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Abstract 

 

The term Aerotoxic Syndrome (AS) has been coined to describe the spectrum of clinical manifestations after 

aircraft fume events. Among these manifestations, neurological and respiratory symptoms are the most 

frequently reported complaints. Three cases of AS with relevant respiratory features are presented. Cough 

and shortness of breath for 6 to12 months were the predominant symptoms in the first two cases. In the third 

case, the patient complained for nine years about an unbearable cough triggered by odors, smells, and a 

variety of indoor and outdoor irritants. In all three cases, the respiratory symptoms resolved after appropriate 

treatment. Our report aims at raising awareness on the AS and calls for actions to improve the management 

of patients suffering from this syndrome. 
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Introduction 

 

 Cabin and flight deck ventilation in most aircraft use outside air mixed with air recirculated from the 

cabin. This unfiltered outside air comes from the propulsion engine compressors and is commonly known as 

bleed air. Jet engine oils may leak into the breathing air because seals used in bleed air systems do not 

completely prevent low levels of contamination from reaching the cabin air in normal flights [1-5]. This 

phenomenon is known as aircraft fume events. There is variability in the reported incidence of smoke, oil 

smell, and onboard fume events [3,4]. In the US alone, an average of at least two to three contaminated bleed 

air events have been estimated to occur every day [6]. However, these remain underreported [6,7]. 

 The term aerotoxic syndrome (AS) has been coined to describe the spectrum of clinical features 

exhibited after aircraft fume events exposure. AS encompasses a constellation of symptoms and individual 

susceptibility and variation in symptoms are considerable. Of note, the complete list of symptoms and 

clinical findings are not necessarily found in all any individual cases. A study that reported extensive 

findings from two different cohorts showed that there may be acute and chronic patterns of adverse effects, 

affecting  the central nervous system (CNS) and peripheral nervous system (PNS) (motor, sensory, and 
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autonomic nervous systems involvement), the respiratory and the gastrointestinal tract, and the 

cardiovascular system. The symptoms of AS include neurobehavioural affectation (effects on the 

neurological and cognitive systems); nausea, digestive problems, cramps, nasal or throat irritation, cough, 

wheezing, variable heart rate and blood pressure, joint or muscle pain, performance decrease, fatigue, and 

sensitive skin to irritants (chemical sensitivity) [1]. According to previous reports, the respiratory symptoms 

after fume events exposure rank only second to neurological symptoms in their frequency [1, 3-5]. 

Symptoms, signs, objective measurements, and diagnoses are usually recorded by medical personnel and by 

the affected persons themselves. However, no consistency in diagnosis nor in record keeping have been 

reached so far [8,9].            

This could be due to the controversy surrounding AS. Over the years, there has been a lack of timely 

and systematic investigation of fume events, which has propelled the debate around the contamination 

sources and components, toxicity, consistency of signs and symptoms, and lack of causal mechanism [1-9]. 

Besides, potential contaminants at the time of exposure. Have not been properly identified. These 

inadequacies in information have hindered, not only the assessment of measured abnormalities and their 

relationship to clinical symptoms, but also the development and implementation of preventive and 

therapeutic strategies.  

Herein, we report three cases of flight crew presenting symptoms that corresponded to those 

described for AS. 

 

Summary of cases 

 

 Case 1. A 47-year-old man, international airline pilot, experienced four episodes of cabin air fume 

events over two years during flights. Two of them were oil smell episodes and the other two were visible 

smoke events of unknown origin. None were sufficiently serious to prompt an emergency landing. During 

the last smoke event, the pilot developed a mild cough and shortness of breath that persisted for several 

weeks. He had ceased a mild smoking habit 17 years before this event. His medical and surgical histories 

were unremarkable. Previous spirometry on regular, periodic check-ups had always been normal. The patient 

was evaluated at our Pulmonary Department one month after the beginning of the fourth episode. He 
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presented with moderate wheezing, severe cough productive of a tiny amount of whitish sputum, and 

moderate dyspnea. He reported some difficulties with immediate memory recall and, occasionally, with his 

fluency of speech. In addition, he noticed some pain radiating down his arms and slight numbness and 

tingling in the fingers. Physical examination revealed bilateral wheezing. Neurological examination was 

normal. His blood pressure was normal, and he was afebrile. The results of a chest X-ray and a thoracic CT 

scan did not show any relevant abnormalities and his sputum microbiology was negative. A PCR test (Film 

Array Respiratory Panel 2 plus) of nasopharyngeal secretions was negative for the following 

microorganisms: adenovirus, influenza A and B viruses, parainfluenza, respiratory syncytial, 

rhinovirus/enterovirus, Chlamydia pneumoniae, Mycoplasma pneumoniae, Bordetella pertussis, 

metapneumovirus, and coronavirus. ERS, CRP, and total white cell count were slightly above the upper 

limit. The results of routine biochemistry were normal and serological tests for HIV were negative. The 

spirometry test showed a moderate airway obstruction with a strongly positive bronchodilator test. A 20% 

increase of FEV1 was shown after inhalation of the short-acting bronchodilator agent albuterol. The results 

of pulmonary function studies performed on the patient are summarized in Table 1. Reference values were 

those of the European Respiratory Society (ERS) for the adult population. His diffusion capacity for carbon 

monoxide (DLCO) was normal. 

 Based on the clinical history and negative microbiology of the patient, a diagnosis of reactive 

airways dysfunction syndrome (RADS) related to AS was achieved. He was prescribed oral steroids, 

leukotriene inhibitors, inhaled long-acting muscarinic agents, and long-acting beta-adrenergic agents. 

Respiratory symptoms progressively subsided during the following six months, but he reported a mild 

worsening of his neurological symptoms. At that time, extensive blood tests were again normal, including 

negative immunological studies (ACE, rheumatoid factor, ANA, and ANCA) and MRI examination of head 

and spine, nerve conduction studies, and EMG were also normal. A blood sample submitted to Duke 

University showed highly positive results for autoantibodies against myelin basic protein (MBP), 

neurofilament proteins, microtubule-associated tau proteins, tubulin, and microtubule-associated protein-2 

(MAP-2), all biomarkers for neuronal degeneration [10]. Moreover, high levels of autoantibodies against 

glial fibrillary acidic protein and the glial calcium-binding protein S-100B, both astrocytic markers for brain 
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injury, were also observed. Inhaled therapy was eventually withdrawn after six months of treatment without 

any relapse on long-term follow-up. 

 

 Case 2. A 34-year-old woman, international airline flight attendant, was exposed to a few, repetitive 

oil smells in the cabin during takeoff and landing for two weeks. She complained of nonspecific upper 

respiratory tract irritation, a mild but progressive dry cough, and skin itching. After a strong smell episode, 

she developed a skin rash that involved particularly her two ears (Fig 1A) and trunk (Fig 1B); her cough 

worsened, and she began to complain about mild dyspnea. She denied having been bitten by an insect and 

was not taking any oral medication. A chest X-ray performed at the onset of the symptoms was 

unremarkable. Her past medical history was unremarkable. No eosinophilia was detected. The rash subsided 

after a course of oral steroid therapy, but her moderate shortness of breath and dry cough persisted. The 

patient was evaluated at our Pulmonary Department two months after the beginning of the first episode. The 

results of her physical examination were unremarkable. Baseline spirometry values was normal, but 

bronchodilator testing assessed by inhalation of albuterol showed an increase of 11% in FEV1. DLCO and 

thoracic CT scan were normal. Thus, a diagnosis of RADS related to AS was achieved. The patient was 

treated with inhaled therapy (fluticasone furoate and vilanterol). The respiratory symptoms progressively 

subsided. Inhaled therapy was withdrawn after six months of treatment without any relapse on long-term 

follow-up. 

 

 Case 3. A 56-year-old woman, international airline pilot, presented with symptoms of a long-term, 

unbearable, dry cough and symptoms of an upper respiratory tract irritation. The origin was related to 

exposure to a variety of environmental substances or smells. Almost any environmental cause triggered 

coughing. She had to stop wearing perfume and using aerosols. Other symptoms included overwhelming 

fatigue, mild cognitive impairment, recurrent headaches, dry eyes, relapsing inflammation of eyelids, pain in 

her legs and shoulders, generalized muscle weakness, dizziness, and tingling in her fingertips. A few years 

after the onset of her symptoms she had been forced to stop flying. The psychiatric evaluation had never 

revealed any relevant abnormality except for some anxiety related to her unpleasant health status. The onset 

of these symptoms, soon after a fume event, occurred nine years before the evaluation at our Pulmonary 
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Department. At that time, four passengers of the same flight also required medical assistance after showing 

nausea and shortness of breath. Before that episode, our patient had never complained about any symptoms 

that could have been suggestive of bronchial hyperresponsiveness. Blood tests and neurological evaluation 

had been normal, except for subtle findings on a brain scan of a low pulsatility of sylvian and thalamic 

arteries. A blood sample submitted to Duke University showed a highly significant increase in myelin-

associated glycoprotein [10]. The results of all her chest X-ray had always been normal.  Her baseline 

spirometry results were within normal limits, but a positive bronchodilator response of 10% in FEV1 was 

observed following inhalation of albuterol. DLCO was normal. Interestingly, upon breathing the gas mixture 

used to perform the diffusion test, a severe cough episode was triggered. A diagnosis of bronchial 

hyperresponsiveness related to AS and multiple chemical sensitivity (MCS) was concluded. The patient was 

placed on daily inhaled therapy with fluticasone furoate and vilanterol. Her cough improved but non-

respiratory symptoms persisted on long-term follow-up.  

 

Discussion 

Our case series was focused on the respiratory symptoms of AS. In the first case, the symptoms, pulmonary 

evaluation, clinical history, and negative microbiology of the airline pilot supported a diagnosis of RADS 

related to AS. In the second case, the symptoms, unremarkable results of several tests, and positive outcome 

of a bronchodilator test allowed us to achieve, again, a diagnosis of RADS related to AS. Finally, in the third 

case, the symptoms, clinical history, and the response to a bronchodilator test resulted in a diagnosis of 

bronchial hyperresponsiveness related to AS and MCS.  

  

Generally, cough, dyspnea, chest discomfort, and wheezing are the usual respiratory features of AS. In some 

cases, the duration of symptoms may be just a few days or weeks, but sometimes respiratory complaints may 

last over many months and even longer. Some of these cases may be diagnosed as RADS [1]. Previous 

exposure to an irritating agent, persistent cough and wheezing, absence of previous respiratory complaints, 

duration of symptoms for at least three months, and documented data to support bronchial 

hyperresponsiveness many months after fume events are the hallmark of RADS, a likely presentation of AS 

[11-13]. However, a word of caution has been suggested since limits between RADS and irritant-induced 
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asthma are sometimes quite difficult to be drawn [13].  The bronchodilator testing for case one fulfilled the 

classical criteria established by the ATS-ERS statement on spirometry, that is, an increase in FEV1 greater 

than 12% [14,15]. The results of bronchodilator testing for cases two and three were very close to the 

stringent limits included in this statement. In those cases, we believe they may also be considered as 

significant since an increase in FEV1 of more than 8% has also been reported as positive when spirometry at 

baseline is within normal limits [16,17]. 

Regarding neurological symptoms, the most frequently reported features of AS [1], a diffuse pattern is 

usually observed. A variety of symptoms involving both CNS and PNS have been reported: headache, 

impaired consciousness; trouble speaking; balance problems; visual disturbances; lack of coordination; 

dizziness; drowsiness; and shaking, twitches, tremors, tingling or flushing of extremities; among others. 

Cognitive and neurobehavioral complaints are also quite common. Usually, the formal neurological 

examination does not reveal any objective deficit and both MRI examination and nerve conduction studies 

do not demonstrate any relevant abnormalities in AS cases [1]. However, increased levels of autoantibodies 

against neuronal and/or glial proteins, as found in our cases one and three 1 and 3, would be consistent with 

non-specific chemical-induced nervous system injury [10]. 

Concerning skin manifestations, dermal folliculitis is the most frequent feature of AS. However, other skin 

rashes, as found in our second case, have been also reported in AS [18]. They are usually transient but may 

also be recurring.   

Our third case, with distinctive symptoms for many years, fulfilled the criteria of MCS, also known as 

idiopathic environmental intolerance, another long-term possible respiratory presentation of AS [1].  This 

syndrome,  also controversial because of the lack of reliable case definitions, is characterized by bay 

complains about sensitivity and heterogeneous, nonspecific symptoms when exposed to  low concentrations 

of chemicals commonly present in the environment and well tolerated by the general population [19]. Some 

patients with MCS have also reported intermittent or chronic exposure to low levels of chemicals such as 

pesticides [20] 

With respect to AS, the causative agents are also diverse. Fume events in aircrafts are described in a variety 

of ways [1]. Most have no visual identifying features, such as mist or smoke. Oil fumes are typically 

described as smelling like dirty socks/smelly feet, foul, musty or oily odors, while hydraulic fluid is often 
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described as acrid. The dirty socks or smelly feet description, often used, is increasingly understood to be 

related to the thermal degradation and hydrolysis of the oil base stocks. In most aircraft engine oils, a 

hazardous substance that can be found is tricresyl phosphate, a compound with proven toxicity [21-24]. 

Moreover, the high temperatures attained in aircraft jet engines may cause thermal pyrolysis able to produce 

potentially toxic, still not well defined, chemical substances [22,25].  Besides, respiratory, and neurological 

toxicity derived from exposure to nanoparticles released by bleed air systems in the breathing air of 

commercial aircraft has also been reported [26]. Other contamination sources may include hydraulic fluids or 

flame retardants emanating from the highly flame-protected environment of airplanes [27]. Minimization of 

potential contaminating sources and/or improved reduction of pollutants by air cleaning should be mandatory 

to diminish the risk of AS [1-9, 21-23].  An important device for air cleaning in aircraft are HEPA filters, and 

improving their efficacy would decrease the risk of infection caused by airborne microorganisms such as 

SARS – CoV 2, A/H1N1 influenza virus, and others [1, 28-30] 

Nowadays, many clinicians are not aware of the existence of AS; hence, when patients require medical 

assistance after a fume event, the lack of a good standardized protocol precludes general recommendations 

on the immediate identification of the implicated chemical toxins, on the type of pulmonary and neurological 

studies to perform, and on the therapeutic management of the disease [1]. Urine and blood samples should be 

obtained without delay after a fume event and strict technical requirements should be mandatory [1]. A 

standardized protocol to properly approach cases suspected of AS is currently drawn up by a team of 

international experts on the subject [31]. Besides, since more than two million people fly in commercial 

aircrafts every day all over the world, there is a need to raise awareness on this entity [1]. 

However, not all aircrew or passengers are affected by fume events [1]. Probably, individual susceptibility, 

most likely based on genetic traits such as those related to cytochrome P-450 and paraoxonase-1 (PON-1), 

play a role in an eventual development of AS after fume events [32,33]. In addition, recurrent and 

cumulative inhalation of tiny concentrations of chemical substances in airplane cabins could explain why 

some become ill after long-term exposure [1,7]. This would have obvious connotations for members of 

aircrews, maintenance staff, and frequent fliers. Besides, some routine medical treatments and even dietary 

factors may also interfere with the metabolic activity of cytochrome P-450 or PON-1 [32,34]. At present, the 

potential role of underlying diseases in triggering AS is unknown.  
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In conclusion, our report of three cases of AS aims at raising awareness on this unknown disease, particularly 

on the respiratory symptoms, and calls for the implementation of standardized protocols to manage AS [1-9, 

31]. Further research is warranted to clarify which chemical substances are potentially causative of this 

syndrome, which populations are more susceptible, and which preventive and therapeutic measures should 

ideally be implemented [1, 3-9]. 
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