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Introduction

Pneumonia is an inflammation of the air sacs known as 
alveoli. Pneumonia is currently classified according to 
the place where the patient contract the infection, such 
as community-acquired pneumonia, hospital-acquired 
pneumonia, and nursing home-acquired pneumonia, which 
is a part of health care-associated pneumonia (1-3). In each 
category of pneumonia, there is at least one guideline (1-6).  
The guidelines basically describe how to use antibiotics 
based on the idea that the pathogen is decided by the 
location. However, these guidelines do not work, at least 
in elderly people. Despite the wide dissemination and 

implementation of these guidelines, deaths from pneumonia 
are increasing rapidly due to population aging. Now, 
overtaking stroke, pneumonia is the third leading cause of 
death in Japan, and deaths from pneumonia occur mainly in 
elderly people (7).

Regardless of where they occur, most cases of pneumonia 
in the elderly are aspiration pneumonia, which is a function-
based category of pneumonia (8). With aging, the ratio 
of aspiration pneumonia among cases of hospitalized 
pneumonia is increasing dramatically (9). Therefore, in 
pneumonia treatment in the elderly, we should think of 
the treatment for aspiration pneumonia rather than where 
patients are infected.
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Pathogens of aspiration pneumonia

Aspiration is defined as the misdirection of oropharyngeal 
or gastric contents into the larynx and lower respiratory 
tract (10). Aspiration pneumonia comprises two pathological 
conditions such as inflammation of the lung affecting the 
primarily alveoli and dysphagia-associated miss-swallowing. 
Different from aspiration pneumonitis, which is an acute 
lung injury caused by the aspiration of (usually sterile) gastric 
content, the usual type of aspiration pneumonia is generally 
recognized as a bacterial infection (11). However, physicians 
often experience difficulty identifying the causative bacterial 
pathogen in patients with aspiration pneumonia. When we 
examined the cultured sputum bacteria, normal flora was 
the most common (12). If we selected the cultured bacteria 
>106 cfu/mL, normal flora was still a leader, and no bacteria 
were detected in half of cases (12,13). The main component 
of normal flora is basically oral streptococci, which are 
pathogenic for tooth decay (12).

Recent genetic studies suggest that anaerobes and oral 
bacteria are detected in patients with community-acquired 
pneumonia more frequently than previously thought (14). 
These bacteria may play important roles in the development 
of aspiration pneumonia in the elderly. However, their 
prevalence is not so high, and bacterial pathogens are 
unclear in a large portion of aspiration pneumonia cases, 
suggesting the limited role of bacteria in aspiration 
pneumonia affecting the elderly (14,15).

Chronic inflammation in aspiration pneumonia in 
the elderly

Many cases of frail elderly nursing home residents with 
aspiration pneumonia show sporadic fever, such as one day 
per week for several months, suggesting that aspiration of 
small amounts of not so virulent materials occur continuously 
once a week (16,17). In these patients (Figure 1A), chest 
CT shows very solid consolidation in the back (Figure 1B) 
(18-20). The histopathology of the consolidation shows 
dense infiltration of leukocytes into the alveolar spaces 
and alveolar walls, as well as thickened alveolar walls (20). 
After treatment with the lymphatic marker podoplanin, 
immunostaining of podoplanin showed exaggerated 
lymphangiogenesis on autopsy examination of the 
consolidation (Figure 1C). These results clearly showed 
the presence of chronic inflammation in the consolidation, 
suggesting that chronic micro-aspiration induces chronic 

inflammation in the lung. Matsuse et al. found a distinct 
entity among aspiration syndromes, named diffuse aspiration 
bronchiolitis (DAB), which is characterized by chronic 
bronchiolar inflammation due to recurrent aspiration (21). 
Since DAB resembles diffuse panbronchiolitis (DPB) 
radiographically and pathologically at autopsy and rarely 
has alveolar space infiltration with consolidation on chest 
X-ray, it is different from what we observed in consolidation 
due to chronic aspiration. Therefore, we asked the research 
question whether colonization of microorganisms is 
essential to develop chronic inflammation in the alveoli, in 
other words, whether aspiration of a small amount of sterile 
material can cause infiltration of leukocytes (20).

Chronic inflammation by sterile continuous 
micro-aspiration

We hypothesized that chronic inflammation in lung could be 
induced by aspiration of oropharyngeal or gastric contents 
without microorganisms, such as bacteria and viruses. In 
order to prove this hypothesis, intranasal inoculation of a 
small amount of sterile oral content mix was provided to 
mice for 5 days a week for 28 days (20). The oral content mix 
comprised pepsin, lipopolysaccharide, and dextrin in PBS at 
pH 1.6 adjusted by HCl. Dextrin is a common reagent for 
thickening liquid for patients with dysphagia.

By staining blood vessels with CD31 and VE-cadherin 
antibodies, we observed greater blood vessel area density in the 
lung of the aspiration-challenged mice for 28 days (Figure 2A).  
By staining lymphatics with VEGF-receptor-3 antibody, 
we found exaggerated lymphangiogenesis in the lung of 
the aspiration-challenged mice for 28 days (Figure 2B).  
High magnification images showed a simple structure of 
the lymphatics in the controls and a complex structure of 
the lymphatics in the aspiration group. Thus, we found that 
mouse lung after 28 days of chronic micro-aspiration showed 
chronic inflammation accompanied by both angiogenesis and 
lymphangiogenesis (20).

This observation indicated that it is not necessary to 
have micro-organisms in order to develop the chronic type 
of aspiration pneumonia. Many chronic types of aspiration 
pneumonia may not be an infectious disease but a chemical 
pneumonitis with chronic inflammation. However, the 
pneumonitis differs from aspiration pneumonitis defined by 
Marik (11), which is an acute lung injury after the inhalation 
of regurgitated gastric contents.
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Figure 1 A case of chronic micro-aspiration pneumonia. (A) Chest (upper panel) and abdominal (lower panel) X-rays of a typical case of chronic 
aspiration pneumonia due to repeated small amounts of aspiration. The patient was a 78-year-old male nursing home resident. He underwent 
percutaneous endoscopic gastrostomy (PEG) one year earlier and had sporadic fever one day per week for several months. At the time of 
admission to our geriatric unit, he had continuous low-grade fever for 5 days with coarse crackles; (B) chest CT of the same patient as in A, 
showing very solid consolidation in bilateral back areas; (C) chronic inflammation and exaggerated lymphangiogenesis in the lung of aspiration 
pneumonia patients. H&E staining of the lung from controls (a) and patients (b). Staining for lymphatics (podoplanin, brown) in controls (c) 
and patients (d). Control lungs have podoplanin-immunoreactive tube-like structures at low density, whereas patients’ lungs have no greater 
density. Scale bar: 400 µm in (a) and (b); 100 µm in (c) and (d). The data are from the same experiment as (20) but are not shown in (20).

Vicious cycle of aspiration pneumonia due to 
chronic micro-aspiration

Chronic micro-aspiration induced chronic inflammation 
in the lung, which caused both angiogenesis  and 
lymphangiogenesis. Inflammatory cells secrete many 
angiogenic and lymphangiogenic factors, including VEGF 
families, TNFα, and other cytokines (22,23). Multiple types 
of leukocytes and macrophages contribute to proteolytic 
remodeling of the extracellular matrix (24,25). Angiogenesis 
and lymphangiogenesis facilitate additional recruitment 
of immune cells, resulting in enhancement of chronic 
inflammation (23,25,26).

On the other hand, elevated levels of inflammatory 
cytokines such as TNFα, IL-1, and IL-6 induce a decrease 
in muscle mass and strength, called sarcopenia (27-30). 
Sarcopenia plays a key role in the development of frailty in the 
elderly (27,30). In particular, sarcopenia of swallowing muscles 
is directly associated with oral frailty and dysphagia (31),  
leading to a vicious cycle of chronic aspiration (Figure 3).

Since the vicious cycle could occur without involvement 

of virulent microorganisms, we should consider how to 
prevent aspiration, rather than how to use antibiotics in 
elderly patients with pneumonia.

Dysphagia, dystussia, and aspiration pneumonia

The recent large-scale cross-sectional study in Japanese 
elderly people showed that the risk factors for aspiration 
pneumonia were sputum suctioning, dysphagia, dehydration, 
and dementia (32). The incidence rate for dementia increased 
exponentially with age, with the most notable rise occurring 
through the seventh and eighth decades of life (33). A 
recent study has shown that patients with senile dementia 
inevitably develop dysphagia and have a high risk of death 
due to pneumonia from aspiration (34). Although repeated 
aspiration occurs due to dysphagia, pneumonia rarely 
develops if the aspirated material is completely expelled 
from the airway by cough (35). Therefore, both dysphagia 
and dystussia, which is an impaired cough response, are 
important elements for developing aspiration pneumonia.

It is noteworthy that dysphagia and dystussia usually do 
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Figure 2 A mouse model of chronic micro-aspiration. (A) Greater blood vessel area density in the lung of the aspiration-challenged mice for 
28 days. Staining for blood vessels (CD31 in green and VE-cadherin in red) in the control (a-c) and 28-day aspiration-challenged mice (d-f). 
Scale bar: 50 µm. (B) Exaggerated lymphangiogenesis in the lung of the aspiration-challenged mice for 28 days. Staining for lymphatics 
(VEGFR-3, red) in the control (g and i) and 28-day aspiration-challenged mice (h and j). Lymphatics in the control group (g and i) are 
distributed sparsely, whereas those in the aspiration group (h and j) are distributed densely. High-magnification images show a simple structure 
of lymphatics in the controls and a complex structure of lymphatics in the aspiration group. Scale bar: 100 µm in (g) and (h); 20 µm in (i) and 
(j). The data are from the same experiments (20) but not shown in (20).
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not occur simultaneously in elderly people. Nakajoh et al. 
investigated the distribution of both swallowing and cough 
reflex sensitivities in nursing home residents (35). They 
showed that there are residents whose swallowing reflex 
is impaired, but their cough reflex is maintained, whereas 
there are few residents whose swallowing reflex is intact 
and cough reflex is impaired (35). The results suggest that 
dystussia occurs subsequent to dysphagia in nursing-home 
residents. Similarly, patients with neurogenic dysphagia, 
including patients with Parkinson’s disease, did not have 
reduced cough reflex sensitivity, suggesting that impairment 
of the swallowing reflex was followed by impairment of the 
cough reflex in the majority of the elderly (36).

Mitchell et al. reported that, in patients with advanced 
dementia who were institutionalized in a nursing home, 

there was about a 300-day time-lag between the start of 
an eating problem and suffering from life-threatening 
pneumonia (37). Considering that pneumonia is the 
consequence of combined impairment of swallowing and 
coughing functions, the study also suggests that dystussia 
follows dysphagia in elderly persons with dementia.

Atussia and silent aspiration in aging

Although impaired cough has been observed in patients 
with repeated aspiration pneumonia (38,39), evaluations of  
age-related changes of cough reflex sensitivity did not show a 
significant decrease not only in elderly people who led active 
daily lives (40), but also in demented frail elderly without a 
history of aspiration pneumonia (41). However, we found 
that the perception of the urge-to-cough decreased with 
aging despite no change of the cough reflex threshold in 
elderly people without aspiration pneumonia (41). Notably, 
in elderly frail people with a history of repeated aspiration 
pneumonia, they hardly perceived the urge-to-cough,  
even with the strongest stimuli (42). Such elderly people 
were revealed to have almost no response to tussive stimuli 
(38,42). An inability to cough with tussive stimuli is 
called atussia, which is the ultimate dysfunction of cough 
physiology, and aspiration with atussia is called silent 
aspiration (43).

Dysfunction of both neuronal and motor components of 
coughing causes atussia. However, the decreased perception 
of the urge-to-cough suggests impairment of the neuronal 
component rather than the motor component in elderly 
people (41). Recently, accumulating evidence indicates 
that dysfunction of cough physiology could be due to the 
disruption of both the cortical pathway for cough and the 
medullary reflex pathway (44). The urge-to-cough is a brain 
component of the cough motivation-to-action system (45). 
Therefore, decreased urge-to-cough sensitivity suggests 
impairment of the cortical system of neuronal control of 
coughing physiology.

Aging is associated with a decline in brain function 
across multiple domains, including cognitive and emotional 
processes (46,47), which are related to brain pathologies 
such as atrophy, cerebrovascular diseases, degenerative 
diseases, and circuit pathologies (47,48). We show the 
natural course of humans with declining brain function 
in Figure 4. With aging, brain function starts to decline. 
Dysphagia may occur in the earlier stages of brain 
dysfunction. Then, with progression of brain dysfunction, 
dystussia may occur. Then, at the almost terminal stages of 
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Figure 3 Vicious cycle of chronic aspiration pneumonia due to 
repeated small amounts of aspiration.

Figure 4 The natural course of functional decline in most elderly 
people. With aging, brain function declines. With declining brain 
function, dysphagia starts, followed by dystussia, and then finally 
atussia and silent aspiration, which is closely related to death from 
pneumonia.
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brain dysfunction, people suffer from atussia, resulting in 
silent aspiration, which is related to death from pneumonia 
(Figure 4).

Paradigm shift for pneumonia treatment in 
elderly people

The entire description above suggests the need for a 
paradigm shift of the treatment of pneumonia in the elderly. 
First, we should recognize that pneumonia in the elderly 
is sometimes chronic inflammation rather than acute 
inflammation. Second, we should recognize that aspiration 
pneumonia is sometimes sterile chemical inflammation 
rather than bacterial infection. Since aspiration pneumonia 
is fundamentally based on dysphagia (49), we should shift 
the therapy for aspiration pneumonia from pathogen-
oriented therapy to function-oriented therapy.

Function-oriented therapy in aspiration pneumonia 
means therapy focusing on reversal of the functional 
decline that occurs in the aging process, such as “dementia 
→ dysphagia → dystussia → atussia → silent aspiration”. 
Recently, strategies to treat dysphagia have been extensively 
investigated (50,51). Since the methodologies to restore 
either dystussia or atussia are seriously limited, researchers 
should focus on how to improve coughing dysfunction 
rather than the development of new antibiotics in order to 
decrease mortality due to pneumonia in elderly people.
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