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Patients with neuromuscular diseases, during their illness are more susceptible to re-
spiratory infections due to predisposing factors. Ineffective cough and the presence 
of atelectasis and hypoventilation, dysphagia and drooling can represent risk factors 
for the development of respiratory infection and fatal respiratory failure.

Infections of respiratory tract with acute respiratory failure are the most common 
reason for hospitalizations, and pneumonia is among the leading causes of morbid-
ity and mortality worldwide. The setting in which pneumonia is acquired heavily 
influences diagnostic and therapeutic choices. We will focus on aetiopathogenesis, 
diagnosis and treatment of pneumonia in these subjects, particularly considering 
the disease severity, rates of antibiotic resistance and the possible complications. 
In this case consultations with specialized physicians are strongly recommended.
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Introduction
Neuromuscular disorders (NMDs) are a large group of inherited and 

acquired diseases that affect a number of neural structures including motor 
nerves, neuromuscular junctions and muscles themselves. Despite most of 
them are rare diseases, however the number of individuals requiring hospi-
tal care, often related to cardiac or respiratory complications, is significant.

Sleep disordered breathing, daytime hypoventilation, coughing and 
swallowing are the most frequent observed symptoms  1,2. In these cas-
es, non-invasive support with night ventilation with a mask and pressure 
support device, can be extraordinarily useful to delay daytime ventilatory 
failure 3. 

Dysphagia and difficulty in managing secretions are also common 
symptoms in neuromuscular diseases due to muscle weakness. Dyspha-
gia may lead to medical complications, such as malnutrition, dehydration, 
aspiration pneumonia, and other pulmonary complications, causing so-
cial isolation and reduced overall quality of life  4. In particular, patients 
with Duchenne Muscular Dystrophy (DMD), Myotonic Dystrophy type 1 
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(DM1), Spinal Muscular Atrophy (SMA), Pompe dis-
ease 5 and Amyotrophic Lateral Sclerosis (ALS) 6 devel-
op severe progressive respiratory muscle weakness, with 
consequent impaired cough and secretion clearance, re-
strictive lung disease, dysphagia and aspiration 7. Recur-
rent respiratory infections, airway obstruction and disor-
dered sleep breathing leading to alveolar hypoventilation 
and respiratory failure, are a frequent cause of death 1,2. 

Sialorrhoea is a common and problematic symptom 
that arises from a number of neurological conditions as-
sociated with bulbar or facial muscle dysfunction. Drool-
ing can significantly affect quality of life both for physical 
complications such as oral chapping, and psychological 
complications such as embarrassment, and social isolation. 

When saliva is excessive and thick, it can be sucked 
in and cause cough. If the cough is ineffective, or the pa-
tient also has gastroesophageal reflux, it can lead to as-
piration pneumonia. These symptoms can be silent for a 
long time and result in a severe respiratory failure and 
pneumonia 7-9.

Respiratory tract infections can affect patients with 
NMDs with severe exacerbations, due to ventilatory in-
sufficiency that results in impaired alveolar ventilation 
and stagnation of secretions. Furthermore, they can get 
worse hypoxemia favoring the onset of acute respiratory 
failure in subjects often suffering from chronic respira-
tory failure, or dysphagia. Even patients on non-invasive 
mechanical ventilation can develop severe respiratory 
failure, sometimes requiring emergency intubation or tra-
cheostomy. 

Coordinated multidisciplinary care has led to better 
survival outcomes over the past decades.

Epidemiology of pneumonia in NMDs
The context in which pneumonia is acquired, heav-

ily influences diagnostic and therapeutic choices. As the 
causative organism is typically unknown early on, timely 
administration of empiric antibiotics is a cornerstone of 
pneumonia management 11.

From an epidemiological point of view, Streptococ-
cus pneumoniae is still the most relevant pathogen agent, 
immediately followed by Haemophilus influenzae and 
Moraxella catharralis.

A multiplicity of infectious agents, of a viral and 
bacterial nature, circulates in the human population and 
causes, with particular epidemiological relevance, man-
ifestations of respiratory infection in the period between 
October and April. In other seasonal periods, respirato-
ry forms mostly caused by so-called atypical respiratory 
pathogens, such as Mycoplasma pneumoniae, Chlamydia 
pneumoniae and Legionella spp. (which probably also 
exert a predisposing function for a second bacterial infec-

tion), occupy – in a hypothetical etiological top ten – the 
positions of immediate reinforcement. About 10% of hos-
pitalized community acquired pneumonia (CAP) requires 
hospitalization in intensive care units (ICUs), especially 
for forms mainly sustained by S. pneumoniae and Legio-
nella spp.

Similar considerations deserve viral infections that 
are sustained by a large number of agents such as influen-
za A and B virus, respiratory syncytial virus (RSV), Rhi-
novirus (HRV), coronavirus (hCoV), meta-pneumovirus 
(hMPV), parainfluenza virus (hPIV), adenovirus (ADV), 
measles virus.

Healthcare-related infections 
Healthcare-related infections can be distinguished 

in a) nosocomial, with onset 48 hours after hospitaliza-
tion, as the “community infection pneumonia” in patients 
without previous care contacts; b) non-nosocomial, with 
onset within 48 h of hospitalization in patients with pre-
vious care contacts such as nursing or home IV therapy, 
wound care, hemodialysis, IV chemotherapy in the last 
30 days, hospitalization in the previous 90  days, resi-
dence in a nursing home or long-term care.

The pattern of etiological agents is much broader and 
represented by species resident in the nosocomial envi-
ronment, with complex resistance profiles.

Pseudomonas aeruginosa and methicillin-resistant 
S. aureus are the most frequent microorganisms, followed 
by Enterobacteriaceae, such as A. baumannii. Episodes 
of pneumonia caused by multidrug-resistant microorgan-
isms (MDRs) - including enterobacteria and mainly Kleb-
siella pneumoniae carbapenemase-producing (KPC) - are 
increasingly common in long-term care and hospitals.

Furthermore, the risk of nosocomial pneumonia re-
lated to exogenous colonization by environmental patho-
gens, mainly contaminating the water systems, inhaled 
after aerosol, should not be overlooked.

Legionella spp represents the archetype of this cat-
egory of pathogens, but others such as P. aeruginosa, 
Aspergillus spp and fast-growing mycobacteria have 
non-secondary roles. The mode of transmission in these 
cases is due to aspiration maneuvers, use of broncho-
scopes, contamination of nebulizers, humidifiers and 
ventilation circuits.

Pulmonary complications are the leading cause of re-
spiratory deaths. Hypoxemia is common and results from 
both hypoventilation and micro atelectasis. 

In patients with NMDs, over 90% of pneumonias are 
triggered by upper respiratory tract infections. Chest in-
fections pose a serious problem for the treatment of vul-
nerable patients with muscle weakness and ineffective 
cough 12. Pneumonia is the main complication in these pa-
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tients due to both inefficient respiratory mechanics and a 
lack of mucociliary clearance capacity. Though the latter 
is theoretically preserved, ciliary function is nevertheless 
often impaired due to chronic aspiration and mucopuru-
lent bronchitis. 

Overtime, patients can be colonized by opportunistic 
pathogens such as Pseudomonas aeruginosa and meth-
icillin resistant Staphylococcus aureus. In some cases, 
irreversible lung damage can occur with the development 
of bronchiectasis and pulmonary fibrosis 13.

Pneumonia etiology
The etiology of pneumonia can be multifactorial but 

essentially arises from compromised lung and chest wall 
function, which produces obstructive and restrictive lung 
diseases. 

The first point is to understand when to treat the pa-
tient by distinguishing when he is colonized from when 
he is in an acute infection; clinical evaluation usually 
involves measurement of temperature, tracheobronchial 
secretion volume, culture and purulence assessment of 
tracheobronchial secretions, evaluation for chest radio-
graph resolution, white blood cell count, arterial oxygen 
tension/inspiratory oxygen fraction (PaO2/FiO2) 14. 

The most frequent pathogen agents in patients with 
NMD are MRSA, Pseudomonas aeruginosa and MDR 
pathogens  15. Prolonged antibiotic treatment is unlikely 
to prevent this secondary pneumonia but may select for 
more MDR pathogens. Anaerobes are the etiology in only 
0.2 to 0.3% of all patients. 

The microbiology of pneumonia after macro aspira-
tion has changed over the last 60 years from an anaerobic 
infection to an aerobic and nosocomial infection 16.

It has long been known that micro aspiration is the 
dominant pathophysiologic mechanism behind CAP. Sup-
porting evidence includes the finding that most common 
CAP causing microorganisms colonize the oropharynx 
or nasopharynx in non-hospitalized patients. The distinct 
microbiology of HAP derives from the micro aspiration 
that occurs after hospitalized patients are colonized with 
the virulent organisms found in ICUs and hospital set-
tings 16.

Diagnosis
For the microbiological diagnosis, the samples should 

be collected from respiratory tract, sputum, pleural fluid, 
endotracheal aspirate, or bronchoalveolar lavage, and 
blood within 24 hours of hospitalization. The biomark-
ers determinations may include C-reactive protein (CRP), 
procalcitonin (PCT), copeptin and adrenomedullin pep-
tide (ADM). 

A very important role is now played by the matrix-as-
sisted laser desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) which has become a 
gold standard for microbial identification in clinical mi-
crobiology laboratories. In order to speed up the micro-
biological diagnostic, the typing of single strains as well 
as the resistance tests to antibiotics and antimycotics has 
come into focus, in addition to the identification of mi-
croorganisms. 

A rapid identification of pathogens is important in the 
survival of patients undergoing a septic event because it 
has allowed to shorten the time of access to appropriate 
antibiotic therapy and has contributed to the improvement 
of patient outcomes. 

Another very important role for the rapid diagnosis 
of upper and lower respiratory tract infections is now 
played by the latest generation molecular tests, in partic-
ular, Biofire® respiratory panel RP2.1 plus for the upper 
respiratory tract and BioFire® Pneumonia Plus (Pneumo-
plus) for lower respiratory tract. RP2.1 plus allows to col-
lect a nasopharyngeal on viral transport, sample volume 
300  µL which collects all respiratory viruses including 
Sars-Cov-2 as well as atypical pathogens responsible for 
pneumonia (Bordetella, Chlamidia, Mycoplasma).

The Pneumo plus panel, on the other hand, which 
provides a sample of about 200  microL of sputum and 
brochoalveolar lavage (BAL), identifies bacteria, viruses, 
atypical bacteria and antibiotic resistance genes; this last 
point is very important for those patients who over time 
undergo multiple antibiotic therapies 17. 

For fungal infections, blood cultures are always im-
portant, even those tested with BioFire® film array panels 
that allow the identification of a broad spectrum of yeasts, 
not least Candida auris, as well as antimicrobial resis-
tance genes on the blood. Sputum culture and research 
of mannan, galactomannan and betaDglucan markers in 
the blood are of additional help in the diagnostic process. 

Treatment
Several trails in the field of hospital pneumonia sug-

gest using a 7-8 days course of antibiotic therapy in pa-
tients with VAP without immunodeficiency, and with cys-
tic fibrosis, empyema, lung abscess, cavitation pneumonia 
or necrosis with a good clinical response to therapy. 

Patients with NMDs can be included in these catego-
ries as the highest percentage of infection is determined 
by forms ab ingests, including pneumonia due to continu-
ous aspirations and difficulty in swallowing. 

Community-acquired pneumonia (CAP) 

CAP has S. Pneumoniae, atypical and mycoplasma, 
in particular Haemophilus, Moraxella and in 30% cases 
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to virus Influenza, Parainfluenza, RSV (Fig. 1) and in the 
last year 2020 Sars-CoV-2 as its prevalent etiologies 18.

Oropharyngeal aspiration is an important etiological 
factor leading to pneumonia in the elderly and patients 
with neuromuscular diseases. These disorders are associ-
ated with dysphagia and an impaired cough reflex which 
in turn increases the likelihood of oropharyngeal aspira-
tion. Aspiration pneumonia is difficult to distinguish from 
other pneumonia syndromes. More than 90% of hospi-

talized patients have a risk for aspiration; however, some 
studies do not recommend the routine use of an anti-an-
aerobic antibiotic coverage 19. 

Primary regimen therapy for CAP is summarized in 
Table I. It is important to discontinue antibiotics with nor-
malization of procalcitonin to 0.1-0.2 mcg/ mL. 

Hospital Acquired Pneumonia (HAP)

Antibiotic therapy regimens for hospital-acquired 
pneumonia are shown in Table  II. Each regimen is se-
lected with specific therapy after culture results (sputum, 
blood, pleural fluid etc.) (Fig. 2). 

Aspiration community acquired pneumonia (ACAP)

ACAP is frequent in patients with NMDs; dyspha-
gia, lack of cough reflex, esophageal motility disorders, 
typical in neurological diseases are considered the most 
important risk factors for aspiration pneumonia. 

Etiologies anaerobes and viridians streptococci 
group-related are predominant. Primary therapy regi-

Figure 1. Lung CT scan. Typical picture of pulmonary 
involvement caused by respiratory syncytial virus, in a 
patient with congenital myopathy and acute respiratory 
failure.

Table I. Antibiotic therapy regimens for community-acquired pneumonia.
CAP Drug Dose Route Duration
Mild CAP Amoxicillin 1000 mg TID Oral 5 days
Mild CAP (penicillin allergy) Doxycycline 100 mg BID Oral 5 days

Intermediate CAP (comorbidities)

Amoxicillin/clavulanic
+

Azithromycin OR 
levofloxacin

875/125 mg BID

500 mg QD
750 mg QD

Oral

Oral
Oral

7-10 days

Severe CAP (acute respiratory 
failure, mechanical ventilation) III generation cefalosporin Intravenous 7-10 days

Table II. Antibiotic therapy regimens for hospital-acquired pneumonia.
HAP Drug Dose Route Duration

First line

Cefepime OR
piperacillin/tazobactam

OR meropenem
+

macrolide

2000 mg BID
4500 mg TID-QID

1000 mg TID

Intravenous 10-14 days

Methicillin-resistant 
Staphylococcus aureus (MRSA)

Vancomycin OR  
Linezolid

+
macrolide

1000 mg BID
600 mg BID

Intravenous 10-14 days

Vancomycin-resistant 
Staphylococcus aureus (VRSA)

Ceftarolina OR
ceftobiprolo

+
macrolide 600 mg BID Intravenous 10-14 days

Pseudomonas A.

IV generation cefalosporin
+

ciprofloxacin OR amikacin
400 mg BID

15 mg/kg DIE Intravenous 10 days
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men is with Amp/sulb 3 gr ev/6 h or ceftriaxone 1 gr in 
24  h plus metronidazole 500  mg ev every 6 hours  20,21. 
Infections associated with anaerobes do not evidence 
pathogenic role 21 and Gram-Negative bacteria were more 
prevalent in patients with severe ACAP, with higher prev-
alence of Pseudomonas aeruginosa and Enterobacteria-
ceae (Other GNB). Oral cavity is considered the principal 
source of pathogens responsible for aspiration pneumo-
nia. Microbiology data from patients with other comor-
bidities suggested that P. aeruginosa, K. pneumoniae 
and E. Coli were frequently isolated from oral samples 
(Figs. 3-4). For the more appropriate therapeutic choice, 
it is essential to keep always in mind the local epidemiol-
ogy of antimicrobic resistance, which varies according to 
geographic areas 22,23.

Pulmunary Fungal infections (PFIs)

PFIs occur mostly as pulmonary nodules and asper-
gillosis is the most frequent cause. Interstitial pneumonia 
is caused by Pneumocystis. Histoplasmosis and aspergil-
losis can also be presented as ground glass pictures. 

In this case, the first therapeutic choice is represent-
ed by echinocandins, especially if patients are unstable 
or have already taken azoles. Voriconazole is the drug of 
choice for aspergillosis. Amphotericin B is recommended 
as an alternative 24,25.

Recommendations
Infection surveillance should not be limited to the 

respiratory system, but other sites of possible infection 
such as generalized bacteremia or sepsis, urinary tract 
infections, catheter infections should also be considered; 
therefore, adequate source control with culture tests such 
as blood cultures, urine culture, nasal swabs and catheter 
culture tests is essential.

Other possible sites of first infection can be any bed-
sores, very common in patients with NMDs, often in a 
wheelchair, bedridden or on continuous non-invasive me-
chanical ventilation. If an infection is suspected, a pres-
sure sore swab should be done.

In any case, an antimicrobial stewardship program is 
fundamental in the therapeutic choice of antibiotics ac-
cording to local microbiological epidemiology, to prevent 
antimicrobial resistance. It should be noted that combina-
tion therapy was associated with a significantly lower risk 
of death compared to monotherapy. 

Conclusions 
Diagnostic tests play a fundamental role in health-

care: they help to further improve antimicrobial steward-
ship by optimizing the use of antibiotics, a more delicate 
therapy in vulnerable patients; they also help prevent the 

Fig. 2. CAP or HAP in patients with NMDs. Risk assessment for MDR pathogens and mortality (from 2017 European 
HAP/ VAP guideline, mod.). 23.
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appearance of bacterial resistance. However, it should 
be remembered that antibiotic administration can also 
adversely affect respiratory muscle function. Numerous 
studies have assessed that penicillin-type drugs are rare-
ly associated with the development of a myopathy. It is 
therefore very important to choose a targeted antibiotic 
therapy, which, on the one hand, must eradicate infec-
tions, and, on the other, must not cause damage to the 
muscles or neuromuscular plaque. Disease severity and 
antibiotic resistance rates should carefully be considered, 
when choosing an empirical regimen. If complications 
occur, further investigation and consultation with a pul-
monary specialist may be necessary.

The correct use of the available weapons can contrib-
ute to change the patients prognosis and quality of life.

Practical suggestions

• Dysphagia is often the “primum movens” of a num-
ber of complications.

• Targeted dietary interventions for patients with dys-
phagia secondary to neurodegenerative diseases are 
currently available.

Figure 3. A) Lung CT scan. Typical picture of pulmonary 
involvement caused by Pseudomonas aeruginosa (spu-
tum isolation) in a patient with amyotrophic lateral sclero-
sis, dysphagia and respiratory failure. Evidence of food 
ingestions in the middle lobe bronchus and right lower 
lobe; B) Pseudomonas aeruginosa in Mueller-Hinton agar 
plate. Evidence of Pyocyanin or fluorescin production.

Figure 4. A) Lung CT scan. Picture of pulmonary in-
volvement caused by Stenotrophomonas malthophilia 
Staphylococcus aureus and Streptococcus pneumoniae 
(bronchoaspirate isolation) in a patient with muscular 
dystrophy, tracheostomy and acute respiratory failure; 
B) Stenotrophomonas malthophilia in MacConkey agar 
plate; C) Streptococcus pneumoniae in blood agar plate. 
Evidence of mucoidal colonies and characteristic pro-
duction of alpha-hemolysis zones; D) Staphylococcus 
aureus in blood agar plate. Evidence of characteristic 
production of clear beta-hemolysis zones.

A

B

A

B

C

D
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• Once chronic damage has established, bronchiectasis 
and atelectasis may appear, which favor the trigger-
ing of infectious exacerbations.

• The use of antiviral and antibacterial filters during 
mechanical ventilation is an indispensable safeguard 
for patients. In some cases, it may be necessary to 
sanitize the mechanical ventilator.

• Vaccinations play an important role in disease man-
agement for prevention. The 23-valent pneumococcal 
vaccine, Haemophiles vaccine, annual influenza vac-
cine and respiratory syncytial virus antibody prophy-
laxis for infants are strongly recommended. 
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