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ABSTRACT

Non-ventilated hospital acquired pneumonia (NV-HAP) is defined as pneumonia that develops at least 48 h after hospital admission in the non-invasively ventilated
patient. Guidance in the management of NV-HAP has historically used extrapolated research from the wider field of HAP, which includes patients with the separate
clinical entity of ventilator associated pneumonia (VAP), or the field of community acquired pneumonia (CAP). However, NV-HAP is being increasingly recognised as
a subtype of HAP owing to its high incidence, mortality, morbidity and health-economic burden. With a wide range of underlying causative organisms, the man-
agement approach focuses on initial broad-spectrum coverage of common bacterial pathogens. If microbiological results are available, targeted treatment can be
started. Throughout all phases of treatment, supportive measures must also be considered. This includes the use of physiotherapy, oxygen and ventilatory support,
fluid therapy and nutritional support. Research is ongoing into novel treatments, including new antimicrobials, nebulised therapies and monoclonal antibodies.
Future research would benefit from a focussed approach that aims to standardise clinical and research definitions and treats NV-HAP as a separate entity to VAP.
Collection of specific data would allow for the development of risk-stratification or severity tools which have been fundamental in improving the management of
other pneumonia patients, for example, the use of CURB-65 in CAP. Review of commonplace supportive measures in the NV-HAP population would also be beneficial
in view of the mostly frail co-morbid population affected.

Introduction
Aim

Hospital acquired pneumonia (HAP) is defined as an acute lower
respiratory tract infection which is acquired after at least 48 h of
admission to hospital and was not incubating at admission (Nice, 2018).
This definition has been widely adopted and has meant that HAP has
become a distinct subtype of pneumonia in clinical, research and policy
settings. The subcategorising of HAP into non-ventilated HAP (NV-HAP)
and ventilator associated pneumonia (VAP) has been driven by the
varied causative organisms and management strategies of these discrete
phenomena (di Pasquale et al., 2016). Whilst the evidence base for VAP
is vast, there is a paucity of understanding surrounding NV-HAP. Sub-
sequently, much of clinical practice is guided by extrapolated data from
research into community acquired pneumonia (CAP) and VAP. Although
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there is clearly a degree of commonality in these pulmonary infections,
the extrapolated evidence approach is being increasingly recognised as
suboptimal. Each of these conditions has unique causes and differently
impacts distinct patient populations with varying treatments and com-
plications (Di Pasquale et al., 2016 Feb 25). This review aims to provide
a narrative summary of the available evidence base for the management
of NV-HAP to guide clinicians, researchers and commissioners.

Epidemiology

NV-HAP is a common phenomenon and carries a significant mor-
tality. In Europe, point prevalence studies have demonstrated that 1.38
% of hospitalised patients have a HAP or lower respiratory tract infec-
tion (Cassini et al., 2016 Oct 18). Similar incidence is reported in the
United States (US) where HAP has been reported as occurring in 1 % of
all hospitalised patients (Giuliano et al., 2018; Carey et al., 2022;
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Greene, 2020). Furthermore, it has a significant impact on patient
morbidity and survival, and is associated with increased lengths of stay,
higher healthcare costs and increased 30-day mortality, 1-year mortal-
ity, and rates of inpatient sepsis (Cassini et al., 2016 Oct 18; Giuliano
et al., 2018; Carey et al., 2022). Longer term outcomes are not known.
The healthcare-associated costs are estimated at $40,000 (USD) per
patient (Giuliano et al., 2018). Data from the UK National Health Service
(NHS) are often combined figures for NV-HAP and VAP. NHS-reported
mortality for these combined conditions is between 30 and 70 %, with
an increase in hospital length of stay by 7-9 days (NICE, 2019; NICE,
2012). A prospective survey of older adults over a 12 month period in
one centre in the UK found the risk of NV-HAP to be 0.3 % per day in
hospital, concluding that HAP was over-diagnosed in older age groups
(Burton et al., 2016). Healthcare associated infection surveillance re-
ports, which report data from across Europe, demonstrate the scale of
the issue — with pneumonia accounting for 21.4 % of health care asso-
ciated infections (Torres et al., 2017). The epidemiology of NV-HAP
specifically within the NHS, and therefore the total cost in financial
and patient terms in the United Kingdom (UK), to our knowledge, is not
clearly reported.

Available guidelines

There are several guidelines available to clinicians treating NV-HAP,
including a National Institute of Clinical Excellence (NICE) guideline
(NG139) from 2019 which focuses on antimicrobial prescribing (NICE,
2019). Although these guidelines are useful for clinicians to reference,
the stakeholder consultation feedback published alongside NG139
highlights challenges with the production of such recommendations.
Most pertinently, the feedback emphasises the imperative to focus on: 1)
local resistance patterns and 2) the unique characteristics of the local
population when selecting an appropriate antimicrobial. It is excep-
tionally challenging to provide national or international antibiotic pre-
scribing guidelines for common infectious syndromes with a variety of
underlying organisms, and this caveat must be recognised when using
guidelines to steer clinical practice.

The European Respiratory Society (ERS) has also produced guide-
lines on the management of HAP and VAP. This guideline aims to guide
the clinical management approach, rather than the particular antimi-
crobial agent of choice (Torres et al., 2017). In the United States, clinical
practice guidance has been produced by the Infectious Diseases Society
of America in conjunction with the American Thoracic Society (Kalil
etal., 2016 Sep 1). This guidance answers 25 questions in relation to the
diagnosis and treatment of VAP and HAP. The relevant recommenda-
tions from each of these guidelines are explored in the discussion section
of this paper below.

Aetiology

One of the challenges in the management of NV-HAP is the broad
range of causative organisms. This review focusses on the management
of bacterial causes, but there are also viral and fungal pathogens (Fine,
2020).

The most common bacterial agents in VAP are thought to be the
result of aspiration of organisms colonising the upper respiratory tract,
and therefore are most commonly gram-negative bacteria such as
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, and Aci-
netobacter spp. (Papazian et al., 2020 May 10). NV-HAP is a different
entity and patients with early onset disease (<5 days into hospital
admission) usually have a bacterial cause more commonly associated
with community acquired pneumonia (CAP), such as Haemophilus
influenzae, Streptococcus pneumoniae, or methicillin-susceptible Staphylo-
coccus aureus (Sopena and Sabria, 2000). NV-HAP which develops more
than 5 days from admission typically has a gram-negative cause, much
like VAP (Sopena and Sabria, 2000). Viral causes, such as influenza or
SARS-CoV-2, are largely spread in local outbreaks. Less commonly, NV-
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HAP is caused by fungal disease such as aspergillosis in vulnerable pa-
tient subgroups (Fine, 2020).

Methods

This narrative review provides an overview of the current landscape
surrounding the management of NV-HAP and proposes future prospects
for treatment. The following search terms, and their synonyms, were
used: ‘non-ventilated’, ‘hospital acquired pneumonia’ and ‘manage-
ment’. Through a PubMed search undertaken on 11/4/23, 29 results
were found between 1995 and 2023 (Appendix 1). 21 of these were
excluded after review of abstracts as they were not focused on the
management of NV-HAP or did not present novel information; 1 further
paper was excluded as it was not available in English (Fig. 1). Subse-
quently, with such limited direct evidence available, the authors also
searched more widely to take learning from the fields of CAP and VAP.
Through targeted searches in the areas of interest, utilising the planned
subtitles of this paper, a wider pool of publications was able to be drawn
upon. The authors also utilised published guidance and manually
searched the reference lists of guidelines from the UK, Europe and
America for other important publications (Torres et al., 2017; Shen Lim
et al., 2015; Kalil et al., 2016).

Discussion

The management of NV-HAP will be discussed through four lenses:
1) disease stratification and initial anti-microbial choice; 2) anti-
microbial stewardship; 3) supportive measures and treatment adjuncts
and 4) novel therapies.

Current management

International guidelines use variable clinical definitions of NV-HAP,
but typically thoracic radiology should be performed where there is
clinical suspicion, and a diagnosis made if the patient has new consoli-
dation which is otherwise unexplained within the relevant timeframe
already outlined (Nice, 2018).

Disease stratification and initial anti-microbial choice

Antibiotic treatment should be initiated as soon as possible and al-
ways within 4 h of identifying the diagnosis; the patient must also be
assessed for sepsis early and have received antibiotic treatment within
one hour of a suspected sepsis diagnosis (NICE, 2019). The ERS guide-
lines advise the use of organ dysfunction scores such as Organ
Dysfunction and Infection System (ODIN), Sequential Organ Failure
Assessment (SOFA), Simplified Acute Physiological Score II (SAPS II)
and Acute Physiology and Chronic Health Evaluation II (APACHE II) in

29 titles identified

18 excluded at abstract screening
due to lack of relevance

3 excluded at full text stage due to:
1 being unavailable in researcher
language -
2 due to lack of relevance to NV-
HAP management

8 full text articles informed initial
review

Fig. 1. Consort style diagram of initial search strategy.
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the HAP setting (Torres et al., 2017). As NV- HAP is a leading cause of
nosocomial sepsis, the prompt initiation of treatment is imperative to
reduce its associated morbidity and mortality (Ranes et al., 2010).

Guidance suggests that the choice of antibiotic should be determined
by disease severity and host risk factors for a resistant causative or-
ganism (NICE, 2019). The challenge with a severity-based approach to
treatment is that there are no well-known validated scoring systems to
guide clinicians on disease severity (NICE, 2019). Although a range of
disease severity scores have been applied in clinical trials, for example
the clinical pulmonary infection score (CPIS) and the acute physiology
and chronic health evaluation score (APACHE), these are yet to be
commonplace in clinical settings. This appears to be due to heteroge-
neity in the study populations to which they have been applied and a
lack of reliability in their ability to predict NV-HAP severity (Napoli-
tano, 2010). Researchers have looked to apply CAP severity scores, such
as CURB-65, to NV-HAP to address this (Carrabba et al., 2012). How-
ever, the stark difference in performance of these scores in immuno-
suppressed versus immunocompetent patients in hospital has meant that
they generally perform poorly for the cohort of hospitalised patients as a
whole (Carrabba et al., 2012).

Due to the importance of prompt initiation of treatment, a broad
approach to early antimicrobial cover has been applied to date. Re-
searchers have reviewed the benefit of invasive initial investigation
(using protective brush sampling of specimens) to allow for targeted
initial treatment; however, there is a trend towards higher mortality
when using this approach, and therefore it is not recommended (Herer
et al., 2009). In the UK, national guidance advocates following local
microbiology resistance data when making an antibiotic choice. NICE
have recommended the use of broad-spectrum intravenous (IV) peni-
cillins, cephalosporins or carbapenems as first line options for those with
severe symptoms/signs or those at higher risk of resistance (NICE,
2019). In mild or moderate disease and those not at higher risk of
resistance, NICE have recommended oral co-amoxiclav as a first line
option (NICE, 2019). NICE have advised that patients should be
considered at higher risk of resistance if: their symptoms or signs have
started more than 5 days after hospital admission; they have a comor-
bidity which would put them at increased risk e.g. severe lung disease or
immunosuppression, they have recently received a broad-spectrum
antibiotic; they have known colonisation with multidrug-resistant bac-
teria; or a recent contact with a health or social care setting before their
current admission (NICE, 2019). This recommendation is based on
expert opinion, and there is little original research to support this. The
recently published severe CAP guidance from the ERS advises inte-
grating risk factors based on known local epidemiology and previous
colonisation to guide decision making on drug resistance (Martin-
Loeches et al., 0000). They also discuss the use of scores to assess
resistance risk, and acknowledge that there are several validated scores
available, but these are most valuable in identifying low risk patients
who do not require empirical treatment for drug resistant pathogens
(Martin-Loeches et al., 0000). The risk profile in NV-HAP is likely to be
different to that of severe CAP, so NV-HAP specific scores are needed.

Guidelines suggest that empirical treatment of drug-resistant or-
ganisms should be considered in certain cases, for example, those with
suspected or confirmed methicillin resistant Staphylococcus aureus (MRSA)
infection/colonisation. Due to the limited choice of oral antibiotics with
adequate MRSA coverage, this is typically with IV vancomycin or tei-
coplanin (NICE, 2019). ERS guidelines, which pertain to both NV-HAP
and VAP, suggest that empirical MRSA therapy should be given to
those with over 15 % risk of mortality who are being treated in an
environment where more than 25 % of the Staphylococcus aureus isolates
are methicillin resistant (Torres et al., 2017). The systematic review and
meta-analysis on which this recommendation is based does not use a
specific scoring system to assess mortality risk at a patient level and
therefore the guidelines have not suggested how clinicians can assess
this (Torres et al., 2017; Kumar et al., 2010 Aug). Unfortunately, this
makes this recommendation challenging for clinicians to implement.
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The European guidance, utilising extrapolated data from VAP
studies, also discusses the benefits and harms of monotherapy versus
combination therapy in the context of multi-drug resistant pathogens.
Evidence underpinning this guidance suggests that monotherapy is
effective in patients with mild or moderate disease where there is a
monotherapy effective against > 90 % of gram-negative bacteria locally.
However, in severe illness or septic shock, this recommendation cannot
be safely applied as these patients were outside of the populations
studied (Torres et al., 2017; Heyland et al., 2008; Aarts et al., 2008).

In order to be able to move patients into the second phase of treat-
ment (targeted therapy), adequate microbiological samples need to have
been acquired. In most patients, this will at least be sputum microscopy
and culture, nasopharyngeal swabs, including viral polymerase chain
reaction, and blood cultures (NICE, 2019). However, the rate of sam-
pling is thought to be low. A retrospective study examining the yield of
microbiological samples in NV-HAP found that only 29.4 % of the 1,172
patients in the study had a sputum sample sent (Naidus et al., 2018 Jan
1). Moreover, only 13.2 % of the samples resulted in a positive culture
(Naidus et al., 2018 Jan 1). This highlights the need not only for
improved sampling frequency, but also quality and perhaps focus on
improving methods of microbiological testing. Urinary antigen testing
for legionella species in NV-HAP is often only considered in areas with
high local prevalence or hospital-based outbreaks. Legionella is less
commonly associated with NV-HAP than CAP, but research does suggest
that nosocomial legionella infection carries a higher mortality than
disease acquired in the community (Dagan et al., 2021; Sreenath et al.,
2020). It has been hypothesised that this is due to delayed diagnosis and
initiation of appropriate treatment (Dagan et al., 2021).

Antimicrobial stewardship

Point of care diagnostics. Antimicrobial stewardship is of significant
concern in the management of all bacterial infections and needs to be of
high priority for clinicians treating NV-HAP. The cornerstone of stew-
ardship is reviewing the choice of antimicrobial therapy as soon as
microbiological results are available. This approach is hindered by
waiting for culture results, which take at least 48-72 h and lack sensi-
tivity, and the low rate of microbiological sampling (Wagner et al.,
2020). The INHALE study, published in 2022, aimed to evaluate the use
of rapid molecular diagnostics to guide antibiotic choices in HAP/VAP in
the intensive care unit (ICU), looking at two systems — BioFire® (Bio-
merieux) film array pneumonia panel and Unyvero (OpGen) pneumonia
panel (Enne et al., 2022 Dec). Rapid point of care diagnostic in-
terventions such as that evaluated by INHALE have the potential to
eliminate the need for initial broad-spectrum cover whilst awaiting
culture results (High et al., 2021). The study found that these syndromic
PCR-based diagnostic tests offer improved sensitivity for the microbio-
logical diagnosis of HAP and VAP compared with standard of care
routine culture (Enne et al., 2022 Dec). The study does include patients
with NV-HAP but only in the ICU setting — further research is needed to
evaluate the use of rapid point of care diagnostics in the non-ICU ward-
based environment. The real-world application of such interventions is
not known, with their impact on hospital length of stay, mortality,
morbidity, or patient experience not yet explored.

Length of treatment. This second phase of targeted treatment is made
even more challenging by the decision of when to switch from IV to oral
therapy, and when to cease treatment altogether. Guidance suggests that
an IV to oral switch should be considered at 48 h after treatment initi-
ation, but this recommendation is based on expert opinion rather than
clinical trial data in NV-HAP. Treatment is widely expected to be needed
for at least 5 days to be effective, which is similarly based on expert
opinion (NICE, 2019). Several studies in CAP and HAP have demon-
strated that short antibiotic courses — typically less than 7 days - are
effective at increasing antibiotic-free days whilst not impacting
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mortality rates, and also reduce the recurrence of pneumonia due to
resistant organisms (Shebl et al., 2019; Li et al., 2007; Pugh et al., 2015).
There is little evidence from randomised controlled trials (RCTs)
comparing durations of therapy specifically in NV-HAP, but a Cochrane
review did conclude that on the basis of a single study from 1998, short-
course (three-day) therapy for HAP does not appear to be associated
with worsened clinical outcomes (Pugh et al., 2015). It must be noted
that this study only included patient populations where there was a low
probability of pneumonia according to the CPIS, and therefore the
applicability of this result in a patient with high clinical probability of
NV-HAP is debatable (Pugh et al., 2015). The same study also caveated
their conclusions that in patients with VAP caused by non-fermenting
gram-negative bacilli, short course therapy was associated with a
higher risk of recurrence, although no increase in mortality was seen
(Pugh et al., 2015).

Clinical biomarkers. Although there is limited direct evidence in NV-
HAP, most clinicians and guidelines would advocate the use of clinical
biomarkers, such as C-Reactive Protein (CRP) and procalcitonin (PCT),
alongside microbiological results and the clinical signs and symptoms of
the patient to guide treatment duration (Kalil et al., 2016; Zilahi et al.,
2016; lankova et al., 2018; Lim et al., 2009). Evidence in CAP has shown
CRP to be a sensitive marker of clinical progress. Failure of the CRP to
fall by 50 % by day 4 of illness has been linked with increased rates of
complications (higher 30-day mortality, need for ICU level interventions
and development of empyema) (Lim et al., 2009; Chalmers et al., 2008
Mar). The evidence supporting the use of PCT to guide therapy has been
mixed. A large systematic review and meta-analysis published in 2018
analysed data from 6708 patients receiving PCT guided antibiotic
therapy for acute respiratory infections (Schuetz et al., 2018 Jan). PCT
guided therapy significantly reduced 30-day mortality, antibiotic
exposure and antibiotic related side effects. However, the studies
included in this meta-analysis were highly heterogenous, using PCT
across a variety of settings and respiratory infections. A more recent,
large randomised controlled trial failed to replicate these findings, with
no significant difference found between the antibiotic usage in PCT
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guided therapy or standard care in suspected lower respiratory tract
infections presenting to the emergency department (Huang et al., 2018
Jul 19). Studies investigating the applicability of using PCT in NV-HAP
are lacking and therefore the utility in this setting remains unknown.

Complications. Due to the lack of NV-HAP specific guidance, there is a
requirement for clinicians to be vigilant for complications in all patients
with NV-HAP. This can include monitoring for complications such as
those in Fig. 2. From data available on CAP, it is known that para-
pneumonic effusions are common, developing in up to 57 % of those
with bacterial pneumonia (Shen Lim et al., 2015). Lung abscess (Fig. 3)
are rarer, but should be considered in those with risk factors e.g. alcohol
dependence or following aspiration (Shen Lim et al., 2015). Patients
who are not improving as expected should have further imaging
including plain chest radiographs or computed tomography to assess the
pulmonary vasculature or lung parenchyma, and will also require
thoracic ultrasound to identify the presence of pleural effusions with
subsequent sampling and intervention. All patients who are not
improving as expected with first line treatment, or who have any
resistant pathogens, should be discussed with microbiology specialists
(NICE, 2019). If microbiological samples have also not identified a
target for treatment, clinicians may also consider an induced sputum or
broncho-alveolar lavage. A study on 200 critically unwell NV-HAP pa-
tients found that invasive sampling methods increased the yield of
microbiological results to 56 % when compared with non-invasive
sampling which had a yield of 39 % (p = 0.018) (Ranzani et al., 2019
Feb 18).

Supportive measures and treatment adjuncts

Supportive measures need to be considered and implemented
throughout all stages of treatment. Although there is little original
research supporting the use of these therapies in NV-HAP specifically,
the evidence from the wider field of pneumonia management is typically
applied cautiously given the heterogeneous clinical course of this
distinct diagnosis and syndrome.

Guidelines advocate for use of targeted oxygen therapy with oxygen

Gut Complications:
Clostridium difficile infection

Systemic Complications<—1‘_
Sepsis :
Delirium
Deconditioning
Malnutrition

— ® Pulmonary Complications
Non-resolution
: Parapneumonic effusion
; Empyema
ke Lung abscess
5 Necrotising pneumonia
Organising pneumonia

R

Fig. 2. Complications of NV-HAP or its treatment. Created with BioRender.com.
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Fig. 3. These chest radiographs and a section of a computed tomography scan demonstrate the evolution of a lung abscess in a patient with pseudomonas associated
HAP. The top left image was taken on admission, the top right 5 days after admission, the middle left 10 days after admission and the middle right 20 days after
admission with the insertion of an interventional radiology assisted drain into the abscess. The bottom image is a slice of a CT scan demonstrating the abscess taken

11 days after admission.

saturations appropriately set for the individual patient based on their
risk of hypercapnic respiratory failure, fluid therapy guided by clinical
hydration status and VTE prophylaxis for all patients who are not fully
mobile or at increased thrombotic risk (Shen Lim et al., 2015; Lim et al.,
2009). This recommendation is supported by robust meta-analysis data

which demonstrates a 56 % and 58 % reduction in DVT and PE
respectively when using heparins for venous thromboembolism pro-
phylaxis when compared with control in medical inpatients (Mismetti
et al., 2000 Jan).

Increased nutritional support, which can be via enteral (including
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nasogastric tube) or parental routes, is also commonly recommended in
guidelines to enhance recovery in those with severe pneumonia
requiring prolonged admission (Shen Lim et al., 2015). Research data
has demonstrated an increased risk of pneumonia in the malnourished
and an increased mortality risk from pneumonia in those with markers
of poor nutritional status such as low BMI, albumin and arm circum-
ference (LaCroix et al., 1989; Riquelme et al., 1997 Dec 1). A rando-
mised controlled trial of hospitalised adults with risk factors for
malnutrition and confirmed lower respiratory tract infection (not
exclusively NV-HAP) in the non-ICU setting, has also found that indi-
vidualized nutritional support to reach protein and energy goals confers
a mortality benefit with a 25 % reduction in 30-day mortality risk
(control 12.2 % vs. intervention 9.1 % with an OR 0.47 (95 % CI 0.12 to
1.27)), although the results for the NV-HAP subgroup analysis did not
reach statistical significance (Baumgartner et al., 2021 Apr).

Similarly to the evidence base for nutritional support, the evidence
for fluid therapy in NV-HAP is rooted in the treatment of sepsis and
pneumonia in general. Guidelines suggest assessment of fluid status to
guide fluid replacement (Shen Lim et al., 2015). The CLASSIC trial
enrolled 1554 patients with septic shock in the ICU setting in an un-
blinded randomised controlled trial to restrictive or standard IV fluid
therapies (Meyhoff et al., 2022 Jun 30). Approximately 25 % of par-
ticipants had a pulmonary source of infection and the authors analysed
this as a subgroup. They concluded that there was no mortality differ-
ence between either group and this was true at pneumonia subgroup
level as well (Meyhoff et al., 2022 Jun 30). More research in NV-HAP is
needed on the best approaches to IV fluid therapy and whether a
restrictive approach would also be successful in this patient group,
particularly given the difference in frailty, age and co-morbid status of
NV-HAP patients in comparison to those treated in ICU which can
compound challenges of fluid therapy.

Currently, due to a highly heterogeneous evidence base, guidelines
recommend against the use of non-invasive ventilation (NIV, both
continuous positive airway pressure (CPAP) and bilevel positive airway
pressure (BiPAP)) to support patients with respiratory failure secondary
to CAP; in practice this same approach has been applied to patients with
NV-HAP (Shen Lim et al., 2015). There is, however, growing early evi-
dence that NIV and high flow nasal oxygen (HFNO) can be safe and
effective in sub-groups of patients with pneumonia, and particularly so
in a closely monitored environment (Yang et al., 2013; Waseem et al.,
2021; Ibrahim and Mohamed, 2018; Kunieda et al., 2016). In the setting
of viral pneumonia, the RECOVERY-RS trial examined the use of respi-
ratory support in patients with COVID-19 and acute respiratory failure,
including patients with nosocomial COVID-19. They concluded that
patients who received CPAP were less likely to require invasive venti-
lation than those who received standard therapy, and that HFNO has no
benefit over standard oxygen therapy (Perkins et al., 2022 Feb 8).
Guidance does not indicate when escalation of care to an ICU may be
best sought in the NV-HAP setting (Melgaard et al., 2018).

Despite being commonplace in the management of NV-HAP, chest
physiotherapy has an inconclusive evidence base and traditional airway
clearance is not recommended for uncomplicated pneumonia (Shen Lim
etal, 2015; Lim et al., 2009; Yang et al., 2013). Although there has been
demonstrable benefit to clinical parameters such as oxygen saturations
and respiratory rate in certain subtypes of pneumonia, such as aspiration
and VAP, there is little evidence of overall outcome improvement
(Waseem et al., 2021; Ibrahim and Mohamed, 2018). The topic has been
assessed through a Cochrane review, which included patients with CAP,
NV-HAP and VAP (Yang et al., 2013). The authors did not perform sub-
group analysis by pneumonia type. Across the spectrum of pneumonia
included there is evidence that very specific techniques in adults, such as
osteopathic manipulative treatment and positive expiratory pressure
can cause a modest benefit in a variety of important outcomes such as
lengths of stay, duration of IV antibiotics and duration of fever, but again
there is no clear mortality benefit (Yang et al., 2013). Physiotherapy
which looks to improve early mobilisation has been shown to be
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particularly effective at reducing length of stay (Kunieda et al., 2016;
Mundy et al., 2003; Melgaard et al., 2018; Larsen et al., 2019). Given
this, current guidance supports early mobilisation with mobility
increased on each subsequent day of admission (Shen Lim et al., 2015).

During the SARS-CoV-2 pandemic, the positive effect seen within the
dexamethasone arm of the RECOVERY trial reignited the debate sur-
rounding the benefit of corticosteroids for the treatment of pneumonia
(RECOVERY Collaborative Group et al., 2021 Feb 25). Research in the
field of bacterial pneumonia suggests a benefit in severe disease where
there is a requirement for invasive mechanical ventilation or evidence of
septic shock (Stern et al., 2017; Ceccato et al., 2021). However, there has
been increased mortality observed in a smaller study investigating sys-
temic steroid use in intensive care unit acquired pneumonia, particularly
in those with NV-HAP or lower disease severity (Ranzani et al., 2012).
Recent ERS guidelines in severe CAP advise the use of corticosteroids in
the presence of shock and that further research into the role of steroids in
bacterial pneumonia is needed to draw firm conclusions on their efficacy
and safety (Martin-Loeches et al., 0000).

Novel therapies

Novel therapies for NV-HAP are needed in the face of progressive
antimicrobial resistance and high levels of mortality and morbidity with
current therapeutic options. These include the development of new
antimicrobials, new routes of administration and the innovative use of
monoclonal antibodies.

New antimicrobials

Recent years have seen the development of new antibiotics to treat
multi-drug resistant (MDR) pathogens, and many of these have been
trialled and approved in HAP. The major advantage of these newer an-
tibiotics is their activity against MDR gram negative bacteria in partic-
ular — a sample of these are explored in further detail below.

Ceftobiprole, a fifth-generation cephalosporin, was approved for use
in CAP and NV-HAP in Europe in 2015 (Liapikou et al., 2015). It is a
particularly useful addition to the armoury of available agents because
of its activity against MRSA (Bassetti et al., 2022; el Solh, 2009; Bar-
beran, 2019; Martinez Pérez-Crespo and Lopez Cortés, 2021 Sep). It has
demonstrated non-inferiority in a Phase 3 study comparing it to cefta-
zidime with linezolid in HAP, with clinically evaluable cure rates of
77.8 % versus 76.2 % respectively (Awad et al., 2014). Treatment-
related adverse events were also similar between the two groups,
demonstrating ceftobiprole to be a safe and effective option for NV-HAP
(Awad et al., 2014). Another cephalosporin with promise for the treat-
ment of HAP is cefiderocol, a siderophore which inhibits gram-negative
bacterial cell wall synthesis through binding to penicillin-binding pro-
teins. It received marketing authorisation in the UK in 2020 and has
been recommended by NICE for treating severe, drug-resistant gram-
negative bacterial infections in guidance published in 2022 (NICE,
2022). It’s been evaluated in several Phase 3 randomized, double-blind
clinical trials, and has demonstrated non-inferiority to meropenem for
NV-HAP/VAP (Wunderink et al., 2021). In patients with carbapenem-
resistant infections, it has also been shown to be comparable to best
available therapy (Bassetti et al., 2021). However, the cefiderocol group
in this study did have a higher all-cause mortality, particularly those
patients infected with Acinetobacter baumannii (Bassetti et al., 2021).
Subsequently, a warning of increased all-cause mortality for patients
with carbapenem-resistant A. baumannii infections treated with cefi-
derocol monotherapy has been released (Shionogi. Fetroja., 2022).

Telavancin is a lipoglycopeptide antibiotic with a dual mechanism of
action: inhibition of cell-wall synthesis and disruption of the bacterial
membrane barrier function (Rubinstein et al., 2014 May). In a post-hoc
analysis of a double-blind phase 3 randomised controlled trial, tela-
vancin was found to be non-inferior to vancomycin in patients with NV-
HAP, and to have fewer incidences of renal side effects (Rubinstein et al.,
2014 May). This makes telavancin an attractive option in NV-HAP
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particularly where there is a strain of S. aureus with reduced activity
against vancomycin (Rubinstein et al., 2014 May). The growing fre-
quency of MRSA has also led to increased interest in antimicrobials
which can treat the serious infections it causes (Gould et al., 2012 Feb).
Linezolid is a good example of another antimicrobial with growing
favour thanks to proven anti-MRSA activity. It has been evaluated in a
large RCT and found to have a significantly higher clinical cure rate
(although similar 60-day mortality) in MRSA nosocomial pneumonia to
vancomycin; it should be noted that approximately two thirds of the
patients in this study were mechanically ventilated (Wunderink et al.,
2012 Mar 1).

The following new combinations of Beta-lactamase inhibitors with
another antibiotic are also being explored for NV-HAP. Ceftolozane-
tazobactam has shown enhanced activity against Pseudomonas aerugi-
nosa with particular efficacy against drug resistant strains (Pfaller et al.,
2021). It has been proven to be non-inferior to meropenem in treating
VAP and has a licence for both NV-HAP and VAP in the UK (Kollef et al.,
2019). Meropenem-vaborbactam has exhibited superior efficacy in
carbapenem-resistant Enterobacteriaceae (CRE) infections (including a
number of patients with respiratory infections), decreasing mortality
and reducing nephrotoxicity when compared with best available treat-
ment in a Phase 3 open label RCT (Wunderink et al., 2018). The com-
posite end points of clinical failure or nephrotoxicity demonstrated a
superior risk-benefit for meropenem-vaborbactam over best available
treatment at 31.3 % vs 80 % with a p < 0.001 (Wunderink et al., 2018).
Imipenem-cilastatin-relebactam has also been proven to be efficacious
in gram-negative NV-HAP/VAP, even in those who are critically unwell,
in a double-blind Phase 3 RCT; it has a licence in Europe for those with
limited treatment options under specialist advice (Titov et al., 2021).
Evaluation of aztreonam-avibactam in a Phase 3 RCT has recently
completed (NCT03329092). This study has included 421 participants
with either HAP, VAP or intra-abdominal infection and has taken place
worldwide; the expected date of result read out has not been published
(Clinicaltrials.gov. A Study to Determine the Efficacy, Safety and
Tolerability of Aztreonam-Avibactam (ATM-AVI) + Metronidazole
(MTZ) Versus Meropenem (MER) + Colistin (COL) for the Treatment of
Serious Infections Due to Gram Negative Bacteria. (REVISIT)., 2023).

Nebulised antimicrobials

Nebulised antibiotics have long been used in the care of patients with
respiratory conditions — namely in the treatment of cystic fibrosis (CF)
and non-CF bronchiectasis (Maselli et al., 2017; Conway, 1999). The use
of nebulised therapy in pneumonia is thought to be particularly prom-
ising, with the potential for increased, more targeted concentration to
the pulmonary tissue and subsequently more infrequent systemic side
effects. Currently they are primarily used as salvage therapy, as an
addition to systemic treatments in patients with MDR gram-negative
bacteria (Niederman, 2019). Colistin and aminoglycosides have been
the most commonly used treatments in pneumonia but large-scale trials,
particularly in those with NV-HAP are lacking (Boisson et al., 2022).

Monoclonal antibodies

The innovative use of monoclonal antibodies heralds an exciting
development in the treatment of NV-HAP. Biologic treatments do not
have the same toxicity as many antibiotics, are generally felt to have less
potential to develop resistance, and usually target one pathogen spe-
cifically which helps to avoid disruption of the hosts microbiome (Zur-
awski and v., McLendon MK., 2020; Kollef and Betthauser, 2021).
Biologic treatments may be pathogen-directed or host-directed. Host-
directed monoclonals exhibit their beneficial effects by interfering with
the host cellular processes needed for pathogen replication or survival or
targeting the host immune response to infection (Wallis et al., 2023
Feb). As demonstrated in the examples discussed below, trials in
monoclonals have trended towards being focussed on patients with VAP.
There is a clear need to also focus on patients with NV-HAP in order to
develop viable options in the face of growing anti-microbial resistance.
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Although promising, the widespread production and use of mono-
clonals in bacterial infection has been slow to progress. As a group of
drugs, they are expensive to produce and their progression to routine
clinical use can be unpredictable. For example, KB0O01-A, an engineered
human antibody Fab fragment that binds with high affinity to the
Pseudomonas aeruginosa PcrV protein, demonstrated potent in vitro
neutralisation and successfully protected mouse models against lethal
pulmonary challenges of the bacteria (Baer et al., 2009 Mar). Initial
human studies of mechanically ventilated patients demonstrated safety
and an early suggestion of efficacy, although in a very small number of
patients (Francois et al., 2012 Aug 31). However, the product has failed
to progress to phase 3 studies, with little communication from the
company about the reasons for this (Zurawski and v., McLendon MK.,
2020).

There are no monoclonal antibodies currently in routine use for NV-
HAP, however, there are several monoclonals in development which
could be beneficial for this patient group. The main focus has been
against Staphylococcus aureus and Pseudomonas aeruginosa as common
causes of nosocomial infection, and therefore highly commercially
viable targets (Zurawski and v., McLendon MK., 2020). AR301, which
targets Staphylococcus aureus (including MRSA) and its secreted alpha
toxin, has demonstrated improved eradication rates when given in
combination with antibiotics when compared with antibiotics alone. It
has subsequently been granted orphan drug status for treatment of
S. aureus pneumonia by the European Medicines Agency and fast track
designation United States Federation for Drug Administration (FDA)
(Zurawski and v., McLendon MK., 2020). Phase 3 trials are underway in
VAP patients and the top line read out from the first of these planned
trials revealed positive results, however these did not reach statistical
significance though this may be a consequence of the small sample size
(Pharmaceuticals, 2023 Jan 25).

Other products, such as MEDI3902, have shown anti-pseudomonal
activity (Zurawski and v., McLendon MK., 2020). MEDI3902 targets
the same protein as KBO01-A, as well as having additional activity by
targeting a surface polysaccharide and affecting P. aeruginosa’s ability to
form biofilms. However, in a phase 2 trial in VAP patients, despite
reaching serum concentrations associated with benefit in animal models
and being safe, there was no reduction in development of P. aeruginosa
pneumonia in the treatment group (Chastre et al., 2022).

Future research

Although the development of novel therapies is interesting, the care
of patients with NV-HAP is unlikely to see significant improvements
without a focus on several other key research areas. Firstly, the research
and clinical community need to agree a unified definition and NV-HAP
needs to be recognised as its own entity separate to VAP in research.
Secondly, NV-HAP specific data collection is required which will allow
for the development of risk stratification and severity scores. Finally, the
optimisation of widely available treatments for example fluid therapy,
physiotherapy, oxygen, ventilatory therapy, and nutritional support in
the context of NV-HAPs mostly frail co-morbid population is required.
Without focussing on these areas first, the research community could
miss the opportunity to create a cohesive approach which allows for
streamlined translation of research results into clinical practice.

Conclusion

In conclusion, NV-HAP is becoming increasingly recognised as a
distinct phenomenon with high mortality, morbidity and health-
economic impact. In order to manage NV-HAP effectively clinicians
must focus on early identification followed by prompt broad-spectrum
treatment which moves into targeted therapy when results are avail-
able; throughout all stages of treatment supportive therapies must be
considered and implemented. New antibiotics, novel delivery mecha-
nisms and innovative biologics will likely be required in the face of
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progressive antimicrobial resistance. Future research priorities should
focus on the collection of NV-HAP specific data, the development of
severity scoring to enable clinicians to best risk stratify patients, as well
as the development of novel therapies.
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