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Abstract

We describe six teenagers presenting with fever and severe abdominal symptoms admitted with concerns for multisystem

inflammatory syndrome in children (MIS-C). Laboratory evaluation revealed elevated markers of inflammation, lymphopenia,

and increased d-dimers. Imaging studies revealed multifocal airspace disease and ground-glass opacities. SARS-CoV-2 PCR and

serologies were negative. All patients reported a history of vaping, prompting E-cigarette, or vaping, product use-associated

lung injury (EVALI) diagnosis. MIS-C has overlapping clinical and laboratory features highlighting the added challenge of

diagnosing EVALI during the COVID-19 pandemic.
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Summary :
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Abstract

We describe six teenagers presenting with fever and severe abdominal symptoms admitted with concerns for
multisystem inflammatory syndrome in children (MIS-C). Laboratory evaluation revealed elevated markers
of inflammation, lymphopenia, and increased d-dimers. Imaging studies revealed multifocal airspace disease
and ground-glass opacities. SARS-CoV-2 PCR and serologies were negative. All patients reported a history
of vaping, prompting E-cigarette, or vaping, product use-associated lung injury (EVALI) diagnosis. MIS-C
has overlapping clinical and laboratory features highlighting the added challenge of diagnosing EVALI during
the COVID-19 pandemic.

Introduction

Coronavirus disease 2019 (COVID-19) was thought to largely spare children until clinicians in the United
Kingdom reported a cluster of children with fever and hyperinflammation in late April 20201. Similar reports
from Italy, France, and the United States led the Centers for Disease Prevention and Control (CDC) to
define this illness as Multisystem Inflammatory Syndrome in children (MIS-C) (CDC). The case definition of
MIS-C includes the presence of fever, laboratory evidence of inflammation, multisystem organ involvement,
and evidence of SARS-CoV-2 infection or an epidemiologic link to a person with COVID-192. The broad
case definition and wide spectrum of clinical presentations, observed with MIS-C, coupled with lack of
pathognomonic signs and diagnostic tests have posed new challenges in the evaluation of children presenting
with fever and elevated inflammatory markers due to the risk of serious and life-threatening illnesses that
must be considered in these patients.

In this report, we describe six patients admitted to the hospital with concerns for MIS-C who were later
diagnosed with EVALI.

Case reports (Table 1)

Case 1

A 16-year-old white male presented with 4 days of fevers to 38.7°C (101.4°F), nausea, severe abdominal
pain, diarrhea, cough, and dyspnea. He denied any known exposure to COVID-19 infected individuals. He
was admitted due to his tachypnea and concerns of MIS-C. Shortly after admission, he developed worsening
tachypnea and hypoxia, along with difficulty breathing on nasal cannula requiring transitioning to high flow
nasal cannula oxygen on second day of admission. Laboratory workup was remarkable for lymphopenia, ele-
vated erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), procalcitonin (PCT), ferritin, and
lactate dehydrogenase (LDH). Chest X-Ray showed bibasilar interstitial infiltrates. Chest computed tomogra-
phy (CT) revealed bilateral multifocal ground-glass opacities (Figure 1). Nasopharyngeal (NP) SARS-CoV-2
PCR and serum antibodies were negative twice. FilmArray® respiratory panel (FRVP) (Biofire Defense,
Salt Lake City, Utah) was negative. He remained febrile, with ongoing respiratory distress despite empiric
therapy with ceftriaxone and azithromycin. He later disclosed vaping every week with products obtained
from his friends. Urine drug screen was positive for tetrahydrocannabinol (THC). Intravenous steroids were
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. started due to suspected EVALI. He was weaned to room air within 48 hours, his infiltrates improved on
repeat chest X-ray. He was discharged after 8 days of hospital stay.

Case 2

A 16-year-old white female presented with 6 days of fevers to 39.2° (102.7°F), severe abdominal pain, and
vomiting. She had tachypnea and a transient desaturation to 88% before admission. Her ESR and CRP were
significantly elevated. A CT of the abdomen showed no abdominal abnormalities however bilateral basilar
lung opacities were noted. A dedicated CT of the chest showed multifocal mixed ground glass and consolida-
tive airspace disease involving the bilateral upper and lower lobes. SARS-CoV-2 NP PCR and serology were
negative. Additional infectious work-up included negative FRVP, fungal antibody panel, histoplasma urine
and blood antigens and legionella urine antigen. She was empirically started on levofloxacin. She reported a
history of vaping over a year ago. Family reported that she may have been vaping more recently. She was
discharged as her clinical condition improved. No relapsing disease was noted on her follow-up 2 weeks after
discharge and her chest X-ray findings resolved.

Case 3

An 18-year-old white male presented with 1 week of persistent tactile fevers, chest pain, shortness of breath,
vomiting, and diarrhea after two days of outpatient therapy with azithromycin and levofloxacin. Upon admis-
sion, ceftriaxone was started, and levofloxacin was continued. Initial laboratory work-up showed lymphopenia,
elevated CRP, PCT, and LDH. His FRVP and SARS-CoV-2 PCR were negative. Fungal antibody panel,
blood and urine histoplasma antigens and urine Legionella antigen were negative. He reported frequent use
of marijuana and vaping. A CT of the chest showed multifocal airspace disease with relative subpleural spa-
ring. A bronchoalveolar lavage (BAL) was performed with negative cultures for bacterial, mycobacterial, and
fungal etiologies. BALPneumocystis jirovecii PCR was positive with negative stains or signs of eosinophilic
pneumonia on cytology. He clinically improved with improved inflammatory markers without the need for
supplemental oxygen. He was discharged after 3 days.

Case 4

A 16-year-old white male presented with 6 days of fever to 39.2°C (102.6°F), cough, shortness of breath,
vomiting, and diarrhea. He was prescribed albuterol, azithromycin, and prednisone prior to admission, but
was unable to adhere to treatment due to vomiting. On admission, he had lymphopenia; elevated CRP, PCT,
and ESR. His SARS-CoV-2 PCR testing was negative. His FRVP, anti-streptolysin O, fungal antibody panel,
histoplasma serum and urine antigens, QuantiFERON TB Gold plus, and sputum fungal and mycobacterial
cultures were negative. A chest CT showed multifocal ground-glass opacities bilaterally. He was empirically
started on ceftriaxone and azithromycin. He required supplemental oxygen until day 6 of admission. He
initially acknowledged marijuana usage but denied vaping, later clarifying usage of E-cigarettes. He was
started on steroids and after significant clinical improvement was discharged home on day 8 of hospitalization.
He remained asymptomatic during the outpatient follow up.

Case 5

A 17-year-old white male presented with 7 days of cough and 4 days of fever to 39.4°C (103°F), myalgias,
and fatigue with emesis. On admission he had mild respiratory distress requiring nasal cannula oxygen.
A chest X-ray showed bilateral lung opacities. Azithromycin and ceftriaxone were empirically started. His
initial laboratory workup was remarkable for leukocytosis, elevated ESR, CRP, and LDH. SARS-CoV-2
PCR was obtained twice and negative. in both opportunities, His FRVP and SARS-CoV-2 antibodies were
negative. Legionella urine antigen, M. pneumoniae throat PCR, histoplasma urine and blood antigens, EBV
profile, HIV ELISA, and QuantiFERON TB-gold plus were negative. Later he acknowledged E-cigarette and
marijuana usage. A THC urine test that was positive. CT of the chest showed diffuse bilateral ground-glass
opacities, with regions of superimposed interlobular septal thickening. Antibiotic treatment was discontinued.
He was started on steroids with significant improvement in 24 hours and was subsequently discharged.

Case 6
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. A 17-year-old white male presented with 6 days of fever to 39.4°C (103°F), abdominal pain and vomiting.
At an outside facility a CT of the abdomen was done showing no abdominal abnormalities however bilateral
basilar lung opacities were noted. At admission was febrile with abdominal pain, had significantly elevated
inflammatory markers. His FRVP, SARS-CoV-2 PCR and antibodies were negative. He acknowledged the use
of E-cigarettes. His THC-urine test was positive. A dedicated CT of the chest showed bilateral ground-glass
opacities with subpleural sparing and the infectious workup was negative, especially for histoplasma infection
that was high on the differential. He improved after 5 days of hospital stay and throughout infectious testing,
without any specific treatment, for which EVALI was diagnosed and follow-up as an outpatient was arranged.

Discussion

Pediatric SARS-CoV-2 infection can be complicated by a potentially life-threatening hyperinflammatory con-
dition termed MIS-C. The severity of MIS-C, coupled with a variety of non-specific but common symptoms,
such as fever and abdominal pain, as well as the broad case definition, create challenges for health care pro-
viders. Although, the presence of positive SARS-CoV-2 PCR and/or serology is helpful for diagnosis, testing
may not be readily available and turnaround time can be delayed. Additionally, many children currently
have potential recent exposures to COVID-19. MIS-C symptoms and clinical manifestations may overlap
with those of some infectious respiratory diseases, including COVID-19, toxic shock syndrome, macrophage
activation syndrome, and Kawasaki syndrome3.

MIS-C, much like EVALI, may cause severe respiratory symptoms, constitutional complaints, and similar
chest imaging findings3. Our patients were admitted with fever or history of fever, severe abdominal pain,
lymphopenia, significantly elevated inflammatory markers in all, and ground-glass opacities of lungs sugge-
stive of MIS-C. D-dimers were also elevated. Differing from reported MIS-C patients was that our EVALI
patients were of white ethnicity4, 5. Although our center is fortunate to have SARS-CoV-2 PCR and serology
results available to us in a short period of time, these patients still had possible COVID-19 exposure; creating
further challenges for treatment and management decisions. Thorough history taking helped to differentiate
the illnesses and avoid unwarranted treatments in our patients. EVALI is an additional overlapping diagno-
sis that can be considered in older children presenting for evaluation of MIS-C, especially in the setting of
negative SARS-CoV-2 testing and vaping history.

Similar to our cases, a significant number of EVALI patients reported sharing the same device or product with
friends and family members, increasing their risk for COVID-19 infection 6. EVALI patients also reported
vaping more to cope with pandemic associated stressors and anxiety3. These factors may partially explain
the matching geographic distribution of hospitalized EVALI cases and reported COVID-19 cases currently
in the US7, 8. We believe these findings have direct implications for health care providers when MIS-C is
considered in older children as EVALI could present similarly. A comprehensive e-cigarette use history helped
our patients have a prompt diagnosis and treatment.

Conclusions

MIS-C has overlapping clinical and laboratory features highlighting the added difficult challenge of diagnosing
EVALI during the COVID-19 pandemic. We stress the importance of a through history and possible drug
screening when COVID-19 testing is negative in concerning clinical presentations.
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Table 1. Demographic, clinical and laboratory findings of patients.

Figure 1. CT of the chest from Patient 1. Diffuse hazy ground-glass opacification seen throughout both
lungs.
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