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A B S T R A C T

Electronic cigarette (e-cigarette) use, or vaping, is gaining widespread popularity among adults aged 18–35.
Vaping is commercially promoted as a safer alternative to traditional cigarette smoking. Previous studies have
reported a close relationship between conventional cigarette smoking and acute eosinophilic pneumonia (AEP),
but only one case report to date associates vaping with AEP in a male patient. We present the first case of AEP
involving a young female after use of e-cigarettes. Clinicians should consider AEP when evaluating young pa-
tients with hypoxic respiratory failure and a recent history of e-cigarette use. This case highlights the need for
more research into the relationship between e-cigarettes and AEP.

1. Introduction

E-cigarettes are battery-operated devices that heat liquid nicotine,
producing an aerosol or vapor, which the user then inhales [1]. E-ci-
garettes were first developed in 2003, entered the United States in 2006
[2], and have been promoted as a safe and effective alternative to
traditional cigarettes [3]. In spite of their rapid rise in popularity and
worldwide sales, the effects of e-cigarettes use on short and long-term
health are poorly understood. This case describes a young, healthy fe-
male who developed hypoxic respiratory failure from acute eosinophilic
pneumonia (AEP) after using e-cigarettes.

2. Case report

A previously healthy 18-year-old female presented to the
Emergency Room after one day of fever, nonproductive cough, diffi-
culty breathing, and pleuritic chest pain. Two months prior to pre-
sentation she started vaping using a “Baby Smok Beast Mod” device
with 6% nicotine fluid 5 times per day for 30 minutes. She denied
traditional cigarette smoking, drug use, exposure to pulmonary irri-
tants, recent respiratory illness or history of deployment to the Middle
East. Initial vitals were remarkable for oxygen saturation of 88% on
room air, temperature of 102.4 °F, heart rate of 122 beats/min, re-
spiratory rate of 22 breaths/min, and blood pressure of 104/68mm Hg.
On physical exam, she was found to be in mild distress with tachy-
cardia, tachypnea and facial flushing. There was neither accessory
muscle use nor chest wall tenderness, and her lungs were clear to

auscultation bilaterally. There was no lower extremity edema or calf
tenderness. Laboratory tests revealed significant leukocytosis of
19.6×109/L with 91.2% granulocytes and 0.5% eosinophils. Initial
chest x-ray demonstrated right lower lung airspace consolidation con-
sistent with a pneumonia. Intravenous azithromycin was initiated and
she was admitted to the hospital for further monitoring. Overnight, she
developed moderate distress with worsening tachycardia, dyspnea, and
hypoxemia. Increasing levels of oxygen by nasal cannula were required
to maintain her oxygen saturation above 92%, meanwhile her re-
spiratory rate increased to 30 breaths/min. Repeat examination re-
vealed bibasilar inspiratory crackles. D-dimer was elevated to 0.79
mcg/ml. Repeat chest radiograph demonstrated increasing airspace
opacities. A computed tomography pulmonary angiogram (CTPA) was
completed due to concern for pulmonary embolism (PE). The CTPA
excluded PE, but found diffuse ground-glass patchy airspace disease
and coalescing nodules (Fig. 1).

Due to worsening respiratory failure overnight, the patient was
transferred to the Intensive Care Unit (ICU) for closer monitoring and
respiratory support. Bronchoscopy with bronchial alveolar lavage (BAL)
was performed, revealing 26% eosinophils in the lavage fluid. Sputum
and BAL cultures were negative for viral, fungal, and bacterial patho-
gens. No other infectious etiologies to include TB, legionella, strongy-
loides, coccidioides, or histoplasma were found. Given her acute onset
of symptoms, negative alternative workup, and significant BAL eosi-
nophilia the diagnosis of AEP was made. She was started on methyl-
prednisolone 125mg intravenous every 6 hours. After two days she
showed significant improvement and was switched to prednisone 60mg
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oral once daily. She fully recovered 6 days after starting steroids, and
was discharged home on oral prednisone with subsequent tapering. On
discharge, her vital signs and physical exam were within normal limits.
A repeat chest x-ray performed on the day of discharge showed sig-
nificant improvement of the airspace opacities bilaterally (Fig. 2).

3. Discussion

Since its original description in 1989 [4], fewer than two hundred
AEP cases have been reported; there is a 2:1 male predominance. AEP is
a challenging diagnosis to make since patients frequently appear to

have a rapidly progressive infectious process with chest radiographs
mimicking bacterial pneumonia. A diagnosis of AEP is based upon
identification of characteristic symptoms, a detailed patient history, a
thorough clinical evaluation, and eosinophilia on BAL [5,6]. Previous
studies have reported a close relationship between conventional ci-
garette smoking and AEP [7–9]. The mechanism by which cigarette
smoking induces AEP is suspected to be a strong inflammatory stimulus
that recruits macrophages and neutrophils to lung tissue. This induces
pro-inflammatory cytokines, such as interleukin (IL)- 5, IL-6, IL-7, and
tumor necrosis factor, which may be the inciting event causing eosi-
nophil-rich exudate within the alveoli [10,11].

E-cigarettes are gaining widespread popularity over the past few
years with 10.8 million adult users in the United States as of 2016 [12].
Recent studies have shown that the mechanism of inflammation and
cytokine stimulation in e-cigarette users is similar to cigarette smokers,
including elevation of IL-6 and IL-8 [13,14]. This raises concerns that e-
cigarettes may induce AEP and other lung diseases, as their use pro-
motes pulmonary inflammation by a mechanism similar to traditional
cigarette smoking. Due to the wide variety of vaping devices and fluid
brands (and constituent chemical compounds), more research is re-
quired to determine the exact cause of e-cigarette induced AEP.

Physicians should consider AEP in previously healthy patients with
hypoxic respiratory failure who have a history of recent e-cigarette use.
Previous AEP cases have been associated with traditional cigarettes [7],
pulmonary irritants [15], or military service in the Middle East [16]. As
E-cigarette use becomes more prevalent, it may become a more
common trigger of AEP. In this case of clear association, the patient had
no other traditional exposures which could cause AEP, leaving e-ci-
garettes as the most likely causative irritant. One prior case of e-ci-
garette-associated AEP was reported in a male patient in 2014 [17]; this
is the first case of AEP involving a female after use of e-cigarettes. Al-
though most cases of AEP are diagnosed in the male population, further
research may suggest whether AEP is more common in males due to
confounding factors such as job preference and smoking prevalence, or
organic factors.
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Fig. 1. Computed tomography pulmonary angiogram showing diffuse ground-
glass patchy airspace disease.

Fig. 2. Chest radiography before and after steroids treatment. Top left and
right: Chest PA and lateral upright series before treatment. Note made of bi-
basilar airspace opacities. Bottom left and right: Chest PA and lateral upright
series after treatment. Significant interval decreased patchy airspace disease
within the bilateral lungs.
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