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To the Editor: 
We appreciate the correspondence of Drs Elfessi and 

Rubinstein [1]. The many studies performed on the effect of 
fractional exhaled nitric oxide (FeNO) in COVID-19 infection 
have yielded discrepant results and no conclusions. While 
some studies demonstrated the accurate diagnostic capacity 
of FeNO measurement in COVID-19, others conclude that 
there is no association between FeNO and this viral infection. 

Inclusion criteria vary widely not only for affected 
patients (eg, symptomatic respiratory disease [2], mild/severe 
COVID-19 [3], and critical illness [4]), but also for healthy 
control groups [5,6]. Moreover, the use of different FeNO 
measurement devices could also interfere with the results. 
To the best of our knowledge, our study [2] is the only one 
to compare patients' FeNO levels during acute infection and 
recovery in the same patients, in addition to a control group, 
during the COVID-19 pandemic. 

While Balci et al [5] and Yang et al [6] demonstrated 
significantly higher FeNO levels than in healthy controls, a 
significant difference was found in the median FeNO value 
in COVID-19 patients between the studies (31.7 [14.8] and 
18.3 [7.1] ppb, respectively), with similar control FeNO values 
(15.5 and 15.6 ppb). This finding supports the previously 
demonstrated high variability in FeNO, also suggested by 
Elfessi and Rubinstein [1]. Exline et al [4] reported higher levels 
of NO and ammonia in mechanically ventilated COVID-19 
patients than in mechanically ventilated COVID-19–negative 
patients. The isolated NO value in this study is not measured; 
therefore, its involvement without ammonia is unknown. 
Other studies [3] evaluated only positive COVID-19 patients 
and demonstrated lower FeNO values in patients with severe 
disease than in those with mild disease, suggesting that FeNO 
is a predictor of the severity of COVID-19. The authors also 
demonstrated that FeNO ≤11.8 ppb is predictive of severe 
outcomes. This finding contrasts with ours [2], which indicate 
no significant differences in FeNO values according to disease 
severity. Three studies with hospitalized post–COVID-19 
populations performed 3 to 6 months after the initial infection 

report different results [7-9]. Lindahl et al [7] and Salem et al [8] 
found normal FeNO values, although their samples were small (20 
patients in each one). Cameli et al [9] demonstrated higher distal 
FeNO values (350 mL/s) in patients than in healthy controls. 
However, they did not observe any significant differences in 
proximal FeNO. 

Additionally, medical treatment, especially corticosteroids 
in moderate-severe COVID-19, has previously demonstrated 
a significant effect on FeNO levels. Patient medication data 
were collected in only 2 studies [2,3], although neither 
provided a statistical analysis. Some authors did report clinical 
characteristics that could interfere with FeNO levels (eg, age, 
sex, body mass index, and smoking) [10]. However, other 
characteristics that may have some influence, such as previous 
food intake, history of atopy, and concurrent respiratory 
infections, were not included. All of these could confound the 
analysis of FeNO values. 

A positive correlation has been reported between FeNO 
and atopy [10]. In addition to compiling data in our previous 
study [2], we also analyzed FeNO levels in atopic patients 
with COVID-19 infection (positive SARS-Cov-2 RT-PCR 
and/or antigen test). Of the 82 patients included, 19 (23.2%) 
reported atopy and 63 (76.8%) were nonatopic. There were 
no differences in demographic characteristics. FeNO levels 
did not vary significantly between the groups during acute 
infection (12.7 [8.4] ppb for atopic patients vs 11.3 [9.1] ppb for 
nonatopic patients; P>.05) or during the early recovery period 
(23.2 [16.4] ppb vs 18.0 [21.9] ppb, respectively; P>.05). No 
patient had FeNO levels higher than 50 ppb, and 4 patients, all 
from the nonatopic group, had FeNO levels higher than 30 ppb. 
We concluded that measurement of FeNO does not define 
atopy status in patients with SARS-CoV-2 infection during 
symptomatic or early recovery.

Discrepant FeNO results have also been observed in 
other viral respiratory tract infections [11]. The explanation 
for these variable results is controversial. The SARS-CoV-2 
virus binds to the host cells through the angiotensin-converting 
enzyme 2 (ACE2) receptor. Respiratory epithelial cells, which 
highly express ACE2, are the portal of entry for the virus. FeNO 
is produced in airway epithelial cells, mainly by inducible 
nitric oxide synthase (iNOS). Given that ACE2 diminishes 
iNOS signalling, a negative correlation was hypothesized 
between COVID-19 infection and airway NO production and, 
therefore, FeNO values. As a result of this finding, treatment 
with NO has proven beneficial for COVID-19 patients, with 
increased susceptibility to SARS-CoV-2 infection reported 
in those with low airway NO levels [12]. By contrast, NO is 
usually increased in viral infections as a response mechanism 
of proinflammatory cytokine signaling and acts by inhibiting 
its replication and entry into the host cell. 

COVID-19 stage could also affect FeNO value. The 
first stages of the disease are characterized by antiviral 
activity secondary to the activation of epithelial cells to 
produce cytokines and upregulate iNOS and, therefore, NO 
concentration. Concurrently, excessive NO is converted 
into peroxynitrite and other substances, damaging human 
immune cells, promoting COVID-19 infection, inhibiting NO 
production, and reducing NO concentration. 
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We agree with Elfessi and Rubinstein [1] that more studies 
with larger samples are needed. Our sample of 88 patients [2] 
is surpassed only by that of Balci et al [5], with 102 patients. 
Samples in other studies are highly variable, ranging 
from 20 patients [7-9] to 56 patients [3]. 

In conclusion, the role of FeNO in SARS-CoV-2 infection is 
controversial. Differences in clinical characteristics, disease stage 
at measurement, treatment, device, and patients' characteristics 
could confound FeNO measurement. More studies are needed 
to elucidate the role of FeNO in this viral infection.
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