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Minireview 
The scientific article “Impact of surfactant protein-A variants 

on survival in aged mice in response to Klebsiella pneumoniae 
infection and ozone: serendipity in action” [1] investigated the 
effect of infection and oxidative stress, along with the impact of 
surfactant protein A (SP-A) genetic variants on the survival of aged 
mice. This study, along with a prior study [2] investigating survival 
after infection in young mice, compared survival among humanized 
transgenic expressing each a different human SP-A variant (6A2, 
6A4, 1A0, 1A3, KO). The aged mice were first exposed to either ozone 
(a surrogate for pollution-induced lung injury) delivered via a high 
flow of warmed humidified filtered air (FA) or high flow of warmed 
humidified FA or room air, with the latter two serving as controls 
for ozone exposure. The young mice were exposed to high flow of 
warmed humidified FA or room air. Next, all the mice were exposed 
to oropharyngeal Klebsiella pneumoniae. As expected, the mice 
exposed to ozone and infection had lower survival compared to the 
two controls. 

 
However, this study [1] had an interesting secondary result. 

The mice exposed to FA (that provided warmed at 37oC, humidified, 
high flow air at 15 liters per minute (LPM) with ~ 1.5cm of H20 
positive pressure in the experiment chamber) had better survival 
compared to mice that were on room air before infection. The 
improved survival was true for both young and aged mice, albeit 
the magnitude of improvement was more prominent in the aged 
mice. This finding has posed a curious clinical question of whether 
the use of warmed, humidified, high flow nasal therapy (HFNT) 
lessens the risk of severe infection resulting in high morbidity and 
mortality in the at-risk older population from COVID-19 and other 
respiratory pathogens. Studies have shown the clinical utility of 
HFNT in patients with acute respiratory distress syndrome (ARDS) 
secondary to COVID-19 infection who have not tolerated continuous 
positive airway pressure (CPAP) or noninvasive ventilation (NIV) 
[3,4]. However, empiric use of HFNC in a high-risk population with 
a history of exposure to infection or the early stages of infection, to 
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prevent worsening clinical sequelae has not yet been explored. This 
editorial discusses possible mechanisms of the warmed, humidified, 
high flow air therapy affecting lung infection susceptibility. 

 High flow nasal cannula (HFNC) delivers warmed, humidified 
air at up to 60 LPM [5,6]. HFNC improves pulmonary function by 
providing positive distending pressure [7] to increase functional 
residual capacity and improve alveolar recruitment [8]. It also 
provides nasopharyngeal dead space washout, nasopharynx 
distension [8,9], decreased work of breathing [10], and improves gas 
exchange. In addition, the warmed, humidified air to the conducting 
airways improves pulmonary compliance and conductance [5,8]. In 
the clinical setting, HFNC is used for multiple indications, such as 
post-extubation therapy [11] and to reduce intubation [12,13] in 
patients with respiratory failure [14]. 

 In the current article [1], the authors postulated that the filtered 
air induced positive distending pressure that improved lung reserve, 
alveolar recruitment, and reduced ventilation-perfusion (VQ) 
mismatch. It was also noted that the greater alveolar recruitment 
prior to the introduction of the infection provides a larger lung 
surface area for the spread of the pathogen. In addition, the relative 
decrease in bacterial density allows the lung host defense system 
to be more efficient. However, the high FA flow exposure was not 
directed nasally on these mice, as it would be in a clinical setting. 
Therefore, it is challenging to determine the actual distending 
pressure generated in the lower airways when mice are exposed to 
the high FA flow chamber. Nevertheless, it would be substantially 
different from the mice exposed to room air, given that the high FA 
flow is administered in a confined chamber. Although there is no 
direct evidence that HFNC prevents infection or attenuates disease 
severity, a few studies have demonstrated that HFNC leads to a 
decreased risk of ventilator-associated pneumonia and nosocomial 
pneumonia than invasive ventilation [12]. However, this may be 
true for other forms of non-invasive ventilation and not just for 
HFNC. 

 To better understand how high FA flow may affect pathogen 
delivery or entry to the lung, reviewing HFNC with aerosol 
medication delivery may provide answers. During the aerosol 
delivery via HFNC, the delivery dose is inversely proportional 
to the gas flow [15]. This relation of delivery dose and gas flow 
is explained as the high-gas-flow generating turbulence leads to 
aerosol particle loss during the upper airway passage and decreases 
the dose of the particles reaching the lower airway [16]. However, 
this phenomenon also does not explain the improved survival in 
mice exposed to FA as the pathogen was introduced after the high 
flow exposure.  

Humidified high airflow as done by HFNC has been shown 
to have a decreased trans-nasal aerosol medication delivery 
compared to dry air [16,17]. In addition, the aerosol delivery via 

HFNC may depend on the ratio of high airflow to patient inspiratory 
airflow than high airflow by itself, so the aerosol deposition is 
higher in distressed breathing than quiet breathing [18]. The 
ozone exposed mice may have respiratory distress, making them 
prone to increased pathogen deposition than controls. However, 
all the mice were anesthetized before the pathogen exposure and 
had similar inspiratory airflow; therefore, the distressed/quiet 
breathing speculation does not explain the different outcomes in 
the FA mice. The humidified air protects the airway mucosa [9,19] 
via mucociliary clearance [20]. This phenomenon was also shown 
by Hasani et al., as warmed humidified high airflow was given to 
bronchiectasis patients for 3 hours per day and subsequently 
improved the measured tracheobronchial mucociliary clearance 
[21]. Therefore, it is plausible that the mice exposed to FA had 
improved survival after exposure to pathogen due to improved 
mucociliary clearance of the lower airways compared to room air 
control mice. Although ozone was delivered via a high warmed 
humidified FA flow, the ozone-exposed mice would continue to 
show poor outcomes due to the oxidative stress injury. Interestingly, 
there has been literature regarding the use of prone position to 
increase oxygenation and improve outcomes in COVID 19 patients 
[22]. However, upon further investigation, it was determined that 
all study mice were placed prone after the respiratory pathogen 
exposure, thus eliminating this factor as a possibility of a favorable 
outcome in one group versus the other. 

Conclusion
In conclusion, this original research paper [1] shows an exciting 

finding via serendipity and has put forth a fascinating idea with 
potential clinical benefits that has also been discussed by Abbasi et 
al. [23]. The use of warmed air humidification may be a simple yet 
effective therapy to prevent or reduce morbidity and mortality due 
to SARS-CoV2 or other pathogens in the at-risk older population. 
Although a Cochrane review [24] in 2017 stated that there was no 
benefit or harm from the use of warmed, humidified air to treat the 
common cold, the authors did acknowledge the quality of evidence 
was low. Nevertheless, given the physiological basis of warmed, 
humidified high airflow therapy on improved mucociliary clearance, 
positive airway pressure, and possible reduction of respiratory 
infection, this study does warrant further clinical and basic science 
research consideration. In addition, investigation of the effects of 
warmed humidified high airflow therapy on infection susceptibility 
in the current pandemic of COVID-19 and other pulmonary diseases 
due to viral or bacterial infections is warranted.
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