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Abstract
BACKGROUND
Specific pulmonary infection could seriously threaten the health of pilots and their companions. The consequences are serious. We investigated the clinical diagnosis, treatment, and medical identification of specific pulmonary infections in naval pilots.

CASE SUMMARY
We analyzed the medical waiver and clinical data of four pilots with specific pulmonary infections, who had accepted treatment at the Naval Medical Center of Chinese People’s Liberation Army between January 2020 and November 2021, including three cases of tuberculosis and one of cryptococcal pneumonia. All cases underwent a series of comprehensive treatment courses. Three cases successfully obtained medical waiver for flight after being cured, while one was grounded after reaching the maximum flight life after being cured.

CONCLUSION
 Chest computed tomography (CT) scanning should be used instead of chest radiography in pilots’ physical examination.  Most pilots with specific pulmonary infection can be cured and return to flight.
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Core tip: Pilots are mostly young without underlying medical conditions; thus, the rate of lung infection is low. Lack of characteristic clinical manifestations of specific pulmonary infection can lead to misdiagnosis and delay treatment. Specific lung infection aggravates pilots’ health, and causes spread of pathogens in air forces. Chest computed tomography (CT) should be used instead of radiography for annual physical examination. When pilots are diagnosed with specific lung infection, related tests and CT should be used to screen the same camp to prevent further infections. After active treatment, most pilots with specific pulmonary infection can be cured and return to flight.

INTRODUCTION
Cryptococcal pneumonia is more common in immunodeficient people; however, in recent years, the incidence of cryptococcal pneumonia has been increasing in people with normal immune function[1,2]. While it is rare to see pilots infected with cryptococcal pneumonia, this infection may lead to central nervous system infection and serious consequences. Tuberculosis has been reported in pilots at home and abroad, ranking first in the respiratory disease spectrum of hospitalized pilots in China[3]. Most lung-specific infections caused by Cryptococcus neoformans or Mycobacterium tuberculosis have insidious onset and prolonged course of disease. The course of diagnosis and treatment takes more than 6 mo, and serious complications may occur that may threaten the physical and mental health of pilots. This may lead to grounding, which is a serious threat to the combat effectiveness of naval aviation corps. Therefore, it is necessary to carry out targeted research on it.
From January 2020 to November 2021, four naval pilots with specific pulmonary infection were successfully diagnosed and treated in the Aviation Disease Department of PLA Naval Medical Center, including three cases of tuberculosis and one of cryptococcal pneumonia. Three cases successfully obtained medical waiver for flight after being cured, and one was grounded after reaching the maximum flight life. The clinical data were summarized and analyzed to explore the preventive countermeasures of specific pneumonia in naval pilots.

CASE PRESENTATION
Chief complaints
Case 1: A male fighter pilot, age 33 years, had multiple lumps and shadows in his left lung found by physical examination for 1 d.

Case 2: A male helicopter pilot, age 30 years, had multiple patchy and nodular shadows in the left upper lung found by physical examination for 4 d.

Case 3: A male fighter pilot, age 34 years, had nodules in the upper apical segment of the right lung found by physical examination for 2 d.

Case 4: A male fighter pilot, age 48 years, had pulmonary nodules found on physical examination for 2 d.

History of present illness
Case 1: Two weeks before admission, the patient lost 10 kg due to fitness. One week before onset, he fished by the lake for 2 d. He reported occasional cough, usually accompanied by expectoration, but with no aggravation in the recent past.

Case 2: Although the patient presented without fever, cough, or other symptoms, physical examination showed multiple patchy and nodular shadows in the left upper lung, so the patient was admitted to hospital for 4 d.

Case 3: Although the patient presented without fever, cough, or other symptoms, physical examination showed nodules in the upper apical segment of right lung, so the patient was admitted to hospital.

Case 4: Pulmonary nodules were found in physical examination for 2 d, so he was admitted to hospital.

History of past illness
Case 1: Patient had a smoking history of 25 cigarettes per day for 13 years.

Case 4: Patient had two episodes of blood-tinged sputum 2 years ago. However, he had no fever and recovered after anti-infective therapy.

No other abnormal health conditions were reported in the other two cases.

Personal and family history
All four cases had no specific history of genetic diseases.

Physical examination
All four cases had no positive signs found on physical examination.

Laboratory examinations
Case 1: Hemogram, C-reactive protein (CRP), erythrocyte sedimentation rate, procalcitonin, G test, mycoplasma, Chlamydia, virus, tuberculosis antibody and syphilis, acquired immunodeficiency syndrome (AIDS), hepatitis C, and hepatitis B tests were all normal. T-SPOT.TB test was normal. Lymphocyte subtypes test, immunoassay, and sputum smear and culture were all normal. Cryptococcal capsular polysaccharide antigen (colloidal gold method) was positive with a titer of 1:20. Routine inspections showed that bacteria, fungi, acid-fast bacilli, cast-off cells, Pneumocystis jiroveci pneumonia, ink staining and mycobacterial culture results were normal. Cerebrospinal fluid, blood culture, middle urine culture and fecal culture were all normal.

Case 2: Hemogram, CRP, erythrocyte sedimentation rate, procalcitonin, G test, mycoplasma, Chlamydia, virus, and tuberculosis antibody were all normal. M. tuberculosis interferon- release assay was positive, tuberculin test strongly positive (+++), and sputum smear was negative.

Case 3: Hemogram, CRP, erythrocyte sedimentation rate, procalcitonin, G test, mycoplasma, Chlamydia, virus, and tuberculosis antibody were all normal. M. tuberculosis interferon- release test was positive, and tuberculin test was positive (++). Sputum smear was negative. G test, GM test, cryptococcal capsular polysaccharide antigen and Aspergillus fumigatus IgG and IgM were all negative. T cells subsets and immunity were normal. T-SPOT.TB test was positive (A wells of 56, B wells of 4), and tuberculosis antibody was positive after examination.

Case 4: Hemogram, CRP, erythrocyte sedimentation rate, procalcitonin, G test, Mycoplasma, Chlamydia, virus, and tuberculosis antibody were all normal. M. tuberculosis interferon- release test was positive, and tuberculin test was positive (++). Sputum smear was negative.

Imaging examinations
Case 1: Chest computed tomography (CT) showed that there were multiple patchy high-density shadows in the upper lobe of the left lung, with clear boundaries, patchy high-density shadows in the edge of the focus, with CT value of 30–45 HU and enhancement after intensification, with CT value of 35–80 HU, and the larger one was about 25 mm × 20 mm; a lesion in the inferior lingular segment could be seen with blood vessel shadow passing through, the tube wall was smooth, patchy halo was seen around the lesion, and no lymph node enlargement was found in the mediastinum and hilum. Bronchoscopy showed no abnormality. Bronchoalveolar lavage was performed in the posterior segment of the left upper apex, head magnetic resonance imaging and electroencephalogram (EEG) was all normal (Figure 1A–D).

Case 2: Chest CT showed that patchy and nodular shadows with increased density were found in the posterior and lingular segment of the upper lobe apex of left lung, with a small amount of bronchiectasis and thickening of the tube wall; micronodular shadow with a diameter < 3 mm was found in the posterior basal segment of the inferior lobe of left lung, with clear boundary, and no enlarged lymph nodes were found in the mediastinum and hilum. Bronchoscopy showed scar-like stenosis at the B1+2C opening in the superior lobe of the left lung, nodular protuberance on the wall of left B5 tube, uneven mucosa and positive GeneXpert in bronchoalveolar lavage fluid (Figure 1E–H).

Case 3: Chest CT showed that there were several spotted and round-like shadows with increased density in the upper apex of the right lung, local induration and calcification of the lesions, which increased compared with 2019, local nodular thickening of the left oblique fissure pleura, unobstructed trachea and bronchus, and no enlarged lymph nodes in the mediastinum and hilum. Bronchoscopy showed normality, no acid-fast bacilli were found in bronchial lavage fluid, negative GeneXpert, and negative identification of delivered Mycobacterium species in bronchial lavage fluid (Figure 1I and J).

Case 4: Chest CT showed that there were four small nodules under the pleura of the upper apex segment of the right lung, the basal segment of the lower lobe and the anterior segment of the upper lobe of left lung, with clear boundaries, the largest of which was 6 mm in diameter, the trachea and bronchus were unobstructed, and no enlarged lymph nodes were found in the mediastinum and hilus. Bronchoscopy showed no obvious abnormality, and one acid-fast bacillus was found in bronchial lavage fluid (Figure 1K).

FINAL DIAGNOSIS
Case 1
Cryptococcal pneumonia.

Case 2
Secondary pulmonary tuberculosis/upper middle (negative smear, positive GeneXpert in bronchoalveolar lavage fluid).

Case 3
Right upper lung tuberculosis, bacteria (), GeneXpert ().

Case 4
Right upper lung tuberculosis, bacteria (+).

TREATMENT
Case 1
He was treated with intravenous fluconazole of 400 mg for 1 d. After 18 d of treatment, fluconazole 400 mg/d was taken orally for 6 mo.

Case 2
The treatment plan was for the regimen of isoniazide (H), rifampicin (R), pyrazinamide (Z), and ethambutol (E), as 6 HRZE/6 HRE, and the course of treatment was 1 year.

Case 3
The treatment regimen was 4 HRZE/2 HRE, and the course of treatment was 6 mo.

Case 4
The treatment plan was 4 HRZE/2 HRE, and the course of treatment was 6 mo.

OUTCOME AND FOLLOW-UP
Case 1
After 18 d of fluconazole treatment, chest CT showed that the lesion was obviously reduced, cryptococcal capsular polysaccharide antigen (colloidal gold method) was positive with a titer of 1:10 and the curative effect was clear. Instead, fluconazole 400 mg/d was taken orally for 6 mo. Chest CT before and after treatment is shown below (Figure 1C and D). In the follow-up, the patient was qualified in flight test and obtained a medical waiver for flight to date without cryptococcal infection.

Case 2
In the follow-up, the patient was qualified in flight test and obtained a medical waiver for flight without tuberculosis recurrence.

Case 3
In the follow-up, the patient was qualified in flight test and obtained a medical waiver for flight without tuberculosis recurrence.

Case 4
He was grounded after reaching the maximum flight life after being cured.

DISCUSSION
Specific pulmonary infections caused by fungi, M. tuberculosis, viruses, etc. are common in people with impaired immune function, and the common infection route is inhaling aerosol particles containing pathogenic bacteria through the respiratory tract. Due to the lack of characteristic clinical manifestations and signs of specific pulmonary infection, misdiagnosis and missed diagnosis are easy to occur clinically and delay treatment. Specific lung infection not only aggravates the patient’s own lung infection, but also causes the spread of M. tuberculosis and other pathogens within the air force in which naval pilots live mainly in groups, resulting in serious consequences such as noncombat attrition. Therefore, it is necessary to improve the understanding of flight surgeons about such diseases to reduce misdiagnosis and mistreatment.
Pilots are mostly young people without underlying medical conditions. After multilayer physical examination for selection and annual physical examination, most of them are people with normal immune function, so the rate of specific lung infection is low. However, if the flight training task is arduous, pilots are prone to excessive fatigue and decreased immunity, which provides opportunities for pathogens, such as fungi and M. tuberculosis, to be inhaled and cause diseases. In this study, three fighter pilots and one helicopter pilot, aged 30–48 years, were diagnosed and treated for lung infections. The causes of the cryptococcal infection in Case 1 were analyzed as follows: (1) deliberate weight loss through fitness during flight training, leading to a decrease in immunity from excessive fatigue and rapid weight loss; and (2) a large number of chickens and ducks can be found in the humid environment by the lake where the patient fished for 2 d before the onset of the disease, although there was no clear contact history with the birds.
At present, the routine physical examination of pilots is mainly chest radiography, which may lead to missed diagnosis of some early small lesions. Therefore, it is necessary to suggest that the annual physical examination of pilots adopt thin-layer chest CT plain scan, especially at the stage of selecting pilots. The chest CT in Case 1 showed multiple patchy shadows, halo sign at the edge, visible air bronchogram, blood vessels passing through the lesions, and small holes in the treatment process, which accorded with the imaging findings of cryptococcal pneumonia[4]. Case 2 showed multiple patches and nodular changes in the posterior segment of the upper apex with bronchiectasis on CT, and bronchoscopy showed lesions in the bronchial mucosa, which were consistent with tuberculosis[5]. Attention should be paid to strengthening the follow-up mechanism and compare the changes in lesions on CT every year. In Case 3, chest CT demonstrated that the right upper apical pulmonary nodules were larger than 2 years ago, and the old and new nodules coexisted with calcification, which was in line with the imaging characteristics of tuberculosis. After positive T-SPOT.TB examination, pulmonary tuberculosis was clinically diagnosed[6]. For suspicious lesions, those with atypical imaging manifestations should improve the detection of bacteria, fungi, M. tuberculosis, viruses and other pathogens and antigens. Case 1 was diagnosed with repeated positive capsular antigen detection and titer detection of Cryptococcus[5,6]. Bronchoscopy can be improved when there are no cough and expectoration symptoms, and bronchial lavage fluid is inspected for pathogens. In Case 4, a small number of acid-fast bacilli was found in bronchial lavage fluid, and in Case 2, airway lesions were found under bronchoscopy, and GeneXpert is positive, so tuberculosis was diagnosed[7]. All four cases in this group had no obvious symptoms and signs, and abnormalities were found after chest CT scanning during physical examination. The final diagnosis was made after improving the detection of pathogens, antigens, and antibodies and bronchoscopy with bronchoalveolar lavage. Timely improvement of auxiliary inspection and early diagnosis are the key to ensuring flight safety.
Cryptococcus has neurotropic characteristics, and it is necessary to further check whether there is central nervous system infection after cryptococcal pneumonia is diagnosed. The treatment of cryptococcal infection is mainly based on the Guidelines for the Management of Cryptococcal Disease of Infectious Diseases Society of America (IDSA) in 2010[8], and the treatment is graded according to evaluation of immune status, systemic dissemination and severity of respiratory symptoms, with a course of treatment of 6–12 mo. The standard treatment of pulmonary tuberculosis (4 drugs for fortification period, 2 or 3 for consolidation period) lasts for 6–12 mo[9,10]. Sufficient dose and course of treatment are recommended during the treatment, and hepatic and renal function and chest CT are re-examined every month to evaluate the curative effect and side effects of the drugs. Regular re-examination is still needed after cure to prevent recurrence.
	The hidden onset and long course of treatment of specific pulmonary infections caused by fungi and M. tuberculosis are seriously harmful to the combat effectiveness of naval pilots. Flight surgeons at all levels should pay attention to the following clinical aeromedical points.
Enhanced preventive measures should be taken. Attention should be paid to the combination of work and rest during high-intensity flight training, the degree of fatigue and immune status of pilots, and timely arrangement of rest and recuperation. Focus should be placed on ventilation maintenance, regular ultraviolet disinfection, and chemical disinfection in working and living environment[11,12]. When necessary, indoor dryers should be added in humid environments, moldy and rotten substances cleaned up, food classified and managed, and tainted and expired food including fruits and vegetables treated. Contact with birds, cats and dogs in the working environment should be reduced. Health promotion and education should be enhanced to improve the understanding of flight surgeons and pilots on fungal infection, tuberculosis and other diseases. Chest CT scanning should be used instead of chest radiography and the image changes should be compared every year. When suspicious lesions are found, the detection of related etiology, antigen and antibody should be improved as soon as possible, and bronchoscopy should be performed when necessary. When pilots are diagnosed with tuberculosis, tuberculin test and chest CT should be carried out to screen people in the same camp to prevent collective infection[13,14]. It should be clear that patients with tuberculosis need to be isolated at home, provided with regular antituberculous therapy in sufficient doses and courses, and re-evaluated for their flight assessment after being cured. There should be concern about regular disinfection and microbiological testing of cockpits, oxygen masks, and breathing lines of pilots.

CONCLUSION
The infection rate of specific lung infection in pilots is low. Due to the lack of characteristic clinical manifestations, misdiagnosis can occur easily. Specific lung infection not only aggravates the pilots’ health, but also causes the spread of pathogens in air forces, with serious consequences. Chest CT scanning should be used instead of chest radiography in pilots’ physical examination. When pilots are diagnosed with specific lung infection, relevant tests and chest CT scanning should screen people in the same camp. After active treatment, most pilots with specific pulmonary infection can be cured and return to flight.
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Figure 1 Lung computed tomography (CT) images before and after treatment of 4 vases. A and B: Lung CT images of Case 1 before treatment; C and D: Lung CT images of Case 1 18 d after treatment; E and F: Lung CT images of Case 2 before treatment; G and H: Lung CT images of Case 2 1 year after treatment; I: Lung CT images of Case 3 before treatment; J: Lung CT images of Case 3 4 mo after the treatment; K: Lung CT images before and after treatment of Case 4.
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