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Abstract

The clinical presentation of children and adolescents infected with severe acute respiratory syndrome coronavirus
2 can range from asymptomatic to mild or moderate manifestations. We present a case series of three adolescents
who presented during the coronavirus disease 2019 (COVID-19) pandemic with symptoms concerning for COVID-19,
including fever, abdominal symptoms, cough, respiratory distress, and hypoxemia. Their laboratory results showed
elevated inflammatory markers that are also commonly seen in COVID-19. The chest imaging studies mimicked
COVID-19 with non-specific ground glass opacities and interstitial prominence patterns. However, severe acute
respiratory syndrome coronavirus 2 testing was negative and further questioning of these adolescents and their
parents revealed a history of vaping marijuana-related products leading to the eventual diagnosis of e-cigarette, or
vaping, product use—associated lung injury. Our patients were successfully treated with corticosteroids. The providers
caring for pediatric patients, especially adolescents, should continue to have a high index of suspicion for e-cigarette,
or vaping, product use—associated lung injury in patients presenting with unexplained respiratory failure, while ruling
out COVID-19.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused
by the novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is mostly known to cause mild to moderate
manifestations in children.! However, severe manifestations
and fatalities are reported even in children, hence the need
for increased awareness for possible COVID-19 when chil-
dren and adolescents present with unexplained respiratory
distress or respiratory failure.> We introduce a case series of
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Table I. Laboratory values for all three patients.

Case | Case 2 Case 3
WABC (k/mm?3) 18.9 23.5 17.0
Neutrophils (%), lymphocytes (%), monocytes (%), eosinophils (%), basophils (%) 96,2, 1,0, 0 93,6,1,0,0 958,3,1,0,02
Hemoglobin (g/dL)/hematocrit (%) 12.0/35.2 12.8/37 12.6/37.7
Platelets (k/mm?) 344 412 334
Alanine transferase, ALT (U/L) I 13 34
Aspartate transferase, AST (U/L) 22 23 35
Total bilirubin (mg/dL) 0.6 | <03
CRP (mg/dL) 294 335 354
Procalcitonin (ng/mL) 3.17 Not done 0.81
Blood gas (pH/pCO,/pO,/HCO3") 7.45/36/75/25 7.39/33/79/20  7.43/36/108/24
Respiratory viral panel* Negative Negative Negative
Blood culture Negative Negative Negative
SARS-CoV-2 RNAP Not tested Negative Negative
BAL cell count (total count, % polys, % lymphocytes, % histiocytes, % 700, 50, 4, 12, 34 Not done 798, 86, 1, 10, 3
macrophages)
BAL lipid laden macrophages (Oil red O stain) <1% Not done 15%-20%
BAL cultures (bacterial, fungal, and mycobacterial) Negative Not done Negative
Legionella cultures (BAL) Negative Not done Negative
Streptococcal antigen (Urine) Not done Not done Negative

BAL: bronchoalveolar lavage; CRP: C-reactive protein; WBC: white blood cell.

?Respiratory viral panel includes influenza A, influenza B, respiratory syncytial virus (RSV), parainfluenza, coronavirus (not including SARS-CoV-2), human
metapneumovirus, rhinovirus/enterovirus, adenovirus, Chlamydia pneumoniae, Mycoplasma pneumoniae.
®Internally developed Roche Diagnostics Cobas 6800 System that has 91% sensitivity and 100% specificity.

Case |

A 16-year-old Caucasian female with history of hypothyroidism
and migraines presented to our pediatric intensive care unit
(PICU) from an outside emergency department (ED) during late
February 2020, with 10days of dry cough, 3 days of fever, nau-
sea, and vomiting. She was tachycardic (heart rate (HR): 116—
128 beats/min), tachypneic (respiratory rate (RR): 2648
breaths/min), and hypoxemic (saturation measured by pulse
oximeter (SpO2): 89%) on admission with diminished breath
sounds at the lung bases. The rest of her exam was within nor-
mal limits. The laboratory findings showed elevated white
blood cell (WBC) count and inflammatory markers (Table 1).
The common respiratory viral panel (RVP) and blood cultures
were negative. Her initial chest radiograph (CXR) showed bilat-
eral perihilar opacities and ill-defined left basilar opacity, suspi-
cious for early pneumonia, which rapidly progressed in just
more than 24 h to prominent bibasilar hazy opacities (Figure 1).
The patient was started on supplemental oxygen and doxycy-
cline for suspected atypical pneumonia that was soon changed
to ceftriaxone and vancomycin due to worsening respiratory
distress needing noninvasive positive airway pressure (NIPPV)
support. At that time, given the heightened concern for COVID-
19, communication was initiated with the Centers for Disease
Control and Prevention (CDC) for COVID-19 testing as the
testing resources were limited and testing decisions were made
in conjunction with CDC at the beginning of the pandemic. It
was decided to hold the testing since there was no history of
travel or exposure to SARS-CoV-2. Simultaneously, the

patient’s mother raised concerns about a possible vaping history
since she had found marijuana-based vaping cartridges in the
patient’s bedroom and revealed that the patient had positive tet-
rahydrocannabinol (THC) in her urine 2 weeks prior to presen-
tation. Pulmonary consultation and further investigations such
as urine toxicology, computerized tomography (CT) chest, and
bronchoscopy were ordered at this time. The CT chest showed
prominent bilateral ground glass and patchy consolidative opac-
ities in the posterior lungs with areas of mild diffuse bronchial
wall thickening and subpleural sparing (Figure 2). A bronchos-
copy showed mild bronchial wall inflammation; the bronchoal-
veolar lavage (BAL) showed neutrophil predominance with
negative cultures. Meanwhile, patient’s urine toxicology
returned positive for THC suggesting recent marijuana use and
supporting the diagnosis of EVALI. The patient admitted to
vaping with her friends several months prior to the presentation
but denied recent use. We assumed that the patient was lying
that this was in fact a case of EVALI and started her on methyl-
prednisolone 1 mg/kg/dose twice a day for 5days. She showed
significant improvement in clinical symptoms within 48h. She
was offered smoking cessation counseling and was discharged
home with close primary care provider and pulmonologist
monitoring.

Case 2

A 17-year-old Hispanic female with well-controlled asthma
and seasonal allergies was transferred to our PICU for res-
piratory distress in early April 2020. She presented with
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Figure |I. Chest radiographs for case | (images a and b with just more than 24h in between the two radiographs) demonstrating
bilateral perihilar opacities and an ill-defined opacity at the left base (a), which rapidly progressed to prominent bibasilar hazy opacities
(b). Chest radiograph for case 2 (image c) displays prominent perihilar and bibasilar interstitial opacities with subtle diffuse background
reticular and linear interstitial prominence. Chest radiograph for case 3 (image d) shows bilateral perihilar and bibasilar consolidative and
patchy opacities, left more so than right, with more diffuse prominence of the reticular pattern.

8days of sore throat, cough, and pleuritic chest pain that
was unresponsive to home albuterol. She additionally com-
plained of 2 days of fever, post-tussive emesis, and diarrhea.
Her physical examination was significant for tachycardia
(HR: 122-134beats/min), tachypnea (RR: 30-37 breaths/
min) with bilateral rhonchi and hypoxemia (SpO2: 88% on
room air). Her laboratory results showed elevated WBC and
inflammatory markers (Table 1). Her CXR showed promi-
nent perihilar and bibasilar interstitial opacities (Figure 1).
A CT chest performed for tachycardia and chest pain, to
exclude pulmonary embolism, showed scattered mostly
peripheral ground glass and nodular lung opacities with sep-
tal thickening and peribronchial wall thickening (Figure 2).
Her presentation raised concerns for COVID-19. The

infectious workup included negative SARS-CoV-2 and RVP
testing, as well as negative blood cultures (Table 1). She
was appropriately isolated and treated with bronchodilators,
supplemental oxygen and azithromycin, ceftriaxone, and
vancomycin for community-acquired pneumonia. However,
her symptoms progressed despite the treatment. With fur-
ther questioning, she admitted to vaping nicotine-free mari-
juana-based pods, multiple times per week for 4-5months
prior to presentation. With this newly elicited vaping his-
tory, EVALI was diagnosed and she was started on 5 days of
prednisone at 1 mg/kg twice daily. She received smoking
cessation counseling and was advised to follow-up closely
with her primary care physician and pulmonologist, then
was discharged within 48 h.
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Figure 2. Chest CT for case | (image a) demonstrates ground glass opacities (long white arrow), patchy consolidation (short white
arrow), crazy paving appearance (white arrowhead) which describes ground glass opacities with septal thickening, nodular foci (black
arrow), and subpleural sparing (also white arrowhead). Chest CT for case 2 (image b) displays scattered mostly peripheral ground glass
lung opacities (short white arrow) with nodules (long white arrow), septal thickening (black arrow), and peribronchial wall thickening
(black arrowhead). Chest CT for case 3 (image c) shows interlobular septal thickening (black arrowhead) and alveolar ground glass
opacities (white arrow) throughout much of the lungs with notable subpleural sparing (black arrow), more consolidative opacities in
dependent lung bases (small white arrow), and small bilateral pleural effusions.

Case 3

A 17-year-old previously healthy mixed-race male was trans-
ferred to our pediatric wards for respiratory distress in late
April 2020. He presented with 5days of fever, cough, post-
tussive emesis, dyspnea, pleuritic chest pain, myalgia, and
decreased appetite. When his symptoms first started, he had
gone to the ED where he was diagnosed with community-
acquired pneumonia and prescribed amoxicillin. He returned to
the ED with worsening symptoms and was found to be febrile
to 39.1°C, tachycardic (HR: 90-133 beats/min), and tachyp-
neic (RR: 26-32 breaths/min) with hypoxemia (SpO2: 85%),
raising suspicion for COVID-19. On initial exam, he was noted
to be in significant respiratory distress with bilateral dimin-
ished breath sounds and coarse crackles. The laboratory find-
ings were remarkable for elevated WBC with neutrophilia,
elevated inflammatory markers, negative SARS-CoV-2, RVP,
and blood cultures (Table 1). His CXR showed bilateral perihi-
lar and bibasilar consolidative patchy opacities, more on the
left side, with diffuse prominence of the reticular pattern
(Figure 1). He endorsed intermittent use of THC-vaping prod-
ucts that he had acquired from his friends, 1 month prior to
presentation raising concern for EVALI His respiratory

distress quickly worsened, and he required PICU level of care
for NIPPV and eventual intubation. He was started on azithro-
mycin, ceftriaxone, and vancomycin for community-acquired
pneumonia. A bronchoscopy performed by the pulmonary ser-
vice on day 2 of hospitalization showed moderate-to-severe
airway inflammation, a neutrophil predominant BAL sample
and negative cultures. His CT chest demonstrated diffuse alve-
olar ground glass opacities throughout the lungs with promi-
nent subpleural sparing, septal thickening, bilateral small
pleural effusions, and bibasilar dependent consolidation
(Figure 2). The patient was started on 7 days of methylpredni-
solone 1 mg/kg twice daily due to high suspicion for EVALL
The patient was able to be extubated after 5 days of corticoster-
oids and was discharged home on fluticasone/salmeterol 115—
21 pg twice daily with recommendation for close follow-up
with his primary care physician and pulmonologist.

Discussion

These cases serve to remind us that the EVALI outbreaks per-
sist and there is potential for increased incidence with social
distancing and isolation precautions implemented during the
current COVID-19 pandemic. There are similarities between
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EVALI and COVID-19 in clinical symptomatology, labora-
tory results, and radiologic findings. EVALI, although not
suspected on initial presentation with our cases, was revealed
upon further questioning and elicitation of a vaping history.

Since March 2019, there have been outbreaks of EVALI
defined as using an e-cigarette (“vaping”) or dabbing within
90 days of symptom onset, and pulmonary infiltrate such as
opacities on CXR or ground glass opacities on chest CT, and
absence of pulmonary infection on initial work up and no
evidence of alternative plausible diagnoses (e.g. cardiac,
rheumatological, or neoplastic processes).> Since the intro-
duction of e-cigarettes in the United States in 2007, the inci-
dence of vaping has increased significantly in adolescents,
likely due to recent popularity of nondescript e-cigarettes
shaped like a USB flash drive as well as flavors that appeal
to youth. Approximately 4.9% of middle school students and
20.8% of high school students self-reported as current e-cig-
arette users, defined as use in the last 30days.* EVALI is
most commonly associated with the use of cannabis-based
vaping products, especially those obtained from informal
sources like family, friends, and in-person or online dealers.’
Vitamin E acetate, an additive in some THC containing vap-
ing products, is strongly linked to the EVALI outbreaks. The
legalization of recreational marijuana use may have reduced
the number of EVALI cases in some states, but most adoles-
cents likely access these products from informal sources,
thereby leading to continued outbreaks in this underage pop-
ulation.®’ Since March 2019, over 2,600 EVALI cases and
60 deaths have been reported in the United States.®

During the EVALI outbreaks, COVID-19, a novel infec-
tious disease caused by SARS-CoV-2, has emerged causing
significant respiratory illness and death. The global outbreak
of COVID-19 is a major public health issue that was declared
a worldwide pandemic in March 2020. As of 14 September
2020, data from the CDC showed that there were 6,503,030
total cases and 193,705 total deaths in the United States.’
The clinical spectrum of COVID-19 varies from asympto-
matic to respiratory failure requiring mechanical ventila-
tion.'” Pediatric COVID-19 cases account for a small
percentage of patients although the incidence is increasing;
2.4% of confirmed and suspected COVID-19 cases in China
were reported in children as of February 2020."" Children
with COVID-19 generally present with milder symptoms
when compared to adults.'?

Both EVALI and COVID-19 share the clinical symptoms
of fever, cough, and non-specific gastrointestinal symptoms
such as nausea, abdominal pain, and diarrhea as well as the
physical findings of respiratory distress and hypoxemia. Our
cases presented with a varying range of pulmonary, gastroin-
testinal, and constitutional symptoms. The pulmonary symp-
toms were most striking with rapid progression within 48 h
in two out of the three patients. There is elevation of inflam-
matory markers as well as mild transaminitis in both condi-
tions, though leukocytosis and neutrophilia are more
common in EVALL>? Bilateral multifocal ground glass

opacities, with or without consolidation, and lower lobe pre-
dominance are seen on chest CT imaging in both condi-
tions."? Subpleural sparing and possible “atoll sign” (central
ground glass opacity surrounded by dense consolidation of
crescentic shape) are commonly reported in EVALI, whereas
more peripheral and subpleural distribution of opacities
(“halo sign”) is common in COVID-19, though these find-
ings are often intermixed."*”'> These similarities reinforce
the importance of eliciting any vaping history in adolescents
who present with unexplained respiratory distress to differ-
entiate the underlying diagnosis. The treatment of EVALI
differs from COVID-19, and early initiation of steroids in
EVALI can be lifesaving and may minimize the duration of
hospital stay as was seen with our cases.!®!”

With implementation of social distancing and isolation
precautions due to COVID-19, many adolescents are attend-
ing school remotely. Isolation from the school environment,
loneliness, stress of the current pandemic, and lack of social
support could increase potential for substance use including
e-cigarette use in adolescents, particularly those with pre-
existing mental health conditions.'® Therefore, during this
COVID-19 pandemic, it is exceedingly important to obtain a
thorough social history including use of e-cigarettes and vap-
ing products, in adolescents presenting with signs and symp-
toms suspicious for EVALI. Clinicians should continue to
advise against the use of e-cigarettes and vaping products as
abstinence remains the best way to prevent lung injury. At
the same time, there is no recommendation for withholding
COVID-19 testing, as EVALI is a diagnosis of exclusion,
and EVALI and COVID-19 may co-exist in some cases.
Social distancing and isolation precautions should continue
to be enforced to limit the spread of COVID-19 during the
pandemic.

Conclusion

During the COVID-19 pandemic, providers caring for pedi-
atric patients, especially adolescents, should continue to
have a high index of suspicion for EVALI in patients present-
ing with unexplained respiratory failure, while excluding
COVID-19. Providers should ask for pertinent social history
and pursue the appropriate diagnostic routes as treatment of
EVALI differs from COVID-19. The early initiation of ster-
oids in EVALI can shorten the duration of illness and hospi-
tal stay. Appropriate vaping cessation counseling and close
outpatient monitoring are needed to reduce the risk of recur-
rence of EVALL
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