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Fire simulator exposure alters the innate epithelial response 
and inflammatory status in the airways of firefighters*

Abstract
Background: Firefighters are often exposed to high temperatures and by-products of combustion, which can compromise their 

health. We aimed to evaluate the effect of fire exposure in fire simulators on the airways of firefighters at different time-points.

Methodology: Thirty-seven male firefighters exposed to fire simulators were evaluated in three phases: pre-exposure, at the end 

of the first week, and 4 weeks after. Pulmonary function by spirometry, nasal mucociliary clearance; peripheral oxygen saturation, 

inflammatory markers in the nasal lavage and CC16 in the sputum, nasal obstruction, and quality of life (using the questionnaires 

NOSE and SNOT-22) were assessed. 

Results: Higher levels of IL-8, IL-10, and exhaled carbon monoxide were found more in phase 2 than in phase 1. Higher CC16 levels 

and lower peripheral oxygen saturation were observed in phase 3 as compared to phase 1. Lower levels of IL-2 and peripheral 

oxygen saturation were found in phase 3 than in phase 2. Higher nasal mucociliary clearance, as well as the worst quality of life 

and nasal obstruction, were observed in phases 2 and 3 as compared to phase 1. 

Conclusions: The firefighters’ exposures to high temperatures and by-products of combustion in the fire simulators elicit an 

inflammatory process in the airways with impairment in the innate epithelial response of the upper airway lining. Furthermore, 

changes in O2 transport affected the professionals’ quality of life negatively.
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Introduction
Fire suppression is not only a very dangerous and exhausting 

activity but it also exposes the firefighters to high temperatures 

and by-products of combustion; which can impair their health 
(1, 2).

Fire produces a complex mixture of fumes with airway irri-

tants that can lead to the development of serious respiratory 

problems. Among the combustion by-products are carbon 

monoxide (CO), sulfur dioxide (SO
2
), nitrogen dioxide (NO

2
), 

small particulate matter 2.5 (PM2.5), and cyanide. Particularly, 

these by-products hinder oxygen carriage into the bloodstream. 

Furthermore, smoke inhalation can affect the respiratory tract in 

different ways and its effects are diagnosed mainly by symptoms 

assessment and alteration in lung function tests (3-5).

In this regard, it was reported that firefighters presented with an 

increase in respiratory complaints. These include airway inflam-

mation, pneumonia, rhinosinusitis, allergic processes, airway 

obstructions, and bronchial hyperresponsiveness (6).
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To mitigate the risks imposed by fire on the health of firefigh-

ters, the use of self-contained breathing apparatus (SCBA) is 

mandatory. The use of individual protective equipment (PPE) for 

thermal insulation is also recommended. However, in situations 

where the smoke is no longer visible, reduced adherence to the 

use of these types of equipment is usually observed. Such as 

during local inspections, or shift changes, and also during rest 

periods, when high concentrations of combustion by-products 

are still present at the site. Moreover, there is increased heat that 

may lead to the continuous generation of some by-products, 

thereby increasing the susceptibility of their increased cutane-

ous absorption in firefighters (3).

Beyond the acute risk, the increase in thermal stress can also 

trigger an increment in the responses of the immune system, 

which can persist for a long time. It was demonstrated that 

acute stress originated by repeated work cycles involving 

intermittent exposure to fires significantly activated the immune 

system and the maintenance of this activated state can favor the 

occurrence of adverse effects on the respiratory health of these 

professionals (7, 8).

Based on this information, training courses are necessary to 

prepare these professionals for exposure to high temperatures 

and combustion-derived by-products. Therefore, the purpose of 

these courses is to offer the firefighters, in a controlled situation, 

the opportunity to experience the real context of fires. Even in a 

controlled situation, the firefighters are exposed to high tempe-

ratures and, mainly, high concentrations of combustion-derived 

by-products (9, 10). There are available data concerning the occur-

rence of diseases in the airways of firefighters at the end of the 

course. However, there is a lack of information concerning the 

effects of repetitive exposure to fire in simulators on the airway 

mucosa of the firefighters. Therefore, we aimed to evaluate the 

effect of fire exposure in fire simulators on the airways of fire-

fighters at different time-points. 

Materials and methods
This study was carried out by the Department of Otorhinolaryn-

gology and Head and Neck Surgery of the Federal University of 

São Paulo (UNIFESP). In 2018 (n = 17) and 2019 (n = 20), males 

volunteer firefighters who were enrolled in the structural fire-

fighting course were invited to participate in the study. Signed 

informed consent was obtained from all participants. The study 

was approved by the Local Ethics and Research Committee 

(number CAAE: 09843919.2.0000.5505). All participants used 

SCBA and PPE during the practical part of the course. The course 

was promoted by the Fire Department of São Paulo State of the 

Superior School of Firefighters in Franco da Rocha. The sam-

ple collection took place at the training site immediately after 

exposure, at an appropriate distance from the simulators, except 

for the ventilatory tests. The program lasted for four consecutive 

weeks. Participants were exposed to high temperatures and 

by-products of combustion in a structural fire simulator that 

exceeded 600˚C, lasting 20-30 minutes, and repeated 2-3 times a 

day (Figure 1A). These events took place twice a week in alterna-

ting periods. The fuels used for simulation were oriented strand 

board sheets and pine pallets. The training techniques and fire 

simulator were the NFPA 1403 standards (National Fire Protec-

tion Association) which is the Standard for Live Fire Training 

Figure 1. A. Firefighter training using simulators; B. Study flow diagram. RF= Respiratory Frequency, HR= Heart Rate, SpO2= Peripheral Oxygen 

Saturation, NLF= Nasal Lavage Fluid, CC16= Club Cell Secretory Protein, Coex= Exhaled Carbon Monoxide. MCT= Mucociliary Clearance Time, NOSE= 

Nasal Obstruction Symptom Evaluation and SNOT-22= SinoNasal Outcome Test 22.
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and stored at 80°C for later use in determining the concentration 

of cytokines.

Determination of cytokines 

The concentration of cytokines (IL-2, IL-8, IL10, IL-12) was mea-

sured in the supernatant using an ELISA test (Thermo Fisher Sci-

entific, Invitrogen, Vienna, Austria), following the manufacturer’s 

instructions, initially obtained (pg/mL) in the nasal fluid lavage, 

and normalized by the total protein concentration according to 

the Bradford method (17).

Club cell protein dosage (CC16)

The concentration of club cell protein CC16 was determined in 

the pulmonary sputum of the participants. The collection was 

carried out spontaneously (18) without induction of 3% hyperto-

nic solution in order to avoid bronchospasm (19) in pre-exposure 

(phase 1) and acute exposure in phase 3. Participants were 

instructed not to drink liquids before collection. The samples 

were analyzed using an ELISA kit according to the manufactu-

rer’s instructions (BioVendor Research and Diagnostic Products, 

Brno, Czech Republic).

Exhaled carbon monoxide

Immediately after exposure in the simulator, COex was measu-

red using a portable monoximeter Bedfont Pico Plus Smokrly-

zer® (Bedfont, UK, England). For the measurement, the partici-

pant was asked to place the disposable mouthpiece between 

the teeth with the lips tight and perform a deep inspiration 

followed by a 20-second apnea. After the established period, 

the participant was encouraged to exhale the inspired volume 

slowly and completely (20). The COex measurement was subse-

quently recorded on the analyzer display. 

Mucociliary transport - Saccharin test

After 25 minutes of exposure, the mucociliary transport time 

Evolution (11).

The participants were aged between 18-50 years, previously 

healthy individuals approved by the annual health inspection 

of the Military Police Corporation of São Paulo State. Exclusion 

criteria were; 1) smoking, 2) chronic use of corticosteroids, anti-

inflammatories, 3) presence of chronic rhinosinusitis using EPOS 

criteria (12), allergic rhinitis, flu in the last 4 weeks, asthma, chro-

nic bronchitis, 4) women at reproductive age without hormonal 

contraceptive adherence. 

The evaluation of the participants took place in three phases: 

pre-exposure (phase 1, control), at the end of the first week 

after exposure (phase 2, acute), 4 weeks after exposure (phase 3, 

extended) (Figure 1B).

In the first part of the study in 2018 (n=17), anthropometric 

data, heart rate (HR), respiratory frequency (RF), and SpO
2
% 

(peripheral oxygen saturation) were collected in ambient air, 

pulmonary sputum, and nasal lavage fluid were assessed. In 

2019 (n=20) participants were enrolled in the study. Vital signs 

were again collected, in addition to exhaled carbon monoxide 

(COex), mucociliary transport time (MCT), spirometry (FVC, 

FEV1, FEV1/FVC, FEF 25-75%), and validated nasal obstruction 

questionnaires, NOSE and SNOT-22 (13-15) (Figure 2).

Collection of estimates of peripheral oxygen saturation, 

respiratory frequency, and heart rate 

Collections of peripheral oxygen saturation (SpO2, in %), respira-

tory frequency (RF), and heart rate (HR) occurred in three phases 

during the course. In phases 2 and 3 collections were performed 

immediately after exposure to the simulator.

In all phases, collections were performed using UT-MD® portable 

oximeter equipment (Curitiba, PR, Brazil).

Sample collections 

Samples of nasal lavage to measure the cytokines and sputum 

to measure Club cell protein were collected 20 minutes and 

25 minutes, respectively, after exposure to the simulator in 

the morning between 10:00 am and 12:00 pm. Nasal lavage 

fluid (NLF) samples were collected by introducing 5 ml saline 

(0.9% NaCl) at room temperature into each nostril with a sterile 

syringe without a needle. After the introduction, the volunteers 

were instructed to keep the contents in the nostril, not to per-

form deep breathing or to swallow for 10 seconds, and then to 

return the largest amount of the liquid possible into a 50 ml Fal-

con® tube. The samples were appropriately stored in a thermal 

box with ice and taken to the laboratory of the Department of 

Otorhinolaryngology and Head and Neck Surgery at the Federal 

University of São Paulo (Unifesp). The material was transferred to 

a graduated polypropylene tube (15 mL Falcon® tube), centri-

fuged at 3,000 rpm at 4°C for 10 min. No buffer or preservative 

was added (16). Subsequently, the supernatant volume was 

transferred to polypropylene tubes (2 mL Eppendorf® tubes) 

Figure 2: The sequence of tests and timings at the 3 phases.
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was verified using the saccharin test. The individuals were sea-

ted with a slight cervical extension (approximately 10°). Gently 

25 µg of powdered saccharin was introduced into the edge of 

the inferior turbinate of the nostril. It was introduced preferably 

in the right nostril or the nostril without obstruction, without 

the use of anesthetic, through a plastic straw up to 2 mm in 

diameter and 5 cm in length; after the procedure, the head was 

repositioned (21). At the time of insertion, the stopwatch was 

activated until the participant reported the sensation of taste. 

The volunteer was instructed not to inhale deeply, cough, sniff, 

or sneeze during the test, and not to eat immediately before the 

test.

Spirometry FEV1, FVC, FEV1/FVC, FEF 25-75% 

The spirometry examination was performed using a Mini Spir-

Mir® portable flow spirometer (Rome, Italy), properly calibrated, 

coupled to the computer. The measurements were carried using 

the guidelines of the Brazilian Society of Spirometry. It was per-

formed two hours after exposure in the simulator with subjects 

properly rested, cleaned, hydrated. Participants were asked not 

to take caffeine, and to eat only light snacks after exposure. The 

following parameters were recorded: FEV1, FVC, FEV1/FVC, FEF 

25-75%. Normal values were used according to the Brazilian po-

pulation. Technical and reproducibility procedures followed the 

standardization adopted by the Brazilian Consensus on Spiro-

metry and the American Thoracic Society (ATS) (22, 23). The values 

were collected in triplicate and the highest value obtained was 

used. The tests were performed by the same examiner, qualified 

to perform the exams.

Nasal obstruction questionnaires - NOSE and SNOT-22 qua-

lity of life 

A validated and standardized questionnaire scale was applied - 

Nasal Obstruction Symptom Evolution–NOSE (13,15). Additionally, 

the SNOT-22 quality of life questionnaire was also used (14). The 

questions were asked individually to each participant. SNOT-22 

and NOSE were applied before the first exposure and two hours 

after each exposure phase.

Statistical analysis

The database was built in Excel®, and all cleaning, coding, reco-

ding, and grouping processes were performed in this software. 

For data analysis, Stata® 12.0 software was used. All the results 

obtained in this study were initially evaluated the Shapiro–Wilk 

test in order to verify the adherence to Gaussian distribution. 

Afterward, the homogeneity of variance was analyzed by the 

Levene test. 

Parametric variables were presented as mean and standard 

deviation and the Student’s t-test was used to verify significant 

differences for the anthropometric data between volunteer 

groups in 2018 and in 2019, as well as paired Student’s t-test was 

used in the CC16 analysis. ANOVA test with Tukey posthoc test 

was used to evaluate the occurrence of significant differences 

in the spirometric assessment, peripheral oxygen saturation, 

respiratory frequency, heart rate, and also in the concentration 

of the cytokines (bars graphics).

Non-parametric variables were presented as a median and in-

terquartile range (box plot graphic) and the Friedman test with 

the Muller–Dunn posthoc test was used to verify significant dif-

ferences in the data obtained in the carbon monoxide exhaled, 

mucociliary clearance time, SNOT-22, and NOSE. The significance 

level was set to 5% (p < 0.05).

Results
Table 1 shows the physical characteristics of the participants. No 

statistically significant differences were found when volunteers 

of 2018 and 2019 were compared.

Significant alterations in the respiratory rate, heart rate, and 

peripheral oxygen saturation after fire simulator exposure

As shown in Table 2, higher levels of RF and HR were found in 

phases 2 and 3 than in phase 1 in volunteer groups, regardless 

of the year. Similarly, a higher HF level was observed in phase 2 

than in phase 3 both in 2018 and 2019. Interestingly, concerning 

the HR level, the values of 2018 were higher in phase 2 than in 

phase 3. Whereas those of 2019 were higher in phase 3 than in 

phase 2. In addition, concerning peripheral oxygen saturation 

data, there were a significant reduction in phases 2 and 3 as 

Table 1. Physical characteristics of participants in 2018 and 2019.

2018 (n=18) 2019 (n=20)

Min Max Mean SD Min Max Mean SD p-value

Age (years) 24 49 37.1 7.3 30 49 36.1 5.9 0.65

Height (cm) 167 192 175.8 6.0 166 189 176.5 7.5 0.41

Weight (Kg) 60 100 78.5 9.8 65 100 80.7 10.7 0.66

BMI (Kg/m2) 20.76 28.76 25.4 5.6 21.5 30.9 22.34 1.79 0.41

BMI = Body Mass Index; Min= minimum; Max= maximum; SD = Standard Deviation. Student’s t-test.
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compared to phase 1 in 2018. Meanwhile, in 2019 a significant 

reduction was found only between phases 3 and 1, although the 

comparison between phases 2 and 1 showed a downward trend 

(p=0.068).

Pro- and anti-inflammatory cytokines, as well as CC16 levels, 

are altered in airways after fire simulator exposure

As cited above, the data obtained in the cytokines and CC16 

evaluations were normalized by the total protein content found 

(mg/mL). This presented a similar concentration (p > 0.05) 

between the time-points analyzed (Phase 1 = 16.98 ± 4.38; 

Phase 2 = 18.85 ± 5.10; and Phase 3 = 16.19 ± 4.28). 

Figure 3 shows that the concentration of IL-8 (Figure 3A) and 

IL-10 (Figure 3B) was higher in phase 2 than in phase 1. Whereas, 

the IL-2 levels were higher in phase 2 as compared to phases 1 

and 3 (Figure 3C). In addition, although the concentrations of 

IL12p70 (Figure 3D) and IL12p40 (Figure 3E) were unchanged, 

the ratio of the data obtained was (IL-12p40/IL-12p70, Figure 

3F). Thus, there was a significant increase in the ratio in phase 2 

compared to phase 1.

Concerning the Club Cell (CC16) analysis in pulmonary sputum 

(Figure 3G), higher CC16 levels were found in phase 3 than the 

values observed in phase 1 (p=0.011). The sputum collection 

procedure for analysis was performed spontaneously (18), wit-

hout the induction of the hypersaline solution.

Fire simulator exposure did not alter the ventilatory parameters

The ventilatory parameters FVC, FEV1, FEV1/FVC, and FEF 25-

75% were assessed by the spirometry exams. No statistically 

significant differences were found between the phases of the 

study (Table 3).

Exhaled carbon monoxide and mucociliary transport time 

are altered after fire simulator exposure

As shown in Figure 4A, the exhaled carbon monoxide concen-

tration found in phases 2 and 3 showed a significant increase 

as compared to phase 1 (p<0.0001, p=0.0086, respectively). 

Table 2. Description and comparison by phase of the measurements of RF, HR, and SpO
2
 (%) - 2018 (n= 17) and 2019 (n=20).

Variables 2018 Phase 1 Phase 2 Phase 3

Mean SD Mean SD Mean SD p-value

Respiratory Frequency 20.9 1.8 32.4 4.8 28.3 2.5 <0.01

Heart Rate 70.4 7.9 98.6 8.6 91.8 8.0 <0.01

Peripheral Oxygen Saturation % 97.5 1.2 95.7 1.4 96.6 1.5 <0.01

Variables 2019 Phase 1 Phase 2 Phase 3

Mean SD Mean SD Mean SD p-value

Respiratory Frequency 17.6 2.3 35.8 7.6 25.3 4.3 <0.01

Heart Rate 67.8 8.20 121.8 13.0 150.2 19.4 <0.01

Peripheral Oxygen Saturation % 97.1 1.4 95.9 1.9 92 5.3 <0.01

SD= Standard Deviation. ANOVA test with Tukey posthoc test.

Table 3. Comparison of absolutes values and % predicted FVC, FEV1, FEV1/FVC(%), and FEF 25-75 between the phases.

Phases

1 2 3

Mean SD Mean SD Mean SD p-value

FVC 5.65 1.05 5.37 5.58 5.49 0.59 0.74

FVC % 104 8 102 7 102 8 0.45

FVE1 4.51 0.60 4.48 0.63 4.48 0.51 0.96

FVE1 % 108 12 107 11 107 7 0.14

FVE/FVC 82.91 4.95 82.39 5.22 83.10 2.85 0.98

FVE1 1 /FVC % 103 7 102 8 102 6 0.89

FEF2575 4.86 1.65 4.80 1.55 4.80 1.68 0.87

FEF2575 % 111 32 109 28 102 28 0.94

FVC=forced vital capacity; FVE1= forced expiratory volume in one second; FVE1/ FVC= ratio forced expiratory volume per second/forced vital capac-

ity; FEF25-75= forced expiratory flow 25-75; SD= standard deviation. ANOVA test with Tukey posthoc test.
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Figure 3. Comparison of cytokine levels of nasal lavage: IL-8 (A), IL-10 (B), IL-2 (C), IL-12p70 (D), IL12 p40 (E), and IL12p40/ILp70 ratio (F) between the 

phases of the study. Comparison of Club Cell concentrations in pulmonary sputum before and after exposure in the simulators (G).

Figure 4. Comparison of the carbon monoxide exhaled (A) and mucociliary clearance time (B) during the phases. Comparison of the questionnaires 

that demonstrate an increase in scores after exposure to fire simulators and inhalation of combustion by-products – (C) SNOT-22; (D) NOSE.
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However, lower levels were found in phase 3 as compared to 

phase 2 (p<0.0001).

Concerning the mucociliary transport time (MCT) analysis 

(Figure 4B), a significant increase in MCT was found in phase 

3 compared to the values observed in phase 1 (p=0.0011). No 

other differences were found.

Fire simulator exposure impairs the quality of life and en-

hances the nasal obstruction symptoms 

Figure 4C shows the results concerning the evaluation of the 

quality of life, which was assessed by the SNOT-22 questionnai-

re, and a significant increase in their scores was found in phases 

2 (p=0.0272) and 3 (p=0.0245) compared to phase 1. Similarly, 

the results regarding the evaluation of the nasal obstruction 

symptoms, which was assessed by the NOSE questionnaire, sho-

wed a significant increase in their scores in phases 2 (p=0.0008) 

and 3 (p=0.0019) as compared to phase 1 (Figure 4D). Although 

these results are significant, they were not clinically relevant. 

Table 4 shows the most significant nasal symptoms - SNOT 22.

Discussion
In this study, our results showed that after the fire exposure in 

simulators, the firefighters presented with: 1) higher levels of 

CC16, pro-and anti-inflammatory cytokines, and also an increase 

in mucociliary transport time in airways; 2) significant increase 

of exhaled carbon monoxide; 3) an increase in the impairment 

of the quality of life and nasal obstruction symptoms. Interes-

tingly, although the firefighters did not present alterations in 

some respiratory parameters (FEV1, FVC, FEV1/FVC, FEF 25-75%), 

a significant increase in heart rate (HR) and respiratory frequen-

cy (RF) were observed after the fire exposure in simulators.

The literature highlighted that the professional firefighters 

presented with a decrease not only in the peak expiratory flow 
(24) but also in the scores of pulmonary function test (FVC, FEV1, 

FEV1/FVC) after fire exposure (25). However, we did not find any 

significant alterations in the respiratory parameters. There-

fore, our findings permit us to suggest that the correct use of 

the autonomous respiratory protective equipment putatively 

minimized the deleterious effect of fire exposure in simulators 

during the 4 weeks course. Furthermore, it is worth noting that 

based on the scientific reports, elevations in RF and HR are often 

associated with exposure to high temperatures and inhalation 

of fumes. Particularly, it has been reported that repeated heat 

exposure with thermal impulses can promote physiological 

adaptations that lead to the improvement in an individual’s 

ability to cope and perform work or exercise in a warm environ-

ment. The frequency of adaptations can vary from one to two 

exposures a day or intermittent exposure (10, 26).

The proposal of occurrence of a "phenomenon of adaptation" in 

the airways putatively corroborated with our results obtained in 

the inflammatory markers which were assessed in the nasal la-

vage. The concomitant elevation of the pro-inflammatory cyto-

kines IL-8 and IL-2 together with the classical anti-inflammatory 

cytokine IL-10 was observed after fire exposure in a simulator in 

phase 2. It is of utmost importance to mention that different cell 

types, such as epithelial, fibroblast, and migrating cells, can pro-

duce and release both IL-8 and IL-2 in the mucosa of the airways 
(27-29). Higher levels of these cytokines are mainly associated with 

the manifestation of several disturbances and diseases in the 

upper and lower airways (30, 31). In contrast, in order to mitigate 

the harmful effect of higher levels of these pro-inflammatory 

cytokines in the airways, it elicited the release of IL-10 at the 

same time. It is broadly known that IL-10 has anti-inflammatory 

properties in the airways and can act as a protective factor 

against inflammation of the mucosa (31, 32). In addition, it was 

found that the ratio of IL-12p40/IL-12p70 was increased in phase 

2. However, the alterations in the cytokine levels in an isolated 

way indicate the ability of the upper airways to induce control 

of inflammation after the fire exposure in simulators. However, 

it is worth clarifying that, per the literature, cytokine IL-12p70, 

a heterodimer composed of IL-12p40 and IL-12p35 subunits, is 

closely associated with a pro-inflammatory action in the airways 
(33, 34). Particularly, the subunit IL-12p40, which forms a homo-

dimer known as IL-12p80, can partially antagonize the effects 

of IL-12p70. In this regard, evidence in the literature showed 

an increased lung inflammation in IL-12p40-/- mice than in the 

wild mice. IL-12p40 is also essential for the downregulation of 

airway hyperresponsiveness in a mouse model of asthma with 

prolonged antigen exposure (35-37). Taking together, these results 

demonstrated that even though an inflammation was elicited 

by the fire exposure, a system of inflammation control was 

activated. In addition, it is also paramount to highlight that the 

observation of a decrease in cytokine concentrations after fire 

exposure in a simulator in phase 3 to the baseline values (phase 

1) can reinforce the idea that adaptations in the airways were 

achieved during the course period.

Beyond the cytokines evaluation, we also analyzed the mucocili-

Table 4. Most significant nasal symptoms - SNOT 22.

Complaints Phase 1 Phase 2 Phase 3 p-value*

Need to blow nose 4 13 15 0,03

Sneezing 1 13 6 0,11

Running Nose 2 13 25 0,01

Cough 14 23 12 0,85

Post nasal 9 16 14 0,47

Tick nasal discharge 2 8 11 0,14

Decreased sense of 
smell/taste

4 40 62 <0,01

Nasal obstruction 1 10 34 <0,01

* (Friedman test)
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ary transport, which is another important characteristic present 

in the upper airway mucosa. The epithelial layer of the upper 

airway lining is the first innate barrier that attackers from inhala-

tion encounter. The mucociliary transport is a defense mecha-

nism belonging to this barrier that fights against pathogens and 

toxins. It is noteworthy to point out that mucociliary transport is 

a system composed of cilia and a mucus layer, which is sus-

ceptible to alterations from physical and climatic agents (38-40). 

In this sense, it was reported that agricultural workers who are 

exposed to burning showed significant alterations in mucocili-

ary transport (41). This data corroborates our findings in that there 

was an accumulative increase in mucociliary transport after 

successive fire exposures, with a significant increase in phase 3. 

This indicates an adaptive effort to better clear and protect the 

upper airway.

Although firefighters used autonomous respiratory protection 

equipment during the training simulations, they removed the 

equipment for the final inspection and rested when the smoke 

was no longer evident. This caused them to become susceptible 

to inhalation of particles suspended in the atmosphere. The ef-

fects of smoke exposure is also proven by skin absorption of by-

products even when wearing appropriate clothes (9, 42). This was 

verified by the significant increase in inflammatory cytokines in 

the nasal lavage fluid in the acute phase of the study.

In order to improve the understanding of the effect of fire 

exposure in simulators in the airways, besides cytokines and 

mucociliary transport evaluations, in the upper airways, we also 

analyzed the levels of the Club Cell protein-16 (CC16) in the pul-

monary sputum. In this regard, higher CC16 levels were found 

after fire exposure in phase 3. Based on the literature, CC16 is 

a pneumoprotein secreted by club cells present in the distal 

airways and the epithelial cells present in the tracheal-bronchial 

area. It is also associated with surfactants produced in type II 

alveolar cells (43, 44). This protein is usually considered as a biomar-

ker of peripheral lung injury since its expression is associated 

with anti-inflammatory action after exposure to airway irritants 
(38, 45). We observed that CC16 was increased in the pulmonary 

sputum sample obtained in phase 3. This demonstrated that 

there was fire exposure induced lung inflammation, and also 

indicated that an alteration in the alveolar-capillary permeability 

was elicited.

In this sense, the evaluation of exhaled carbon monoxide 

and peripheral saturation of O
2
 was useful in proving that the 

alveolar-capillary permeability was impaired by fire exposure 

in simulators. Based on our results, after fire exposure, exha-

led carbon monoxide was increased. Whereas, the peripheral 

saturation of O
2
 decreased, signifying a relevant alteration in the 

transport of oxygen by hemoglobin.

As appealing as these results could be, we believed that evalua-

tions related to the impact of fire exposure in simulators during 

4 consecutive weeks in the nasal obstruction symptoms are also 

very important. The SNOT-22 and NOSE questionnaires showed 

worsening scores in both phases associated with fire exposure. 

These alterations were closely associated with our laboratory 

findings.

The findings obtained in the present study showed that the use 

of individual respiratory protection materials is useful in many 

circumstances. We were able to demonstrate that the firefigh-

ting carried out by firefighters can elicit a transient inflammatory 

response in nasal mucosal, an impairment in the innate epithe-

lial response of the upper airway lining, as well as induces an in-

flammatory process in lower airways that can alter the transport 

of O
2
. Taken together, these can negatively impact the quality of 

life of these professionals. The NOSE and SNOT-22 questionnai-

res are developed for assessment for a period longer than one 

week. Therefore, they were not adapted for this scenario once 

the subjects did not suffer from sinus conditions. We applied 

them as an instrument to evaluate the airway symptoms, espe-

cially nasal symptoms. They showed significantly higher scores 

after exposure pointing to a decreased sense of smell/taste and 

nasal obstruction (Table 4). It is also important to highlight that 

these results were not clinically relevant.

Our study used firefighters' pre-exposure as a means of compa-

rison and used two different cohorts in different years to be able 

to extend the measurements. This should be recommended in 

future studies comparing the regular population (no-firefigh-

ters) without previous exposure to smoke and a single cohort to 

have a more accurate result. Another difficulty encounter in this 

study was to distinguish the effects of combustion by-products 

from the effects of heating on the firefighters.

Conclusion
In conclusion, our study indicates that the mechanical alterati-

ons in the epithelial barrier in association with the induction of 

an inflammatory response in airways can lead to disturbances 

in O
2
 transport. Thus, worsening the quality of life and physio-

logical alterations in ventilatory mechanisms. In addition, the 

importance of further studies to verify these results in the long 

term is needed.
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