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Abstract

BACKGROUND—In August 2019, the North Carolina Division of Public Health (NCDPH)
began investigating e-cigarette, or vaping, product use-associated lung injury (EVALI) cases as
part of a national response. We describe clinical, epidemiologic, and laboratory findings of North
Carolina EVALI patients.

METHODS—NCDPH requested that physicians report cases of respiratory illness or bilateral
pulmonary infiltrates or opacities in patients who reported using e-cigarette, or vaping, products
and had no infection or alternative plausible diagnoses. We reviewed medical records, interviewed
patients, and tested vaping products for substances.

RESULTS—During August 13, 2019—-February 18, 2020, 78 EVALI cases were reported in
North Carolina. Median age of cases was 24 years (range: 13-72 years); 49 (63%) patients

were male. Symptoms included cough (n = 70; 90%), shortness of breath (n = 66; 85%), and
gastrointestinal symptoms (n = 63; 81%). Seventy-five patients (96%) were hospitalized, 32 (41%)
required intensive care, and 12 (16%) required mechanical ventilation; none died. Among 20
patients interviewed, most reported using tetrahydrocannabinol (THC) (n = 16; 80%) or nicotine-
containing products (n = 14; 70%). All obtained THC-containing products from informal sources,
such as family, friends, or dealers, as THC is illegal in North Carolina. Among 82 products tested,
74 (90%) contained THC, cannabidiol, or cannabinol; 54 (66%) contained vitamin E acetate.

LIMITATIONS—In North Carolina, EVALI is not reportable by law, and THC is illegal. Thus,
cases and exposures are likely underreported.

CONCLUSIONS—THC-containing products, particularly those containing vitamin E acetate, are
associated with EVALLI. Persons should not use these products, particularly from informal sources.
Continued communication of health risks to persons who use e-cigarette, or vaping, products is
essential.

E-cigarette, or vaping, products heat liquid to produce an aerosol for inhalation [1]. These
devices often contain nicotine but can also be used to deliver tetrahydrocannabinol (THC,
the primary psychoactive component of cannabis), cannabidiol (CBD), and other drugs

[2, 3]. Additionally, e-cigarette, or vaping, product aerosol can include other harmful
substances, including volatile organic compounds, heavy metals (e.g., lead), flavoring (e.g.,
diacetyl), and ultrafine particles that can be inhaled deeply into the lungs [2]. E-cigarette, or
vaping, product use by adolescents and young adults has increased significantly in the past 5
years [1, 4-8].

During late July 2019, multiple cases of severe lung injury among persons who used
e-cigarette, or vaping, products were reported to the Wisconsin Department of Health
Services and Illinois Department of Public Health. Patients presented with respiratory,
gastrointestinal, and constitutional symptoms that worsened over days to weeks before
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hospital admission. Chest radiographs showed pulmonary infiltrates, but no infectious
etiologies were identified [9].

On August 13, 2019, a pulmonolagist notified the North Carolina Division of Public Health
(NCDPH) of 3 young adults with acute respiratory failure admitted to a single hospital. Two
hypoxic patients required treatment in the intensive care unit, and all 3 had radiographic
evidence of bilateral pulmonary opacities without infectious etiology. All 3 patients reported
using THC-containing e-cigarette, or vaping, products. Between August 2019 and February
2020, the Centers for Disease Control and Prevention (CDC) coordinated a national
investigation in collaboration with state and local health departments to characterize the
increase in these lung injuries that were subsequently clinically defined as e-cigarette, or
vaping, product use-associated lung injury (EVALI). By February 18, 2020, there were 2807
hospitalized patients reported from 50 states, the District of Columbia (DC), and two US
territories; 68 deaths were confirmed in 29 states and DC [10]. National data suggest vitamin
E acetate in THC-containing e-cigarette, or vaping, products is strongly linked to EVALI
[10, 11]. We describe the clinical, epidemiologic, and laboratory findings of EVALI patients
in North Carolina.

Case Definitions

In collaboration with the CDC, the Council for State and Territorial Epidemiologists, and
other affected jurisdictions, NCDPH developed an outbreak case definition. North Carolina’s
outbreak case definition differed slightly from the CDC’s case definition, which required a
negative respiratory viral panel to be considered a confirmed case [10, 12]. To be considered
as having a case of EVALI in North Carolina, a patient must have used an e-cigarette, or
dabbed (inhaled emissions produced by heating concentrated THC or other compounds)
within 90 days before symptom onset, have signs (includes chest imaging abnormalities)

or symptoms of respiratory illness, and have evidence of bilateral pulmonary infiltrates

or opacities on chest radiograph or computed tomography (CT). Cases were classified as
confirmed if results of all clinically indicated respiratory infectious disease testing were
negative, including at least 1 laboratory or rapid diagnostic test for influenza. Cases were
defined as probable if testing to rule out infection was not conducted, or if the patient’s
clinical team did not believe an identified infection was the sole cause of the lung injury.
Additionally, confirmed and probable cases required the absence of an alternative plausible
diagnosis.

Epidemiologic Investigation

NCDPH issued a press release and disseminated guidance in August requesting clinicians
contact North Carolina Poison Control to report potential cases and discuss treatment

and management [13, 14]. In addition to cases reported to NCDPH by North Carolina
Poison Control, we also identified potential cases through active surveillance of emergency
department (ED) visits reported in the North Carolina Disease Event Tracking and
Epidemiologic Collection Tool (NC DETECT), the state’s syndromic surveillance system.
ED visits with e-cigarette, or vaping, product use keywords and /nternational Classification
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of Diseases, Tenth Revision, Clinical Modification codes for pneumonitis due to inhalation
of oils and essences (J69.1); bronchitis or pneumonitis due to chemicals, gases, fumes, and
vapors (J68.0); or cannabinosis (J66.2) were evaluated. During August 13, 2019—-February
18, 2020, we conducted standardized medical record abstraction for all potential cases
reported to NCDPH or identified in NC DETECT to determine if the patient’s illness met
the case definition and to collect information on demographic characteristics, inhalation
exposures, and medical variables, including clinical assessment, diagnostic, and treatment
variables. Additionally, abstractors assessed subspecialist consultation notes to evaluate
clinicians’ impressions of what they thought caused the illness.

We attempted to conduct standardized, in-depth interviews with all patients aged 18 years
or older in whom confirmed or probable cases were classified before October 2, 2019 (n

= 39). We collected demographic, symptom, and inhalation information within 90 days
before symptom onset. This information included quantity and types of e-cigarette, or
vaping, products used; substances used such as nicotine, THC, and CBD; frequency of

use; purchase location; and hacking or modifying devices or e-liquids (i.e., any post-market
modification not intended by the manufacturer). We attempted to contact each patient 4
times via phone before they were considered lost to follow-up for the interview. We did not
interview patients classified after October 2, 2019, because of limited staff resources, and we
determined there would be limited additional gain as information obtained from completed
interviews was consistent between patients.

Product Collection and Laboratory Testing

We asked all interviewed patients to provide available e-cigarette, or vaping, products used
in the 90 days before symptom onset for testing, including devices, liquids, and product
packaging. Collected products were transported to the North Carolina State Laboratory

of Public Health (NCSLPH) for laboratory testing. We used qualitative nontargeted gas
chromatograph mass spectrometry (GC-MS) analysis to test product liquids for substances
including nicotine, THC, CBD, cannabinol (another cannabis component), and vitamin E
acetate. Although there are many potential toxicants in e-cigarette, or vaping, products, we
specifically focused on vitamin E acetate because preliminary national data suggested it
was likely involved in EVALI [15, 16]. We conducted inductively coupled plasma mass
spectrometry (ICP-MS) analysis to test for a panel of metals, including arsenic, barium,
beryllium, cadmium, lead, thallium, and uranium.

Statistical Analysis

Ethics

We conducted descriptive analyses for confirmed and probable cases reported to NCDPH
using data from medical records, interviews, and product collection. We reported results
as proportions for categorical variables and medians and interquartile ranges (IQRs) for
continuous variables.

CDC reviewed this investigation for human subjects protection and determined it to be
nonresearch. All records containing individually identifiable health information disclosed to
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NCDPH remain confidential as mandated by North Carolina General Statute 130A-12 and
are not public record. Verbal consent was obtained before conducting patient interviews.

Results

Demographic Characteristics

Seventy-eight EVALI cases (59 confirmed; 19 probable) were reported to NCDPH during
August 13, 2019-February 18, 2020. None of the patients died. Although cases were
retrospectively identified and reported with symptom onsets as early as May 2019, a
sustained increase occurred during mid-July through late September (Figure 1). Patient
median age was 24 years (range: 13-72 years); 14 (18%) were aged less than 18 years
(Table 1). Forty-nine (63%) were male. Among 59 patients with known race/ethnicity, 50
(85%) were non-Hispanic White. Twelve patients (15%) had medical record evidence of
preexisting respiratory disease, including 9 (12%) with asthma. Additionally, there was
medical record documentation of a history of heart disease in 4 (5%) patients, anxiety in 19
(24%), and depression in 13 (17%).

Clinical Characteristics

Among 78 EVALI patients, 75 (96%) were hospitalized with a median hospitalization

of 5 days (IQR: 4-8 days), and 32 (41%) required treatment in the intensive care unit.
Noninvasive respiratory support (i.e., bilevel positive airway pressure, continuous positive
airway pressure, high-flow nasal cannula, or supplemental oxygen) was required for 45
(58%) patients and mechanical ventilation was necessary for 12 (15%). Over half of
hospitalized patients (n = 44; 59%) received care at another location (e.g., urgent care)
for their lung injury before hospital admission. The median time from symptom onset to
hospitalization was 6 days (IQR: 4-9 days).

Nearly all patients (n = 75; 96%) presented with =1 respiratory symptom, including cough
(n =70; 90%), shortness of breath (n = 66; 85%), and chest pain (n = 27; 35%). Patients
also commonly presented with gastrointestinal symptoms (n = 63; 81%), including nausea (n
= 57; 73%), vomiting (n = 56; 72%), and diarrhea (29; 38%), and constitutional symptoms
(n =72; 92%), such as subjective fever (n = 68; 87%). Among 42 patients with known
laboratory results, 27 (64%) had leukocytosis (white cell count greater than 11,000 per
cubic millimeter) with neutrophil predominance (greater than 80% neutrophils). Median
creatinine was 0.79 mg/dL (IQR: 0.60-0.90 mg/dL) suggesting normal renal function for
most patients.

The case definition required an abnormal chest radiograph or CT with bilateral infiltrates
or opacities. Among 70 patients who had a chest CT, additional findings included pleural
effusion in 8 (11%) patients, pneumomediastinum in 3 (4%), and pneumothorax in 2 (3%);
1 patient had all 3 of these findings. Bronchoalveolar lavage (BAL) was performed on 20
(26%) patients; of these, 7 (35%) had oil red O staining of alveolar macrophages to detect
lipids. Among these 7 patients, lipid-laden macrophages were detected in all BAL samples.
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Exposure Information

We conducted interviews with 20 patients out of the 35 that we attempted to contact
(response rate = 57%). All 20 patients reported use of e-cigarette, or vaping, products in the
90 days before symptom onset, and 18 (90%) reported at least daily use (Table 2). Among
18 patients who stated they used e-cigarette, or vaping, products daily, 9 (50%) used them
more than 15 times per day. Daily use ranged from once per day to “all day” or “constantly.”
Among the 20 patients interviewed, most (n = 16; 80%) reported using THC-containing
products; 14 (70%) reported using nicotine, and 6 (30%) reported using CBD. Three (15%)
patients stated they only used THC-containing products and 2 (10%) reported exclusive

use of nicotine-containing products; 10 (50%) reported both THC- and nicotine-containing
products.

Patients reported using a median of 2 devices (range: 1-7 devices) during the 90 days before
symptom onset. Use of e-cigarette, or vaping, products with pods or cartridges was most
common (n = 15; 75%), although 7 (35%) reported using e-cigarette, or vaping, products
with refillable tanks, and 8 (40%) reported using mods (i.e., devices in which users can

vary voltage or watts). Most patients who reported brand information (11 out of 13; 85%)
reported using more than 1 brand of THC-containing products (median: 3; range: 1-5) and
6 out of 12 (50%) reported more than 1 brand of nicotine-containing products (median:

1.5; range: 1-8). Among 16 patients who reported using THC-containing products, 15
(94%) purchased them from informal sources (e.g., friends or in-person dealers). In contrast,
among 14 patients who reported purchase location for nicotine-containing products, all 14
(100%) reported purchasing them from vape shops, gas stations, or online; 1 patient also
obtained nicotine-containing products from another person. Hacking or modifying devices
(2 out of 19; 11%), adding substances to prefilled cartridges (1 out of 18; 6%), and self-
mixing liquids (0 out of 18; 0%) were rare.

E-cigarette, or Vaping, Product Testing

We collected 96 products from 10 patients, including e-cigarette, or vaping, devices, pods,
and cartridges. Eighty-two products had sufficient liquid for GC-MS and were tested for
substances. Seventy-four (90%) contained THC, CBD, or cannabinol, 7 (9%) contained
nicotine, and 54 (66%) contained vitamin E acetate (Table 3). All 54 products that contained
vitamin E acetate also contained THC; vitamin E acetate was not identified in any nicotine
products tested. All 10 patients submitted at least 1 product that contained THC, CBD,

or cannabinol, and 9 patients (90%) submitted at least 1 product that contained vitamin E
acetate. All 96 products were tested for metals. Barium, cadmium, and lead were detected in
all 96 (100%) products, thallium was detected in 3 (3%), uranium in 2 (2%), and arsenic in 1
(1%).

Discussion

Our findings describe an outbreak of EVALI among persons in North Carolina. This is

part of a large and national outbreak. Although no deaths were reported among North
Carolina residents, most patients required hospitalization. The occurrence of this outbreak,
in addition to the recent rapid rise of e-cigarette use by young people, in North Carolina and
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nationally highlights the need to more fully understand health risks associated with use of
these products and for public health agencies and health care providers to intervene more
effectively.

National and North Carolina EVALI case data suggest that this outbreak primarily affected
young adults who reported using THC-containing e-cigarette, or vaping, products [10].
Among the 20 North Carolina EVALI patients interviewed, most reported daily use of THC-
containing e-cigarette, or vaping, products obtained from informal sources (e.g., friends

or in-person dealers). These findings are similar to those reported from other states and
nationally [9, 17-19]. Although we do not present data on brands of THC-containing
products used, other states report that a high proportion of EVALI patients reported use

of brands that are from informal, including illicit, sources [20, 21]. Additionally, national
syndromic surveillance data suggest EVALI was a new phenomenon rather than increased
detection of an underlying clinical syndrome that had previously been occurring [22]. This
is separate from the simultaneously occurring youth e-cigarette, or vaping, product use
epidemic driven mostly by nicotine-containing product use among adolescents aged less
than 18 years [23].

Twenty-four percent of North Carolina EVALLI patients had a history of anxiety and 17%
had a history of depression, similar to estimates from other states [24-27], suggesting

a potentially vulnerable population was affected. Additionally, over half of hospitalized
patients received care for EVALI symptoms elsewhere prior to admission. Clinicians should
consider EVALLI as a potential diagnosis even for mild symptoms, as illness could worsen
over time. These visits are also an opportunity for early interventions around e-cigarette, or
vaping, product use.

NCSLPH was unable to test collected e-cigarette, or vaping, products for all possible
substances, however we did identify THC, CBD, cannabinol, nicotine, glycerol, and metals.
Importantly, 73% of THC, CBD, or cannabinol-containing products tested from North
Carolina patients contained vitamin E acetate, a diluent and thickening agent used in

some THC-containing products [28]. Additionally, 9 of 10 patients who provided products
for testing had at least 1 product that contained vitamin E acetate. The Food and Drug
Administration (FDA) also identified vitamin E acetate in 49% of THC-containing products
submitted from US patients [29]. Inhalation of vitamin E acetate might impact respiratory
function [30-32]. Since October 2019, vitamin E acetate was detected in 48 of 51 BAL
samples from patients in 16 US states (including 2 North Carolina EVALI patients)

[11]. North Carolina and national data suggest that vitamin E acetate in THC-containing
e-cigarette, or vaping, products is strongly linked with EVALLI, although evidence is not
sufficient to rule out the contribution of other chemicals of concern, including chemicals

in either THC or non-THC products [19, 33]. Additionally, all 7 North Carolina patients
with oil red O staining of BAL fluid had lipid-laden macrophages. It is unknown whether
lipid-laden macrophages are markers of e-cigarette aerosol exposure or part of the illness
process [34]. Similarly, while evaluating 5 North Carolina EVALI patients who presented
to a single hospital in August and reported using THC-containing products, physicians
hypothesized that inhalation of aerosolized oils might have resulted in lipoid pneumonia
[35]. We also detected metals in most e-cigarette, or vaping, products provided by patients.
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Although it is unknown whether inhalation of metals contributed to the EVALI outbreak

and whether the metals derived from the liquids or devices, some metals found in patients’
products, such as cadmium and lead, can cause other detrimental health effects when inhaled
[36, 37].

Our investigation has limitations. First, EVALI is not required to be reported by clinicians
in North Carolina; identification relies on passive clinician reporting. Additionally, the

case definition captured primarily severe illness, and we might have missed less critical
manifestations. Thus, total number of EVALI cases reported in North Carolina might be an
underestimate. Second, our confirmed case definition differed from the CDC’s in that we did
not require a negative respiratory viral panel. However, all North Carolina cases would have
met at least the CDC’s probable case definition. Third, medical records contained missing
data, particularly with respect to vital signs and laboratory results, potentially because of
differences in clinical care and reporting by hospitals. However, our results on clinical
presentation of EVALLI patients in North Carolina are similar to those reported elsewhere
[11, 17, 18, 38]. Fourth, we only interviewed 26% of EVALI patients and excluded patients
aged less than 18 years (18%) from interviews. Therefore, information obtained from
interviews might not be generalizable to all North Carolina EVALI patients. Additionally,
these interviews rely on self-report of e-cigarette, or vaping, product use behaviors and

may be subject to reporting and social desirability biases. Furthermore, recreational THC
use is illegal in North Carolina which may have resulted in underreporting. However, the
proportions of patients who reported THC- and nicotine-containing product use in North
Carolina are similar to those reported nationally [10]. Fifth, we were only able to collect
e-cigarette, or vaping, products from 13% of all EVALI cases. However, as only interviewed
cases could submit products, we did collect e-cigarette, or vaping, products from 50% of
interviewed cases. Cases that submitted products might not be representative of all EVALI
cases, and they might have been less likely to submit disposable products, as these are
typically discarded. Sixth, we were unable to test any aerosols and could not quantify the
amount of metals in products. Because exposure occurs through the inhalation of aerosol,
we cannot determine whether and in what quantity patients directly inhaled constituents in
e-cigarette, or vaping, products. However, we did identify vitamin E acetate in e-cigarette, or
vaping, products from North Carolina patients, which was found in 48 BAL samples from
US EVALL patients [34]. Lastly, part of the data query used keywords related to e-cigarette,
or vaping, products, and clinicians might have started using these keywords after seeing
EVALLI in news or health alerts; this could have led to increased detection of an existing
event rather than identification of a new outbreak. However, temporal trends of ED visits
suggest this outbreak represents a new event [22].

In conclusion, our findings support the CDC’s recommendations that persons should not

use THC-containing e-cigarette, or vaping, products, particularly from informal sources such
as friends, family, or in-person dealers [10]. However, informal sources are likely in North
Carolina given that THC-containing products are illegal in the state. Vitamin E acetate
should not be added to e-cigarette, or vaping, products. In addition to EVALLI, use of THC-
containing products has been associated with a wide range of health effects, particularly with
prolonged frequent use. The best way to avoid potentially harmful effects is to not use THC-
containing e-cigarette, or vaping, products [10]. Persons who engage in ongoing THC use
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that leads to significant impairment or distress should seek evidence-based treatment from
a health care professional [10]. NCDPH is working to integrate evidence-based substance
use treatment into health and behavioral health systems. Although we identified anxiety and
depression in a subset of North Carolina EVALI patients, it is unknown whether these are
related to THC use in this population and how behavioral health treatment would impact
EVALI. Regardless, evidence-based policy and systems and environmental change might
be important for behavioral change in this population. E-cigarette, or vaping, products
should never be used by youth, young adults, or women who are pregnant. Additionally,
adults who do not currently use tobacco products should not start using e-cigarette, or
vaping, products. FDA-approved nicotine replacement therapies, as well as behavioral health
counseling from a health care provider, should be the first-line interventions to help people
quit smoking [10, 39]. NCDPH has also developed tobacco and e-cigarette prevention and
cessation resources as well as e-cigarette health advisories to educate health care providers,
school leaders, parents, other caregivers, and the public on the harms of e-cigarette, or
vaping, product use. Additionally, NCDPH publicly promotes the use of QuitlineNC (1-
800-QUIT-NOW or https://www.quitlinenc.com), which provides free cessation services to
any North Carolinian. Guidance for health care providers who evaluate and care for patients
with suspected EVALLI is available from the CDC [40-42].
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FIGURE 1.
Epidemic Curve of North Carolina Confirmed and Probable E-cigarette, or Vaping, Product

Use Associated Lung Injury Cases (N = 78), by Week of Symptom Onset Reported to the
North Carolina Division of Public Health during August 13, 2019-February 18, 2020
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