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Abstract:
Introduction: E-cigarette, or vaping, product use-associated lung injury (EVALI) results from inhaling the aerosol of e-cigarettes and has similar clinical features to coronavirus disease 2019 (COVID-19). EVALI case counts since the declaration of the COVID-19 pandemic is unknown.
Methods: A retrospective electronic health record chart review of adolescents hospitalized at one institution with EVALI was conducted. Clinical characteristics and hospital course of patients hospitalized during the pandemic were compared to those pre-pandemic.
Results: The clinical presentation of adolescents hospitalized prior-to (n=19) and during the COVID-19 pandemic (n=22) were similar with respect to constitutional, respiratory, and gastrointestinal symptoms. All patients hospitalized during the pandemic were tested for COVID-19 at least once. Only one patient had a positive SARS-CoV-2 RT-PCR test result. 31 out of 39 patients treated with corticosteroids had clinical improvement within 24 hours (79%). Patients hospitalized during the pandemic had a shorter median length of stay (5 vs 7 days, p<0.01), and were less often discharged with home oxygen (1 vs 6 patients, p=0.04). Pulmonary function tests improved pre-to post-corticosteroid treatment and post-corticosteroid to follow-up.
Conclusions: Eliciting a history of vaping in adolescents presenting with constitutional, respiratory, and gastrointestinal symptoms is important to identify EVALI cases, which have continued throughout the COVID-19 pandemic. A shorter length of stay with less need for mechanical ventilation and home oxygen in adolescents hospitalized during the pandemic may reflect increased familiarity with EVALI characteristics. Corticosteroids led to clinical and pulmonary function improvement.





Introduction
2

Electronic-cigarettes (e-cigarettes) are battery-operated devices that heat a liquid and deliver an aerosol containing nicotine, marijuana, tetrahydrocannabinol (THC), cannabidiol (CBD), flavors or other substances to the user1. E-cigarettes emit volatile carbonyls, reactive oxygen species, and metals, which are toxic to the lung2. E-cigarettes are the most commonly used tobacco products in youth since 20143. In 2021, e-cigarette use in the past 30 days was reported by 11.3% of high school and 2.8% of middle school students4. The described pulmonary complications of e-cigarette use include severe asthma symptoms resulting in school absence, hypersensitivity pneumonitis, eosinophilic pneumonia, lipoid pneumonia, and diffuse alveolar hemorrhage5-9. A national outbreak of e-cigarette, or vaping, product use-associated lung injury (EVALI), a severe lung disease, was described in the United States and peaked in September 201910. As of February 18, 2020, there were 2,807 hospitalized EVALI cases in the United States (US), including 68 deaths, of which 15% were in individuals <18 years old. The CDC stopped EVALI data collection in February 2020, and on March 11, 2020, the Coronavirus disease 2019 (COVID-19) outbreak was declared as a pandemic by the World Health Organization (WHO)11. 
Both EVALI and COVID-19 are characterized by fever, respiratory and gastrointestinal symptoms, and bilateral pulmonary infiltrates12. One case series13 described teenagers with symptoms suggestive of COVID-19 as well as elevated inflammatory markers, ground glass opacities on chest imaging, but negative polymerase chain reaction (PCR) tests for severe acute respiratory syndrome coronavirus disease 2 (SARS-CoV-2). Another series14 described teenagers with symptoms concerning for multisystem inflammatory syndrome in children, a complication of COVID-19 infection, but negative SARS-CoV-2 PCR and serologies. In both series,  EVALI treatment was initiated after a history of vaping was elicited. Further study of adolescent EVALI during the COVID-19 pandemic is crucial as the correct identification of EVALI cases can increase public health awareness regarding e-cigarette harms and thus assist with vaping reduction among adolescents15-18.
Prior to the COVID-19 pandemic, we described the clinical findings and the clinical course of 13 adolescents hospitalized with EVALI at our institution19. In this study, our aim was to determine how frequently EVALI was diagnosed in adolescents hospitalized during the COVID-19 pandemic given the clinical symptom overlap between these two diseases, with one affecting the severity of the other. Our secondary aim was to compare clinical characteristics between two cohorts of hospitalized EVALI patients 1) prior to the pandemic; and 2) during the pandemic. We hypothesized that EVALI clinical presentation would not differ during the pandemic compared to pre-pandemic. 









Materials and Methods 
Study Design and Participants
A retrospective chart review of the electronic health record was conducted for adolescents hospitalized with EVALI from December 2018 to July 2021 at Children’s Medical Center in Dallas, Texas. Patients who met the Centers for Disease Control and Prevention’s (CDC) definition of EVALI diagnosis were included in this analysis. EVALI was defined according to CDC criteria of a “confirmed” diagnosis that requires 1) a history of e-cigarette/ vaping product use in the 90 days before symptom onset 2) presence of pulmonary infiltrates on chest imaging 3) illness not attributed to other causes including respiratory infections10. “Probable” EVALI cases, defined by the same criteria as “confirmed” EVALI but with a non-contributory respiratory infection identified, were also included in this analysis. Patients with immunodeficiency, oncologic or hematologic process associated with pulmonary complications, and congenital heart disease were excluded from the analysis. In 2019, our institution instituted a clinical algorithm to standardize EVALI diagnosis and management19. During the pandemic, the algorithm was modified to include possible COVID-19 illness, with all patients receiving SARS-CoV-2 PCR testing prior to or upon admission. Included EVALI cases for this analysis were stratified into two groups based on timing of EVALI diagnosis: “pre-pandemic” (PP) if diagnosed before the COVID-19 pandemic declaration by WHO on March 11, 2020, and “during pandemic” (DP) if hospitalized after March 11, 2020.  
Outcome variables
The following clinical variables were extracted from the electronic health record for EVALI cases: e-cigarette use, symptoms reported at presentation, vital signs, initial laboratory evaluation, chest computed tomography (CT) results, hospital course (maximal respiratory support, treatment, and pulmonary function tests (PFTs)), and post-discharge follow-up vaping history, PFTs, imaging and residual symptoms (Tables 1-3, E-tables 1,2). COVID-19 diagnosis was based on documented Severe Acute Respiratory Syndrome Coronavirus disease 2 Real-Time Polymerase Chain Reaction (SARS-CoV-2 RT-PCR) test result. 
Pulmonary function testing
[bookmark: _Hlk106189145]PFT data for all EVALI patients, prior to- and during the COVID-19 pandemic, who were able to complete testing was extracted from the EHR for three different time points: 1) pre-corticosteroid treatment 2) post-corticosteroid treatment and 3) post-discharge pulmonology clinic follow-up.  PFTs included the following variables: forced expiratory volume in the first second (FEV1), forced vital capacity (FVC), FEV1 to FVC ratio, total lung capacity (TLC), diffusing capacity of carbon monoxide (DLCO). Six-minute walk testing variables included distance (6MWD), distance percent predicted (6MWD%),  average oxygen saturation (6MWO2%) and the nadir oxygen saturation during the test. PFT data was included in the analysis only if the patient had both pre- and post- corticosteroid PFTs obtained and/or both post- corticosteroid and follow up PFTs were performed. PFT data was reviewed by authors BA and DR for quality prior to inclusion for data analysis and only results that met American Thoracic Society criteria for acceptability were included. All PFT data was obtained in an accredited pediatric PFT laboratory according to American Thoracic Society guidelines20,21. All data were de-identified before statistical analysis. Institutional review board approval was obtained from the University of Texas Southwestern Medical Center.
Statistical methods
Distribution of all continuous variables was assessed using the Shapiro Wilk test for normality. T-tests, Fisher’s exact Chi-square, and Wilcoxon rank sum test for non-parametric data were used to evaluate differences in clinical manifestations and laboratory results for EVALI cases prior to (PP), and during (DP) the COVID-19 pandemic. PFT results were compared pre- to post-corticosteroid treatment and post-corticosteroid treatment to follow-up in both PP and DP groups. Significance was set an alpha level of 0.05 and all analyses were conducted using Stata statistical software version 15.0 (College Station, TX).













Results
A total of 42 hospitalized adolescents were diagnosed with confirmed or probable EVALI. One patient with a history of leukemia and hematopoietic stem cell transplant was excluded. Therefore, a total of 41 adolescents were included for this study. The mean age was 16.3 years, 66% were male, and 60% were Hispanic. 19 patients (46%) were hospitalized PP, while 22 patients (54%) were hospitalized DP. There was no significant difference in demographic characteristics between PP and DP groups (Table 1). The highest number of patients hospitalized in a single month (n=7) was in June 2020 (Figure 1).
Presenting symptoms and vitals
Constitutional symptoms (98%) were the most common presenting symptoms, followed by gastrointestinal (85%) and respiratory (83%) symptoms. The most common constitutional symptoms were fever (93%) and fatigue or malaise (61%). The most common gastrointestinal symptoms were vomiting (80%) followed by nausea (78%). Shortness of breath (83%) and cough (73%) were the most common respiratory symptoms. There were no significant differences in presenting symptoms between PP and DP groups. (Table 1).
Abnormal vital signs were noted in most patients - tachypnea (90%) and hypoxemia on room air (85%) were the most common (Table 1). The only difference between both groups was that more DP patients (59%) presented with BP > 135/85 compared to PP patients (16%, p<0.01). There was not a greater amount of obese DP patients (18%) compared to PP (32%). Being overweight was more prevalent in DP patients (32% vs 5%).
Vaping history
Vaping D-9-tetrahydrocannabinol (THC) was reported by the majority of PP (95%) and DP (100%) patients. All who received a urine drug screen had THC positivity. The range of reported duration of vaping was longer among DP (2 months to 6 years) compared to PP (1 month to 2 years) patients, but not statistically significant (Table 1).
Laboratory results and radiology
All DP patients received at least one SARS-CoV-2 RT-PCR. Most patients were tested twice (n=10, 45%), and some were tested 3 or 4 times. Only one patient with EVALI had a positive PCR. Elevated white cell count with neutrophil predominance as well as elevated C-reactive protein and erythrocyte sedimentation rate was seen in a majority of patients (Table 2).
Bronchoscopy was performed in 7 PP patients while none were performed DP. Chest CT scans revealed diffuse bilateral ground-glass opacities (98%) with increased prominence in the lung bases (56%) as well as sub-pleural sparing (63%). There were no differences in imaging findings between both groups. The one COVID-19 positive patient had diffuse ground-glass opacities with no sub-pleural sparing.
Clinical course and treatment
For the overall cohort, 76% of patients required respiratory support during hospitalization.  The most common maximum level of respiratory support required was low flow nasal cannula (44%), followed by heated high flow nasal cannula (12%), and BiPAP or CPAP (10%). In the PP group, four (21%, p=0.04) patients required intubation with invasive mechanical ventilation and one (5%) patient required VV-ECMO (Table 3).
Systemic corticosteroid treatment was provided during hospitalization to 93% of patients. Clinical improvement within 24 hours of corticosteroid initiation was documented in 79%. PP and DP groups received antibiotic or steroids with similar frequency. All patients reported complete or near-complete resolution of their symptoms before discharge. Less patients DP (5%) compared to PP (32%, p=0.04) were prescribed supplemental oxygen with activity at discharge based on 6MWT oxygen desaturation (Table 3).
Pulmonary function testing results
Comparing PFTs pre- to post-corticosteroid treatment (Figure 2), there was an improvement in all PFT variables except the FEV1/FVC in both PP and DP groups. Significant improvement in FVC (69 % to 82.6%, p=0.035) was seen only prior to the pandemic. Comparing post-corticosteroid to post-discharge follow-up, there was significant improvement in FEV1 and FVC both prior to- and during the pandemic (p<0.05 for all). DLCO improved significantly in PP patients only (83% to 98%, p=0.043). (Figure 2, E-tables 1,2). 6MWT results were compared in 8 patients pre- to post-corticosteroid (5 PP and 3 DP) and in 16 patients post-corticosteroid treatment to follow-up (8 PP and 8 DP). There was significant improvement noted in the PP group pre- to post-corticosteroid 6MWD, 6MWO2%, and nadir oxygen saturation (p< 0.05 for all), and in post-corticosteroid to post discharge follow up 6MWO2% and nadir oxygen saturation in the PP group (E-tables 1,2).
Follow-up after discharge
Of the 24 patients (59%) who followed-up in pulmonology clinic 1-54 weeks after hospital discharge, 10 (24%)  reported residual symptoms – including dyspnea on exertion, intermittent cough, or chest pain – with no difference between PP and DP. Continued vaping was disclosed by 4 (21%) PP patients compared to 0 DP patients (p=0.04). Chest CT was obtained 1-6 months post-discharge in 3 (16%) PP patients and 4 (18%) DP (Table 3). CT showed complete or near complete resolution of previously seen ground glass opacities in all 7 patients (Figure 3).

















Discussion
In this study, we expanded upon on our initial EVALI case series of 13 adolescents with an additional 28 adolescent patients, most of whom were hospitalized during the COVID-19 pandemic, a time during which the diagnosis of EVALI could have been mistaken for COVID-19 due to overlapping symptomatology13,14,22,23  Despite this symptom overlap and 100% of the DP patients receiving at least one SARS-CoV2 PCR, the clinical presentation of EVALI did not change from PP to DP and rarely coexisted with COVID-19. Presenting symptoms including vital signs and lab values were similar. Elevated blood pressure was, however, more common DP. This finding cannot be explained by more obesity in DP patients (18% DP vs 32% PP patients). However, more DP patients  were overweight compared to PP (32% vs 5%), a finding that might be explained by less activity in the setting of stay-at-home orders during the pandemic. Interestingly, DP patients had shorter median length of stay, less need for intubation, and less need for oxygen on discharge which might have resulted from increased familiarity with, and earlier diagnosis of EVALI resulting in early initiation of treatment with glucocorticoids. Similar to our initial case series, PFTs including 6MWT improved with corticosteroid treatment and after hospital discharge. 
Although both COVID-19 and EVALI should be included in the differential diagnosis of an adolescent with fever, respiratory and gastrointestinal symptoms, elicitation of vaping history remains paramount to the diagnosis of EVALI, particularly when treating patients with COVID-
19-mimicking symptoms18,24. Our patients with EVALI presented with a long duration of symptoms ranging from 7-22 days (median 15) for all EVALI patients, whereas Gotzinger et al. described in their multicenter cohort study of children and adolescents from Europe a median interval between symptom onset and COVID-19 diagnosis of 2 days25.  Our one patient with both EVALI and COVID-19 presented with a 3-month history of dry cough and weight loss, was weaned off nasal cannula support with dexamethasone, but was readmitted 1 day after discharge to the ICU with dyspnea and chest pain for which the patient was treated with remdesivir.
Most notably, adolescents continued to suffer from complications of e-cigarettes during the COVID-19 pandemic despite data showing significant decreasing rates of e-cigarette use among both high school students and middle school students in 20214,26. The observation that vaping rates are decreasing while EVALI cases continue to be diagnosed emphasizes the importance of including EVALI in the differential for adolescents presenting with constitutional, respiratory, and gastrointestinal symptoms, especially given the reopening of schools in the fall of 2021 and the re-establishment of social networks with interchange of e-cigarette products amongst peers.  
One explanation for continued EVALI cases despite the decrease in national vaping rate may be enhanced familiarity of diagnosis and management of EVALI unique to our institution.  The initial peak of EVALI hospitalizations at Children’s Medical Center Dallas in September of 2019 invited heightened attention to EVALI, which may have primed providers to elicit a history of e-cigarette use in teenagers presenting with constitutional, respiratory, or gastrointestinal symptoms.
Another explanation might be the presence of some pandemic-related factors that disproportionately affected our cohort. High parental monitoring is protective against vaping, while psychosocial risk factors are associated with EVALI24,27,28.  The COVID-19 pandemic has disproportionately affected people of color and those of lower socioeconomic status, who are more likely to hold frontline positions that require in-person work29. Since Hispanic adolescents comprise 60% of our cohort, notably different from other predominantly Caucasian EVALI cohorts, heightened pandemic-related stressors and lower parental monitoring due to work obligations within our cohort may explain continued EVALI cases despite declining national e-cigarette usage1,24,30.
Systemic corticosteroids were associated with rapid improvements in symptoms and/or respiratory support weaning within 24 hours of initiation in 79% of our cohort, a percentage that is greater than what was reported by Layden et al. (n=98, 51%) but lower than Kalininskiy et al. (n=12, 100%)1,31.  Our overall high rate of clinical improvement may be attributed to less comorbidities in a younger cohort, and/or use of higher doses of steroids at our institution (up to 1 gram intravenous doses often used)19.  Interestingly, our cohort is characterized by somewhat higher rates of THC vaping  (98%) compared to Layden (89%) and Kalininskiy’s cohorts (92%), which may reflect a worrisome increasing trend in adolescent marijuana vaping32.
Vitamin E acetate (VEA) has been identified as the causative toxin of EVALI, as it was found in vaping product samples and bronchoalveolar lavage fluid tested by the FDA and CDC, and found in sampling from patient vape cartridges in our initial case series33,34.  In response, the FDA and CDC recommended to not add VEA to any e-cigarette product35. The US Department of Justice reported in November 2021 the arrest of a Texas vape shop owner for knowingly
selling counterfeit and adulterated vape products from 2017-2019 obtained from China that tested positive for VEA36. EVALI cases however have continued in North Texas despite this federal recommendation and arrest. The possibility of lung cytotoxicity from other toxins identified in e-cigarette products, such as hydrocarbons, silicon conjugated compounds, terpenes, and metals, should continue to be considered37. An unknown molecule that is less toxic than VEA, or less potent VEA might have resulted in a less severe clinical course seen in our patients during the pandemic. Further studies elucidating the association between these potential causative agents of EVALI should be conducted. 
Our study has notable limitations. First, our cohort represents hospitalizations at a single tertiary care facility, which limits the generalizability of our findings. The greater representation of Hispanic adolescents in our cohort compared to other studies may be attributed to the regional demographics of the greater Dallas area.  It also fills important gaps in the literature about the impact of EVALI in diverse communities, which allows for the study of how socioeconomic status and social factors may contribute to any inequities in EVALI morbidity. A second limitation is that some patients had difficulty performing PFTs due to the severity of their condition. To minimize the possibility of this affecting our analysis, all PFT results were reviewed for adequate quality, and spirometry was examined for adequate exhalation and presence of a plateau on volume time curve. Furthermore, we accounted for any incomplete sets of PFTs by only using paired sets of PFTs by the same patient when testing for significance.  Next, due to overlaps in symptomatology between EVALI and COVID-19, it is possible that patients in fact had COVID-19 with/without underlying EVALI; however, multiple SARS-CoV-2 PCR testing minimized the likelihood of this limitation. Finally, the rates of vaping in our population are unknown and we assumed a declining rate similar to the national reported vaping rates among adolescents resulting in the observation that EVALI cases continued despite a decline in vaping rates among adolescents.





Conclusions
EVALI cases have continued even during the COVID-19 pandemic, and we found that coexistent COVID-19 was rare. Corticosteroids remain an effective treatment, which leads to improved clinical symptoms as well as pulmonary function. Accurate identification of EVALI and differentiating it from other causes of acute lung injury is crucial and has an impact on the treatment, outcomes, and education of the lay public on the harms of e-cigarettes.  Next steps include resuming national data collection of EVALI cases in adolescents and adults as well as multicenter prospective studies regarding the clinical course, treatment, and sequelae of EVALI.
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