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REVIEW Open Access

Prevention of hospital-acquired pneumonia
in non-ventilated adult patients: a narrative
review
Leonor Pássaro1, Stephan Harbarth1 and Caroline Landelle1,2,3*

Abstract

Background: Pneumonia is one of the leading hospital-acquired infections worldwide and has an important
impact. Although preventive measures for ventilator-associated pneumonia (VAP) are well known, less is known
about appropriate measures for prevention of hospital-acquired pneumonia (HAP).

Aim: The purpose of this narrative review is to provide an overview of the current standards for preventing HAP in
non-ventilated adult patients.

Methods: A search of the literature up to May 2015 was conducted using Medline for guidelines published by
national professional societies or professional medical associations. In addition, a comprehensive search for the
following preventive measures was performed: hand hygiene, oral care, bed position, mobilization, diagnosis and
treatment of dysphagia, aspiration prevention, viral infections and stress bleeding prophylaxis.

Findings: Regarding international guidelines, several measures were recommended for VAP, whilst no specific
recommendations for HAP prevention in non-ventilated patients are available. There is reasonable evidence
available that oral care is associated with a reduction in HAP. Early mobilization interventions, swift diagnosis and
treatment of dysphagia, and multimodal programmes for the prevention of nosocomial influenza cross-infection,
have a positive impact on HAP reduction. The impact of bed position and stress bleeding prophylaxis remains
uncertain. Systematic antibiotic prophylaxis for HAP prevention should be avoided.

Conclusion: Scant literature and little guidance is available for the prevention of HAP among non-ventilated adult
patients. In addition, the criteria used for the diagnosis of HAP and the populations targeted in the studies selected
are heterogeneous. Oral care was the most studied measure and was commonly associated with a decrease in HAP
rate, although a broad range of interventions are proposed. No robust evidence is available for other measures.
Further high-quality studies are required to evaluate the impact of specific measures on HAP prevention in
non-ventilated adult patients.

Keywords: Hospital-acquired pneumonia, Nosocomial pneumonia, Low respiratory tract infection, Prevention

Background
During the first European point prevalence survey (PPS)
of healthcare-associated infections (HAI) and antimicro-
bial use in acute care hospitals, the most frequently re-
ported HAI types were respiratory tract infections
(pneumonia 19.4% and lower respiratory tract 4.1%) [1].

In 2013, the second PPS of HAI and antimicrobial use in
European long-term care facilities also reported that the
most frequently types of HAI were respiratory tract in-
fections [2]. In 2005, the classification of nosocomial
pneumonia was defined by the American Thoracic Soci-
ety and the Infectious Diseases Society of America (ATS/
IDSA) and sub-classified “hospital-acquired pneumonia”
(HAP), “ventilator-associated pneumonia” (VAP) and
“healthcare-associated pneumonia” (HCAP) [3]. HAP is
defined as a pneumonia occurring 48 h or more after
hospital admission and VAP refers to pneumonia

* Correspondence: caroline.landelle@gmail.com
1Infection Control Programme, Geneva University Hospitals and Medical
School, Geneva, Switzerland
2Infection Control Unit, Centre Hospitalier Universitaire (CHU) Grenoble Alpes,
CS 10217, 38043 Grenoble Cedex 9, France
Full list of author information is available at the end of the article

© The Author(s). 2016 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Pássaro et al. Antimicrobial Resistance and Infection Control  (2016) 5:43 
DOI 10.1186/s13756-016-0150-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s13756-016-0150-3&domain=pdf
http://orcid.org/0000-0002-3592-1948
mailto:caroline.landelle@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


occurring more than 48–72 h after endotracheal intub-
ation. HCAP refers to pneumonia developing outside
the hospital, amongst patients in close contact with the
healthcare system, which shares epidemiologic, bacterio-
logic and pathogenic features with HAP [3, 4]. The inci-
dence of HAP ranges from 5 to more than 20 cases per
1000 hospital admissions [3, 5]. Outside the intensive
care unit (ICU), highest rates are observed in the elderly,
immunocompromised hosts, surgical patients and those
receiving enteral feeding through a nasogastric tube [3].
Almost one-third of HAPs are ICU-acquired, with VAP
accounting for 90% of those cases. Overall, VAP occurs
in 9–40% of intubated patients, with decreasing inci-
dence rates during the last decade [6, 7].
Risk factors identified for HAP are older age, male sex,

structural lung disease and multiorgan system failure [3].
Gram negative bacteria are the most frequent etiologic
agents of HAP, namely Pseudomonas aeruginosa, Klebsi-
ella spp, Escherichia coli and Acinetobacter baumannii
[3, 8]. Among Gram positive pathogens, methicillin-
resistant Staphylococcus aureus (MRSA) is the most fre-
quent pathogen, particularly in immunocompromised
patients [3]. Compared with community-acquired pneu-
monia, HAP are more likely to be infections caused by
multidrug-resistant (MDR) pathogens [9]. The frequency
of MDR pathogens as the etiologic agents of HAP and
VAP is increasing [10, 11]. Factors, including antibiotic
use or hospitalization in the previous 3 months, im-
munosuppression and exposure to specific hospital units
with high frequency of antibiotic resistance, influence
the likelihood of MDR pathogens infection [12].
Patients developing HAP are more likely to die, re-

quire intensive care, mechanical ventilation, and to have
longer hospital length of stay (LOS) than patients with-
out HAP [13]. Aspiration is one of the pathologic mech-
anisms involved in HAP and is associated with supine
position, dysphagia, altered mental status, esophageal
motility disorders, vomiting, gastroesophageal reflux,
tracheal intubation, enteral nutrition, nasogastric intub-
ation, oropharyngeal and tracheobronchial colonization,
tracheostomy and alcoholism [3, 8, 14, 15].
Although preventive measures for VAP are well known,

less is known about appropriate measures for prevention
of HAP [16]. Hence, preventive measures directed to indi-
viduals without mechanical ventilation are of great im-
portance for patient safety, as well as mitigating the
potential costs of HAP. In this narrative review, we pro-
vide an overview of the current standards and lack of
evidence-based guidance concerning specific preventive
measures against HAP in non-ventilated adult patients.

Literature search and selection strategy
A search for guidelines prior to May 2015 was per-
formed using the electronic database Medline using the

following terms: “pneumonia” AND (“nosocomial” OR
“hospital-acquired”) AND “guidelines”. The results of
this search were filtered to select for guidelines pub-
lished by national professional societies or professional
medical associations. An additional search was
performed using Google Scholar and the Forum of
European Respiratory Societies.
Medline was also used to search for articles published

between January 2005 and May 2015 using the following
terms: (“pneumonia” OR “respiratory tract infection” OR
“respiratory infection”) AND (“nosocomial” OR “hos-
pital-acquired” OR “healthcare associated” OR “health-
care-associated”) AND “prevention”. In addition, a
review of each publications’ bibliography was performed
to identify further pertinent articles.
For specific HAP prevention measures, a search using

Medline for articles published prior to May 2015 was
conducted using the following terms: (“pneumonia” OR
“respiratory tract infection” OR “respiratory infection”)
AND (“nosocomial” OR “hospital-acquired” OR “health-
care associated” OR “healthcare-associated”) AND:

� (“hand hygiene” OR “hand washing”)
� (“oral care” OR “oral hygiene” OR “oral

decontamination” OR “oral health” OR
“mouthwashes”)

� (“bed position” OR “head position” OR “body
position” OR “bed rest” OR “bed protocol”)

� (“mobilization” OR “mobility” OR “motility” OR
“physical activity” OR “physiotherapy”)

� (“dysphagia” OR “swallowing” OR “swallowing
disorder”)

� (“aspiration” OR “aspirative”)
� (“viral infection” OR “viral” OR “virus” OR “flu”)
� (“stress bleeding prophylaxis” OR “gastric” OR

“gastric protection” OR “acid-suppressive therapy”
OR “acid-suppressive” OR “proton pump inhibitor”
OR “omeprazol” OR “ranitidine”)

Articles published in English, French, Portuguese and
Spanish were included in the review. Research was re-
stricted to adult patients only. Studies performed on pa-
tients ventilated through a tracheal device (tracheal tube
or tracheostomy) were excluded; studies performed on
patients requiring non-invasive mechanical ventilation
were included in the scope of the review. Studies
which did not analyse the effect of any prevention
measure were also excluded. Focus was placed on
identifying the most relevant publications, namely
meta-analyses, systematic reviews and studies contain-
ing results from randomized control trials (RCT) ex-
cept for mobilization where all relevant studies were
included. Some infection control bundle studies were
also included when relevant.
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Professional societies’ guidelines and
recommendations
There are several recommendations for pneumonia pre-
vention issued by international guideline committees
and professional societies. Although recommendations
differ, all of the guidelines available focus on VAP pre-
vention and not specifically on prevention of pneumonia
outside the ICU (Table 1). General agreement was found
for the following VAP preventive measures: hand hy-
giene, microbiologic monitoring, bed elevation, oral care
with antiseptic, use of orogastric tubes, avoidance of
endotracheal intubation and promotion of non-invasive
ventilation [3, 8, 17–28]. Physiotherapy or mobilization
as a preventive measure for VAP has not been equally
addressed by the different societies. Among VAP preven-
tion recommendations, some measures could theoretic-
ally also target HAP prevention, such as hand hygiene,
oral care with antiseptic, aspiration prevention, bed ele-
vation and early mobilization.

Measures for HAP prevention
The heterogeneity of the interventions investigated
(hand hygiene, oral care, prevention of aspiration and
dysphagia, bed position, mobilization, prevention of viral
infections, antibioprophylaxis and stress-bleeding
prophylaxis) did not permit a meta-analysis.

Hand hygiene
Hand hygiene is an effective measure to prevent HAI
[29–32]. Nevertheless, no clinical trial has demonstrated
its efficacy for decreasing specifically pneumonia outside
the ICU. Pittet et al. [29] showed that access to bedside
antiseptic handrubs contributed to an increase in hand
hygiene compliance leading to an overall significant re-
duction in nosocomial infection prevalence (from 16.9
to 9.9%). Hence, the implementation of programmes to
enhance hand hygiene adherence by health care workers
(HCWs) and use of alcohol-based disinfectants could
potentially contribute to HAP reduction, but further
studies are needed to demonstrate its preventive effect-
iveness, independent of other measures.

Oral care
Aspiration of oropharyngeal secretions is an important
pathogenic event preceding HAP. Silent aspiration into
the intrathoracic airway occurs in normal subjects and is
more pronounced in elderly and neurologically impaired
patients [15, 33]. The impact of oral care in reducing re-
spiratory tract infections, HAP and mortality has been
documented in several clinical trials and has been sub-
ject to systematic reviews and meta-analysis [34–37].
Three systematic reviews and one meta-analysis address-
ing the preventive effect of oral hygiene in pneumonia

among individuals staying at health-care facilities were
selected (Table 2).
Azarpazhooh et al. [37] conducted a systematic review

to examine the evidence for a possible etiological associ-
ation between oral health and pneumonia. The review
found that presence of cariogenic and periodontal patho-
gens in saliva and dental plaque, dental decay and poor
oral hygiene were potential risk factors for HAP. Ten
studies analysing the impact of oral care interventions in
the incidence or progression of pneumonia were ana-
lysed; three of them were not randomized. The interven-
tions included in the studies were: professional dental
care, mouthrinse with 0.12% chlorhexidine (CHX), appli-
cation of 0.2% CHX gel, 1% povidone-iodine (PVI)
scrubbing of pharynx, topical application of a non-
absorbable antibiotic solution and topical antimicrobial
prophylaxis. Studies were performed in ICUs (n = 6),
nursing homes (n = 3) and in a general hospital (n = 1).
Except for 1 study, all studies showed that interventions
reduced the incidence of pneumonia and/or the length
of mechanical ventilation. Overall, this review found a
relative risk reduction in pneumonia incidence between
34 and 83% following oral decontamination techniques.
Sjorgen et al. [36] conducted a systematic review fo-

cusing on the preventive attributes of oral hygiene
(0.12% CHX oral rinse, tooth-brushing, 1% PVI scrub-
bing of pharynx or professional mechanical oral health
care weekly) on pneumonia and respiratory tract infec-
tion among hospitalized elderly people and elderly nurs-
ing home residents. It included five RCTs and 10 non-
randomized intervention studies, all suggesting an asso-
ciation between poor oral hygiene and pneumonia in
dependent elderly people. Data from the included RCTs
were not considered for meta-analysis because of the
heterogeneity in primary endpoints, methodological
quality and study design. The analysis revealed an abso-
lute risk reduction between 6.6 and 11.7% for pneumo-
nia, respiratory tract infection and death from
pneumonia.
A meta-analysis investigating the effect of oral care on

pneumonia among non-ventilated patients was conducted
by Kaneoka et al. and included five RCTs, two of which
assessed the use of CHX in hospitalized patients and the
remaining three the impact of mechanical oral cleaning
among nursing home residents [34]. A significant risk re-
duction for pneumonia (relative risk (RR) 0.61, 95% CI
0.40–0.91) as well as a risk reduction for fatal pneumonia
(RR 0.41, 95% CI 0.23–0.71) were observed. However,
these results should be interpreted with caution. The ma-
jority of the RCTs were at high risk of selection bias in
that they did not include participants with risk factors for
pneumonia, such as patients with nasogastric tubes or se-
vere dementia. Furthermore, a precise and reproducible
definition of pneumonia was not provided in two RCTs.
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Table 1 Guidelines and recommendations for the management of hospital-acquired pneumonia, ventilator-associated pneumonia and healthcare-associated pneumonia

Author/Society Country/Region Year HAP prevention
measures

VAP prevention
measures

Hand
hygiene

Microbiologic
monitoring

Invasive device
removal

Avoid endotracheal
intubation

Reduction in the
prescription of AB

Centres for Disease Control and
Prevention [17]

USA 2003 NA Available R R DR R DR

Infectious Diseases Society of America [3] USA 2005 NA Available R R DR R DR

Latin American Thoracic Society [18] Latin America 2005 NA Available R R DR R DR

Federation of the Infectious Diseases
Societies of South Africa [19]

South Africa 2005 NA Available R R DR DR R

Association for Professionals in Infection
Control and Epidemiology [20]

USA 2005 NA Available R R R R R

The South African Thoracic Society [21] South Africa 2006 NA Available R R R R R

Brazilian Society of Pneumology and
Tisiology [22]

Brazil 2007 NA Available R R R R R

Portuguese Societies of Pneumology and
Intensive Care [23]

Portugal 2007 NA Available R R R R R

The British Society for Antimicrobial
Therapy [24]

England 2008 NA Available R R DR R DR

Association of Medical Microbiology
and Infectious Diseases [25]

Canada 2008 NA Available R R R R R

European Society of Clinical Microbiology
and Infectious Diseases [8]

Europe 2009 NA Available R R R R R

The French Society of Hospital
Hygiene [26]

France 2010 NA Available R DR DR R DR

The Spanish Society of Pulmonology
and Thoracic Surgery [27]

Spain 2011 NA Available R R R R R

Singapore Infection Control Association
and Singapore Society of Intensive Care
Medicine [28]

Singapore 2013 NA Available R R DR DR DR

Author/Society Avoid
reintubation

Promote NIV
if possible

Orogastric
tubes

Cuff pressure
(mmHg)

Bed
elevation

Subglotic
aspiration

Silver or AB
endotracheal tube
coating

Oral
decontamination

SDD

Centres for Disease Control and
Prevention [17]

R R R DR R NR DR NR NR

Infectious Diseases Society of America [3] R R R 20 R R DR NR NR

Latin American Thoracic Society [18] R R R DR R R DR R NR

Federation of the Infectious Diseases
Societies of South Africa [19]

DR DR R DR R NR DR R NR

Association for Professionals in Infection
Control and Epidemiology [20]

DR R DR DR R R DR R NR

The South African Thoracic Society [21] DR DR R DR R DR DR DR DR
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Table 1 Guidelines and recommendations for the management of hospital-acquired pneumonia, ventilator-associated pneumonia and healthcare-associated pneumonia
(Continued)

Brazilian Society of Pneumology and
Tisiology [22]

NR R DR 20 R R DR R NR

Portuguese Societies of Pneumology
and Intensive Care [23]

R R R DR R DR DR R DR

The British Society for Antimicrobial
Therapy [24]

R R DR 25 R R DR DR R

Association of Medical Microbiology
and Infectious Diseases [25]

R R R 20 R R DR R NR

European Society of Clinical Microbiology
and Infectious Diseases [8]

R R R 20 R R DR R NR

The French Society of Hospital Hygiene
[26]

DR R R 25-30 R NR DR R NR

The Spanish Society of Pulmonology
and Thoracic Surgery [27]

DR R DR DR R R R R NR

Singapore Infection Control Association
and Singapore Society of Intensive Care
Medicine [28]

DR DR R DR R R DR R DR

AB antibiotic, DR don’t refer, HAP hospital-acquired pneumonia, NA not available, R recommended, VAP ventilator-associated pneumonia, NIV non-invasive ventilation, NR not recommended, SDD selective
digestive decontamination
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Table 2 Systematic reviews about the association between oral care and reduction in pneumonia or respiratory tract infection

Author, journal, date Type of studies included Population Type of intervention Major conclusion

Azarpazhooh A. et al.,
J Periodontol, 2006 [37]

Systematic Review (7 RCT,
3 control trials)

Elderly adults living in nursing
homes, ICU patients and patients
from a general hospital

Professional dental care, mouthrinse with
0.12 % CHX, application of 0.2% CHX gel,
1% PVI scrubbing of pharynx, topical
application of a non-absorbable antibiotic
solution and topical antimicrobial prophylaxis

Oral care reduces incidence
of pneumonia

Sjorgen P. et al., J Am
Geriatr Soc, 2008 [36]

Systematic Review (5 RCT,
1 systematic review, 3 case–
control trials, 5 cross-sectional
trials, 1 retrospective trial)

Dependent elderly people 0.12% CHX oral rinse, tooth-brushing, 1%
PVI scrubbing of pharynx or professional
mechanical oral health care weekly

Oral care prevents pneumonia,
respiratory tract infection and
death from pneumonia

Kaneoka A. et al., Infect
Control Hosp Epidemiol,
2015 [34]

Systematic Review (4 RCT)
and Meta-analysis (5 RCT)

Hospitalized non-ventilated
patients and patients living
in nursing homes

0.2% CHX application, 0.12% CHX gargle,
tooth brushing performed by dental
professionals, ± 1% PVI scrubbing of pharynx

Oral care prevents pneumonia
and fatal pneumonia in
non-ventilated patients

El-Rabbany M. et al.,
Int J Nurs Stud, 2015 [35]

Systematic Review (28 RCT) Elderly adults living in nursing
homes and ICU patients

Professional dental care, sodium bicarbonate
mouthrinse, toothbrushing, 0.12% and 0.2%
CHX, topical application of a non-absorbable
antibiotic solution and PVI swab

Oral care was suggested to be
associated with a reduction in
the risk for HAP and VAP in
high-risk patients

CHX chlorhexidine, HAP hospital-acquired pneumonia, ICU Intensive Care Unit, PVI povidone-iodine, RCT Randomized Control Trials, VAP ventilator-associated pneumonia
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El-Rabbany et al. [35] updated the Azarpazhoo et al.
systematic review in 2015, including the only RCTs
which evaluated the impact of different health care strat-
egies on incidence of HAP and VAP. Twenty-eight RCTs
were selected for analysis and addressed the following
interventions: 1) professional dental care, 2) sodium bi-
carbonate mouthrinse, 3) toothbrushing, 4) 0.12 and
0.2% CHX, 5) topical application of a non-absorbable
antibiotic solution and 6) PVI swab. Although all in-
cluded trials had a randomized controlled design, the
risk-of-bias evaluation revealed that the majority of the
included studies presented with a moderate to high risk
of bias [38]. Overall, the use of oropharyngeal decon-
tamination using various antimicrobial interventions was
suggested to be associated with a reduction in both VAP
and HAP. Twelve of the 17 studies reviewing the efficacy
of CHX failed to demonstrate a significant effect. The ef-
fectiveness of other measures such as tooth brushing or
iodine swab remained uncertain.

Prevention of aspiration and dysphagia
Dysphagia is the most important risk factor for aspir-
ation pneumonia, especially in elderly and acute stroke
patients. It is estimated that 43–54% of stroke patients
with dysphagia aspirate and 37% of the later will develop
pneumonia [39].
A systematic review published in 2001 including 1808

studies analysed dysphagia programmes and prevention of
pneumonia among post-stroke patients, mainly focusing
on the methodology used for the diagnosis of dysphagia
[39]. The diagnostic methods analysed were: 1) patient-
s’reports of swallowing difficulty, 2) bedside program
evaluation, 3) videofluoroscopic study of swallowing and
4) fiberoptic endoscopic examination of swallowing. Al-
though no RCTs were found in the search, the implemen-
tation of a systematic programme for diagnosis and
treatment of dysphagia in acute stroke patients seemed to
substantially reduce pneumonia rates compared with his-
torical controls in 4 different case series. The small size of
available studies did not allow determination of the rela-
tive efficacy of different diagnostic methods.
Foley et al. conducted in 2008 a systematic review in-

cluding 15 RCTs that analysed the treatment of dysphagia
in post-stroke patients in respect of death, return to func-
tional swallowing and pneumonia [40]. The treatments
analysed in the review were: 1) texture-modified diets, 2)
swallowing therapy programmes, 3) non-oral feeding, 4)
use of medications (nifedipine) and 5) physical stimulation
(aromatherapy, cold stimulus of the faucial pillars). Ac-
cording to the authors, the methodological quality of the
trials was only fair. Due to the small number of trials
found in the search as well as the heterogeneity of treat-
ments and outcomes evaluated, limited evidence was
found to support a specific treatment for dysphagia.

Nevertheless, the analysis performed suggested that naso-
gastric tubes do not appear to increase the risk of death
when compared with percutaneous endoscopic gastros-
tomy feeding tubes. Furthermore, general swallowing pro-
grams were associated with a pneumonia risk reduction in
acute stroke patients.

Bed position
The positioning of mechanically ventilated patients in a
semi-recumbent position for preventing pneumonia has
been advocated for more than a decade [3, 8, 17–28].
However, the possible impact of semi-recumbent pos-
ition in HAP prevention among non-ventilated patients
has not been extensively studied.
In 1992, a RCT including 45 dependent patients ad-

mitted to a Japanese geriatric hospital analysed the im-
pact of bed elevation for at least two hours after each
meal and daily cleaning of the oropharynx (gargling for
a few minutes with PVI) compared to standard care in
the prevention of respiratory tract infections [41]. Febrile
days were significantly decreased (up to 4 days) in the
intervention group compared to the control group.
However, which measure (oral hygiene or bed elevation)
contributed more to the reduction in febrile days could
not be assessed in this study.
Loan et al. conducted a RCT including 229 adults and

children with tetanus admitted to a Vietnamese hospital
[42]. The intervention group was assigned to a semi-
recumbent position of 30°. The study included ventilated
and non-ventilated patients as well as tracheostomized
subjects. Development of pneumonia and mortality did
not differ between the intervention (semi-recumbent
position) and control group (supine position). In fact, an
increase in the overall complication rate (65.0% versus
50.9%, p = 0.03) and a need for tracheostomy (58.9% ver-
sus 45.5%, p = 0.04) were observed in the intervention
group. Thus, clinicians should be aware of the risk that
non-ventilated patients may often change their position-
ing and may even increase the likelihood of microaspira-
tions and further complications.

Mobilization
Development of HAP is associated with a reduction in
respiratory secretions’ clearance, which in turn is related
to physical inactivity. Some recommendations for VAP
prevention include physiotherapy and early mobility pro-
grammes [3], but sparse data is available for HAP
prevention.
Cuesy et al. conducted a RCT evaluating the prevent-

ive effect of a “turn-mob” program for HAP [43]. The
study included 223 non-ventilated patients with acute is-
chemic stroke. The intervention group (n = 111) was
submitted to the “turn-mob” program, the later consist-
ing of modifying the patient from supine to right and left
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lateral recumbent position every two hours and passive
mobilization of the limbs every 6 h. The intervention
was carried out by previously trained relatives of the pa-
tient. The control group (n = 112) was submitted to
change of position by the nursing staff 3 times per day.
Performing passive mobilization and postural changes
was associated with a 61% relative decrease in the inci-
dence of HAP (intervention group- 12.6% versus control
group- 26.8%; RR 0.39, 95% CI 0.19–0.79). Of note, the
high HAP incidence (19.7%) observed in this study is
twice the rate usually reported for acute stroke patients
[44]. Furthermore, the turn-mob program was per-
formed every two hours; thus, wide implementation of
this strategy, carried out by patient family members or
by HCWs, seems to be too cumbersome and time-
consuming to be applied broadly.
A prospective cluster study including 1179 subjects

from elderly and respiratory care compared the effect of
an early mobility bundle programme in one hospital to
usual care in a second one [45]. The primary outcome
was incidence of HAP. The intervention consisted of en-
hancing measures and equipment (availability of walking
aids, of mobility charts, education…) in order to maximize
patients’mobility. After adjustement on admission condi-
tion, age and patient comorbidity, the intervention
remained associated with lower incidence of HAP with a
hazard ratio of 0.39 (95% CI 0.22–0.68). But these results
should be interpreted with caution: patients were not
randomized and there were some significant differences
between the groups in terms of demographics and comor-
bidities; falls were significantly higher in the intervention
group in comparison with the control group (29.2% versus
18.4%). Randomized studies are warranted to prove clin-
ical effectiveness and lack of adverse events of this kind of
intervention for elderly patients.

Other preventive interventions
Besides the above mentioned interventions, other pre-
ventive measures have been considered for the preven-
tion of HAP.
Viral infections- among patients with HAP, approxi-

mately 20% are due to viral pathogens and are associated
with increased morbidity and mortality [46, 47]. Respira-
tory viral infections, especially influenza and respiratory
syncytial virus, affect mainly immunocompromised pa-
tients and nosocomial transmission is common [48].
Multimodal interventions including 1) contact and drop-
let precautions, 2) cohort nursing, 3) influenza vaccin-
ation of HCW and high risk populations, 4)
chemoprophylaxis to residents in long term care facil-
ities during an influenza outbreak and 5) generalized use
of masks irrespective of vaccination status have shown
to be effective in prevention of nosocomial spread of in-
fluenza and other respiratory viruses [46, 48–50].

Antibioprophylaxis- acute stroke patients are especially
vulnerable to infections due to diverse factors: swallowing
disturbances, altered mental status, use of invasive proce-
dures (urinary catheterisation; mechanical ventilation) and
immunodepression [51]. Considering the higher risk of
infection among these patients, a possible benefit by pre-
emptive antibiotic therapy has been considered. A
Cochrane systematic review found six RCTs including 506
acute ischemic or haemorrhagic stroke patients. Of these,
five were included in a meta-analysis and identified a sig-
nificant reduction in the general infection rate from 36 to
22% with antibiotic prophylaxis [51]. A recent multicentre
RCT included 2538 patients with acute stroke to investi-
gate the effect of intravenous ceftriaxone (2 g daily for
4 days) in the functional outcome at 3 months (modified
Rankin Scale), infection rates, death, antimicrobial use
and LOS [52]. Although the intervention group had a sig-
nificant reduction in the rates of overall infection (odds ra-
tio (OR) 0.44, 95% CI 0.30–0.65), the same effect was not
observed for pneumonia (OR 0.67, 95% CI 0.39–1.15).
Neither functional outcome, nor mortality or LOS was re-
duced with the intervention, and therefore, there is cur-
rently not enough evidence of benefit from the use of
prophylactic antibiotics in acute stroke patients.
Stress-bleeding prophylaxis- increase in gastric pH can

lead to an increase in bacterial colonization. Sultan et al.
[53] have performed a meta-analysis to examine the asso-
ciation between proton pump inhibitors (PPIs) treatment
and respiratory infections. They included 7 RCTs and
showed a trend towards an association between PPIs and
respiratory infections, although it failed to reach statistical
significance (OR 1.42, 95% CI 0.86–2.35; P = 0.17). Eom et
al. [54] have studied the association between the use of
acid-suppressive drugs and the risk of pneumonia. Meta-
analysis of 23 RCTs examining risk of HAP in association
with use of histamine-2 receptor antagonists showed a
higher risk of HAP among subjects receiving those drugs
(RR 1.22, 95% CI 1.01–1.48). Of note, few RCTs have been
performed outside the ICU setting.
Multimodal strategies- Juthani-Metha et al. conducted

a cluster RCT evaluating the impact of a multimodal
intervention protocol for pneumonia prevention among
834 elderly people residing in 36 nursing homes [55]. The
study was limited to patients at high risk for pneumonia
(residing at a nursing home for at least 1 month, and who
had at least one of two risk factors for pneumonia: im-
paired oral hygiene; swallowing difficulty) which does not
represent the entire elderly population residing in nursing
homes [56]. The intervention consisted of manual tooth/
gum brushing and 0.12% CHX oral rinse twice daily, plus
maintaining an upright position during feeding. The inter-
vention did not reduce the incidence of pneumonia nor
respiratory tract infections compared to usual care. Of
note, the trial was terminated early for futility.
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Conclusion
Data concerning prevention of HAP in non-ventilated
adult patients, breathing without assistance through a
tracheal tube is scarce and of a poor quality. Therefore
formal recommendations and evidence-based guidelines
are not available. This is in contrast to VAP prevention
that encompasses a large body of evidence and import-
ant research efforts, leading to strong guidelines and rec-
ommendations from professional societies.
Regarding oral care, the majority of studies included in

reviews and meta-analyses had a high risk of bias and
there was heterogeneity concerning the type of interven-
tions studied. Nevertheless, chemical oral care is associ-
ated with a reduction in HAP and mortality [35–37].
Further studies are needed to clarify the impact of spe-
cific measures (CHX, toothbrush, PVI and professional
oral care), their optimal frequency, and whether there is
an existence of a synergistic combination of different
oral care interventions on HAP prevention.
Implementation of systematic programs for the diag-

nosis and early treatment of dysphagia may lead to dra-
matic reductions in HAP rates among neurologically
impaired patients [39, 40]. Further studies are needed to
define the best diagnostic approach as well as the best
treatment modality for dysphagia.
Implementation of multimodal programs for the pre-

vention of nosocomial transmission of viral infections,
especially seasonal and pandemic influenza is a corner-
stone of HAP prevention during winter season [49]. Uni-
versal use of mask irrespective of vaccination status is
effective in reducing nosocomial transmission of influ-
enza, but may be difficult to implement [57, 58]. HCW
vaccination, cohort nursing and antiviral prophylaxis for
high risk patients during an outbreak reduce transmis-
sion and the deleterious consequences of influenza infec-
tion, including lower respiratory tract infections [46, 48].
Although only two studies were found, early

mobilization interventions appear to reduce HAP inci-
dence [45]. Post-stroke patients in particular could bene-
fit from early mobilization, especially in the 48 h after
the ischemic event [43]. But the benefit/risk balance of
intensive programs needs to be further evaluated, moni-
toring also the risk of falls.
We were unable to make definite conclusions regard-

ing the impact of bed position or stress bleeding prophy-
laxis on HAP due to the small number of studies
performed as well conflicting results between them. Sys-
tematic antibioprophylaxis for HAP prevention should
be avoided.
Although no clinical trial has demonstrated efficacy of

hand hygiene for decreasing specifically HAP, standard
precautions and cleaning practices are the cornerstone
to reduce cross-infection. Focusing prevention on reser-
voirs, with good respect of hand hygiene, and the portal

of entry, by improving basic oral care, may be the most
realistic approaches for preventing HAP in non-
ventilated patients.
A number of limitations should be kept in mind re-

garding the available evidence. Firstly, the criteria used
for HAP diagnosis were heterogeneous across the litera-
ture. Second, few RCTs were found concerning most
preventive measures, and some studies had small sample
sizes. Third, the populations targeted in the studies, the
interventions and the outcomes analysed were very
heterogeneous.
In conclusion, for clinical practice, the following mea-

sures may be recommended for non-intubated adult
patients despite the above-cited methodological limita-
tions: 1) to respect the five moments for hand hygiene
[59], 2) to perform daily oral care with antiseptics, 3) to
implement a systematic programme for diagnosis and
treatment of dysphagia among post-stroke patients, 4) to
implement interventions for preventing the nosocomial
spread of viral infections during winter season, 5) to sup-
port early mobilization of patients by taking into account
the risk of falls, 6) to avoid systematic antibiotic prophy-
laxis for HAP prevention. The effect of bed position, acid-
suppressive drugs as well as the synergistic effect of more
than one preventive measure on HAP incidence needs to
be evaluated in further controlled trials.
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