus11.26:27 |n a study in
which 29% (14 of 49) of patients experienced VAP, S aureuswas the most common microbe
found in all specimen types.11 One case study that examined the microbiological sputum
profile of a patient with VAP found high degrees of colonization with H /influenzaeand S
pneumoniae.?8

In another study, gram-negative bacteria were primarily responsible for all 30 documented
cases of VAP.25 The most common gram-negative bacteria colonized in the oropharynx
included A baumanniiand P aeruginosa.?® A similar study indicated that 18% (26 of 141)
of patients with VAP had enteric gram-negative bacteria and Pseudomonadaceae in the
oropharynx.22

Causative agents differed in early- versus late-onset VAP. In a small sample of 16 intubated
patients, early-onset VAP was caused primarily by P aeruginosa.2® Patients with late-onset
VAP still had frequent colonization with P aeruginosa, however, they had a higher incidence
of infections with more resistant microbes, including MRSA.

In patients who received oral care and experienced VAP, K pneumoniae, P aeruginosa,
MRSA, and S aureus were frequently identified.26:27 In patients who did not receive oral
care and experienced VAP, P aeruginosawas predominant.28.27 Several other gram-negative
and gram-positive bacteria were identified in patients who did not receive oral care.26:27 In
addition, certain types of oral care influenced the type of bacteria found in patients with
VAP.23 Intubated patients who received oral care with 0.2% CHG had significantly greater
colonization with gram-negative bacteria in the lungs compared with patients who received
oral care with 0.08% metronidazole (P = .02).23

Discussion

Implications of Microbial Findings

The studies in this review explored microbes found in the oropharynx, dental plaque, and
lungs of patients with NV-HAP and VVAP. Oral microbial findings were similar between
pneumonia types, including A baumannii, E coli, K pneumoniae, P aeruginosa, MRSA, S
aureus, and S pneumoniae. Gram-positive bacteria, such as S aureus and S pneumoniae,
are common in the community setting and frequently found on the human body.13 For
instance, in healthy individuals, MRSA and S aureus are sometimes found in the nares and
S aureus on the skin.30:31 Hospital-acquired pneumonia infections caused by gram-positive
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bacteria (such as MRSA) are concerning owing to emerging resistant strands and high costs
of treatment.32 Patients at risk for development of Staphylococcus HAP infections include
those with chronic conditions (such as diabetes) and immunocompromised patients who
undergo invasive procedures.30

Cases of VAP are caused primarily by gram-negative bacteria, as reaffirmed in our review.33
This finding may be due to the frequent colonization of the oropharynx and gut by
gram-negative bacteria, followed by common mechanisms such as gastric reflux into the
oropharynx, and through transmission by health care workers. Both of these situations could
lead to VAP.34

Gram-negative bacteria are associated with severe health consequences, including
pneumonia, septicemia, meningitis, and surgical site or wound infections.39 Many gram-
negative bacteria are becoming resistant to antibiotics, which is a growing concern in the
health care setting owing to the serious infections that may result and limited antibiotic
treatments available.30:35

A particularly concerning gram-negative bacterium found in both pneumonia types is P
aeruginosa, which is often waterborne.36 Common environmental reservoirs of P aeruginosa
include sinks, sink faucets, respiratory therapy equipment, and portable water, among
others.3” Pseudomonas aeruginosa is of great concern in hospitals owing to its increasing
presence in cases of VAP and antimicrobial resistance, making it difficult to treat.38

Another disconcerting bacterium found in the mouth in cases of both NV-HAP and VAP was
E coli. Although £ coli normally resides in the gut of healthy individuals, oropharyngeal
colonization with £ coliis rare in the community setting.3? Oropharyngeal colonization with
E coliis concerning because of its ability to cause HAP and associated negative health
outcomes, including longer intensive care unit and hospital stays, high mortality and costs,
and increased antibiotic use.3? In addition, antibiotic-resistant strains of £ co/f have been
emerging, which are associated with worse clinical outcomes.3° Oropharyngeal colonization
with £ coli occurs more often in critically ill hospitalized patients, most likely owing to a
multifactorial process.39 Factors that may increase oropharyngeal colonization with £ coli
include increased supine positioning, gastric reflux, gut-lung translocation, altered gastric
pH from proton pump inhibitors, altered local immunity, and/or contamination from health
care workers (resulting from poor hand hygiene).3°

Few MDR pathogens were noted among both types of HAP. Our review found similar oral
bacteria in early-and late-onset VAP, with P aeruginosa being the most common. However,
late-onset VAP cases had greater colonization with resistant bacteria (mainly MRSA).26
Supporting literature shows that infecting microbes are more likely to respond to antibiotics
in early-onset than in late-onset VAP, which is frequently caused by resistant bacteria.*
Multidrug-resistant pathogens were found in nearly all VAP cases regardless of when the
pneumonia developed, suggesting that the microbial cause of early VAP may be shifting.41
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Clinical Practice Recommendations

Our review found that a variety of potentially pathogenic microbes are associated with

the development of HAP. Oral care is an effective preventive measure against pneumonia;
however, review of the literature did not isolate a standard of oral care effective in all patient
populations. Hospitalized patients may need different oral care regimens depending on their
level of acuity and individualized risk factors for HAP. The oral care recommendations
below are not inclusive but are evidence-based oral care practices.

Patients in Acute Care Settings Not Receiving Mechanical Ventilation.—
Toothbrushing and cleansing of gums and dentures may be effective methods of reducing
plaque and microbe accumulation in the mouth, but further research is required to identify
best practices that improve outcomes.1-942 Recommendations regarding routine use of CHG
in patients who are not receiving mechanical ventilation are conflicting and need further
study.43:44

Patients Receiving Mechanical Ventilation.—\Ventilator-associated pneumonia
prevention bundles often include oral care with CHG.#245 Chlorhexidine reduces the risk
for VAP from 26% to 18%, but there is no evidence that it reduces mortality, duration of
mechanical ventilation, or intensive care unit length of stay.4> Concentrations of CHG vary
and influence outcomes. A meta-analysis found that oral care with 2% CHG reduced the
incidence of VAP (relative risk, 0.53; 95% Cl, 0.31-0.91), but lower concentrations had no
effect.#6 Findings have been mixed regarding whether higher concentrations of oral CHG
may have adverse effects on the oral mucosa, such as lesions, ulcerations, and bleeding.4748
An increased risk of oral mucosal lesions was associated with mechanical ventilation,
receiving 2% CHG for long periods of time, and severe illness.*” A recent multisite study
of 14 333 patients undergoing ventilation indicated that CHG was associated with increased
odds of death and sepsis and had no effect on VAP.42

Hand Hygiene.—Consistent hand hygiene is also important for patients and staff members
to prevent oropharyngeal colonization with pathogens like £ coli, which was commonly
found in HAP cases. This organism is not normally found in the mouth but can be spread via
the fecal-to-oral route through inadequate hand hygiene.

Research Recommendations

Future research should further explore oral microbes found in the hospitalized population
not receiving mechanical ventilation, as the evidence on this topic is insufficient. Most
articles included in our review focused on VAP, and many articles related to NV-HAP

were outdated. Research should explore how oral microbes change over the course of
hospitalization and with different treatment regimens. Understanding these changes will help
clinicians individualize patient care, which will improve clinical outcomes. Oral bacteria
may differ across patients, making it important to explore and better understand contributing
factors. Other factors such as diet (eg, vegetarian) can also influence the mix of oral
microbes in an individual patient.>0
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Second, future NV-HAP research should focus on the impact of different types of oral

care on oral microbes. Our review found that specific oral microbes were associated with
NV-HAP, including £ coli, P aeruginosa, MRSA, and S aureus. \We also found that certain
types of oral microbes, such as H influenzae and S pneumoniae, may actually be protective
against NV-HAP8 helping to maintain an equilibrium of the oral microbiome for both oral
and systemic health.>! Different oral care methods and/or products may have varying effects
on oral microbial colonization. For instance, investigators in a randomized clinical trial
found that 1% CHG oral care with a toothbrush reduced oral colonization with S aureus (one
of the most common causes of HAP) by 42% during a 6-month period.>2 The frequency of
oral care with CHG was not specified, although the concentration of CHG is a lower one
than that used for VAP prevention in critically ill patients. The impact of different oral care
regimens on the type of oral microbe development in different patient populations should be
further explored. Different concentrations of CHG should be explored to determine which is
most safe and effective.

Finally, aside from oral care, few prevention interventions have been systematically
explored to prevent NV-HAP.14 Future studies are needed to develop a comprehensive
interdisciplinary approach to preventing NV-HAP.

A limitation of this integrative review is the lack of studies that examined oral microbes
associated with particular types of pneumonia, especially NV-HAP. Few studies focused
solely on oral microbes in pneumonia, and they mainly provided descriptive statistics. Other
studies not included in this review explore microbes found in the lungs of intubated patients
and patients with VVAP. However, the focus of this review was oral microbes, so these
articles were not included. In addition, several studies had small sample sizes, limiting the
generalizability of the findings. one study was specific to chronic periodonititis, limiting

the generalizability of its findings to other NV-HAP cases. Finally, most articles included

in the review were published more than 5 years ago. The prevalence of specific microbes
may have changed over time; thus, the findings may not be applicable to the current clinical
setting. Recent research has been published on oral care for intubated patients; however, this
research was not included because this topic was not the focus of this review.

Conclusion

Our review found common oral microbes among cases of NV-HAP and VVAP. The former
had similar rates of oral colonization with gram-positive and gram-negative bacteria,
whereas the latter had greater colonization with gram-negative than with gram-positive
bacteria. The findings provide a foundation for understanding oral microbes associated
with pneumonia, particularly in patients not undergoing mechanical ventilation, which
may inform future preventive measures and research trajectories. Microaspiration of
oropharyngeal secretions, including oral microbes, was noted, reaffirming the importance
of consistent and individualized oral care in all hospitalized patients. It is important for
nurses to recognize that current evidence supports different oral care practices for patients
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receiving versus not receiving mechanical ventilation. Adherence to isolation protocols and
proper hand hygiene are also essential in reducing the spread of pathogens.
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Hospital-acquired pneumonia (HAP) most frequently results from aspiration of
oropharyngeal secretions into the lungs. In this article, the authors explore oral
microbes associated with ventilator-associated pneumonia (\VAP) and non—ventilator-
associated pneumonia (NV-HAP) in acutely ill patients, and provide evidence-based
recommendations for measures to prevent pneumonia in hospitalized patients.

. Bacteria are the main cause of HAP. Multidrug-resistant (MDR) bacteria,
such as methicillin-resistant Staphylococcus aureus (MRSA), are found more
frequently in HAP compared with community-acquired pneumonia.

. Hospital-acquired pneumonia infections caused by gram-positive bacteria
(such as MRSA) are concerning owing to emerging resistant strands and high
costs of treatment.

. Immune suppression, antibiotic use and resistance, and hospitalization within
the last 3 months are risk factors for experiencing an MDR infection. In
intubated patients, greater time receiving mechanical ventilation increases the
likelihood of experiencing an MDR infection.

. Oral care is an effective preventive measure against pneumonia; however,
review of the literature did not isolate a standard of oral care effective in
all patient populations. Hospitalized patients may need different oral care
regimens depending on their level of acuity and individualized risk factors for
HAP.

. Patients in Acute Care Settings Not Receiving Mechanical Ventilation.
Toothbrushing and cleansing of gums and dentures may be effective methods
of reducing plaque and microbe accumulation in the mouth, but further
research is required to identify best practices that improve outcomes.

. Patients Receiving Mechanical Ventilation. Ventilator-associated pneumonia
prevention bundles often include oral care with CHG. Chlorhexidine reduces
the risk for VAP from 26% to 18%, but there is no evidence that it reduces
mortality, duration of mechanical ventilation, or intensive care unit length
of stay. Concentrations of CHG vary and influence outcomes. Findings have
been mixed regarding whether higher concentrations of oral CHG may have
adverse effects on the oral mucosa, such as lesions, ulcerations, and bleeding.

. Hand Hygiene. Consistent hand hygiene is also important for patients and
staff members to prevent oropharyngeal colonization with pathogens like
Escherichia coli, which was commonly found in HAP cases.

. It is important for nurses to recognize that current evidence supports different
oral care practices for patients receiving versus not receiving mechanical
ventilation. Adherence to isolation protocols and proper hand hygiene are also
essential in reducing the spread of pathogens.
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388 Records identified through
database searching

2 Additional records identified through other

sources

v v

305 Records after duplicates
removed

v

305 Records screened

v

305 Full-text articles assessed
for eligibility

v

10 Studies included in
integrative review

Figure Search strategy for integrative literature review.

295 Full-text articles excluded

Y

Articles excluded:

97 Literature reviews

94 Did not address oral microbe
colonization

63 Not pertinent to the population
25 Not focused on oral microbes in
relation to HAP

8 Evidence-based guidelines and
protocols

7 Commentaries

1 Presentation

Figure.

Search strategy for integrative literature review.
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Details and findings of studies included in the review
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Source

Design/setting

Pneumonia
type

Colonization site

Common microbes

Level of
. a
evidence

Bonten et al,?2 1996

Experimental (subanalysis of
RCT) inan ICU

VAP

Oropharynx

Enteric gram-negative
bacteria and Pseudo-
monadaceae

Chen et al,23 2016

Nonexperimental (prospective
observational) in an emergency
ICU

NV-HAP and
VAP

Sputum (NV-HAP)
and lungs (VAP)

A baumannii and MRSA

El Attar et al,1° 2010

Nonexperimental (case-control
design) in a respiratory ICU

NV-HAP

Oropharynx, dental
plaque, and lungs

S aureus

El-Solh et al, 1 2004

Nonexperimental (prospective
cohort study) in a critical care
unit

VAP

Oropharynx, dental
plaque, and lungs

S aureus

Ewan et al,® 2015

Nonexperimental (prospective
cohort study) in orthopedic units

NV-HAP

Dental plaque

S aureus, MRSA, P
aeruginosa, and E coli
associated with increased
risk of HAP (P=.002)

Gaber et al, 24 2020

Nonexperimental (prospective
observational) in a university
hospital

NV-HAP

Sputum, pleural
fluid, and lungs

P aeruginosaand A
baumannii

Garrouste-Orgeas et
al, 25 1997

Nonexperimental (prospective
observational) in a medical-
surgical ICU

VAP

Oropharynx

S aureus, A baumanni,
and P aeruginosa

Mori et al, 26 2006

Quasi-experimental trial with
historical controls in a medical-
surgical ICU

VAP

Oropharynx

P aeruginosa, MRSA,
and Candida

Nicolosi et al,2” 2014

Quasi-experimental in patients
undergoing cardiac surgery

VAP

Dental plaque

K pneumoniae, S aureus,
and P aeruginosa

Ohkoshi et al,28 2018

Nonexperimental (case study) in
an ICU

VAP

Sputum

S pneumoniae and H
influenzae

Abbreviations: A baumannii; Acinetobacter baumannii; E coli, Escherichia coli; H influenzae, Haemophilus influenzae, ICU, intensive care

unit; K pneumoniae, Klebsiella pneumoniae; MRSA, methicillin-resistant Staphylococcus aureus; NV-HAP, non-ventilator-associated hospital-
acquired pneumonia; P aeruginosa, Pseudomonas aeruginosa; RCT, randomized controlled trial; S aureus, Staphylococcus aureus, S pneumoniae,
Streptococcus pneumoniae; VAP, ventilator-associated pneumonia.

a . . . . . . .
Adapted from Dearholt and Dang.21 Level I, experimental studies; level 11, quasi-experimental studies; level I11, nonexperimental studies; level I1,
quasiexperimental studies; and level V, case reports.
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