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Executive Summary

In 2020 a group of U.S. healthcare leaders formed the National Organization to Prevent 

Hospital-Acquired Pneumonia (NOHAP) to issue a call to action to address non–ventilator-

associated hospital-acquired pneumonia (NVHAP). NVHAP is one of the most common and 

morbid healthcare-associated infections, but it is not tracked, reported, or actively prevented 

by most hospitals. This national call to action includes (1) launching a national healthcare 

conversation about NVHAP prevention; (2) adding NVHAP prevention measures to education for 

patients, healthcare professionals, and students; (3) challenging healthcare systems and insurers 

to implement and support NVHAP prevention; and (4) encouraging researchers to develop new 

strategies for NVHAP surveillance and prevention. The purpose of this document is to outline 

research needs to support the NVHAP call to action. Primary needs include the development 

of better models to estimate the economic cost of NVHAP, to elucidate the pathophysiology 

of NVHAP and identify the most promising pathways for prevention, to develop objective and 

efficient surveillance methods to track NVHAP, to rigorously test the impact of prevention 

strategies proposed to prevent NVHAP, and to identify the policy levers that will best engage 

hospitals in NVHAP surveillance and prevention. A joint task force developed this document 

including stakeholders from the Veterans’ Health Administration (VHA), the U.S. Centers for 

Disease Control and Prevention (CDC), The Joint Commission, the American Dental Association, 

the Patient Safety Movement Foundation, Oral Health Nursing Education and Practice (OHNEP), 

Teaching Oral-Systemic Health (TOSH), industry partners and academia.

Non–ventilator-associated hospital-acquired pneumonia (NVHAP) affects ~1 in every 100 

hospitalized patients, has a crude mortality rate of 15%–30%, extends hospital length-of-stay 

by up to 15 days, requires ICU admission in up to 46% of non-ICU cases, increases 

antibiotic utilization, and is associated with readmission within 30 days in up to 20% of 

survivors.1–5

Despite the considerable morbidity, mortality, and cost associated with NVHAP, there are 

currently no requirements nor standards for hospitals to track or prevent this complication. 

Healthcare organizations and policy makers have dedicated considerable resources to 

preventing other healthcare-associated infections over the past 20 years. These actions have 

resulted in striking decreases in many device-associated infections, including ventilator-

associated pneumonia; NVHAP rates, however, remain persistently high.6,7

Stakeholders from government, healthcare, industry, and academia formed the National 

Organization to Prevent Hospital Acquired Pneumonia (NOHAP) in 2020 to highlight the 

clinical importance of NVHAP and to catalyze a coordinated movement to prevent NVHAP. 

The purpose of this document is to summarize current knowledge gaps and needs regarding 

NVHAP pathogenesis, surveillance, prevention, policy needs, and impact. Our goal is to 

draw attention to NVHAP and to provide a practical roadmap regarding the information, 

tools, and policy levers required to advance NVHAP prevention.
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Economic impact

Hospital-acquired pneumonia (HAP), including both ventilator-associated and non–

ventilator-associated HAP, is estimated to cost the US healthcare system >$3 billion per 

year.8 Scant data exist on the economic impact of NVHAP alone, but given that NVHAP 

accounts for 60% of HAP, the impact is likely substantial.7 The cost of NVHAP to the 

healthcare system extends beyond the initial hospital stay; 1-year mortality rates are twice 

those of patients with community-acquired pneumonia, and many patients have considerable 

postacute and long-term care needs.9 The specific attributable cost of NVHAP, including 

both predischarge and postdischarge costs, is needed to inform local and national policy 

deliberations and prioritization of prevention resources.10,11

Determining the infection-specific attributable cost of NVHAP will require the application 

of state-of-the-art methods that account for patients’ premorbid conditions, concurrent acute 

diagnoses, and time-dependent confounders to disentangle the costs associated with patients’ 

underlying reasons for admission and other complications from the costs attributable to 

NVHAP itself. Data are also needed to determine the cost-effectiveness of potential NVHAP 

prevention strategies and to determine whether the most cost-effective approach is to 

implement prevention strategies that specifically target pneumonia (eg, oral care, mobility, 

and head-of-bed elevation) versus universal healthcare-associated infection prevention 

strategies (eg, hand hygiene, environmental cleaning) versus some combination of both. 

Investigators tackling other healthcare-associated infections have suggested that universal 

infection prevention interventions may be more cost-effective than targeted interventions, 

but it is not clear whether and to what extent this applies to NVHAP given the distinctive 

pathophysiology and epidemiology of NVHAP.12,13 Important components of any economic 

evaluation of NVHAP prevention strategies should include intervention costs, healthcare 

provider time, procedures, intensive care unit utilization, pharmaceutical and medication 

administration costs, hospital length-of-stay, 30-day readmission, missed work for patients, 

and caregiver costs.12

Research questions in the realm of health economics include the following:

1. How variable is the attributable per-infection cost of NVHAP across underlying 

patient characteristics and settings of care?

2. Which patients are at higher risk for complications associated with NVHAP, and 

do sicker versus healthier patients have different attributable per-infection costs?

3. What are the differences in the average costs of NVHAP at the facility level and 

what is driving those cost differences?

4. What are the most cost-effective strategies for reducing NVHAP?

5. What interventions could potentially reduce the severity and thus the attributable 

costs of NVHAP?

6. Does the attributable cost of NVHAP differ by the organism causing the 

infection or by whether the organism is resistant or susceptible to antimicrobials?
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7. What is the total economic burden of NVHAP in the United States and has this 

changed over time?

8. Did federal policies to provide financial incentives to reduce hospital acquired 

infections lead to a reduction in NVHAP cases?

Pathogenesis

Strategies to improve the prevention, recognition, and treatment of NVHAP are currently 

limited by gaps in understanding of the pathogenesis of NVHAP. Advances in diagnostic 

tools of the microbiome have helped us to better appreciate that the lung is not a sterile 

organ but rather a complex ecosystem of microbes that interact with each other and 

their host.14 Microaspiration and impaired clearance of oral and oropharyngeal secretions 

facilitate the inoculation of potential pathogens into the lungs.15,16 Poorly understood host 

factors then govern whether local inoculations and inflammatory reactions spontaneously 

resolve or progress to clinically overt infection. Infection can be viewed as a disruption of 

the normal equilibrium between the microbes of the oropharyngeal cavity and those in the 

lungs due to host, pathogen, and environmental factors that still need to be characterized.15 

Patient factors that increase the frequency, severity, and consequences of aspiration are 

likely contributors: impaired consciousness due to sedation or neurological disease or frailty, 

increased secretions, and/or overgrowth of organisms in the mouth due to poor oral hygiene. 

Better understanding of the host and microbial factors underlying susceptibility to NVHAP 

and poor outcomes may lead to new approaches and more individualized strategies for the 

prevention and treatment of NVHAP.

Research questions in pathogenesis include the following:

1. How does the oral microbiome influence risk for NVHAP? Is the normal lung 

microbiome protective? Are there particular changes in the lung microbiome that 

predispose or predict development of NVHAP? What factors govern changes in 

the lung microbiome?

2. Is it possible to modulate the microbiome to prevent NVHAP?

3. What is the role of specific oral pathogens in predisposing patients to develop 

NVHAP and to have poor outcomes? Can new diagnostic technologies and 

models of lung infection help elucidate the roles of specific pathogens?

4. Are there interactions between the lung, mouth, gut microbiome, and host 

immunity that moderate risk for NVHAP?

5. What are the best strategies to reduce host susceptibility to NVHAP?

Surveillance

Accurate, timely, and efficient surveillance for NVHAP is critical to inform prevention and 

monitoring efforts. Surveillance helps determine the scope of the problem, identify which 

patients are at greatest risk for NVHAP, and provides the data necessary to target, evaluate 

and quantify the impact of prevention initiatives. NVHAP surveillance is challenging, 
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however, because the clinical criteria for NVHAP are subjective, often inaccurate, variably 

documented, and labor intensive to apply.17

Claims data do not provide a valid basis for surveillance. The estimated sensitivity 

of administrative codes for NVHAP is 40%–60%, and the positive predictive value of 

administrative codes for NVHAP is 25%–50%.18–20 Researchers have begun working on 

alternative surveillance strategies. Wolfensberger et al,21 for example, developed a screening 

algorithm for NVHAP based on orders for radiographic procedures ≥48 hours after 

admission, absence of mechanical ventilation, and presence of fever and/or an abnormal 

white blood cell count. Screening for these criteria rapidly ruled out NVHAP in 94% 

of hospitalized patients; the remaining 6% of cases were manually reviewed for final 

classification. Although this technique helps make manual surveillance more efficient, final 

classifications remain complicated and subjective.

Using natural language processing (NLP) to parse radiographic reports or digital analyses of 

chest radiographic images using machine learning are additional strategies for surveillance. 

The major limitation of radiograph NLP is the limited accuracy of chest imaging 

interpretation itself. Interobserver variability among radiologists is high, and the correlation 

between plain radiographs, computed tomography, and autopsy evidence of pneumonia is 

poor.22

A third strategy leverages clinical criteria from the electronic medical record (EMR) system 

to develop automated surveillance algorithms. Ji et al5 proposed a surveillance definition 

based on concurrent evidence of sustained deterioration in oxygenation, ≥3 calendar days 

of new antibiotics, abnormal temperature or white blood cell count, and orders for chest 

imaging. The investigators were able to apply this definition to EMR data from 4 hospitals. 

They reported an NVHAP incidence of 0.6 episodes per 100 admissions, with a crude 

mortality rate of 28%, figures that match expected values, and good correspondence between 

NVHAP events and clinically diagnosed pneumonias.23 Although this approach has the 

advantage of being objective and efficient, it does not improve the specificity of surveillance.

Research questions for surveillance include the following:

1. What are the most objective, efficient, and generalizable surveillance methods 

for NVHAP?

2. How can we decrease the subjectivity and increase the specificity of NVHAP 

surveillance?

3. To what extent do novel surveillance methods reliably detect and mirror 

meaningful improvements in patient care by demonstrating lower NVHAP rates?

4. What is the magnitude and consistency of associations between NVHAP and 

patient-centered outcomes such as length-of-stay, mortality, and readmissions?

5. How can hospitals easily and effectively leverage their EMR data to facilitate 

automated surveillance?
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Prevention

The development of NVHAP requires a complex interaction of events that includes 

aspiration of microorganisms present in the oral cavity and a vulnerable host. Most 

prevention measures target primary source control (eg, oral care), maintaining patient 

mobility, head of bed elevation, reducing the use of acid-suppressing medications, 

nasogastric-tube care protocols, aspiration precautions, minimizing sedation, patient and 

family education, and the use of chest physiotherapy and incentive spirometry.20,24–31 Many 

have proposed bundling 2 or more of these measures together. Data on the effectiveness of 

these strategies, however, both alone and in combination, are limited.

Oral care is the best-studied NVHAP prevention strategy. The potential importance of oral 

hygiene to prevent NVHAP is suggested by studies demonstrating an inverse association 

between oral hygiene and pneumonia as well as homology between the organisms found 

in HAP patients’ gingival crevices and respiratory specimens.32–34 It has been difficult, 

however, to demonstrate conclusively that improving oral hygiene prevents NVHAP. Many 

before-and-after studies suggest a possible effect of oral hygiene on lowering NVHAP rates, 

but parsing these studies is difficult because they are typically unblinded and thus are at 

substantial risk of bias due to the subjectivity and limited accuracy of NVHAP diagnostic 

criteria.25,35,36 Randomized trials have been conducted, predominantly in ventilated patients 

and nursing-home patients; most have not reported significant associations between 

standardized oral care and lower pneumonia rates.37,38 Combining the VAP prevention 

trials by meta-analysis does suggest that consistent oral care with chlorhexidine may lower 

pneumonia rates, but this signal is driven by open-label studies. There is no signal if one 

restricts the analysis to double-blind studies and no difference in antibiotic utilization, 

length-of-stay, or mortality rates.38 Indeed, meta-analyses of oral care with chlorhexidine 

allow for the possibility that oral care with chlorhexidine may increase mortality rates.39 

Consequently, there is a pressing need for robust, randomized trials evaluating the impact of 

standardized oral care regimens without chlorhexidine on NVHAP in acute-care hospitals. 

Emerging strategies to track pneumonia using EMR data may facilitate more robust 

assessments of the impact of oral care by allowing investigators to track NVHAP more 

efficiently and objectively.5

Mobility is a second promising strategy to prevent NVHAP. Immobility is a risk 

factor for hospital-acquired pneumonia, thrombosis, delirium, prolonged length of stay, 

deconditioning, and aspiration.31,40,41 Clinical audits show that hospitalized patients’ 

muscles can atrophy at a rate of 3%—11% per day, and many patients suffer progressive 

declines in their mobility during hospitalization.41–43 Enhancing mobility may therefore 

help maintain conditioning, limit the need for sedatives, reduce delirium, and prevent 

aspiration.44 Unfortunately, mobility is commonly overlooked and under emphasized during 

routine clinical care.20

Additional strategies that may decrease NVHAP include reducing the use of sedating 

medications, peforming dysphagia screening in high-risk patients, using modified diets 

and feeding strategies for patients with abnormal swallowing, and following standardized 

processes to place and manage feeding tubes.37 Acid suppressants, particularly proton-pump 
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inhibitors, have been associated with higher pneumonia rates in observational studies, but 

randomized trials have not demonstrated a clear impact on ventilator-associated pneumonia; 

it is unclear whether stopping proton-pump inhibitors may be more effective at decreasing 

NVHAP.45,46 Other promising prevention measures include breathing exercises, chest 

physiotherapy, and head-of-bed elevation (“up to eat”), some of which have been associated 

with large decreases in pneumonia in before-and-after studies.29,47 Lastly, higher nurse 

staffing ratios are associated with lower HAP rates and higher adherence to evidence-based 

processes of care and protocols.48

Research questions related to NVHAP prevention include the following:

1. How can we make prevention studies more rigorous and credible? What 

minimum standards should we require of prevention studies before using them to 

inform prevention practice or policy?

2. Can we develop objective consensus criteria to define NVHAP to harmonize 

clinical trials and facilitate comparability?

3. Can we create consensus definitions of prevention strategies, both in terms of the 

nature of each intervention as well as how and when each is measured?

4. Which prevention strategies are most effective in preventing NVHAP and 

improving patient outcomes?

5. Can we develop novel prevention strategies that will outperform current 

strategies?

6. What is the marginal impact of bundling multiple interventions into all-or-

nothing care packages versus promoting individual interventions?

Implementation

It is not enough to know which prevention methods work under trial conditions; it is equally 

important to develop practical and generalizable strategies to help hospitals translate this 

evidence into real-world practice and to confirm that they remain effective in these settings.

Healthcare facilities face significant challenges operationalizing fundamental procedures to 

prevent NVHAP. Challenges include (1) obtaining buy-in from leadership and healthcare 

providers about the importance of NVHAP prevention; (2) overcoming beliefs that NVHAP 

prevention strategies such as oral hygiene and mobility are optional tasks rather than 

standard-of-care interventions; (3) procuring high-quality supplies, particularly for oral care; 

(4) maintaining staff competences in oral care, aspiration precautions, and mobilization 

including how to assist challenging patients; (5) tracking NVHAP prevention interventions 

and frequency; (6) empowering patients and family members to ask for assistance with oral 

care, feeding, and mobility and obtaining any needed supplies; (7) developing operational 

NVHAP tracking systems to assess the impact of prevention initiatives; and (8) spreading 

and sustaining NVHAP prevention for the long term.49

It can be difficult to operationalize the mobilization of patients. Barriers to mobilizing 

hospitalized patients include the presence of medical devices, such as intravenous lines and 
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Foley catheters, insufficient staff to provide assistance, concern about patients falling or 

causing them discomfort, obesity and frailty, lack of devices to facilitate ambulation (eg, 

gait belts), lack of patient motivation, absence of standing orders to mobilize patients, and 

overall, a failure to make mobility a priority.50

Some aspects of NVHAP prevention, such as oral care, safe feeding, and mobility, may 

be encouraged or completed by unlicensed staff, caregivers, patients, and their family 

members. Engaging patients and their families to assist in their own care may help with 

implementation by rechanneling their anxiety into productive tasks to improve the patient’s 

well-being. Additionally, encouraging patients to mobilize themselves (if safe), perform 

their own oral care (if able), or inquire about when they will receive assistance helps elevate 

the importance of these interventions before and after discharge and may enable nurses to 

allocate their time to other patient-care priorities.

Engaging with both patients and staff and tailoring prevention strategies to each patient’s 

specific circumstance can help shape implementation. Conversations about pneumonia 

prevention can occur within existing clinical workflows, for example, when mobilizing 

patients or assisting with their feeding or oral care. These discussions equip the patient with 

the knowledge they need to be active partners in their NVHAP prevention.

Efforts to enhance oral care, mobilize patients, and implement aspiration precautions should 

be aligned across disciplines. In addition to making prevention more reliable and efficient, 

aligning prevention initiatives across disciplines can help optimize message delivery for 

patients. For example, if a patient is given information about oral care and mobility during 

outpatient visits before admission, then inpatient nurses can build upon that foundation to 

solidify and amplify teaching about NVHAP prevention.

Research questions in implementation include the following:

1. Which NVHAP prevention strategies offer the best combination of feasibility, 

ease, cost, and impact?

2. How can components of an effective NVHAP prevention initiative be 

successfully implemented by licensed and unlicensed staff, caregivers, and 

patients?

3. What system-level changes, tools, and products are required to facilitate 

integration of NVHAP prevention activities into routine operations?

4. What types of EMR changes are required to track NVHAP prevention processes 

and outcome measures?

5. What cultural changes are necessary and what messaging resonates with 

healthcare providers, caregivers, and patients in NVHAP prevention?

6. What is the best method for lowering fear and perceived threat associated with 

oral care and mobility in patients with complex conditions such as dementia?

7. Does implementation of an oral care initiative in the inpatient or outpatient 

setting lead to further gains in oral, pulmonary, and general health?
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8. How can providers from different disciplines best align their prevention, 

education, and patient engagement efforts?

Policy and research: A call to action

Currently, no national policy mandates flag NVHAP as a priority condition for prevention, 

surveillance, and reporting. Obstacles include hospitals’ and regulators’ historical focus on 

device-associated infections, the lack of practical and objective surveillance definitions for 

NVHAP, the absence of a single consensus diagnosis code for NVHAP, and the lack of 

high-quality studies to identify the most effective prevention measures and demonstrate how 

these can be efficiently integrated into routine care.

Unlike VAP, NVHAP is not recognized as one of the National Database of Nursing Quality 

indicators for which hospitals are accountable. It is not one of the conditions that the 

Centers for Medicare and Medicaid Services (CMS) requires hospitals to report to the 

CDC National Healthcare Safety Network, and it is not integrated into the CMS current 

pay-for-reporting or performance programs. Adding NVHAP to these lists of high-stakes 

conditions is one way to draw hospitals’ attention to NVHAP, to catalyze the discovery of 

optimized prevention initiatives and implementation strategies, and thereby to drive down 

NVHAP incidence and morbidity. National dialogue is needed regarding the dimensions 

of optimal NVHAP programs, how to measure and reimburse the costs associated with 

NVHAP prevention, how to get insurers to cover NVHAP prevention interventions, and 

how to encourage researchers to explore uncharted territory in NVHAP surveillance and 

prevention. Engaging established networks of investigators in pneumonia, HAI transmission, 

and implementation science will enhance data sharing, trial design, and trial enrollment.

Research questions in the policy arena include the following:

1. Can we develop a national consensus definition of NVHAP universally 

recognized by stakeholders like the VHA, CDC, CMS, and The Joint 

Commission?

2. Should providers be required to report NVHAP rates to a national database, like 

requirements for other healthcare-associated infections?

3. Are there NVHAP prevention measures that are suitable for adoption as a 

national standard of care?

4. Are there standard diagnostic codes for NVHAP? How can we guide coders and 

clinicians to use these accurately?

5. Can we develop NVHAP quality metrics and reimbursement models that will 

effectively prevent cases?

6. Can we unify pneumonia prevention education and terminology for outpatients, 

hospitalized patients, and long-term care residents?

7. Can we develop a comprehensive curriculum for health professionals’ education 

that addresses pneumonia prevention interventions including content and clinical 

competencies?
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8. Are there consensus methods for data sharing, trial design, and trial enrollment 

across networks of investigators involved in hospital acquired infection 

investigation?

NVHAP is the ideal target for a team science approach. Epidemiologists, microbiologists, 

translational researchers, implementation scientists, evidence-based practice experts, 

professional organizations, educators, and patient advocacy groups all have a role to play in 

increasing the available evidence regarding NVHAP, its frequency, morbidity, and creating, 

implementing, and measuring rigorous prevention programs. Prevention of NVHAP has the 

potential to improve quality of care and patient safety, lower the risk of sepsis, reduce 

healthcare costs, and save lives. We urge the healthcare community to join us in studying 

and developing standardized processes to monitor and prevent NVHAP, ensuring that 

effective prevention measures are followed, educating patients and direct care staff, engaging 

patients and their families in prevention efforts, and developing policies to sustain the most 

promising practices.
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