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Abstract

Background To investigate the risk factors associated with benign central airway stenosis following COVID-19
infection.

Methods The clinical data of 235 patients hospitalized for COVID-19 infection at the First Affiliated Hospital of Zheng-
zhou University from October 2022 to October 2023 were retrospectively analyzed. Based on the occurrence of post-
operative central airway stenosis, the patients were categorized into a stenosis group (118 cases) and a control

group (117 cases). The incidence of central airway stenosis following COVID-19 infection was summarized. Univariate
and multivariate logistic regression analyses were conducted to identify risk factors associated with central airway
stenosis after COVID-19 infection.

Results Among the 235 patients studied, 118 developed central airway stenosis. The results of the univariate analysis
indicated that age, sex, liver function (as measured by alanine aminotransferase and aspartate aminotransferase
values), renal function (creatinine values), diabetes mellitus, fungal airway infections, tuberculosis, and nutritional
status (albumin values) were identified as risk factors for benign central airway stenosis following COVID-19 infec-
tion (P<0.05). Furthermore, the multivariate analysis revealed that sex, diabetes mellitus, fungal airway infections,
tuberculosis, and nutritional status (albumin values) were independent risk factors for benign central airway stenosis
after COVID-19 infection (all P<0.05).

Conclusion diabetes mellitus, fungal airway infections, tuberculosis, and poor nutritional status may lead to benign
central airway stenosis after COVID-19 infection. Proactive preventive measures and close monitoring should be taken
to improve the quality of life of patients infected with COVID-19.

Keywords COVID-19 infection, Benign central airway stenosis, Risk factors, Alveolar lavage fluid, Diabetes, Fungal
infections of the airways

Since the outbreak of COVID-19 in 2019, the virus has
spread widely; the most common clinical symptoms of
COVID-19 include fever, fatigue, cough, expectoration,
anorexia, sputum production, and shortness of breath
[1]. In addition, some uncommon symptoms have also
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to the airway stenosis caused by various benign lesions
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of trachea, left and right main bronchus and right mid-
dle segment bronchus can lead to different degrees of
dyspnea and even asphyxia death. In clinical practice, dif-
ferent degrees of dyspnoea are the main symptoms, and
severe cases may lead to asphyxiation or even death. At
present, there are few studies on the relationship between
COVID-19 infection and central airway stenosis at home
and abroad. This study retrospectively analyzed the clini-
cal data of patients hospitalized for COVID-19 infection
in the First Affiliated Hospital of Zhengzhou University,
explored the risk factors for benign central airway ste-
nosis following COVID-19 infection, and provided a
basis for preventing benign central airway stenosis after
COVID-19 infection, so as to further improve the qual-
ity of life for patients with COVID-19 infection after
treatment.

Data and methods

Research object and grouping

The cases of COVID-19 infection included in this study
follow the diagnosis and treatment plan for COVID-
19 infection (rial version 7) [3]: The novel coronavirus
nucleic acid test is positive; Patients who did not receive
NCOV vaccine were positive for both NCOV specific
IgM and IgG antibodies. According to the {Diagnosis
and Treatment Protocol for Novel Coronavirus Pneumo-
nia)) , the patients were classified into mild, moderate,
severe, and critical type: (D Mild: the above respiratory
tract infection is the main manifestation, such as dry
throat, sore throat, cough, fever, etc. @ Moderate: con-
tinuous high fever >3 days or cough, shortness of breath,
etc., but respiratory rate (RR) <30 min~!, oxygen satura-
tion >93% when breathing air at rest. Imaging shows the
characteristic manifestations of COVID-19 pneumonia.
@ Severe: Adults meet any of the following conditions,
and cannot be explained by other causes than COVID-
19 infection: shortness of breath, RR>30 min™; At
rest, oxygen saturation<93% when inhaling air. Arte-
rial partial pressure of oxygen (PaO,)/oxygen concen-
tration (FiO,) <300 mmHg (1 mmHg=0.133 kPa), and
PaO, /FiO, should be corrected according to the fol-
lowing formula in high altitude (above 1000 m) areas:
PaO, /FiO,%[760/ atmosphere (mmHg)]; The clinical
symptoms worsened progressively, and lung imaging
showed that the lesion progressed significantly>50%
within 24 to 48 h. @ Critical type: meet one of the fol-
lowing conditions: (1). Respiratory failure, and the need
for mechanical ventilation; (2). Shock occurs; (3). Com-
bined with other organ failure requires ICU monitoring
and treatment. The inclusion of central airway stenosis
cases followed the expert consensus on the diagnosis
and treatment of central airway stenosis by bronchos-
copy [4]: meet the following points: (Ddifferent degrees
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of cough, wheezing, dyspnea, recurrent lower respira-
tory tract infection clinical manifestations; @Pulmo-
nary auscultation can be heard and snoring or wheezing
sounds; QCT and tracheoscopy results were consistent
with the manifestations of airway stenosis. Exclusion
criteria: (Dpatients with pre-COVID-19 airway stenosis
@ patients with a history of respiratory malignancy; 3
Patients with high-risk factors for airway stenosis such
as a history of tracheal intubation or tracheotomy; @
Patients with structural lung disease; B Patients with
benign tumors of the airway; ® Patients with insufficient
data [5]. The clinical data of 118 patients with COVID-19
infection complicated by benign central airway stenosis
hospitalized in the First Affiliated Hospital of Zhengzhou
University from October 2022 to October 2023 were col-
lected as the experimental group; The clinical data of 117
patients without benign central airway stenosis who were
hospitalized due to COVID-19 infection during the same
period were collected as the control group. All patients
with airway stenosis underwent bronchoscopy or chest
CT examinations to assess the status of airway stenosis.
According to the expert consensus on the diagnosis and
treatment of malignant central airway stenosis by bron-
choscopy [6], the stenosis group was divided into 1-6
six grades. The present study protocol was reviewed and
approved by the Institutional Review Board of the First
Affiliated Hospital of Zhengzhou University (approval
No0.2020-KY-056). Informed consent was submitted by all
subjects when they were enrolled.

Research method

The age, sex, severity of COVID-19 infection, smoking
status, hypertension, diabetes, airway fungal infection,
tuberculosis infection history, white blood cells, neutro-
phils, lymphocytes, monocytes, hemoglobin, platelets,
C-reactive protein, erythrocyte sedimentation rate, ala-
nine aminotransferase, aspartate aminotransferase, total
protein, albumin, globulin, urea, creatinine, total biliru-
bin, total cholesterol, triglyceride, low-density lipopro-
tein, high-density lipoprotein, and other test values of the
two groups were analyzed by univariate and multivariate
logistic regression analysis.

Statistical method

SPSS 25.0 software was used for statistical analysis.
Measurement data conforming to normal distribution
were expressed as mean * standard deviation, and inde-
pendent sample t-test was used for comparisons between
groups. The measurement data that did not conform to
the normal distribution were expressed as median (lower
quartile, upper quartile), and a non-parametric test was
used for comparisons between groups. The count data
were expressed as rates, and the comparison between
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groups was performed by x? test. Univariate and mul-
tivariate logistic regression models were used to analyze
the risk factors for central airway stenosis. Variables with
P<0.05 in univariate logistic regression analysis were
included in the multivariate logistic regression analysis.
P<0.05 was considered statistically significant.

Result

Case data

In this study, 118 cases of COVID-19 infection compli-
cated by benign central airway stenosis were collected as
the experimental group. A total of 117 cases of hospital-
ized patients with COVID-19 infection without benign
central airway stenosis during the same period were col-
lected and set as the control group.In the experimental
group, there were 41 males and 77 females, 18 smoking
patients, 32 patients with mild COVID-19 infection, 86
patients with moderate COVID-19 infection, 66 diabetic
patients, 33 patients with airway fungal infections, 31
patients with hypertension, and 24 patients with a his-
tory of tuberculosis infection.In the control group, there
were 74 males and 43 females, 29 smoking patients, 21
patients with mild COVID-19 infection, 96 patients with
moderate COVID-19 infection, 14 diabetic patients, 7
patients with airway fungal infections, 34 patients with
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hypertension, and 2 patients with a history of tuberculo-
sis infection.

Differential analysis of risk factors for benign central
airway stenosis after COVID-19 infection

The measurement data were compared by independ-
ent sample t-test (Table 1), and the enumeration data
were compared by x? test (Table 2). The results showed
that there were no significant differences between the
two groups in smoking status, the severity of COVID-
19 infection, hypertension, white blood cells, neutro-
phils, lymphocytes, monocytes, hemoglobin, platelets,
C-reactive protein, erythrocyte sedimentation rate, total
protein, globulin, urea, total bilirubin, total cholesterol,
triglyceride, low-density lipoprotein and high-density
lipoprotein (all P>0.05). There were significant differ-
ences in age, sex, alanine aminotransferase, aspartate
aminotransferase, creatinine, diabetes, airway fungal
infections, tuberculosis, albumin, and other factors.

Univariate analysis of risk factors for benign central airway
stenosis after COVID-19 infection

Univariate logistic regression analysis showed that there
were no significant differences in smoking status, the
severity of COVID-19 infection, hypertension, white
blood cells count, neutrophils count, lymphocytes count,

Table 1 Differential analysis of risk factors for benign central airway stenosis after COVID-19 infection(Independent sample t-test of

measurement data)

Characteristics Experimental group (n=118) Control group (n=117) t P

Age [M (P25, P75) years] 58 (48,69) 64 (53,75) -3018 0.003
white blood cells [M (P25, P75), x 10%/L] 7.01(5.23,9.33) 6.62 (4.79,8.89) 1.025 0.306
Neutrophils [ (X+S), %] 66.92+14.73 6841+£14.07 —-0.792 0429
Lymphocytes [ (X£S), %] 2397+11.93 21.50+11.27 1.634 0.104
Monocytes [M (P25, P75),%] 6.55 (4.50,8.62) 740 (5.55,9.35) —0.685 0.494

Hemoglobin [M (P25, P75), g/L] 12140 (108.75,134.25) 121.0(108.5,133.5) —-0.003 0.998
Platelets [M (P25, P75),x 10°/L] 231.50 (195.00,292.25) 224.0 (168.5,281.0) 0.248 0.805
C-reactive protein [M (P25, P75), mg/L] 10.97 (245,41.91) 9.60 (1.69,46.83) -038 0.704
erythrocyte sedimentation rate [M (P25, P75), mm/h] 16 (7.25,51) 25.5(9.0,48) —0.954 0.341
total protein[M (P25, P75), g/L] 64.9 (60.6,69.9) 63.60 (59.15,68.25) —0.644 0.520
globulin[M (P25, P75), g/L] 26.75 (23.58,30.50) 26.8 (23.6,30.55) -0811 0418
Albumin [ (x£59), g/L] 38.18+527 36.15+523 2.964 0.003
Urea [M (P25, P75), mmol/L] 4.68 (3.65,6.02) 4.80 (3.60,6.16) 0.886 0.376
Creatinine [M (P25, P75), mmol/L] 57.5(49.75,66.0) 63 (53,76) —2.226 0.027
Total bilirubin [M (P25, P75), mmol/L] 7.5(5.3,94) 7.30 (5.28,9.60) —0.248 0.804
total cholester[M (P25, P75), mmol/L] 397 (3.554.57) 3.84 (3.34,4.69) 1.138 0.257
Triglyceride [M (P25, P75), mmol/L] 1.11(0.73,1.48) 0.97(0.79,1.27) 1.504 0.135
high density lipoprotein [M (P25, P75), mmol/L] 1.10(0.93,1.29) 1.05 (0.89,1.29) 0.863 0.389
low density lipoprotein [ (X+£S), mmol/L] 244+0.76 245+0.83 —-0.133 0.895
Alanine aminotransferase [M (P25, P75), U/L] 12 (9,18.25) 20.0(12.0,33.5) —-3413 0.001
aspartate Aminotransferase [M (P25, P75), U/L] 16 (13,20) 19 (15,30) —3.881 <0.001
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Table 2 Differential analysis of risk factors for benign central airway stenosis after COVID-19 infection (x2-test of counting data)

Characteristics Experimental Control group(n=117) X2 P
group(n=118)
Sex [n (%)] 19.10 <0.001
Male 41 (35%) 74 (63%)
Female 77 (65%) 43 (37%)
Smoking [n (%)] 18 (15%) 29 (25%) 0336 0.68
Diabetes [n (%)] 66 (56%) 14 (12%) 50.58 <0.001
Airway fungal infection [n (%)] 33 (28%) 7 (6%) 20.10 <0.001
Hypertension [n (%)] 31 (26%) 34 (29%) 0.228 0.633
Tuberculosis infection history [n (%)] 24 (20%) 2(1.7%) 20.72 <0.001
The severity of COVID-19 infection [n (%)] 20,828 0.093
Mild 32 (27%) 21 (18%)
Moderate 86 (73%) 96 (82%)

monocytes count, hemoglobin levels, platelets count,
C-reactive protein, erythrocyte sedimentation rate, total
protein, globulin, urea, total bilirubin, total cholesterol,
triglyceride, low-density lipoprotein and high-density
lipoprotein between the two groups (all P>0.05). Age
[odds ratio (OR) 0.976, 95% confidence interval (CI)
0.959-0.992, P=0.004], sex (OR 0.309, 95% CI 0.181-
0.528, P<0.001), alanine aminotransferase (OR 0.976,
95% CI 0.961-0.991, P=0.002), aspartate aminotrans-
ferase (OR 0.951, 95% CI 0.924-0.978, P<0.001), creati-
nine (OR 0.984, 95% CI 0.970-0.999, P=0.033), diabetes
(OR 9.3, 95% CI 4.797 ~ 18.178) (Table 3).

Multivariate analysis of risk factors for benign central
airway stenosis after COVID-19 infection

Multivariate logistic regression analysis showed that dia-
betes (OR 20.588, 95% CI 8.629-49.122, P<0.001), air-
way fungal infections (OR 7.202, 95% CI 2.322-22.337,
P=0.001), pulmonary tuberculosis (OR 24.967, 95% CI
4.960-125.683, P<0.001), albumin values (OR 1.123, 95%
CI 1.037-1.216, P=0.004) were independent risk factors
for benign central airway stenosis after COVID-19 infec-
tion (Table 4).

Discussion

This study is about the risk factors of benign central air-
way stenosis after COVID-19 infection. At present, there
are few related reports in China. Since the outbreak of
COVID-19, people in China and around the world have
been generally exposed to and infected; at the same time,
with the increase of patients admitted to our hospital due
to COVID-19 infection, it was found that a large number
of patients had different degrees of dyspnea, and then it
was found that most of these patients had benign central
airway stenosis. The main treatment methods for benign

airway stenosis include medication therapy and interven-
tional surgery. For patients with poor medication treat-
ment and surgical treatment, interventional surgery will
have a greater impact on their quality of life [7]. There-
fore, it is necessary for us to recognize the risk factors
of benign central airway stenosis after COVID-19 infec-
tion as early as possible, and take effective prevention
and treatment measures, so as to reduce the probability
of central airway stenosis after COVID-19 infection and
further improve the quality of life of such patients.

Related studies have shown that diabetic patients are
susceptible to COVID-19 infection, and diabetes has
become one of the main factors causing severe COVID-
19 [8]. The latest version of the “ COVID-19 Diagnosis
and Treatment Program (Trial Version 7)” points out
that diabetes and advanced age are both risk factors for
severe COVID-19. Relevant research results show that
diabetic patients are more likely to develop severe and
extremely severe infections of COVID-19 [9]; the results
of this study showed that diabetes was also an independ-
ent risk factor for benign central airway stenosis after
COVID-19 infection, which may be related to the sever-
ity of COVID-19 infection. [10] Excessive blood glucose
may affect the vascular function and activity of patients
by affecting the increase of blood lipids, oxidative stress
response and chronic inflammation related to diabetes
[11], thus affecting the pulmonary bronchial microcir-
culation of patients, thus making the airway condition of
diabetic patients infected with COVID-19 worse, increas-
ing the risk of adverse reactions in the airway, resulting in
adverse reactions such as airway stenosis. On the other
hand, diabetic patients often have lower immunity than
ordinary people [12]. Individuals with type 1 diabetes and
type 2 diabetes have a higher risk of a series of common
infections, including skin infections, fungal infections,
pneumonia, and more severe rare infections.
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Table 3 Univariate analysis of risk factors for benign central airway stenosis after COVID-19 infection
Characteristics Experimental group (n=118)  Control group (n=117) P OR (95%Cl)

Age [M (P25, P75) years] 58 (48,69) 64 (53,75) 0.004 0.976 (0.970~0.999)
Sex [n (%)] <0.001 0.309(0.181~0.528)

Male 41 (35%) 74 (63%)

Female 77 (65%) 43 (37%)
Smoking[n (%)] 18 (15%) 29 (25%) 0.070 0.546(0.284~1.051)
Diabetes[n (%)] 66 (56%) 14 (12%) <0.001 9.338(4.797~18.178)
Airway fungal infection[n (%)] 33 (28%) 7 (6%) <0.001 5.599(2.353~13.326)
Hypertension[n (%)] 31 (26%) 34 (29%) 0.633 0.870(0.491~1.541)
Tuberculosis infection history[n (%)] 24 (20%) 2 (1.7%) <0.001 14.68(3.382~63.724)
White blood cells[M (P25, P75),x 10%9/L] 7.01(5.23,9.33) 6.62 (4.79,8.89) 0320 1.026 (0.975~1.080)
Neutrophils [ (x£5),%] 66.92+£14.73 6841+£14.07 0428 0.993(0.975~1.011)
Lymphocytes [ (X+S), %) 2397+£11.93 21.50+£11.27 0.105 1.019(0.996 ~ 1.042)
Monocytes[M (P25, P75),%] 6.55 (4.50,8.62) 740 (5.55,9.35) 0494 0.977(0914~1.045)
Hemoglobin[M (P25, P75),g/L] 12140 (108.75,134.25) 121.0(108.5,133.5) 0.998 1.000 (0.987 ~1.013)
Platelets[M (P25, P75),x 10%9/L] 231.50(195.00,292.25) 224.0 (168.5,281.0) 0.803  1.000 (0.998~1.003)
C-reactive protein[M (P25, P75), mg/L] 10.97 (2.45,41.91) 9.60 (1.69,46.83) 0.703  0.999 (0.994 ~ 1.004)
Erythrocyte sedimentation rate[M (P25, P75), mm/h] 16 (7.25,51) 25.5(9.0,48) 0340 0.996 (0.987 ~1.004)
total protein[M (P25, P75), g/L] 64.9 (60.6,69.9) 63.60 (59.15,68.25) 0.553  0.997 (0.989~ 1.006)
Globulin[M (P25, P75), g/L] 26.75 (23.58,30.50) 26.8 (23.6,30.55) 0417 0.981 (0.935~1.028)
Albumin[ (x+5),g/L] 38.18+5.27 36.15+5.23 0.004 1.077 (1.024~1.132)
Urea[M (P25, P75), mmol/L] 4.68 (3.65,6.02) 4.80 (3.60,6.16) 0491 1.012(0.979~1.046)
Creatinine[M (P25, P75), mmol/L] 57.5(49.75,66.0) 63 (53,76) 0.033  0.984 (0.970~0.999)
Total bilirubi[M (P25, P75), mmol/L] 75(5394) 7.30 (5.28,9.60) 0.803 0.992(0.933~1.055)
Total cholester[M (P25, P75), mmol/L] 3.97(3.554.57) 3.84(3.34,4.69) 0256 1.194 (0.879~1.622)
Triglyceride[M (P25, P75), mmol/L] 1(0.73,148) 0.97(0.79,1.27) 0.124 1498 (0.895~2.509)
High density lipoprotein[M (P25, P75), mmol/L] 1.10(0.93,1.29) 1.05 (0489 29) 0.389 1.432(0.632~3.245)
Low density lipoprotein[ (X+S), mmol/L] 244+0.76 24540383 0.894 0.976(0.684~1.393)
Alanine aminotransferase[M (P25, P75), U/L] 12 (9,18.25) 20.0(12.0,33.5) 0.002 0.976(0.961~0.991)
aspartate aminotransferase[M (P25, P75), U/L] 16 (13,20) 19 (15,30) <0.007 0.951(0.924~0.978)
The severity of COVID-19 Infection [n (%)) 0.094 1.701 (0.913~3.170)

Mild 32 (27%) 21 (18%)

Moderate 86 (73%) 96 (82%)
Table 4 Multivariate analysis of risk factors for benign central airway stenosis after COVID-19 infection
Characteristics Regression Wald statistic OR 95%Cl P

coefficient

Diabetes 3.025 46475 20.588 8.629~49.122 <0.001
Airway fungal infection 1.974 11.687 7.202 2.322~22337 0.001
Tuberculosis infection history 3218 15.225 24.967 4.960~125.683 <0.001
albumin 0.116 8.169 1.123 1.037~1.216 0.004

Cases of fungal infections are often found in patients
with COVID-19 infection in China. Decades of case
reports and large cohort studies have shown that asper-
gillus species can cause destructive inflammatory and
invasive pathological responses in patients with severe

influenza. Severe respiratory virus infection can be com-
plicated by Aspergillus airway overgrowth. The char-
acteristics of pulmonary infection are similar to airway
inflammation and bronchial invasion. As a respiratory
virus that emerged in recent years, the COVID-19 is
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highly infectious and invasive. Fungal infections causes
mixed pathology in patients infected with the COVID-109,
from airway inflammation to semi-acute or acute bron-
chial invasion, which is largely similar to that observed
in severe influenza infections. Therefore, the COVID-19
infection is easy to be combined with fungal infections
of the airway. It is speculated that the possible reason
is that pathogens such as Aspergillus damage the bron-
chial wall, causing local infection, further aggravating
mucosal ischemia, and even leading to mucosal necrosis,
which in turn causes benign airway stenosis [13, 14]. At
the same time, as a respiratory pathogen, SARS-CoV2,
the pathogen of the COVID-19, can directly damage the
respiratory epithelium and endothelium, thereby disrupt-
ing these physical barriers and disrupting their role in
coordinating the pulmonary antifungal response [15-17],
thereby increasing fungal infections.On the other hand,
the latest clinical reports of COVID-19 patients show
that many infected people develop thrombocytopenia
after recovery, which suggests that COVID-19 infection
may lead to disturbances in platelet production and thus
immune regulation in patients. [18]

Studies have shown that when Mycobacterium tuber-
culosis invades the airway, it causes congestion and
edema of the airway mucosa, and caseous necrosis and
tuberculous granuloma are formed on the surface of
the airway mucosa. When inflammation breaks out in
the airway, there will be the formation of airway ulcers,
which gradually develop into hyperplastic inflamma-
tory polyps and eventually evolve into fibrous stenosis
healing [19-21]. Benign airway stenosis is a common
complication of airway tuberculosis. The incidence of
airway stenosis can reach 68% within 4—-6 months of
tuberculosis infection. Even if the correct and sufficient
anti-tuberculosis treatment is given in time, a large part
of tuberculous bronchial stenosis will be further aggra-
vated, and even lead to a series of serious complications
such as atelectasis, repeated pulmonary infection, honey-
comb lung and respiratory failure [22—-24]. The infection
of the COVID-19 will make patients more susceptible to
tuberculosis. Similarly, the infection of Mycobacterium
tuberculosis will further increase the risk of infection
of the COVID-19. The data of this study show that the
infection of Mycobacterium tuberculosis is one of the
independent risk factors for benign airway stenosis in
patients with COVID-19 infection, which may be related
to the pathological mechanism of Mycobacterium tuber-
culosis itself and the higher incidence of COVID-19 [25].
In addition, studies have shown that Renin-Angiotensin
System is closely related to COVID-19. It could be related
to Angiotensin-Converting Enzyme Insertion/Deletion
Polymorphism in some way [26—28].
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This study has certain limitations: since all the study
patients had been discharged from hospital, it was diffi-
cult to obtain patient blood and pathological tissues, so
further prospective and follow-up studies could not be
conducted. This is one of the limitations of this study,
which will be improved in subsequent studies.

In summary, central airway stenosis is one of the com-
plications of COVID-19 infection, affecting the qual-
ity of life of patients. The results of this study show that
patients with diabetes, patients with tuberculosis, airway
fungal infection and poor nutritional status lead to cen-
tral airway stenosis after new coronary infection. Active
measures should be taken to prevent and to closely moni-
tor, so as to improve the quality of life of patients with
COVID-19 infection after recovery.
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