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The 8801h meeting of the Cattaraugus County Board of Health (BOH) was held at The Point 
Restaurant, 800 East State Street, Olean, New York on November 6, 2019. 

The following members were present: 
Giles Hamlin, MD Richard Haberer 
Zahid Chohan, MD Mayor David Smith 
Sondra Fox, RN, MSN, C.S. Kathryn Cooney Thrush, NP, MSN 

Also present were: 
Kevin D. Watkins, MD, MPH, Public Health Director 
Tom Brady, County Attorney 
Richard Helmich, Legislator 
Donna Vickman, Legislator 
Scott Anderson, President & General Manager of CH2M HILL BWXT WV, LLC 
Joe Pillittere, Communications Manager of CH2M HILL BWXT West Valley, LLC 
John Rendall, Deputy General Manager of CH2M HILL BWXT West Valley, LLC 
Raymond Jordan, Sr. Public Health Sanitarian 
Debra Lacher, Secretary to the Public Health Director 
Colette Lulay-Pound, Administrative Officer 
Lynne Moore, Director of Patient Services 
Dave Porter, Hearing Officer 
Dr. Paul Schwach, Clinic Physician 
Dr. Gilbert Witte, Medical Director 
Eric Wohlers, Environmental Health Director 

The meeting was called to order by Dr. Giles Hamlin. The roll was called and a quorum, was 
present. 

Mayor David Smith made a motion to approve the minutes of the BOH meeting held on October 
2, 2019, the motion was seconded by Mr. Richard Haberer and unanimously approved. 

Dr. Hamlin introduced guest speaker Scott Anderson, President and General Manager of 
CH2MHILL BWXT of West Valley. Mr. Anderson shared an update of the West Valley 
Demonstration Project (WVDP) in their cleanup process, and safety procedures. 

- Accredited Health Department 
mr:l~rn! P\Jb\ic Health Accreditation Board 



Cattaraugus County Board of Health Meeting 
November 6, 2019 Page Two 

The WVDP received the Voluntary Protection Program (VPP) star of excellence award from Dae 
Chung, Department of Energy Office of Assistant Secretary for Environmental Management 
(DOE-EM) Deputy Assistance Secretary for safety, security and quality assurance. 

The current contract consists of (4) milestones: a.) complete the relocation of 278 high-level 
radioactive waste (HL W) canisters to long-term interim storage (this was completed in February 
2017); b.) process, ship, dispose of all legacy waste, not including transuranic waste (this was 
completed in September 2018); c.) demolish and remove the Vitrification Facility (VF) and the 
Main Plant Process Building (MPPB); VF has been completed but the MPPB deactivation is 
ongoing; and d) complete all work in the performance work statement, including balance of site 
facilities, surveillance and maintenance, and site operations (ongoing). Once these (4) milestones 
are completed a new contract will be developed. 

New work scope additions were added when the main plant demolition was deferred including 
deactivation of general purpose cell, deactivation of product purification cell (PPC), and asbestos 
abatement in the fuel receiving and storage facility. 

The 2018 annual site environmental report (ASER) confirms that the public's health and safety is 
being protected during the demolition activities of this process. Monitoring data was collected on 
ambient air, and the plants exposure levels were< 0.55 mrem (dose maximum standard allowed is 
10 mrem). This low exposure number has been consistent for the past five years. Surface water is 
also monitored with a maximum allowed of 100 mrem, the plants exposure rate for 2018 was 
.020 mrem. The complete 2018 ASER report is available online at www.wv.doe.gov. 

Legislator Helmich asked Mr. Anderson if he was aware of work being done trying to increase the 
amount of steelhead fishing on Cattaraugus Creek. Mr. Anderson replied that he was not, but he 
did have information available on what is being done to control contaminants of ground water if 
that would be of interest to anyone. Dr. Chohan asked how low level radioactive medical waste is 
now monitored. Mr. Anderson stated that there are a variety of commercial vendors who provide 
disposal options. 

DIRECTORS REPORT: Dr. Watkins reported that influenza activity for the last four weeks has 
been categorized as geographically sporadic. During the week ending October 261h, the number of 
patients hospitalized statewide with laboratory confirmed influenza was (31) a 6% decrease over 
the previous week, with (1) laboratory confirmed case in Cattaraugus County. There has been (1) 
influenza associated pediatric death reported this season in New Yark State. All Health 
Department and nursing home personnel that wanted the influenza vaccine have been yaccinated 
as per State regulation, those who have declined will be required to wear a facemask once the State 
Health Commissioner declares influenza widespread throughout New Yark State. Australia, who 
has an earlier influenza season than the US, reports that the 2019 influenza vaccine is well matched 
to the circulating influenza virus strains, influenza A(HlNl) and influenza B/Yamagata-lineage. 
While the influenza A(H3N2), and the influenza B Victoria lineage are less well matched. Overall, 
preliminary reports show that the vaccine effectiveness appears to be between 40-60% effective. 

There has been recent concerns about the shortage of the high dose influenza vaccine. High-Dose 
influenza vaccine is specific for people 65 years old and older. The "Fluzone High-Dose" influenza 
vaccine contains four times the antigen (the part of the vaccine that helps a person's body build up 
protection against the influenza virus}. This higher dose of antigen in the vaccine is intended to 
give older people a better immune response, and therefore, better protection against influenza. 

http:www.wv.doe.gov
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A local pharmacist has expressed concerns regarding the limited supply and delay in shipment, 
which has caused him to have a waitlist of customers in need of the vaccine. The Health 
Department has currently run out of the high dose vaccine and expects a new shipment this week. 
Reports show that the high dose vaccine is nearly 25% more effective in preventing the flu in 
adults over 65 years of age than the standard dose, and it has been associated with a lower risk of 
hospitalization, especially for those living in long-term care facilities. 

It is recommended that anyone 6 months of age or older who has not yet been vaccinated against 
influenza should be vaccinated as the first line of defense. If the high dose is not available for those 
65 years old and older, it is okay to get the standard dose. Usually, a person will need nothing more 
than bed rest and plenty of fluids to treat the flu. However, severe infection or if a person is at 
higher risk for complications, an antiviral medication, such as oseltamivir (Tamiflu), zanarnivir 
(Relenza), peramivir (Rapivab) or baloxavir (Xofluza) can be prescribed. These drugs may shorten 
the illness by a day or so and help prevent serious complications. 

Mosquito surveillance has been completed for this year, but during the week of October 15th the 
department was notified by one of the local veterinarian in Randolph that a horse died in the 
Conewango area from Eastern Equine Encephalitis (EEE). Dr Watkins remarked that EEE which 
is extremely rare, can be contracted by any resident or visitor to areas where EEE activity has been 
identified. EEE can be a serious and often fatal infection that causes encephalitis or inflammation 
of the brain. It is spread by the bite of a mosquito infected with EEE virus (EEEV). EEEV can also 
infect a wide range of animals including mammals, birds, reptiles, and amphibians. 

Symptoms of EEEV infection typically appear 4-10 days after being bitten by an infected 
mosquito. People over the age of 50 and younger than the age of 15 are at greatest risk for 
developing severe disease when infected with EEEV. Severe cases of EEE infection begin with 
the sudden onset of headache, high fever, chills, and vomiting that may progress into 
disorientation, seizures, encephalitis (inflammation of the brain), and coma. Approximately a third 
of patients who develop EEE die, and many of those who survive have mild to severe brain 
damage. In the US where there is an average of 7 human cases annually, in 2019 there has been 
nearly 30 cases reported and 11 deaths attributed to EEE. Vaccines are available to help protect 
horses from getting sick from the EEEV but there is no vaccine available for humans. 

The New York State Department of Health (NYSDOH), Bureau of Immunization, notified the 
school superintendents and administrators that the 2019-2020 Online School Assessment Survey 
(OSAS) for school immunization data input, was ready for schools to use as of October 31, 2019. 
The notification stated that it was mandatory for all schools to complete the immunization status 
survey online by December 15, 2019 of all students in grades pre-kindergarten through 12th grade. 
Failure to complete and submit the survey is a violation of Public Health Law, which may result 
in the imposition of a civil penalty. At our last meeting Mr. Snyder ask for an update on the 
vaccination status of the students in Cattaraugus County including the Amish schools. Since the 
OSAS has just been updated and now ready to receive the immunization data from all schools, the 
department was unable to bring a copy of an official report to today's meeting but the department 
did contact school nurses to get a preliminary report of the vaccination status of their students. 



Cattaraugus County Board of Health Meeting 
November 6, 2019 Page Four 

Provisional reports indicate that at this point, all of Cattaraugus schools are in compliance with the 
new immunization regulations except for the Amish schools, which as expected, plans to maintain 
its stance on no vaccinations. Medical exemptions are in place for students at the following 
schools: Franklinville High, Gowanda High, and Olean High; and the following school districts; 
Ellicottville School district, Pioneer School District, and the Randolph School District. 

A study out of Bailor College of Medicine in Houston, Texas reported tha.t chronic exposure to e
cigarette vapors even without nicotine negatively impacts normal lung function. A copy of this 
study was provided to those in attendance. This exposure has ramifications for how the body 
responds to infections, as it can make immune cells less able to respond to viruses such as 
influenza. A local school superintendent placed a call to the department regarding the number of 
vaping apparatuses they have confiscated from students since school started in September. He was 
very concerned that one student was experiencing withdrawal symptoms from not using his 
nicotine devices. The superintendent was looking to see if the Health Department could 
recommend an educational tool to assist students who are experiencing withdrawing from nicotine 
or if there was any medication that could be used for adolescents suffering from nicotine 
withdrawals. Dr. Watkins stated that the Food and Drug Administration (FDA) does not 
recommended nicotine replacement therapy for adolescents at this time but does report cognitive 
therapy has been successful in this age group. Dr. Witte added that seven days without nicotine is 
needed before physical withdrawal symptoms will disperse. The tobacco coalition team from the 
Health Department will be sent into the school systems to present an evidence base prevention 
program called "Catch My Breathe" to assist students with nicotine addiction. 

NURSING DIVISION REPORT: Mrs. Moore reported that homecare census is increasing and 
the current report is (275) clients. The department has started. to use Healthelink ADT system, 
which allows the department to upload active patient lists weekly, and then Healthelink alerts the 
department when a patient goes to the emergency room or is admitted to a facility. This prevents 
needless visits by a nlirse who would typically go to a home just to find out a patient was admitted 
to the hospital during the night. Work continues on the new Centers for Medicare and Medicaid 
Services (CMS) payment model for Home Health Agencies known as PDGM (Patient Driven 
Groupings Model), which will take place on January 15

\ 2020. PDGM changes the method for 
calculating payments, including the changing of 60 day episode payments to 30 day payment 
periods and the removal of the therapy thresholds. PDGM will change the payment rates for 
agencies as compared to the current prospective payment system (PPS) model. 

The lead program is following (116) open elevated blood lead levels cases (normal< 5ug/dl). The 
program added (5) new cases in October, but testing was down due to the absence of the lead 
nurse. 

Community influenza clinics administered (1,092) vaccinations, and the total number for the 
County was (9,395) as of October 31st. 

The department will participate in NYSDOH Year 8 Article 6 Performance Incentive program that 
will focus on Expedited Partner Therapy (EPT) for partners of Chlamydia patients. EPT is a proven 
highly effective strategy that allows medical providers to write prescriptions or provide medication 
for the treatment of sex partners at risk for chlamydia infection. EPT prescriptions are currently 
waived from the NYS electronic prescription ("e-prescribe") mandate. 
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The department's goal is to provide education on this program to local physicians and providers; 
to improve the reporting and documentation of EPT provision in the Communicable Disease 
Electronic Surveillance System (CDESS); and to increase the provision of EPT through 
medication-in-hand and prescriptions. 

In September the department treated (35) patients for chlamydia, this month is down to (22) 
patients with two repeat patients. 

Communicable disease in October: there was (1) probable case of Hepatitis B, (3) confirmed 
chronic cases of Hepatitis C, and (1) unspecified strain of influenza. 

Sexually transmitted diseases for the month of October included: Chlamydia (22) positive cases, 
(1) case of Gonorrhea, and no syphilis cases. 

Rabies, there were (4) rabies post-exposure prophylaxis vaccines series given in October. 

ENVIRONMENTAL HEALTH DIVISION REPORT: Mr. Wohlers reported that the last two 
applications submitted for the Community Development Block Grant (CDBG) were not funded, 
but the gentleman who heads the program encouraged the department to reapply and the new 
application deadline for the CDBG funding is December 15111 • 

NYSDOH has given all district offices and County Health Department Offices a directive that 
compliance checks should be completed at all Vape shops that do not sell traditional tobacco 
products and are not registered with the State Department ofTaxation and Finance. The department 
has completed this directive and we are now in the process of scheduling additional compliance 
checks at other tobacco retail establishments that are selling vape products. NYS finally passed 
legislation raising the legal age to purchase tobacco to 21, which goes in affect next Wednesday, 
November 131h. 

Changes to the elevated blood lead levels regulations has increased referrals to the environmental 
health division with (14) new referrals in October. Lead risk assessments, checking all lead paint 
surfaces in the homes where the child resides must be completed for all referrals. Fourteen referrals 
in one month is double what was received for the whole year prior to these changes made to the 
regulations. The department is hopeful that additional staff will be approved in 2020 budget to 
handle these increased referrals. The new paint analyzer (X-RF machine) should arrive by the end 
of the month, for the last several years we have relied on Chautauqua and Allegany Counties to 
accompany us on these investigations and use their X-RF machine. Since these two counties will 
receive additional referrals, they will not be available to conduct lead risk assessments in 
Cattaraugus County, therefore the department had to order its own equipment to meet the new 
regulations. 

Dr Watkins mentioned the death of a horse in the Randolph area due to the EEE virus. We were 
subsequently notified a few weeks later that there was a second horse that died from West Nile 
Virus in our area. Normal protocol when you find EEE virus in the community is to spray for 
mosquitos, but due to the lateness of the season, spraying will not be deployed. 

Earlier this year the NYSDOH regional office completed an audit of all drinking water programs. 
November 7111 the department has been scheduled for an audit by the Bureau of Community 
Environmental Health and Food Protection Program. 
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Enforcement Report: Mr. Porter reported on the Administrative Hearing held on October 8, 
2019. 

DOCKET #19-031: 

Respondent: John Sinsabaugh1838 Dugan Road, Olean, NY. Location of property 
692 Garden Avenue, Olean, NY 14760. 

Violations: 	 lONYCRR Sec. 67-2.6(b) respondent was issued a notice and demand 
dated 8/29/18 which required the discontinuance of conditions conducive 
to lead poisoning at 692 Garden Ave. by 11/19/18. On 11128/18 a deadline 
extension to 5/31/19 was granted. On 6/3/19 another deadline extension 
was granted to 7/31/19 as of 9/12/19 the work on the exterior of the 
property was not complete. lONYCRR Sec. 67-2.6(d) per the notice and 
demand issued to the respondent dated 8/29/18. Any change of tenancy 
would not be considered a correction of conditions conducive to lead 
poisoning. If the dwelling became vacant, the vacant unit was not to be 
re-occupied until a representative of CCHD certified that the required 
corrections in the notice had been satisfactorily completed. On 8/2/19 the 
apartment was found to be vacant. On 9/12/19 the apartment was re
occupied by a new tenant. The tenant moved in 9/1/19. 

Recommendation: 1. That the $150.00 civil compromise offered be changed to a 
$150.00 fine and be paid by 11129/19. 

2. The residence (2 apartments) at 692 Garden Ave., Olean, NY meet 
CCHD guidelines for remediation of the identified lead hazards 
that was established between respondent and CCHD 11/17/18 on 
or before 11129/19. 

3. Residence 692 Garden Ave, Olean, NY should remain empty until 
approved for occupancy by CCHD personnel concerning 
remediation of identified lead hazards established 11119118 if not 
completed and approved by 11129/19. 

4. A $10.00 per day per diem will be levied for every day not in full 
compliance. 

5. If fine is paid and apartments at 692 Garden Ave. are empty by 
11129119 there will not be a $10.00 per day per diem. 

Dr. Witte inquired how extensive were the required remediation. Judge Porter replied he did not 
know how extensive but conditions still exist at 692 Garden Ave. Dr. Watkins added that if the 
Board would like when these cases are presented moving forward a full assessment report could 
be made available regarding the homes that are contaminated with lead. Mr. Haberer asked if the 
fines imposed go to offset the costs involved with bringing these cases to closure. Mr. Wohlers 
replied any fines collected go to the general fund. Dr. Watkins replied the goal is to have the homes 
remediated, not to try and recoup the actual costs of the department's involvement in getting the 
home owners in compliance with the regulations. Mr. Wohlers stated that there is no grant funding 
available to assist with remediation costs for home owners. Dr. Hamlin asked who would complete 
the eviction process if needed. Judge Porter replied that the Health Department could placard the 
building or eviction process could be sought through the courts. Mrs. Kathryn Cooney-Thrush 
added that it's very hard to quantitate damages done to a child's cognitive ability. 
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A motion to accept Judge Porter's recommendation was made by Mr. Haberer, seconded by Mayor 
Smith and unanimously approved by the Board. 

DOCKET# 19-027: 
Respondent: Turkey Run, LLC, Daniel Cass Jr., 11836 Bixby Hill Rd., Arcade, NY 

14009*, DBA Turkey Run Golf Course. Mr. Christopher Lynn 
appeared on behalf of the Turkey Run Golf Course. 

Violation: 	 lONYCRR Sec. 5-1.72(c)(l). Respondent failed to submit complete 
daily records for the operation of the non-community water supply for 
the month of July 2019 to CCHD by the 10th day of the following 
month. 

Recommendation: That the respondent pay a $50.00 fine on or before 11/29/19. A 
$10.00 per day, per diem will be levied for every day late. 

A motion to accept Judge Porter's recommendation was made by Dr. Chohan, seconded by Sondra 
Fox and unanimously approved by the Board. 

DOCKET# 19-026: 

Respondent: Turkey Run, LLC, Daniel Cass Jr., 11836 Bixby Hill Rd., Arcade, NY 
14009*, DBA Turkey Run Golf Course. Mr. Christopher Lynn 
appeared on behalf of the Turkey Run Golf Course. 

Violation: 	 lONYCRR Sec. 5-1.72(c)(l). Respondent failed to submit complete 
daily records for the operation of the non-community water supply for 
the month of August 2019 to CCHD by the 10th day of the following 
month. 

Recommendation: That the respondent pay a $50.00 fine on or before 11129/19. A 
$10.00 per day, per diem will be levied for every day late. 

A motion to accept Judge Porter's recommendation was made by Mr. Haberer, seconded by Mayor 
Smith and unanimously approved by the Board. 

Administrative Hearing Held on 8/13/19: 

DOCKET# 19-020: 

Respondent: Lisa Tymorek, 11030 Delevan-Elton Road, Delevan, NY 14042. 
Violation: 	 Sanitary code of CCHD Part 17.1.1 respondent received title of property 

without the required inspection of the on-site waste water treatment 
system and water supply being conducted. 

Recommendation: That the respondent pay a $50.00 fine and a $290.00 RPT application 
fee on or before 11/29/19. A $10.00 per day per diem will be levied for 
every day not in full compliance. 

A motion to accept Judge Porter's recommendation was made by Dr. Chohan, seconded by Sondra 
Fox and unanimously approved by the Board. 
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Legislator Helmich shared he attended a Farm Bureau meeting in October where he was provided 
with a list of resolutions which will be provided to the County and State Legislators. One of the 
resolutions stated "we asked the County Health Department to prioritize mental health services for 
farm families at this time to improve delivery of information in the County for the farm area." Dr. 
Watkins responded that mental health services would be under the umbrella of Community 
Services. Dr. Watkins offered to reach out to Mary O'Leary in regards to this request. 

New business: Dr. Giles Hamlin's appointment will expire on December 31, 2019, without delay 
a request to the Legislators will be submitted for another 6 year term if there is no objection from 
the Board, none stated. 

In order to come up with a slate of officers (President and Vice President) for 2020, a nominating 
committee will need to be appointed at this time. Dr. Hamlin appointed Mrs. Fox and Ms. Raftis 
to the nominating committee to report a slate of officers to the board at the February 2020 meeting. 

Two legislators, Ms. Donna Vickman and Mr. James Snyder Sr. who has played an integral part 
on the Board and its meetings will be at their last meeting in their current capacity next month, and 
the board would like to recognize them at next month's meeting. 

Mayor Smith extended his thanks to all Veterans for their service in recognition of the upcoming 
Veterans Day. 

There being no further business to discuss, a motion to adjourn was made by Dr. Chohan and 
seconded by Kathryn Cooney-Thrush and unanimously approved. 

Respec~fully sub_mited, 

~ ·~. WL(;il. o. 
~Watkins, M.D., M.P.H. 
Secretary to the Board of Health 
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./ Began Vitrification Demolition (September 11, 2017) 

./ Recertified as a DOE-Voluntary Protection Program STAR 
site 

./ Accelerated offsite legacy waste shipments 

./ Achieved significant progress toward preparing the Main 
Plant Process Building for demolition 

./ Completed major site infrastructure upgrades 

./ Successfully partnered with DOE toward reconfiguring site's 
electric supply delivery system 

./ Conducted support initi~tives to benefit local communities 
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Milestone 1 

./Complete Relocation of 275 HLW Canisters and 3 Non-conforming HLW 
Canisters to Long-term Interim Storage (Completed) 

Milestone 2 

• Process, Ship, Dispose of all Legacy Waste, not including Transuranic Waste 

(TRU) 

Milestone 3 

• Demolish and Remove the Main Plant Process Building and the Vitrification 

Facility 

Milestone 4 

• 	 Complete All Work in Performance Work Statement, including Balance of Site 

Facilities, Surveillance and Maintenance, and Site Operations 
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Milestone 2 

• 	 Process, ship and dispose Legacy Waste 

• 	 Overall Legacy Waste status 

• 	 149,670 ft3 of 165,515 ft3 shipped 

• 	 90% complete 

• 	 Approximately 24 shipments remain 

• 	 Three large vessels in Chemical Process 

Cell-Waste Storage Area (CPC-WSA} 
Filled waste boxes moved to• 	 First moved out of CPC-WSA for processing 
onsite shipment-ready area • 	 Second being prepped for processing 

• 	 Third .will be shipped intact for processing 

offsite 


• 	 Planned completion September 2018 

One of the large components sits in 

the doorway of the CPC-WSA 
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General area 
of MPPB 

demolition 

General area· 
of VF 

demolition 

• Milestone 3 - Main Plant Process Building (MPPB) Deactivation - 82% Completed 

• Milestone 4 - Balance of Site Facilities Demolition - 19 of 47 Facilities Completed 
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• Milestone 3 - Vitrification Facility (VF) Demolition - 50% Completed 
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Milestone 3 - Vitrification Facility 
• Demolition began on 

September 11, 2017 
Phase 1 Completed (November 2, 2017) 

• Outer access aisles 


Phase 2 is ongoing 


• Process Cell 

• Shield Doors 

• South Wall 


Phase 3 · 


• Crane Maintenance Room 

• Tunnel 

• Secondary Filter Room 

• Planned completion Spring/Summer 
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Expected Debris Quantity: "'450 lntermodals (IMs) 


Status: 129 lntermodals Loaded; 114 lntermodals Shipped 
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Ch emica l Process Cel l Cra ne Room 
Milestone 3 - Main Plant Process Building 

• 	Six groups are performing deactivation 

and decontamination in MPPB 


• Asbestos-containing material (ACM) removal 

• 	Deactivation in radiological areas 

• Several new areas now demolition-ready 
• 	 Uranium Process Cell and Uranium Loadout 

• Acid Recovery Pump Room 

• 	Off Gas Cell Blower Room 

• 	 Head End Ventilation 

• 	Overall Status: 82% Deactivated 

• 	 Planned completion mid-to-late Summer 
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Milestone 4 

• 	 Performing deactivation to support removal of 
47 Balance of Site Facilities 

• 19 facilities demolished and areas restored to date 

• 	 Reconfiguring Infrastructure for facility 
demolition and future site needs 

• 	 All data and phone equipment are now located in 
the new data center 

• 	 Received approval from County Health 
Department to connect new potable water 
distribution system 

• 	 New electrical substation 
• 	 Completed installation of cross braces on power 

poles 

• 	 Scheduled power line installation on March 2 

• 	 Expect operational in April 2018 

• 	 Rail Spur upgrades scheduled for Spring/Summer 
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• Perform All Work Safely and Compliantly 


· Complete Disposition of Legacy Waste 


• 	 Complete Vitrification Facility Demolition 

• 	 Complete Main Plant Process Building Deactivation and 
Begin Demolition 


· Initiate Off-site Rail Shipments 


• 	 Complete Gas and Electric Reconfiguration to Support Facility 
Demolition 

./"Complete Communications and Computer System Migration 
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Electronic nicotine delivery systems (ENDS) ore-cigarettes have emerged as a popular recreational tool among adolescents 

and adults. Although the use of ENDS is often promoted as a safer alternative to conventional cigarettes, few comprehensive 

studies have assessed the long-term effects of vaporized nicotine and its associated solvents, propylene glycol (PG) and 

vegetable glycerin (VG). Here, we show that compared with smoke exposure, mice receiving ENDS vapor for 4 months failed 

to develop pulmonary inflammation or emphysema. However, ENDS exposure, independent of nicotine, altered lung lipid 

homeostasis in alveolar macrophages and epithelial cells. Comprehensive lipidomic and structural analyses of the lungs 

revealed aberrant phospholipids in alveolar macrophages and increased surfactant-associated phospholipids in the airway. 

In addition to ENDS-induced lipid deposition, chronic ENDS vapor exposure downregulated innate immunity against viral 

pathogens in resident macrophages. Moreover, independent of nicotine, ENDS-exposed mice infected with influenza 

demonstrated enhanced lung inflammation and tissue damage. Together, our findings reveal that chronic e-cigarette vapor 

aberrantly alters the physiology of lung epithelial cells and resident immune cells and promotes poor response to infectious 

challenge. Notably, alterations in lipid homeostasis and immune impairment are independent of nicotine, thereby warranting 

more extensive investigations of the vehicle solvents used in e-cigarettes. 

Introduction 
The electronic nicotine delivery system (ENDS), or e-cigarette, 
entered the US market in the mid-2000s and rapidly gained pop
ularity among tobacco smokers and never-smokers (1). Currently, 
an estimated 10 million US adults and over 3 million high school 
age adolescents are active ENDS users (2, 3) . Notably, ENDS have 
become the most commonly consumed tobacco substitute in the 
adolescent population, fueling concerns over the health-related 
consequences of ENDS exposure (4). A large contributor to the 
public appeal of ENDS among both adults and adolescents is the 
effective delivery ofnicotine in the form of a vapor composed ofthe 
vehicle solvents propylene glycol (PG) and vegetable glycerin (VG), 
thereby circumventing the need for tobacco combustion. The pop
ularity of ENDS has been further augmented by the additional fla
vorings that can be added to ENDS solutions. Over?,000 flavors are 
available to accompany ENDS devices currently, which add essenc
es offruit or candy to enhance the experience of"vaping" (5). 
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ENDS-related studies often examine their addictive proper
ties and the enticing advertising campaigns used by e-cigarette 
companies, which target impressionable youth (6). Specifically, 
studies have found that early ENDS use in teenagers may increase 
the risk for tobacco smoking later in life as they exhibit increased 
intention to smoke traditional cigarettes compared with those 
who have never used ENDS (7, 8). Moreover, toxicological studies 
have highlighted the potential health concerns ofENDS by reveal
ing detectable levels of both heavy metals and carbonyls, such 
as formaldehyde and acrolein, in the vapor produced by some of 
the devices (9-11) . Further, terms such as "popcorn lung" have 
become synonymous with ENDS among their opponents for the 
deleterious diacetyls detected in ENDS-associated flavorings (12). 
In contrast, other reports have advocated the safety of the prod
ucts over traditional tobacco cigarettes (13, 14), thus emphasizing 
the unmet need to better understand the health-related conse
quences of exposure to e-cigarette components. 

Multiple case reports have described atypical types of pneu
monia in ENDS users (15, 16). A shared feature in these reports is 
the presence of lipid-laden macrophages found in the bronchoal
veolar lavage (BAL) fluid from individuals with ENDS-associated 
pneumonia (15, 16). Despite this commonality, the physiological 
importance of lipid accumulation and whether this phenomenon 
can be recapitulated in experimental systems remain unknown. 
Lipid metabolism is critical for proper cellular function in all tis
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sues. Pulmonary surfactant and lipid homeostasis in the distal air
ways are essential for adequate gas exchange and innate immune 
function (17) . Pulmonary surfactant, a complex mixture of lipids 
and proteins produced exclusively by alveolar type II pneumo
cytes (ATIIs), forms a critical part of the alveolar-lining fluid (18) . 
Surfactant reduces alveolar surface tension, thereby preventing 
lung atelectasis, ventilation perfusion mismatch, and hypoxemia 
(19). Surfactant protein A (SP-A) and surfactant protein D (SP-D), 
2 components of the surfactant complex, play essential roles in 
innate immune defense by facilitating microbial opsonization and 
clearance (20) . To maintain the integrity of the surfactant com
plex, alveolar macrophages catabolize altered or oxidized surfac
tant in the distal liquid-air interface, which is critical for responses 
to inhaled pathogens (21). Impairment of macrophage metabo
lism of pulmonary surfactant leads to accumulation of intracellu
lar lipid and deposition ofexcess lipid in the alveolar space (22) . 

Notwithstanding the immunomodulatory roles ofnicotine and 
its implications in cell proliferation and tumorigenesis (23, 24), 
little is known about how the constituents used in ENDS, namely 
PG and VG, affect the respiratory tract and its local immune func
tions. The Food and Drug Administration (FDA) recognizes these 
compounds as generally safe for use as direct food additives (25); 
however, whether and how these ENDS components exert signifi
cant effects on lung lipid homeostasis and innate immunity during 
long-term exposure remain unclear. 

In this report, we used a murine model of chronic inhala
tion exposure to assess the effect of conventional tobacco smoke 
and components of ENDS on lung cellular function. Our model 
enabled a direct comparison between ENDS vapor and conven
tional smoke to examine their respective contributions to inflam
mation and lung cellular function. We show that the effect of 
chronic exposure to ENDS vapor is distinct from tobacco smoke, 
uniquely altering critical lipid-associated metabolic and immu
nological processes in the distal airway. Thus, our study findings 
sound an alarm for the potential harm of ENDS-associated prod
ucts and could help provide new guidelines regarding their safety. 

Results 
Chronic smoke but not ENDS expomre induces lung inflammation 
and emphysema. We and others have shown that chronic cigarette 
smoke exposure activates innate and acquired immune cells in the 
lung and causes emphysema (26). To determine if ENDS exposure 
leads to similar outcomes, we first compared the lung-specific 
immunological effects of chronic ENDS exposure with exposure 
to conventional cigarette smoke. Compared with 4 months of 
cigarette smoke, C57BL/ 6J mice exposed to the same amount of 
nicotine delivered via ENDS (ENDS-nicotine) and those receiving 
ENDS without nicotine (ENDS-vehicle) showed no airway inflam
mation (Figure lA) . As expected, mice exposed to chronic cigarette 
smoke developed emphysema marked by an increase in lung vol
ume, loss of the alveolar septa, and increased elastolytic enzymes 
(Figure 1, B-D). In contrast, histological assessment of the lungs 
in ENDS-exposed groups showed no evidence of tissue destruc
tion when compared with the smoke-exposed group (Figure lB); 
lung volume measurements with micro-computed tomography 
(microCT) revealed an increased lung volume in smoke-exposed 
mice, but not ENDS-exposed mice (Figure lC). Consistent-
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ly, matrix metalloproteinase 12 (Mmpl2) expression was highly 
induced in smoke-exposed mice but remained unchanged in the 
Air-control and ENDS-exposed mice (Figure lD). 

We and others have previously demonstrated that cigarette 
smoke recruits proinflammatory CDllb•CDllc• conventional 
dendritic cells (cDCs) to the lung, which are critical in the dif
ferentiation ofT helper 17 (Th17) cell responses in experimental 
emphysema (27). Therefore, we next sought to determine wheth
er long-term ENDS exposure could induce cytokines that promote 
recruitment of cDCs and induction of Th17 cells. We found that 
chronic smoke increased IL-6, TNF-a, and IL-17A concentrations 
in the lung, whereas ENDS exposure (with or without nicotine) 
did not increase any of the same inflammatory cytokines (Figure 
lE) . Further, flow cytometric analysis of lung tissue homogenate 
revealed increased recruitment of both Th17 cells and CD1lb• 
cDCs in response to smoke but not in the ENDS-exposed mice 
(Figure 1, F-1). To better understand the immunomodulatory 
consequences of ENDS exposure, we next evaluated lung cyto
kine and chemokine profiles from mice exposed to ENDS (with 
and without nicotine) and Air and found similar lung cytokine 
profiles among the 3 groups of Air-exposed and ENDS-exposed 
mice (Supplemental Figure lA; supplemental material available 
online with this article; https://doi.org/10.1172/JCI128531DS1). 
Cytokines associated with Th2, Thl, or regulatory T cells (Tregs) 
in the lung homogenates were not significantly different in 
ENDS-exposed groups when compared to Air-exposed con
trols (Supplemental Figure lA) . Further, no distinct induction of 
chemokines was observed in the airways of END-exposed mice 
(with or without nicotine) (Supplemental Figure lB). Together, 
these data suggest that chronic ENDS exposure in C57BL/ 6J mice 
does not promote notable inflammatory responses in the lung 
and does not induce emphysema. 

ENDS exposure alters lipids in lung macrophages and A TI Is. Mice 
exposed to ENDS failed to exhibit a distinct inflammatory signa
ture; however, we found a unique morphological feature in alveolar 
macrophages isolated from the BAL fluid ofmice exposed to ENDS 
when compared with the Smoke or Air control groups (Figure 2A). 
Notably, interrogation of multiple pathways associated with auto
phagy (Bclnl, Atg7, Atgl4) or proapoptotic (Bax, Bad) genes failed 
to reveal any significant upregulation of relevant genes (Supple
mental Figure 2, A and B) . Further, lactate dehydrogenase (LDH) 
concentrations in the BAL, a marker of cytotoxicity and cell death, 
were not 'increased in the ENDS-exposed groups (Supplemental 
Figure 2C). We next examined whether the observed cytoplasmic 
inclusions in macrophages contained lipids. Oil Red 0 staining of 
ENDS-exposed macrophages showed increased lipid accumula
tion independent of nicotine, a feature not observed in the Air- or 
Smoke-exposed groups (Figure 2B) . Quantification oflipid in alve
olar macrophages demonstrated a significant increase among both 
ENDS-exposed groups when compared with Air controls (Supple
mental Figure 3) . To determine whether the observed lipid accu
mulation was derived from inhaled vaporized glycerol present in 
ENDS, we next quantified the VG (glycerol) content in the BAL cel
lular fractions and found that ENDS-exposed groups did not exhib
it an increased concentration of intracellular glycerol (Supplemen
tal Figure 4), indicating that the accumulated lipid might be arising 
through an endogenous, rather than exogenous, source. 

jci .org Volume 129 Number 10 October 2019 4 2 91 

https://doi.org/10.1172/JCI128531DS1


RESEARCH ARTICLE The Journal of Clinical Investigation 

A B Air Smoke** *** 80 e Air 
0 Smoke ~u • ENDS-vehicle 
D ENDS-nicotine 

0 
Macrophages Neutrophils Lymphocytes 

ENDS-vehiclec D Mmp12 
500 10000 

c 
0'E 

·~ 1000
!; 450 ~ (l) c. xE 
::J (l) 100 
0 .~;; 400 iiic Qi 10::J 
_J a:: 

350 

ENDS-nicotine 

200 50 

40::g 150 ::::i' 
E 30 .s °' 

'9 100 °'_e,20
_J LL 

z 
I- 10 

50 

0 

• 

F G Lung dendritic cell 

Air Smoke ENDS-vehicle ENDS-nicotine 15 

~10 ri')
(., 
~ 

8 5 • 
0 

Air 

H Lung CD3+CD4+ 

Smoke ENDS-vehicle 

3.78% 

,,.{,. 
~7fl~ 

ENDS-nicotine.: 0.23% 

I 
. 

'. 
~·. 

,.,'\)·~ 

Lung Th17 

IL-17A 

Figure 1. Four-month exposure to ENDS does not induce inflammation in the lung. Mice were exposed to room air (Air), cigarette smoke (Smoke), 

ENDS-vehicle vapor, or ENDS-nicotine vapor for 4 months and the immune profiles of the lung were quantified. (A) Differential BAL cell numbers for 

macrophages, neutrophils, and lymphocytes in the airway (n = 5 per group). (B) Histological analysis of lung tissue following 4-month exposure. Represen

tative micrographs of H&E staining. Scale bars: SO >tm. (C) Micron quantification of total lung volume (n = 5 or 6 per group). (D) BAL cell expression of RNA 

transcript for matrix metalloproteinase 12 by qPCR (n = 5 or 6 per group). (E) IL-17A, IL-6, and TNF-u concentrations from mouse lung homogenate measured 
by multiplex assay (n = 4 or 5 per group) . (F) Representative and (G) cumulative flow cytometric analysis of live, CD11b'F4/8o-Ly6G-CD11C'MHCW dendritic 

cells. Numbers in the upper-right corner indicate percentage positive cells for the markers (n =Sor 6 per group). (H) Representative and (I) cumulative flow 
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We next used transmission electron microscopy (TEM) and 

found numerous lipid aggregates in the cytoplasm of macro
phages isolated from ENDS-exposed mice (Figure 3, A and B). 
Furthermore, we found an increase in the number of lysosomes 
in ENDS-exposed macrophages (with or without nicotine), which 
we confirmed with immunohistochemical staining for lysosomal
associated membrane protein 1 (LAMP-1) (Figure 3B and Sup
plemental Figure 5). We next examined the lamellar bodies, the 
specialized secretory vesicles in ATils that facilitate the release 
of the lipid constituents of pulmonary surfactant into the alveo
lar airspace. Similarly, the lamellar bodies in the ENDS-exposed 
groups also demonstrated distinct morphological changes, when 
compared with the Air-exposed counterparts (Figure 3, C and D). 
Although the absolute number of lamellar bodies was unaltered, 
the numbers of poorly organized, irregular lamellar bodies were 
increased in both ENDS-treated groups, suggesting an alteration 
in ATII surfactant homeostasis had occurred (Figure 3E). Collec
tively, these data indicate that ENDS vapor exposure disrupts lipid 
homeostasis in alveolar macrophages and ATIIs, warranting fur
ther systematic assessment of the airway's lipidome. 

ENDS-exposed mice accumulate phospholipid in BAL cells. 
We next used an unbiased, mass spectrometry-based lipidomic 
approach to assess how ENDS vapor exposure disrupts the lipid 
landscape in the lungs. We have found that alveolar macrophages 
constitute over 98% of the BAL fluid cell composition in mice 
exposed to 4 months of ENDS-vehicle, ENDS-nicotine, or Air 
control (Figure lA and ·supplemental Figure 6, A and B). There
fore, we next examined the lipidomic changes in the BAL cells 
in the same exposed groups of mice. Independent of nicotine 
exposure, we found an increase in cellular phospholipid species 
in the ENDS-treated groups, including the phosphatidylcholine-, 
phosphatidylserine-, and phosphatidylethanolamine-based lipids, 
with an enrichment of disaturated phospholipids and cholesterol 
esters (Figure 4A). These findings were specific because our com
prehensive analyses of other classes of lipids (e.g., triglycerides) 
did not show significant alterations (Supplemental Figure 7). 
The observed shifts in cellular phospholipids from the lipidomic 
analysis were further validated by quantification of total cellular 
phospholipids in BAL fluid cells isolated from a separate cohort of 
mice exposed to chronic ENDS. Intracellular phospholipids were 
significantly increased in the ENDS-nicotine-treated group. (Fig
ure 4B). To determine whether ENDS exposure altered pathways 

chronic ENDS exposure. Mice were exposed to Air, Smoke, 
ENDS-vehicle, or ENDS-nicotine for 4 months. Airway immune 
cells were then acquired by BAL and were cytocentrifuged onto 
glass slides. (A) Representative H&E staining of the cyto
spin preparations reveals intracytoplasmic inclusions in the 
ENDS-vehicle and ENDS-nicotine groups (black arrows) . Scale 
bar: 10 µm. (B) Representative Oil Red 0 staining of cytospin 
preparations reveals lipid accumulation in ENOS-vehicle and 
EN OS-nicotine groups. All data shown are representative of 3 
or more independent 4-month experiments with n = 4 ors per 
group. Scale bar: 25 µm. 

associated with lipid maintenance and clearance, we next exam
ined gene expression patterns of lipid-associated enzymes and 
transport proteins. We found that expression ofAbcal, a transport 
molecule responsible for removal ofexcess intracellular cholester
ol and phospholipid, was reduced in ENDS-exposed groups com
pared with Air controls (Supplemental Figure 8A). A similar trend 
was also observed in the expression ofAbcgl, a sterol efflux protein 
that works in conjunction with ABCAl to maintain lipid balance 
in alveolar macrophages (Supplemental Figure 8A). Together, our 
findings suggest that ENDS-exposed, alveolar macrophages show 
defects in complex lipid processes in the airway, which may, in 
part, promote the accumulation of distinct lipid species. 

Surfactant-associated lipid species are increased in ENDS
exposed lungs. To acquire insight into the mechanisms responsi
ble for altered intracellular lipid biosynthesis, we next examined 
the lipid profiles in the acellular compartment of the BAL fluid. 
This analysis revealed that ENDS-exposed groups have a distinct 
increase in phospholipid species with a concomitant decrease in 
neutral triglycerides (Figure SA). The acellular fractions from 
ENDS-exposed mice further showed significant increases in sat
urated phospholipids with concurrent decreases in phospholip
ids bearing more double bonds (Figure S, B and C). To ascertain 
whether the observed shifts in the lipid profiles of ENDS-exposed 
mice were related to an increase in pulmonary surfactant, we next 
identified and quantified lipid species that are most prominent 
in surfactant from the lipidomics data set: dipalmitoyl-phospha
tidylcholine (DPPC), myristoyl-palmitoyl-phosphatidylcholine 
(MPPC), palmitoyl-stearoyl-phosphatidylcholine (PSPC), and pal
mitoyl-palmitoleoyl-phoshpatidylcholine (PPoPC) (Figure SD). 
These phospholipids are estimated to constitute over 40% of the 
phospholipid compartment of the surfactant layer and primarily 
function to reduce alveolar surface tension (28, 29) . We found that 
independent of nicotine, ENDS exposure significantly increased 
the concentration of several of these phospholipids, including 
MPPC and PSPC. Together, these findings show that chronic 
ENDS vapor exposure disturbs phospholipid homeostasis in the 
surfactant layer, resulting in a distinct increase in the alveolar 
phospholipid pool. 

To further characterize the effect of ENDS vapor on the biosyn
thetic function ofATIIs, we assessed the expression ofproteins that 
are critical for the assembly and transport ofpulmonary surfactant. 
We found that Abca3, a type II-specific lipid transport protein that 
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Figure 3. TEM imaging of lipid inclusions in alveolar macrophage and alveolar type II pneumocytes. Following 4 months of exposure, lungs from Air, 

ENDS-vehicle, and ENDS-nicotine groups were fixed and processed for electron microscopic analysis. (A) Representative micrographs of alveolar macro

phages demonstrating lipid inclusions and increased presence of lysosomal compartments in ENDS-vehicle and ENDS-nicotine groups (white arrows). 

Scale bars: 2000 nm. 80 kV high voltage. (B) Higher magnification of the lipid inclusions (right) and lysosomes (left) observed in ENDS-vehicle and 

ENDS-nicotine groups. Scale bars: 200 nm. 80 kV high voltage. (C) Representative micrographs of alveolar type II pneumocytes (ATlls) demonstrating 

normal, uniform lamellar bodies in AIR-exposed mice (red arrow) and atypical lamellar body structures in ENDS-vehicle and ENDS-nicotine groups (white 

arrows). Scale bars : 2000 nm. 80 kV high voltage. (D) Higher magnification of the representative lamellar bodies observed in AIR, ENDS-vehicle, and 
ENDS-nicotine groups. Scale bars : 500 nm. 80 kV high voltage. (E) Blinded quantification of atypical lamellar bodies observed within ATlls. The quantified 

results are expressed as the percentage of atypical lamellar bodies per total lamellar body count in each cell (mean± SEM). n = 5 or 6 per group. Each data 

point represents a single ATll, all of which were located and imaged by scanning 3 or more independent mounted grids per experimental group. Signifi

cance was determined by Student's t test . *P < 0.05. 

aids in the building oflamellar bodies, was upregulated in response phatidylcholine acyltransferase 1, were upregulated in END,S
to ENDS-vehicle, with ENDS-nicotine demonstrating an additive nicotine-exposed groups (Supplemental Figure SB). 
effect (Supplemental Figure SB). We also found that expression of The cytokine granulocyte macrophage colony-stimulating 
Pcytla and Lpcatl, genes for the phosphatidylcholine-synthesizing factor (GM-CSF) plays an important role in macrophage physiolo
enzymes CTP:phosphacholine cytidylyltransferase and lysophos- gy and lipid metabolism (30). Therefore, we next sought to deter
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Figure 4. ENDS exposure independent of nicotine increases phospholip
ids in BAL cells. (A) Heatmap demonstrating the upregulated p hospholip
ids in ENDS-vehicle and ENDS-nicotine groups (fold change > 1-5) from the 
lipidomic analysis conducted on the BAL cells . Heatmap values represent 
averages from the 3 pooled samples per group. Changes shown are relative 
to the Air controls . (B) Quantification of total intracellular phospholipid 
content in pelleted BAL cells . n = 5-7 per group. The quantified results are 
expressed as means± SEM. Significance was determined by Student's 
t test and corrected for multiple comparisons. *P < 0.05. CE , cholesterol 
ester; TG, triglyceride; PE, phosphatidylethanolamine; PC, phosphatidyl
choline; PS, phosphatidylserine; Pl, phosphatidylinositol; PA, phosphatidic 
acid ; PG, phosphatidylglycerol. 

month of exposure. We found similar cell viability and expression 
ofM2 polarization markers (e.g., Argl) in ENDS-expose d F4/ so+ 
lung macrophages when compared with Air-expose d controls 
(Figure 7, A and B). In contrast, lung macrophages showed signifi
cantly reduced Ml-associated markers, including Nos2 (Figure 
7C), proinflammatory cytokines (Illb and Tnfa) (Figure 7D), B7 
costimulatory molecules (CdBO and Cd86) (Figure 7E) , and Tlr7, a 
pattern-recognition receptor that recognizes single-stranded RNA 
elements from viral species (Figure 7F) . 

To determine the functional significance of reduced Ml-asso
ciated cytokines and molecules, we next used polyinosinic:polycy
tidylic acid (poly I:C) , a synthetic analog of viral dsRNA, to stimu
late macrophages isolated from the lungs of ENDS-exposed mice. 
Consistently, in response to poly I:C, the macrophages from ENDS
exposed groups showed reduced expression of interferon (IFN) 
response factor 7 (lrp) (Figure 7G). IRF7 is a master transcription 
factor that governs type 1 IFN induction in response to viral stimuli, 
which is critical for rapid antiviral immunity (31). This reduction, 
along with the decrease in Ml-associated markers, strongly indi
cates that one potentially important physiological consequence of 
ENDS vapor exposure is an impaired response to inhaled viruses. 

ENDS-exposed mice exhibit delayed immune responses to influ
enza. To further examine the translational relevance of reduction 
of Ml-associated markers, impaired macrophage responses to 
poly I:C, and surfactant dysregulation in mice exposed to ENDS 
vapor, we next assessed defenses against acute viral infection. 
We have previously shown that mice exposed to chronic cigarette 
smoke, before sublethal infection with influenza A, fail to mount 
the appropriate antiviral responses and exhibit increased morbid
ity (32) . In a similar manner, mice were exposed to Air (control), 
chronic ENDS-vehicle (PG/VG), or ENDS-nicotine for 3 months 
and were subsequently challenged with the influenza A virus (45 
TCID5/ mouse) . Mice receiving ENDS responded poorly by day 10 
following infection, and the ENDS-vehicle group demonstrated a 
significant increase in mortality when compared with Air controls 
(Figure SA) . To better understand the effects ofENDS on the recov
ery from acute infection, we next exposed mice to ENDS vapor for 
3 months and infected with a sublethal dose of influenza A (20 
TCID,/mouse). Compared with the Air group, ENDS-nicotine
exposed mice showed significantly impaired responses to influen
za A, as detected by augmented weight loss within S days following 
infection (Figure SB). As expected, ENDS-exposed macrophages 
in the BAL showed the same lipid-filled morphology (Figure SC). 
The Air-exposed control group showed resolution of inflamma
tion and had regained some of the normal lung architecture at 
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mine if expression of GM-CSF is altered in mice with abnormal 
lipid homeostasis in response to ENDS exposure. Interestingly, 
we found no significant alteration in GM-CSF protein levels from 
whole lung homogenate, GM-CSF receptor (Csf2ra), or PU.1 expres
sion, a downstream transcription factor that regulates expression of 
proteins necessary for surfactant maintenance and catabolism in 
BAL fluid cells (Supplemental Figure 9, A-C) . Together with the dis
ruption in lipid homeostasis, these data suggest that chronic ENDS 
exposure alters the surfactant-related lipid output in the terminal 
airway and disrupts key metabolic pathways by which alveolar mac
rophages process and catabolize the lipids at the alveoli's air-liquid 
interface in a manner that is independent ofGM-CSF. 

ENDS exposure alters innate immune fan ctions of ATIIs and 
lung macrophages. Although ENDS exposure resulted in increased 
abundance oflipid species associated with the surfactant proteins, 
mice receiving ENDS showed significantly reduced SP-D concen
trations in the BAL fluid (Figure 6A). Furthermore, gene expres
sion analysis revealed that mRNA transcripts for 2 opsonins, Sfptd 
and Sfpta, were significantly reduced in the lung homogenates 
from ENDS-exposed mice when compared with Air controls (Fig
ure 6B). Notably, these findings were specific because no signifi
cant changes were found in Sfptb and Sfptc (Figure 6C). Together, 
this demonstrates that ENDS vapor exposure impairs production 
of an essential class of opsonins in the distal airway. 

Using the same exposure protocol, we found that lipids are 
deposited in lung macrophages as early as 2 weeks (Supplemen
tal Figure 10) . Therefore, to examine the early immunological 
effects ofENDS vapor exposure on lung macrophages, we isolated 
F4/ SO+ macrophages from the whole lung tissue of mice after 1 
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Figure 5. ENDS exposure independent of nicotine increases disaturated phospholipid pools in BAL fluid. (A) Heatmap depicting the upregulated phospho
lipid species in the ENDS-vehicle and ENDS-nicotine groups from the lipidomic analysis conducted on the BAL fluid. n = 3 pooled samples per group. (Band 
C) Quantification of BAL fluid phospholipids based on saturation of the lipid acyl groups. n = 3 per group . The quantified results are expressed as percentage 
of total lipid signal (mean± SEM). DB, double bond. (D) Quantification of known surfactant-associated species in BAL fluid. n =3 per group. The quanti 
fied results are expressed as percentage of total lipid signal (mean± SEM). Significance was determined by 1-way ANOVA with Bonferroni 's correction for 
multiple comparisons. *P < 0.05. CE, cholesterol ester; TG, triglyceride; PE, phosphatidylethanolamine; PC, phosphatidylcholine; PS, phosphatidylserine; Pl, 

phosphatidylinositol; PA, phosphatidic acid; PG, phosphatidylglycerol ; SM, sphingomyelin; MG, monoacylglycerol; MGDG, mono/diacylglycerol. 

day 14; however, histological evaluation of the lung parenchyma with the Air-exposed mice that were infected with flu (Figure 8, 
in ENDS-exposed mice showed increased lung inflammatory D and E) . Consistent with the increase in inflammatory infiltrates 
cells and edema with significant distortion of the lung tissue and in the lungs, there was persistent IFN-y expression in the lungs of 
increased hemorrhage in ENDS-exposed mice when compared ENDS-nicotine-treated groups, and TNF-a in the ENDS-vehicle
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Figure 6. Four-month exposure to ENDS vapor reduces the expression 
of surfactant proteins. {A) Quantification of SP-D by ELISA from BAL fluid. 
n = 4 ors per group. {Band C) Relative gene expression of surfactant
associated proteins {SP-A, SP-8, SP-C, and SP-D) from whole lung homog

enate. n = 4 or 5 per group. The quantified results are expressed as means 
± SEM. Significance was determined by 1-way AN OVA with Bonferroni's 
correction for multiple comparisons. **P < 0.01. NS, not significant. 

exposed mice (Figure SF). We further found increases in total and 
HA-specific IgG titers in the lung homogenate of ENDS-exposed 
mice 14 days following viral infection (Figure 8, G and H). Togeth
er, our data demonstrate that exposure to ENDS vapor reduces 
innate immune responsiveness, and long-term exposure impairs 
the ability ofmice to control pulmonary infection with influenza. 

Discussion 
We have uncovered a harmful effect ofvaporized e-cigarette prod
ucts in the alveolar-lining fluid and the lung, summarized in Figure 
9. To our knowledge, this is the first report that demonstrates how 
chronic exposure to ENDS, independent of nicotine, alters lung 
lipoprotein biology in ATIIs and impairs the physiology of alveolar 
macrophages. Prior reports have shown that vaporized nicotine 
can disrupt immune cell functions, increase lung inflammation, 
and promote emphysema in response to short-term and long-term 
ENDS exposure (33-35). We show here that long-term exposure 
to ENDS vapor, which delivers nicotine in amounts equal to those 
of conventional cigarettes, did not result in excessive lung inflam
mation or emphysema. Despite these findings, mice exposed to 
ENDS and infected with the flu virus had significantly delayed 
immune responses to the infection and showed persistent lung 
inflammation when compared with the Air-exposed group. Fur
ther, the increase in morbidity and mortality was independent of 
nicotine, indicating that the harmful effects of chronic inhalation 
of ENDS vapor is due to the PG/VG vehicles, which are currently 
considered safe solvents (25). 

An intricate and essential relationship exists between alveolar 
macrophages and the pulmonary surfactant that lines the distal 
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airways (36). Gene expression profiling ofresident alveolar macro
phages is consistent with an enrichment of genes associated with 
lipid metabolism, thus highlighting their significant role in pulmo
nary surfactant homeostasis (36, 37). Our study demonstrates that 
chronic exposure to PG/VG uniquely promotes deposition of lip
ids in alveolar macrophages and disturbs the normal homeostatic 
process ofpulmonary surfactant molecules and lipids in the lungs. 
Under homeostatic conditions, lung-resident macrophages play 
a crucial role in maintaining the composition and integrity of the 
surfactant layer by catabolizing (e.g., recycling) aggregated sur
factant that has been oxidized or altered at the liquid-air interface 
(38). Furthermore, lung surfactant modulates the function of the 
innate immune cells of the distal airway, including alveolar mac
rophages. Particularly, surfactant-associated proteins maintain 
surfactant homeostasis, and play critical roles in the function of 
alveolar macrophages (39). Genetic ablation studies have revealed 
that the role ofsurfactant proteins goes far beyond innate immune 
function and highlight implications for critical roles in cellular 
metabolism and lipid processing. Specifically, SP-D-deficient 
mice display defects in lipid biogenesis and show accumulation 
of lipid-laden macrophages in the distal airway as well as marked 
increases in the phospholipid pools of surfactant (40). 

ATIIs use SP-D to monitor the size and condition of the sur
factant pool in the alveoli, indicating its function as a vital medi
ator of surfactant recycling and catabolism (41). Intriguingly, our 
model of ENDS exposure mimics several aspects ofthe phenotype 
observed in SP-D·I- animals. Although surfactant-associated phos
pholipid pools increased in long-term ENDS vapor exposure, we 
found a significant decrease in the expression of the hydrophilic, 
surfactant-associated proteins SP-A and SP-D in the BAL fluid. 
The metabolic alteration in surfactant protein synthesis and the 
increase in surfactant-associated lipids may, in part, cause the 
disruption of alveolar macrophage function and immunological 
changes detected in mice exposed to chronic ENDS vapor. These 
findings reemphasize the important regulatory link between sur
factant and macrophage physiology, which we reveal is disturbed 
in response to chronic exposure to the vaporized solvents. Addi
tionally, since the ENDS-mediated effects are observed even 
in the absence of nicotine, it raises important health concerns 
regarding the solvents used in noncombustible inhaled products. 

Biological membranes are critical tissue components that 
are responsive to both endogenous and exogenous stimuli (42) . 
As a vital biological component of the airway fluid, pulmonary 
surfactant maintains the normal physiology of resident cells and 
is critical for proper gas exchange (43) . The membranous surfac
tant structure can be perturbed by a number of molecules, which 
diminishes its surface tension-reducing arrangement and impairs 
lung function (43) . For instance, excess cholesterol in the surfac
tant layer interrupts the organization and distribution of the lipid 
compartment of surfactant, thereby weakening its overall bio
physical activities (43). The primary solvent constituents ofENDS 
vapor, particularly PG, have emulsifying properties that make 
them useful solvents in cosmetic and food additives (44). Such 
emulsifying properties, however, have the potential to initiate 
structural perturbations in the overall lipid phase ofsurfactant and 
produce the disruption in lipoprotein homeostasis that we observe 
after long-term exposure to ENDS solvents. This, along with the 
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phenotype we observe in our model, raises alarm about the poten
tial deleterious effects that ENDS may have on the alveoli and 
warrants more systematic evaluation of the pulmonary-specific 
consequences of ENDS solvents. 

Chronic exposure to ENDS in our model has important phys
iological consequences in innate immunity, as has been observed 
by other groups in the field (34, 45, 46). The immunomodulato
ry effects of nicotine have been well documented in both in vivo 
and in vitro systems (23). Immune cells, including macrophages, 
possess nicotinic receptors and binding of nicotine to these 
receptors reduces inflammatory responses to immune stimuli 
(47, 48). Airway epithelial cells also abundantly express nicotinic 
receptors, which activate AKT-dependent signaling and modu
late surfactant metabolism (49, 50). However, we demonstrate 
that although nicotine may affect cellular responses, PG/VG 
alone can modulate both pulmonary lipid homeostasis and local 
innate immune cell function . This corroborates the work of oth
ers in the field who have demonstrated molecular changes in 
human lung tissue in response to vehicle solvents alone (51, 52). 
In response to long-term exposure to ENDS, we reveal a distinct 
impairment in lung macrophage immune function. Lung-resi
dent macrophages from ENDS-exposed mice exhibit reduced 
expression ofpathogen-sensing proteins (e.g., TLR7) and proteins 
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Figure 7. One-month exposure to ENOS vapor attenuates 
lung-resident macrophage function. Lung-resident F4/80' 

macrophages were isolated from whole lung tissue using 
magnetic beads following 1 month of exposure. Cells were cul
tured for 24 hours following isolation and supernatants and 

cells were harvested for the analyses. Individual data points 
represent technical replicates from pooled lungs of 4 mice 
per treatment group . (A) Absorbance values following the 
colorimetric, lactate dehydrogenase (LOH) cytotoxicity assay 
from 24-hour cultures of Air-, ENDS-vehicle-, and EN OS-nic

otine-exposed groups. (Band C) Relative gene expression for 
Arg1 and Nos2 derived from RNA samples acquired from the 
cells after 24-hour culture. (D-F) Relative gene expression 
for (D) cytokines Tnfa and 111b, (E) costimulatory molecules 
Cd86 and Cd80, and (F) viral recognition receptor Tfr7, derived 
from RNA samples in each treatment group acquired from 
the cells after 24-hour culture. (G) Relative gene expression 
for the transcription factor lrf7, a critical factor for type I IFN 
production, derived from RNA samples acquired from the 
cells in each treatment group after 24-hour culture. Cells were 
treated with either polyinosinic:polycytidylic acid (poly l:C) 
at a concentration of 10 µg/m Lor PBS vehicle . All quantified 
results are expressed as means± SEM. n = 4 or 5 per group. 
Significance was determined by 1-way AN OVA with Bonfer
roni's correction for multiple comparisons. ****P < 0.0001, 
**P < 0.01, *P < 0.05 . All data shown are representative of 3 
or more independent 1-month experiments with n = 4 or 5 per 
group. NS, not significant; NO, none detected. 

necessary for induction of critical adaptive immune responses 
(e.g., CD86, CDSO, IL-6) in response to immune stimuli. Con
currently, although ENDS-treated mice lacked lung inflammation 
under steady states, they responded poorly to acute viral infection 
with influenza A, exhibiting increased inflammatory infiltrate 
and severe histopathology late in infection. These observations 
demonstrate that not only do inhaled aerosols from ENDS disrupt 
lipid biosynthesis in the lung, they also dampen innate immune 
mechanisms and increase the susceptibility to inhaled pathogens. 
Given the extensive number of adolescents using ENDS on a con
sistent basis, the increased mortality and morbidity demonstrated 
in our END-exposed infection model should alert officials both 
at regulatory and epidemiological levels to the potential risk that 
ENDS use may pose to this vulnerable population. 

Although we show aberrant lung macrophage function and 
lipid alterations, the connections between lipid compositions and 
functional phenotypes are not well understood and their interre
lation can be difficult to unequivocally demonstrate. Changes in 
membrane lipid composition can broadly affect the organization 
and activity of signaling proteins in the plasma membrane (53), 
though specific molecular mechanisms are difficult to specify due 
to the pleiotropic nature of lipid perturbations. However, it has 
been shown that tuning membrane composition by dietary lipid 
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Figure 8. ENDS exposure alters immune responses and recovery from influenza A infection. Eight-week-old mice were exposed to ENDS vapor or room air 

for 3 months. Subsequently, mice were infected with influenza A (45 TCID /mouse or 20 TCID /mouse). (A) Survival curve following infection with higher
50 50

titer viral infection -45 TCID, /mouse. n =8 per group. Significance was assessed by the log-rank (Mantel-Cox) test. *P < 0.05. (B) The weight loss and 
0

recovery curve following infection with influenza virus (20 TCID /mouse) with quantification of weight loss on day 8 of infection. Significance was determined 
50

by Student's t test. •p <0.05; n = 10 per group. (C) Representative BAL cytospin preparations demonstrating the intracytoplasmic inclusions found in alveolar 

macrophages irrespective of infection status. Scale bars: 20 ~1m. (D) Histological analysis of lung tissue on day 14 following infection. Representative micro

graphs of H&E staining. Scale bars: 10 pm. (E) Objective quantification of pathological changes in lung H&E micrographs on day 14 following infection. n = 3 
per group. (F) Cytokine concentrations for IFN-y and TNF-a on day 14 following infection as determined by cytokine multiplex arrays. n = 5-9 per group. Signif

icance was determined by Student's t test. *P < 0.05. (G and H) Antibody titers for total (G) and hemagglutinin-specific lgG (H) from whole lung homogenate 

on day 14 following infection as determined by ELISA (n = 5-10 per group). Significance was determined by Student's t test or 1-way A NOVA with Bonferroni 's 
correction for multiple comparisons. *P < 0.05. All data shown are representative of 3 or more independent experiments with n = 5-9 per group. 
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Figure 9. Summary model: ENDS-mediated changes in the lung upon chronic exposure. The lung's delicate surfactant layer is of critical importance to 
the organ's overall physiology and innate immune function. Both alveolar type II cells and alveolar macrophages are the principal subsets that maintain 
and catabolize surfactant at the liquid-air interface. Our study reveals that ENOS exposure disrupts both the lipid and protein components of pulmonary 
surfactant. increasing phospholipid pools in the airway and decreasing the expression of the regulatory surfactant proteins SP-A and SP-D. Lipid deposi
tion and impaired immune function are distinct features of alveolar macrophages upon chronic ENDS treatment. Upon viral infection, ENDS-exposed mice 
exhibit increased morbidity and mortality with excessive pulmonary damage and inflammation late in infection. Of chief importance, the ENDS-mediated 
effects observed in our model are independent of the presence of nicotine. 

inputs can modulate lineage specification in mesenchymal stem 
cells (54). The molecular mechanism in this case was related to 
remodeling of membrane subdomains, which can influence sig
naling at the plasma membrane. A similar effect was shown by 
modulating membrane properties using bile acids, which promote 
the mitogenic signaling downstream ofgrowth factor engagement 
(55). It is likely that the lipidomic remodeling induced by vapor 

exposure restructures membrane properties of both surfactant 
and lung macrophages, potentially perturbing critical biophysical 
properties, which should be investigated in future studies. 

Together, our data highlight the importance of lung lipid bal
ance and overall function of the innate arm of immunity. Further, 
this study demonstrates an urgent need to better examine the 
physiological effects of e-cigarette solvents currently in the mar
ket. The manufacture and design ofe-cigarettes appears to be ever 
evolving, making it difficult to rigorously and systematically inves
tigate the devices while keeping up with the constant advance
ments. Although our study investigates a single type ofe-cigarette, 
we uncovered pulmonary effects of vehicle solvent constituents 

(PG and VG) that are common to a variety of e-cigarette brands. 
Another important caveat to our study of chronic ENDS exposure 
is the absence of added flavoring to the ENDS solutions. Among 
the 7,000 flavors on the market currently, each contains a unique 
chemical composition capable of enhancing the harmful effects 
of the vapor components alone. The objective of our study was 
to investigate how the basic components of ENDS vapor (name
ly nicotine, PG, and VG) alter the homeostatic function of lipid 

biosynthesis and immunity in the lungs. Given the results of our 

study, it is now necessary to further delineate which constituents, 

PG or glycerol, in ENDS vapor are responsible for our observed 
findings. Both PG and glycerol are biologically relevant molecules 
that can serve as substrates for several biochemical reactions, par
ticularly those associated with lipid synthesis. What remains is the 
determination of the extent to which ENDS solvents and major 
flavorings disturb the critical lipid balance between alveolar mac
rophages and ATIIs in the lung of chronic e-cigarette users. 

Methods 

Mice. Two-month-old female mice, C57BL/6J background (wild type), 


were purchased from The Jackson Laboratory. Mice were housed 

under specific pathogen-free conditions at the Baylor College of Med


icine Transgenic Mouse Facility. 

ENDS liquid and dosage. We randomly assigned mice to the fol

lowing groups: Air (room air only), Smoke (traditional tobacco smoke), 
ENDS-vehicle (PG/VG only), and ENDS-nicotine (PG/VG with 33 mg/ 
mL nicotine). After random assignment to each treatment group, mice 
were exposed to their respective conditions for a total of 4 months, 
unless otherwise specified. 

To modify our well-characterized smoking apparatus (27), we used 

the commercially available Vapor Zeus automatic electronic cigarette 
from Vapor4Life Inc. The device consists of an automatic battery, 
which provides 5 volts with a 1300-mAh capacity, and a cartomizer with 
a 2.5-ohm vertical heating coil and a 6-mL solvent capacity. E-liquids 
consisted ofa 60% PG and 40% VG base with either 0 (ENDS-vehicle) 
or 33 mg/mL nicotine (ENDS-nicotine) (Vapor Trading Company). Fla
vorings were not added to the solvents to permit an unperturbed anal
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ysis of the effects of the ENDS components (PG/VG and nicotine). We 

analyzed all e-liquids using a LiChrospher 5-~im RP-select B 60-A, LC 

column 125 x 4 mm on an Agilent 1200 HPLC for nicotine-associated 

contaminants, as these are often the most common impurities found 

among e-liquids (56, 57). We were unable to detect toxic contaminants, 

such as anabasine (Supplemental Figure 11) . 
Mouse model of conventional cigarette smoke and ENDS exposure. 

Mice were exposed to 4 Marlboro Red 100 cigarettes/day as previ

ously described (27, 32, 58, 59) . Briefly, C57BL/ 6J mice (2-month-old 

females) were exposed to active smoke from Marlboro cigarettes. Cig

arettes were burned at a rate of 4-5 min/cigarette to mimic exposure 

to heated smoke. During each cycle, smoke was forced at a rate 5 L/ 

min into the exposure chamber intermittently; each smoke cycle is 

designed to mimic the puffing ofactual human smokers and to prevent 

asphyxiation of the mice. Thus, the smoke cycles provided 3 seconds 

of heated cigarette smoke interrupted by 20 seconds of air (5 L/min) 

using a time-controlled 2-way valve system (Humphrey) . Mice were 

exposed to 4 cigarettes, 5 days a week for a total of 4 months. We used 
this number of cigarettes to approximate moderate to heavy smoking 

habits (e .g., greater than 20 pack-year smoke exposure) in humans. 

We compared the volume delivered between independent studies 

to assess reliability and durability over time and determined that our 

ENDS delivered consistent volumes between studies (Supplemental 

Figure 12, A and B). Each cycle of vapor exposure provided 3 seconds 

of heated e-cigarette vapor, which was interrupted by 20 seconds of 

5 L/min air using a time-controlled 2-way valve system (Humphrey). 

The concentration necessary to expose mice with equal amounts of 

nicotine to that of 4 cigarettes was 33 mg/mL nicotine for the ENDS

nicotine group with a total exposure length of 6 minutes and 25 sec

onds as determined by cotinine ELISA (Abnova) (Supplemental Figure 

13). Thus, both ENDS-exposed groups received 4 equal cycles per day, 

mimicking the 4-cigarette exposure of the Smoke-exposed control. 

microCT. Quantification of lung emphysema was determined in 

collaboration with the Baylor College ofMedicine Animal Phenotyping 

Core using microCT volumetric measurements as described previous

ly (27) . Briefly, anesthetized mice were imaged by an animal microCT 

scanner (Gamma Medica). Images of the chest were then subsequent

ly quantified for emphysema by generating 3-dimensional models of 

both lungs for volume measurement using Amira 3.1.1 software. 

Floiv cytometry and intracellular CJ1tokine staining. All flow cytom

etry was performed on the BD LSRII (BD Biosciences) in collabora

tion with Baylor College of Medicine's Cytometry and Cell Sorting 

core, and data were analyzed using FlowJo (Tree Star). REC-free 

lung single-cell suspensions were used for flow cytometric analyses 
of lung antigen-presenting cells. The following mouse-specific anti

bodies were purchased from BD Pharmingen: BUV395-conjugat

ed anti-CD45 (30-Fll), PE/Cy7-conjugated anti-CDllc (HL3), and 

BV510-conjugated anti-Ly6g (1A8). The following mouse-specific 

antibody was purchased from eBioscience/Thermo Fisher Scientif

ic: Pacific Blue-conjugated anti-MHCII (M5/ 114.15.2). The follow

ing mouse-specific antibody was purchased from BioLegend: APC/ 

Cy7-conjugated anti-mouse F4/80 (BM8). Additionally, a UV-excit

able and fixable Live/Dead stain (Life Technologies) was implement

ed for dead cell discrimination. 

For intracellular cytokine staining ofT cells, lung RBC-free single

cell suspensions were stimulated with 10 ng/mL phorbol 12-myristate 

13-acetate (PMA) (Sigma-Aldrich) and 1 µg/mL ionomycin (Sigma-
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Adlrich) in the presence of complete media supplemented with 10 µg/ 

mL Brefeldin A (Sigma-Aldrich) for 6 hours. Cells were then surface 

stained with mouse-specific antibodies purchased from BO Pharmin

gen: Pacific Blue-conjugated anti-CD8a (53-6.7), FITC-conjugated 

anti-CD4 (RM4-5), APC-conjugated anti-CD3 (17A2), and a UV

excitable and fixable Live/Dead stain (Life Technologies). Following 

the surface stain, cells were fixed with 1 % paraformaldehyde and per

meabilized with commercial permeabilization buffer (eBioscience). 

Intracellular cytokines and transcription factors were then stained 
using mouse-specific PE/Cy7-conjugated anti-IL-17A (TC11-18H10) 

and PE-conjugated anti-RORyt (Q}l-378) antibodies. 

mRNA isolation and qPCR. All cell pellets were treated with QJAzol 

(Q!agen) and mRNA was extracted using methods described previously 

(60). All probes, Mmp12 (Mm00500554_ml), Sftpd (Mm00486060_ 

ml), Sftpa (Mm00499170_ml), Sftpb (Mm00455678_ml), Sftpc 
(Mm00488144_ml), Atgl4 (Mm00553733_ml), Atg7 (Mm00512209_ 

ml), Becnl (Mm0126546l_ml), Bad (Mm00432042_ml), Bax 
(Mm0043205l_ml), Argl (Mm00475988_ml), Nos2 (Mm00440502_ 

ml), Tnfa (Mm00443258_ml), Illb (Mm00434228_ml), Cd86 
(Mm00444540_ml), Cd80 (Mm00711660_ml), Tlr7 (Mm00446590_ 

ml), Irj7 (Mm00516793_gl), 116 (Mrn00446190_ml), Ifng 
(Mm01168134_ml), Abcal (Mm00442646_ml), Abcgl (Mm00437390_ 

ml), Abca3 (Mm00550501_rnl), Pcytla (Mm00447774_ml), Lpcat 
(Mm00461015_ml), Csfl (Mm01290062_ml), Spil (Mm00488140_ 

ml), and Csflra (Mm0043833l_gl) were purchased from Thermo Fisher 

Scientific. Relative expression was determined using the ti.ti.CT method 

with 18S ribosomal RNA (Hs99999901_sl) as an endogenous control. 

BAL fluid differential and lipid staining. Collection of the BAL fluid 

was conducted as described previously (27) . Briefly, BAL fluid was col

lected by instilling 0.8 mL of sterile PBS and immediately withdraw

ing fluid for a total of 2 times. Total cell counts were determined by 

standard hemocytometer. Subsequently, differential BAL cell counts 

were assessed by centrifuging 200 ~1L of BAL fluid onto a cytospin 

slide preparation and quantified using HEMA3 stain (Protocol, Ther

mo Fisher Scientific). Similarly, Oil Red 0 staining was performed 

on paraformaldehyde-fixed, BAL fluid cytospin preparations using 

0.05% Oil Red 0 in 100% PG followed by a hematoxylin counterstain 

as described previously (61). 

Antibodies and immunoassays. Single-cell suspensions were obtained 

from the lungs by homogenizing the tissue through a 45-µm cell strainer 

(BD Falcon). Following centrifugation, supernatants were subsequent

ly harvested for cytokine quantification using a multiplex array (EMD 

Millipore) for a selected group ofcytokines (IL-6, IL-17A, TNF-a, IFN-y, 
IL-4, IL-13, IL-10, and IL-lp). All chemokine analyses were performed 

on BAL fluid supernatants using a ProcartaPlex Immunoassay (Thermo 

Fisher Scientific) for selected chemokines (CCL2, CCL3, CCL4 CCL5, 

CCLll, CXCLl, and CCL20). For the determination of antibody titers 

in the influenza study, the aforementioned supernatants were used for 

IgG-specific ELISAs (Southern Biotechnology) as previously described 

(32) . For pulmonary surfactant-specific ELISAs, specifically SP-D (R&D 

Systems), BAL fluid was acquired as described above. Following centrif

ugation, the supernatants were harvested and used for immunoassays. 

Influenza A infection. Mice were infected with influenza A/Hong 

Kong/ 8/ 68 (H3N2) (A/ HK/68) following 3-month exposure to air or 

ENDS using previously described methods (32). Briefly, following 3 

months ofENDS exposure, mice were infected with an aerosolized lethal 
(45 TCID5/mouse) or sublethal dose (20 TCID

5
/mouse) of A/HK/68. 
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The frozen, clinical stock was diluted in 0.05% gelatin in Eagle's minimal 

essential medium (Sigma-Aldrich); mice were placed in a sealed cham

ber and underwent aerosolized viral exposure for 20 minutes. Viral titers 

were determined before and after aerosolization. Mouse weight loss and 

recovery were assessed for 10 (lethal dose) or 14 days (sublethal dose) 

following infection, and the mice were then euthanized. 
Histopathological scoring. Hematoxylin- and eosin-stained (H&E

stained) slides from influenza-infected mice were coded and scored as 

described previously (32). A blinded observer scored the tissue from 
0 (absent) to 4 (severe) for the following parameters: interstitial and 

endothelial inflammation, bronchitis, edema, thrombi, and percent

age of lung surface exhibiting diffuse inflammatory infiltrate accord

ing to previously published guidelines (62) . 

BAL fluid lipid quantification. Freshly harvested BAL fluids were 

separated from cells by centrifugation. Pelleted cells were washed twice 

with sterile PBS to remove any lipids found in the supernatant. Cells 

were quantified using a standard hemocytometer as described above 

and equal numbers of cells were pelleted from each mouse and lysed 

using 5% Triton X-100 as instructed by the manufacturer's guidelines. 

Cellular lipids were quantified using a Glycerol Quantification Kit (Bio

Assay Systems) and a Phospholipid Quantification Kit (Sigma-Aldrich). 

Histological evaluation oflung tissue. Following the exposure peri

od, mice were euthanized and lungs were perfused with 4% para

formaldehyde via intratracheal cannulation at 20-cmH20 pressure, 
as previously described (58). Following the fixation, lung tissue then 

underwent ethanol dehydration and embedding in paraffin wax. Par

affin-embedded tissue was then sliced into 5-µm sections and stained 

with either H&E or prepared for immunohistochemical staining. 

Mass spectrometry shotgun lipidomics. To extensively profile the lip
id species in the BAL fluid, we used a high-resolution TripleTOF 5600 

equipped with a Turbo VTM ion source (AB Sciex) in collaboration 

with the Baylor College of Medicine Metabolomics Core according to 

described previously methods (63) . Freshly collected BAL fluid was 

kept on ice throughout processing, and pooled from 3 separate mice to 

constitute a single sample for lipidomic analysis. Both acellular fluid 

and pelleted BAL cells were sent for lipidomic analysis. After the acel

lular supernatant was removed, cells were washed twice with sterile 

PBS and quantified. Equal numbers of cells were used for each con

dition (5 x 105 cells). A sample size of 3 was used for each treatment 

condition. All samples were stored at -80°C until lipid extraction was 

performed. Extraction was performed using a 2:2:2 volume ratio of 

water/methanol/dichloromethane. 

TEM. Following euthanasia, mice were exsanguinated to remove 

all blood from the lungs. The lungs were perfused with a TEM primary 

fixative (2% paraformaldehyde, 2.5% glutaraldehyde, and 2 mM CaCl, 

in 0.1 M cacodylate buffer) and the smallest lung lobe was removed for 

further EM tissue processing. All subsequent processing and mount

ing of tissue were done in collaboration with the Baylor College of 

Medicine Integrated Microscopy Core. 

Lamellar body quantification. Electron micrographs of ATIIs were 

first coded. Subsequently, a blinded observer quantified the total num

ber of lamellar bodies as well as the number of irregular lame liar bod

ies per cell. Lame liar bodies were considered irregular if they failed to 

exhibit the uniform, concentric structure that is characteristic of the 

specialized organelles. 

Macrophage isolation and culture. RBC-free, lung single-cell sus

pensions were labeled with paramagnetic, bead-conjugated anti-F4/80 

and separated using an autoMACS (Miltenyi Biotec) according to the 

manufacturer's instructions. Cells were then cultured for 24 hours in 

complete RPM! media with 10% FBS and cells were harvested for gene 

expression analyses and quantification of LDH (Thermo Fisher Scien

tific). For stimulation experiments, isolated cells were cultured with 10 

µg/mL poly l:C (lnvivogen) or vehicle (PBS) for 24 hours and cells were 

harvested for gene expression analyses. 

Statistics. All statistical analyses were conducted using GraphPad 

Prism software. All data are represented as the mean values with error 

bars representing standard error of the mean (SEM). Comparison of 

BAL fluid cell numbers, lung volume quantifications, gene expression, 

cytokine concentration, and lipid concentration between air-exposed 

or smoke-exposed mice and the ENDS-vehicle and ENDS-nicotine 

mice were accomplished using 1-way analysis of variance (ANOVA) or 

Student's t test. We considered P values of 0.05 or lower significant. 

Study approval. All experimental protocols used were approved by 

the Institutional Animal Care and Use Committee ofBaylor College of 

Medicine and the National Research Council Guide for the Care and 

Use of Laboratory Animals. 

Author contributions 
MCM and FK designed and analyzed experiments and wrote the 

manuscript with input from coauthors. CTL, BHG, HYT, NB, RY, 

and LZS performed smoke- and ENDS vapor-exposure experi

ments. MJH and BEG aided in the design of influenza infection 

experiments. PP designed and helped pilot the ENDS vapor-expo

sure model. NP, IL, RS, MJC, and DBC designed and analyzed 

experiments and provided necessary reagents. 

Acknowledgments 
This work was supported by NIH grants ROl ES029442-01 and 

ROl AI135803-01; VA Merit grant CX000104; by the Cytometry 

and Cell Sorting Core at Baylor College of Medicine with fund

ing from the NIH (AI036211, CA125123, and RR024574); and the 

expert assistance of Joel M. Sederstrom. This project was also 

supported by the Metabolomics Core at Baylor College of Med
icine under the expert assistance of Nagireddy Putluri and the 

Integrated Microscopy Core at Baylor College of Medicine with 

the assistance of Fabio Stassi. The contents of this manuscript do 
not represent the views of the US Department ofVeterans Affairs 

or the US Government. 

Address correspondence to: Farrah Kheradmand, 1 Baylor 

Plaza mailstop-M915A, Houston, Texas 77030, USA. Phone: 

713.798.8622; Email: farrahk@bcm.edu. 

l. Regan AK, PromoffG, Dube SR, Arrazola R. use among middle and high school students  Risk Factor Surveillance System, 2016. Ann 

Electronic nicotine delivery systems: adult use United States, 2011-2018. MMWR Mol'b Mol'tal Intcm Med. 2018;169(7):429-438. 

and awareness of the 'e-cigarette' in the USA. Tub Wkly Rep. 2019;68(6):157-164. 4. McCarthy M. E-cigarettes are major threat to 

Control. 2013;22(1):19-23. 3. Mirbolouk M, et al. Prevalence and distribution young people's health, says US surgeon general. 

2. Gentzke AS, et al. Vital signs: Tobacco product ofe-cigarette use among U.S. adults: Behavioral BM/. 2016;355:i6652. 

4302 jci.org Volume 129 Number 10 October 2019 

mailto:farrahk@bcm.edu


The journal of Clinical Investigation 

5. Zhu SH, et al. Four hundred and sixty brands of 

e-cigarettes and counting: implications for product 

regulation. Toh Control. 2014;23(Suppl 3):iii3-iii9. 

6. Soneji S, et al. Association between initial use of 

e-cigarettes and subsequent cigarette smoking 

among adolescents and young adults: a system

atic review and me la-analysis. JAMA Pediatr. 
2017;171(8):788-797. 

7. McCabe SE, Veliz P, McCabe VV, Boyd CJ. Smok
ing behaviors and intentions among current 

e-cigarelle users, cigarette smokers, and dual 

users: A national survey ofU.S. high school 
seniors. Prev Med. 2017;99:228-235. 

8. Zhong J, Cao S, Gong W, Fei f, Wang M. Elec
tronic cigareues use and intention lo cigarette 

smoking among never-smoking adolescents and 

young adults: a meta-analysis. Int] Environ Res 
P11blic Health. 2016;13(5):E465. 

9. Logue JM, et al. Emissions from electronic 

cigarettes: assessingvapers' intake of toxic 

compounds, secondhand exposures, and the 

associated health impacts. Environ Sci Tec/1110/. 
2017;51(16) :9271-9279. 

10. Salamanca JC, Meehan-Atrash J, Vreeke S, Esc

obedo JO, Peyton DH, Strongin RM. E-cigarettes 
can emit formaldehyde at high levels under con

ditions that have been reported to be non-averse 

to users. Sci Rep. 2018;8(1):7559. 

11. Sleiman M, et al. Emissions from electronic 

cigarettes: key parameters affecting the release 
ofharmful chemicals. Environ Sci Tech no/. 
2016;50(17):9644-9651. 

12. Farsalinos KE, Kistler KA, Gillman G, Voudris 

V. Evaluation ofelectronic cigarette liquids and 

aerosol for the presence ofselected inhalation 
toxins. Nicotine Tob Res. 2015;17(2):168-174. 

13. Stephens WE. Comparing the cancer potencies 

ofemissions from vapourised nicotine products 

includinge-cigarettes with those of tobacco 
smoke. Tob Control. 2018;27:10-17. 

14. Tornmasi S, Bates SE, Behar RZ, Talbot P, Besa

ratinia A. Limited mutagenicity ofelectronic 
cigarettes in mouse or hmnan cells in vitro. L11ng 
Cancer. 2017;112:41-46. 

15. Itoh M, Aoshiba K, Herai Y, Nakamura H, 


Takemura T. Lung injury associated with 


electronic cigaretles inhalation diagnosed by 


trans bronchial lung biopsy. Respirol Case Rep. 

2018;6(1):e00282. 


16. McCauley L, Markin C, Hosmer D. An unexpect

ed consequence ofelectronic cigarette use. Chest. 
2012;141 (4) :1110-1113. 

17. Nkadi PO, Merrill'l'A, Pillers DA. An overview of 

pulmonary surfactant in the neonate: genetics, 

metabolism, and the role ofsurfactant in health 
and disease. Mo/ Genet Metab. 2009;97(2):95-101. 

18. Griese M. Pulmonary surfactant in health and 

human lung diseases: state of the art. Eur Respir ]. 
1999;13(6):1455-1476. 

19. Veldhuizen EJ, Haagsman HP. Role ofpulmo

nary surfactant components in surface film 
formation and dynamics. Biochim Biophys Acta. 
2000;1467(2):255-270. 

20. Wright JR. lmmm1oregulatory functions ofsurfac
tant proteins. Nat Rev Imm11110/. 2005;5(1) :58-68. 

21. Miles PR, Ma JY, Bowman L. Degradation of 

pulmonary surfactant disaturated phosphatidyl

cholines by alveolar macrophages.]Appl Physio/. 

1988;64(6) :2474-2481. 

22. Trapnell BC, Whitsett JA, Nakata K. Pul

monary alveolar proteinosis. N Engl] Med. 
2003;349(26):2527-2539. 

23. Kalra R, Singh SP, Pena-Philippides JC, Langley 

RJ, Razani-Boroujerdi S, Sopori ML. lmmunosup

pressive and anti-inflammatory effects ofnico

tine administered by patch in an animal model. 
Clin Diag11 Lab Imm11110/. 2004;11(3):563-568. 

24. Minna JD. Nicotine exposure and bronchial 

epithelial cell nicotinic acetylcholine receptor 

expression in the pathogenesis oflung cancer. 
] Cli11 In vest. 2003;111(1):31-33. 

25. US Food and Drug Administration, Department 

ofHealth and Human Services. CFR- Code of 
Federal Regulations Title 21, Volume 3. Revised 

as ofApril 1, 2018. https://www.accessdata.fda. 

gov/scripls/cdrh/di:locs/cfcfr/cfrsearch.cl'm? 

fr=184.1666; https://www.accessdata .fda.gov/ 

scripts/cdrh/cfdocs/cfcfr/ CFRSearch.cfm? 
fr=182.1320&SearchTerm=glycerin. Accessed 
August 27, 2019. 

26. Kheradmand F, Shan M, Xu C, Corry DB. Auto

immunity in chronic obstructive pulmonary dis

ease: clinical and experimental evidence. Expert 
Rev Clin Imm1mol. 2012;8(3):285-292. 

27. Shan M, el al. Cigarette smoke induction ofoste

opontin (SPPl) mediates T(H)17 inflammation in 

human and experimental emphysema. Sci Transl 
Med. 2012;4(117):117ra9. 

28. Bernhard W, et al. Phosphatidylcholine molecular 

species in lung surfactant: composition in rela

tion to respiratory rate and lung development. 
Am] Respir Cell Mo/ Biol. 2001;25(6):725-731. 

29. Holm BA, Wang Z, Egan EA, Notter RH. Content 

ofdipalmitoyl phosphatidylcholine in lung sur
factant : ramifications for surface activity. l'ediatr 
Res. 1996;39(5):805-811. 

30. Shibata Y, Berdai PY, Chroneos ZC, Yoshida M, 

Whitsett JA, Trapnell BC. GM-CSF regulates 

alveolar macrophage differentiation and innate 
immunity in the lung through PU.I. Immunity. 
2001;15(4):557-567. 

31. Honda K, et al. IRF-7 is the master regulator of 

type-I interferon-dependent immune responses. 
Nature. 2005;434(7034):772-777. 

32. Hong MJ, el al. Protective role oryo 'I' cells in 

cigarette smoke and influenza infection. M11cosal 
Immunol. 2018;11(3):894-908. 

33. Lerner CA, et al. Vapors produced by electronic 


cigarettes and e-juices with flavorings induce 


toxicity, oxidative stress, and inflammatory 


response in lung epithelial cells and in mouse 


lung. l'LoS ONE. 2015;10(2):e0116732. 


34. Reidel B, et al. E-cigarette use causes a unique 

innate immune response in the lung, involving 

increased neutrophilic activation and altered 
mucin secretion. Am] Respir Grit Care Med. 
2018;197(4):492-501. 

35. Crolly Alexander LE, et al. Chronic inhala

tion ofe-cigarette vapor containing nicotine 


disrupts airway barrier function and induces 


systemic inflammation and multiorgan fibrosis 


in mice. Am] Physiol Regul Intcgr Comp Pl~1•siol. 


2018;314(6):R834- R847. 


36. Bussell T, Bell TJ. Alveolar macrophages: plastici

ty in a tissue-specific context. Nat Rev 111111111110/. 
2014;14(2):81-93. 

jci.org Volume 129 

RESEARCH ARTICLE 

37. Gautier EL, et al. Gene-expression profiles and 

transcriptional regulatory pathways that underlie 

the identity and diversity ofmouse tissue macro

phages. Nat Im11111110/. 2012;13(11):1118-1128. 

38. Wright JR, Clements JA. Metabolism and 

turnover oflung surfactant. Am Rev Respir Dis. 
1987;136(2):426-444. 

39. lkegami M, Hull WM, Yoshida M, Wert SE, Whit

sett JA. SP-D and GM-CSF regulate surfactant 

homeostasis via distinct mechanisms. Am] Physi
ol Lung Cell Mo/ Plzysiol. 2001;281(3) :L697-L703. 

40. Korfhagen TR, et al. Surfactant protein-Dreg

ulates surfactant phospholipid homeostasis in 
vivo.] Biol Chem.1998;273(43):28438-28443. 

41. Fukuzawa T, et al. Lung surfactant levels are reg
ulated by lg-Hepta/G PR116 by monitoring sur

factant protein D. PLoS ONE. 2013;8 (7):e69451. 

42. Ernst R, Ballweg S, Levental I. Cellular mecha

nisms ofphysicochemical membrane homeosta
sis. Curr Opin Cell Biol. 2018;53:44- 51. 

43. Perez-Gil J. Structure ofpulmonary surfactant 
membranes and films: the role ofproteins and 

lipid-protein interactions. Biochim Bio phys Acta. 
2008;1778(7-8):1676-1695. 

44. Jacob SE, Scheman A, McGowan MA. Propylene 
glycol. Dennatitis. 2018;29{1) :3- 5. 

45. Hwang JH, et al. Electronic cigarette inhalation 

alters innate immunity and airway cytokines 

while increasing the virulence orcoloniiing bac

teria.] Mo/ Med. 2016;94(6):667-679. 

46. Ween MP, Whittall Jj, Hamon R, Reynolds PN, 

Hodge SJ. Phagocytosis and inflammation: 
exploring the effects or the components or 

e-cigarette vapor on macrophages. Physiol Rep. 
2017;5(16) :e13370. 

47. Kawashima K, Fujii T. The lymphocytic cholin
ergic system and its biological function . Life Sci. 
2003;72(18-19):2101-2109. 

48. Gahring LC, Osborne-Hereford AV, 

Vasquez-Opazo GA, Rogers SW. Tumor necrosis 

factor alpha enhances nicotinic receptor up-regu

lation via a p38MAPK-dependent pathway.]Biol 
Chem. 2008;283(2):693-699. 

49. West KA, et al. Rapid Akt activation by nicotine 
and a tobacco carcinogen modulates the pheno

type ofnormal human airway epithelial cells. 
] Clin lnvcst. 2003;111(1):81-90. 

:iO. Zou W, et al. Nicotine reduces the levels ofsur


factant proteins A and D via Wnt/P-catenin and 


PKC signaling in human airway epithelial cells. 


Respir Plzysiol Ncurobio/. 2016;221:1-10. 


51. Ghosh A, et al. Chronic e-cigarette exposure 

alters the human bronchial epithelial proteome. 
Am] RespirCritCare Med. 2018;198(1):67-76. 

52. Shen Y, Wolkowicz MJ, Kotova T, Fan L, Timko 

MP. Transcriptome sequencing reveals e-ciga

rette vapor and mainstream-smoke from tobacco 

cigarettes activate different gene expression pro

files in hunrnn bronchial epithelial cells. Sci Rep. 
2016;6:23984. 

53. Zhou Y, Hancock JF. Deciphering lipid codes: 

K-Ras as a paradigm. Traffic. 2018;19(3) :157-165. 

54. Levental KR, et al. w-3 polyunsaturated fatty 

acids direct differentiation of the membrane 

phenotype in mesenchymal stern cells to potenti
ate osteogenesis. Sci Adv. 2017;3(ll) :eaao1193. 

55. Zhou Y, el al. Bile acids modulate signaling by !imc

tional perturbation ofplasma membrane domains. 

Number 10 October 2019 4303 -

http:https://www.accessdata.fda.gov
https://www.accessdata.fda


RESEARCH ARTICLE 

j Biol Chem. 2013;288(50) :35660-35670. 

56. Famele M, et al. Liquid chromatography with 

tandem mass spectrometry method for the 

determination ofnicotine and minor tobacco 

alkaloids in electronic cigarette refill liquids 

and second-hand generated aerosol. JSep Sci. 
2017;40(5):1049-1056. 

57. Etter JF, ZatherE, Svensson S. Analysis of refill 

liquids for electronic cigarettes. Addiction. 
2013;108(9):1671-1679. 

58. Shan M, el al. Agonistic irnluction ofPPARy 

reverses cigarette smoke-induced emphysema. 

j Clin Invest. 2014;124(3):1371-1381. 

59. Yuan X, et al. Activation ofC3a receptor is 

required in cigarette smoke-mediated emphyse

ma. M11cosal Immunol. 2015;8(4):874-885. 

60. Goswami S, et al. Divergent functions for airway 
epithelial matrix metalloproteinasc 7 and rcti

noic acid in experimental asthma. Nat /111111111101. 
2009;10(5):496-503. 

61. Melo RC, D'Avila H, Bo7.7.a PT, Weller PF. Imag

ing lipid bodies within leukocytes with different 

The journal of Clinical Investigation 

light microscopy techniques. Methods Mo/ Biol. 
2011;689:149-161. 

62. Saltzberg), Frischmann S, van Heeckeren 

C, Brown N, Caplan A, Bonfield TL. Quan

titative microscopy in murine models of 

lung inflammation. Anal Q11ant Cytol Histol. 
2011 ;33(5) :245-252. 

63. Piyarathna DWB, et al. Distinct lipidomic 

landscapes associated with clinical stages of 

urothelial cancer of the bladder. E11r Urol Focus. 
2018;4(6):907-915. 

4304 jci.org Volume 129 Number 10 October 2019 


	Structure Bookmarks
	Figure
	CATTARAUGUS COUNTY .BOARD OF HEALTH .
	Figure
	PublicHealth 
	rrcvcn1. J•rnmou·. 1•rtt1cr1. 
	Cattaraugus County Health Depil.rrmeol
	1 Leo Moss Drive, Olean, NY 14760, Tel. (716)373-8050, Fax (716) 701-3737 Established 1923 
	Joseph Bohan, MD, President 
	Joseph Bohan, MD, President 
	Joseph Bohan, MD, President 
	Giles Hamlin, MD, Vice-President 

	Zahid Clwlwn, MD 
	Zahid Clwlwn, MD 

	Sondra Fox, RN, MSN, C.S. 
	Sondra Fox, RN, MSN, C.S. 

	Richard Haberer 
	Richard Haberer 

	Theresa Ra/tis 
	Theresa Ra/tis 

	David L. Smith, Mayor 
	David L. Smith, Mayor 

	James Snyder, legislator 
	James Snyder, legislator 

	Kathrvn Coonev Tltrush, NP. MSN 
	Kathrvn Coonev Tltrush, NP. MSN 
	MINUTES 


	November 6, 2019 
	The 880h meeting of the Cattaraugus County Board of Health (BOH) was held at The Point Restaurant, 800 East State Street, Olean, New York on November 6, 2019. 
	1

	The following members were present: Giles Hamlin, MD Richard Haberer Zahid Chohan, MD Mayor David Smith Sondra Fox, RN, MSN, C.S. Kathryn Cooney Thrush, NP, MSN 
	Also present were: Kevin D. Watkins, MD, MPH, Public Health Director Tom Brady, County Attorney Richard Helmich, Legislator Donna Vickman, Legislator Scott Anderson, President & General Manager of CH2M HILL BWXT WV, LLC Joe Pillittere, Communications Manager of CH2M HILL BWXT West Valley, LLC John Rendall, Deputy General Manager of CH2M HILL BWXT West Valley, LLC Raymond Jordan, Sr. Public Health Sanitarian Debra Lacher, Secretary to the Public Health Director Colette Lulay-Pound, Administrative Officer Lyn
	The meeting was called to order by Dr. Giles Hamlin. The roll was called and a quorum, was present. 
	Mayor David Smith made a motion to approve the minutes of the BOH meeting held on October 2, 2019, the motion was seconded by Mr. Richard Haberer and unanimously approved. 
	Dr. Hamlin introduced guest speaker Scott Anderson, President and General Manager of CH2MHILL BWXT of West Valley. Mr. Anderson shared an update of the West Valley Demonstration Project (WVDP) in their cleanup process, and safety procedures. 
	-Accredited Health Department mr:l~rn! P\Jb\ic Health Accreditation Board 
	November 6, 2019 Page Two 
	The WVDP received the Voluntary Protection Program (VPP) star of excellence award from Dae Chung, Department of Energy Office of Assistant Secretary for Environmental Management (DOE-EM) Deputy Assistance Secretary for safety, security and quality assurance. 
	The current contract consists of (4) milestones: a.) complete the relocation of 278 high-level radioactive waste (HL W) canisters to long-term interim storage (this was completed in February 2017); b.) process, ship, dispose of all legacy waste, not including transuranic waste (this was completed in September 2018); c.) demolish and remove the Vitrification Facility (VF) and the Main Plant Process Building (MPPB); VF has been completed but the MPPB deactivation is ongoing; and d) complete all work in the pe
	New work scope additions were added when the main plant demolition was deferred including deactivation of general purpose cell, deactivation of product purification cell (PPC), and asbestos abatement in the fuel receiving and storage facility. 
	The 2018 annual site environmental report (ASER) confirms that the public's health and safety is being protected during the demolition activities of this process. Monitoring data was collected on ambient air, and the plants exposure levels were< 0.55 mrem (dose maximum standard allowed is 10 mrem). This low exposure number has been consistent for the past five years. Surface water is also monitored with a maximum allowed of 100 mrem, the plants exposure rate for 2018 was .020 mrem. The complete 2018 ASER re
	available online at www.wv.doe.gov. 

	Legislator Helmich asked Mr. Anderson if he was aware of work being done trying to increase the amount of steelhead fishing on Cattaraugus Creek. Mr. Anderson replied that he was not, but he did have information available on what is being done to control contaminants of ground water if that would be of interest to anyone. Dr. Chohan asked how low level radioactive medical waste is now monitored. Mr. Anderson stated that there are a variety of commercial vendors who provide disposal options. 
	DIRECTORS REPORT: Dr. Watkins reported that influenza activity for the last four weeks has been categorized as geographically sporadic. During the week ending October 26h, the number of patients hospitalized statewide with laboratory confirmed influenza was (31) a 6% decrease over the previous week, with (1) laboratory confirmed case in Cattaraugus County. There has been (1) influenza associated pediatric death reported this season in New Yark State. All Health Department and nursing home personnel that wan
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	There has been recent concerns about the shortage of the high dose influenza vaccine. High-Dose influenza vaccine is specific for people 65 years old and older. The "Fluzone High-Dose" influenza vaccine contains four times the antigen (the part of the vaccine that helps a person's body build up protection against the influenza virus}. This higher dose of antigen in the vaccine is intended to give older people a better immune response, and therefore, better protection against influenza. 
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	A local pharmacist has expressed concerns regarding the limited supply and delay in shipment, which has caused him to have a waitlist of customers in need of the vaccine. The Health Department has currently run out of the high dose vaccine and expects a new shipment this week. Reports show that the high dose vaccine is nearly 25% more effective in preventing the flu in adults over 65 years of age than the standard dose, and it has been associated with a lower risk of hospitalization, especially for those li
	It is recommended that anyone 6 months of age or older who has not yet been vaccinated against influenza should be vaccinated as the first line of defense. Ifthe high dose is not available for those 65 years old and older, it is okay to get the standard dose. Usually, a person will need nothing more than bed rest and plenty of fluids to treat the flu. However, severe infection or if a person is at higher risk for complications, an antiviral medication, such as oseltamivir (Tamiflu), zanarnivir (Relenza), pe
	Mosquito surveillance has been completed for this year, but during the week of October 15th the department was notified by one of the local veterinarian in Randolph that a horse died in the Conewango area from Eastern Equine Encephalitis (EEE). Dr Watkins remarked that EEE which is extremely rare, can be contracted by any resident or visitor to areas where EEE activity has been identified. EEE can be a serious and often fatal infection that causes encephalitis or inflammation of the brain. It is spread by t
	Symptoms of EEEV infection typically appear 4-10 days after being bitten by an infected mosquito. People over the age of 50 and younger than the age of 15 are at greatest risk for developing severe disease when infected with EEEV. Severe cases of EEE infection begin with the sudden onset of headache, high fever, chills, and vomiting that may progress into disorientation, seizures, encephalitis (inflammation of the brain), and coma. Approximately a third of patients who develop EEE die, and many of those who
	The New York State Department of Health (NYSDOH), Bureau of Immunization, notified the school superintendents and administrators that the 2019-2020 Online School Assessment Survey (OSAS) for school immunization data input, was ready for schools to use as of October 31, 2019. The notification stated that it was mandatory for all schools to complete the immunization status survey online by December 15, 2019 of all students in grades pre-kindergarten through 12th grade. Failure to complete and submit the surve
	November 6, 2019 Page Four 
	Provisional reports indicate that at this point, all of Cattaraugus schools are in compliance with the new immunization regulations except for the Amish schools, which as expected, plans to maintain its stance on no vaccinations. Medical exemptions are in place for students at the following schools: Franklinville High, Gowanda High, and Olean High; and the following school districts; Ellicottville School district, Pioneer School District, and the Randolph School District. 
	A study out of Bailor College of Medicine in Houston, Texas reported tha.t chronic exposure to ecigarette vapors even without nicotine negatively impacts normal lung function. A copy of this study was provided to those in attendance. This exposure has ramifications for how the body responds to infections, as it can make immune cells less able to respond to viruses such as influenza. A local school superintendent placed a call to the department regarding the number of vaping apparatuses they have confiscate
	NURSING DIVISION REPORT: Mrs. Moore reported that homecare census is increasing and the current report is (275) clients. The department has started. to use Healthelink ADT system, which allows the department to upload active patient lists weekly, and then Healthelink alerts the department when a patient goes to the emergency room or is admitted to a facility. This prevents needless visits by a nlirse who would typically go to a home just to find out a patient was admitted to the hospital during the night. W
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	The lead program is following (116) open elevated blood lead levels cases (normal< 5ug/dl). The program added (5) new cases in October, but testing was down due to the absence of the lead nurse. 
	Community influenza clinics administered (1,092) vaccinations, and the total number for the County was (9,395) as of October 31st. 
	The department will participate in NYSDOH Year 8 Article 6 Performance Incentive program that will focus on Expedited Partner Therapy (EPT) for partners of Chlamydia patients. EPT is a proven highly effective strategy that allows medical providers to write prescriptions or provide medication for the treatment of sex partners at risk for chlamydia infection. EPT prescriptions are currently waived from the NYS electronic prescription ("e-prescribe") mandate. 
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	The department's goal is to provide education on this program to local physicians and providers; to improve the reporting and documentation of EPT provision in the Communicable Disease Electronic Surveillance System (CDESS); and to increase the provision of EPT through medication-in-hand and prescriptions. 
	In September the department treated (35) patients for chlamydia, this month is down to (22) patients with two repeat patients. 
	Communicable disease in October: there was (1) probable case of Hepatitis B, (3) confirmed chronic cases of Hepatitis C, and (1) unspecified strain of influenza. 
	Sexually transmitted diseases for the month of October included: Chlamydia (22) positive cases, 
	(1) case of Gonorrhea, and no syphilis cases. 
	Rabies, there were (4) rabies post-exposure prophylaxis vaccines series given in October. 
	ENVIRONMENTAL HEALTH DIVISION REPORT: Mr. Wohlers reported that the last two applications submitted for the Community Development Block Grant (CDBG) were not funded, but the gentleman who heads the program encouraged the department to reapply and the new application deadline for the CDBG funding is December 15• 
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	NYSDOH has given all district offices and County Health Department Offices a directive that compliance checks should be completed at all Vape shops that do not sell traditional tobacco products and are not registered with the State Department ofTaxation and Finance. The department has completed this directive and we are now in the process of scheduling additional compliance checks at other tobacco retail establishments that are selling vape products. NYS finally passed legislation raising the legal age to p
	1

	Changes to the elevated blood lead levels regulations has increased referrals to the environmental health division with (14) new referrals in October. Lead risk assessments, checking all lead paint surfaces in the homes where the child resides must be completed for all referrals. Fourteen referrals in one month is double what was received for the whole year prior to these changes made to the regulations. The department is hopeful that additional staff will be approved in 2020 budget to handle these increase
	Dr Watkins mentioned the death of a horse in the Randolph area due to the EEE virus. We were subsequently notified a few weeks later that there was a second horse that died from West Nile Virus in our area. Normal protocol when you find EEE virus in the community is to spray for mosquitos, but due to the lateness of the season, spraying will not be deployed. 
	Earlier this year the NYSDOH regional office completed an audit of all drinking water programs. November 7the department has been scheduled for an audit by the Bureau of Community Environmental Health and Food Protection Program. 
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	Enforcement Report: Mr. Porter reported on the Administrative Hearing held on October 8, 2019. 
	DOCKET #19-031: 
	Respondent: John Sinsabaugh1838 Dugan Road, Olean, NY. Location of property 692 Garden Avenue, Olean, NY 14760. 
	Violations: .lONYCRR Sec. 67-2.6(b) respondent was issued a notice and demand dated 8/29/18 which required the discontinuance of conditions conducive to lead poisoning at 692 Garden Ave. by 11/19/18. On 11128/18 a deadline extension to 5/31/19 was granted. On 6/3/19 another deadline extension was granted to 7/31/19 as of 9/12/19 the work on the exterior of the property was not complete. lONYCRR Sec. 67-2.6(d) per the notice and demand issued to the respondent dated 8/29/18. Any change of tenancy would not b
	Recommendation: 1. That the $150.00 civil compromise offered be changed to a $150.00 fine and be paid by 11129/19. 
	2. 
	2. 
	2. 
	The residence (2 apartments) at 692 Garden Ave., Olean, NY meet CCHD guidelines for remediation of the identified lead hazards that was established between respondent and CCHD 11/17/18 on or before 11129/19. 

	3. 
	3. 
	Residence 692 Garden Ave, Olean, NY should remain empty until approved for occupancy by CCHD personnel concerning remediation of identified lead hazards established 11119118 if not completed and approved by 11129/19. 

	4. 
	4. 
	A $10.00 per day per diem will be levied for every day not in full compliance. 

	5. 
	5. 
	Iffine is paid and apartments at 692 Garden Ave. are empty by 11129119 there will not be a $10.00 per day per diem. 


	Dr. Witte inquired how extensive were the required remediation. Judge Porter replied he did not know how extensive but conditions still exist at 692 Garden Ave. Dr. Watkins added that if the Board would like when these cases are presented moving forward a full assessment report could be made available regarding the homes that are contaminated with lead. Mr. Haberer asked if the fines imposed go to offset the costs involved with bringing these cases to closure. Mr. Wohlers replied any fines collected go to t
	November 6, 2019 .Page Seven 
	A motion to accept Judge Porter's recommendation was made by Mr. Haberer, seconded by Mayor Smith and unanimously approved by the Board. 
	DOCKET# 19-027: 
	Respondent: Turkey Run, LLC, Daniel Cass Jr., 11836 Bixby Hill Rd., Arcade, NY 14009*, DBA Turkey Run Golf Course. Mr. Christopher Lynn appeared on behalf of the Turkey Run Golf Course. 
	Violation: .lONYCRR Sec. 5-1.72(c)(l). Respondent failed to submit complete daily records for the operation of the non-community water supply for 10th day of the following month. 
	the month of July 2019 to CCHD by the 

	Recommendation: That the respondent pay a $50.00 fine on or before 11/29/19. A $10.00 per day, per diem will be levied for every day late. 
	A motion to accept Judge Porter's recommendation was made by Dr. Chohan, seconded by Sondra Fox and unanimously approved by the Board. 
	DOCKET# 19-026: 
	Respondent: Turkey Run, LLC, Daniel Cass Jr., 11836 Bixby Hill Rd., Arcade, NY 14009*, DBA Turkey Run Golf Course. Mr. Christopher Lynn appeared on behalf of the Turkey Run Golf Course. 
	Violation: .lONYCRR Sec. 5-1.72(c)(l). Respondent failed to submit complete daily records for the operation of the non-community water supply for 10th day of the following month. 
	the month of August 2019 to CCHD by the 

	Recommendation: That the respondent pay a $50.00 fine on or before 11129/19. A $10.00 per day, per diem will be levied for every day late. 
	A motion to accept Judge Porter's recommendation was made by Mr. Haberer, seconded by Mayor Smith and unanimously approved by the Board. 
	Administrative Hearing Held on 8/13/19: 
	DOCKET# 19-020: 
	Respondent: Lisa Tymorek, 11030 Delevan-Elton Road, Delevan, NY 14042. 
	Violation: .Sanitary code of CCHD Part 17.1.1 respondent received title of property without the required inspection of the on-site waste water treatment system and water supply being conducted. 
	Recommendation: That the respondent pay a $50.00 fine and a $290.00 RPT application fee on or before 11/29/19. A $10.00 per day per diem will be levied for every day not in full compliance. 
	A motion to accept Judge Porter's recommendation was made by Dr. Chohan, seconded by Sondra Fox and unanimously approved by the Board. 
	Cattaraugus County Board of Health Meeting 
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	Legislator Helmich shared he attended a Farm Bureau meeting in October where he was provided with a list of resolutions which will be provided to the County and State Legislators. One of the resolutions stated "we asked the County Health Department to prioritize mental health services for farm families at this time to improve delivery of information in the County for the farm area." Dr. Watkins responded that mental health services would be under the umbrella of Community Services. Dr. Watkins offered to re
	New business: Dr. Giles Hamlin's appointment will expire on December 31, 2019, without delay a request to the Legislators will be submitted for another 6 year term if there is no objection from the Board, none stated. 
	In order to come up with a slate of officers (President and Vice President) for 2020, a nominating committee will need to be appointed at this time. Dr. Hamlin appointed Mrs. Fox and Ms. Raftis to the nominating committee to report a slate of officers to the board at the February 2020 meeting. 
	Two legislators, Ms. Donna Vickman and Mr. James Snyder Sr. who has played an integral part on the Board and its meetings will be at their last meeting in their current capacity next month, and the board would like to recognize them at next month's meeting. 
	Mayor Smith extended his thanks to all Veterans for their service in recognition of the upcoming Veterans Day. 
	There being no further business to discuss, a motion to adjourn was made by Dr. Chohan and seconded by Kathryn Cooney-Thrush and unanimously approved. 
	Respec~fully sub_mited, 
	~·~. WL(;il. o. 
	M.D., M.P.H. 
	~Watkins,

	Secretary to the Board of Health 
	WVDP .Project Update .
	WVDP .Project Update .
	Scott Anderson 
	Scott Anderson 

	Deputy General Manager 
	Cattaraugus County Health Department .Board Meeting .
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	March 7, 2018 
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	Figure
	./ Began Vitrification Demolition (September 11, 2017) ./ Recertified as a DOE-Voluntary Protection Program STAR 
	site 
	site 

	./ Accelerated offsite legacy waste shipments 
	./ Achieved significant progress toward preparing the Main 
	Plant Process Building for demolition ./ Completed major site infrastructure upgrades ./ Successfully partnered with DOE toward reconfiguring site's 
	electric supply delivery system ./ Conducted support initi~tives to benefit local communities 
	safety ·:· performance ·=-cleanup ·=· closure Approved for Public Release; Further Dissemination Unlimited 3 
	www.energy.gov/EM 

	Figure
	Milestone 1 ./Complete Relocation of 275 HLW Canisters and 3 Non-conforming HLW Canisters to Long-term Interim Storage (Completed) Milestone 2 
	• Process, Ship, Dispose of all Legacy Waste, not including Transuranic Waste 
	(TRU) Milestone 3 
	(TRU) Milestone 3 

	• Demolish and Remove the Main Plant Process Building and the Vitrification 
	Facility Milestone 4 
	Facility Milestone 4 

	• .Complete All Work in Performance Work Statement, including Balance of Site Facilities, Surveillance and Maintenance, and Site Operations 
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	Milestone 2 
	Milestone 2 

	• .Process, ship and dispose Legacy Waste 
	• .
	• .
	• .
	• .
	Overall Legacy Waste status 

	• .
	• .
	• .
	149,670 ftof 165,515 ftshipped 
	3 
	3 


	• .
	• .
	• .
	90% complete 


	• .
	• .
	Approximately 24 shipments remain 



	• .
	• .
	Three large vessels in Chemical Process 


	Cell-Waste Storage Area (CPC-WSA} Filled waste boxes moved to
	• .
	• .
	• .
	First moved out of CPC-WSA for processing onsite shipment-ready area 

	• .
	• .
	Second being prepped for processing 

	• .
	• .
	Third .will be shipped intact for processing .offsite .


	• .Planned completion September 2018 
	One of the large components sits in the doorway of the CPC-WSA 
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	Figure
	General area of MPPB demolition 
	General area· of VF demolition 
	• 
	• 
	• 
	Milestone 3 -Main Plant Process Building (MPPB) Deactivation -82% Completed 

	• 
	• 
	Milestone 4 -Balance of Site Facilities Demolition -19 of 47 Facilities Completed 

	• 
	• 
	Milestone 3 -Vitrification Facility (VF) Demolition -50% Completed .
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	Figure
	Figure
	Milestone 3 -Vitrification Facility 
	• Demolition began on 
	• Demolition began on 

	September 11, 2017 Phase 1 Completed (November 2, 2017) 
	• 
	• 
	• 
	• 
	• 
	Outer access aisles .Phase 2 is ongoing .

	• 
	• 
	• 
	Process Cell 

	• 
	• 
	Shield Doors 




	• 
	• 
	• 
	• 
	South Wall .Phase 3 · .


	• 
	• 
	• 
	Crane Maintenance Room 

	• 
	• 
	• 
	Tunnel 

	• 
	• 
	Secondary Filter Room 




	• 
	• 
	Planned completion Spring/Summer .
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	Expected Debris Quantity: "'450 lntermodals (IMs) .Status: 129 lntermodals Loaded; 114 lntermodals Shipped .
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	Chemical Process Cell Crane Room .
	Milestone 3 -Main Plant Process Building 
	• .
	• .
	• .
	Six groups are performing deactivation .and decontamination in MPPB .

	• 
	• 
	Asbestos-containing material (ACM) removal 

	• .
	• .
	Deactivation in radiological areas 

	• 
	• 
	Several new areas now demolition-ready 

	• .
	• .
	Uranium Process Cell and Uranium Loadout 

	• 
	• 
	• 
	Acid Recovery Pump Room 

	• .
	• .
	Off Gas Cell Blower Room 

	• .
	• .
	Head End Ventilation 


	• .
	• .
	Overall Status: 82% Deactivated 

	• .
	• .
	Planned completion mid-to-late Summer 
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	Milestone 4 
	Milestone 4 

	• .
	• .
	• .
	• .
	Performing deactivation to support removal of 47 Balance of Site Facilities 

	• 19 facilities demolished and areas restored to date 

	• .
	• .
	• .
	Reconfiguring Infrastructure for facility demolition and future site needs 

	• .
	• .
	• .
	All data and phone equipment are now located in the new data center 

	• .
	• .
	Received approval from County Health Department to connect new potable water distribution system 

	• .
	• .
	• .
	• .
	New electrical substation 


	• .
	• .
	• .
	Completed installation of cross braces on power poles 

	• .
	• .
	Scheduled power line installation on March 2 

	• .
	• .
	Expect operational in April 2018 



	• .
	• .
	Rail Spur upgrades scheduled for Spring/Summer 

	• 
	• 
	Perform All Work Safely and Compliantly .· Complete Disposition of Legacy Waste .

	• .
	• .
	Complete Vitrification Facility Demolition 

	• .
	• .
	Complete Main Plant Process Building Deactivation and 
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	Figure
	Begin Demolition .· Initiate Off-site Rail Shipments .
	• .Complete Gas and Electric Reconfiguration to Support Facility Demolition 
	./"Complete Communications and Computer System Migration to New Data Center (Completed) 
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	Electronic cigarettes disrupt lung lipid homeostasis and innate immunity independent of nicotine 
	Matthew C. Madison, ... , David B. Corry, Farrah Kheradmand 
	J Clin Invest. 
	2019;129(10):4290-4304. https://doi.org/10.1172/JCl128531 . 

	Research Article Immunology Inflammation 
	Electronic nicotine delivery systems (ENDS) ore-cigarettes have emerged as a popular recreational tool among adolescents and adults. Although the use of ENDS is often promoted as a safer alternative to conventional cigarettes, few comprehensive studies have assessed the long-term effects of vaporized nicotine and its associated solvents, propylene glycol (PG) and vegetable glycerin (VG). Here, we show that compared with smoke exposure, mice receiving ENDS vapor for 4 months failed to develop pulmonary infla
	Find the latest version: 
	Find the latest version: 
	Find the latest version: 
	http://jci.me/128531 /pdf 
	http://jci.me/128531 /pdf 
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	Electronic nicotine delivery systems (ENDS) ore-cigarettes have emerged as a popular recreational tool among adolescents and adults. Although the use of ENDS is often promoted as a safer alternative to conventional cigarettes, few comprehensive studies have assessed the long-term effects of vaporized nicotine and its associated solvents, propylene glycol (PG) and vegetable glycerin (VG). Here, we show that compared with smoke exposure, mice receiving ENDS vapor for 4 months failed to develop pulmonary infla
	Introduction 
	Introduction 
	Introduction 
	The electronic nicotine delivery system (ENDS), or e-cigarette, entered the US market in the mid-2000s and rapidly gained popularity among tobacco smokers and never-smokers (1). Currently, an estimated 10 million US adults and over 3 million high school age adolescents are active ENDS users (2, 3). Notably, ENDS have become the most commonly consumed tobacco substitute in the adolescent population, fueling concerns over the health-related consequences of ENDS exposure (4). A large contributor to the public
	~ Related Commentary: p. 4077 
	Conflict of interest: The authors have declared that no conflict of interest exists. .Copyright:© 2019, American Society for Clini(al Investigation. .Submitted: March 6, 2019: Accepted: July 23, 2019: Published: September 4, 2019. .Reference information: f [/in Invest. 2019:129(10):4290-4304. .
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	ENDS-related studies often examine their addictive properties and the enticing advertising campaigns used by e-cigarette companies, which target impressionable youth (6). Specifically, studies have found that early ENDS use in teenagers may increase the risk for tobacco smoking later in life as they exhibit increased intention to smoke traditional cigarettes compared with those who have never used ENDS (7, 8). Moreover, toxicological studies have highlighted the potential health concerns ofENDS by reveali
	Multiple case reports have described atypical types of pneumonia in ENDS users (15, 16). A shared feature in these reports is the presence of lipid-laden macrophages found in the bronchoalveolar lavage (BAL) fluid from individuals with ENDS-associated pneumonia (15, 16). Despite this commonality, the physiological importance of lipid accumulation and whether this phenomenon can be recapitulated in experimental systems remain unknown. Lipid metabolism is critical for proper cellular function in all tis
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	sues. Pulmonary surfactant and lipid homeostasis in the distal airways are essential for adequate gas exchange and innate immune function (17) . Pulmonary surfactant, a complex mixture of lipids and proteins produced exclusively by alveolar type II pneumocytes (ATIIs), forms a critical part of the alveolar-lining fluid (18) . Surfactant reduces alveolar surface tension, thereby preventing lung atelectasis, ventilation perfusion mismatch, and hypoxemia (19). Surfactant protein A (SP-A) and surfactant prote
	Notwithstanding the immunomodulatory roles ofnicotine and its implications in cell proliferation and tumorigenesis (23, 24), little is known about how the constituents used in ENDS, namely PG and VG, affect the respiratory tract and its local immune functions. The Food and Drug Administration (FDA) recognizes these compounds as generally safe for use as direct food additives (25); however, whether and how these ENDS components exert significant effects on lung lipid homeostasis and innate immunity during 
	In this report, we used a murine model of chronic inhalation exposure to assess the effect of conventional tobacco smoke and components of ENDS on lung cellular function. Our model enabled a direct comparison between ENDS vapor and conventional smoke to examine their respective contributions to inflammation and lung cellular function. We show that the effect of chronic exposure to ENDS vapor is distinct from tobacco smoke, uniquely altering critical lipid-associated metabolic and immunological processes

	Results 
	Results 
	Results 

	Chronic smoke but not ENDS expomre induces lung inflammation and emphysema. We and others have shown that chronic cigarette smoke exposure activates innate and acquired immune cells in the lung and causes emphysema (26). To determine if ENDS exposure leads to similar outcomes, we first compared the lung-specific immunological effects of chronic ENDS exposure with exposure to conventional cigarette smoke. Compared with 4 months of cigarette smoke, C57BL/ 6J mice exposed to the same amount of nicotine deliver
	RESEARCH ARTICLE 
	RESEARCH ARTICLE 
	ly, matrix metalloproteinase 12 (Mmpl2) expression was highly induced in smoke-exposed mice but remained unchanged in the Air-control and ENDS-exposed mice (Figure lD). 
	We and others have previously demonstrated that cigarette smoke recruits proinflammatory CDllb•CDllc• conventional dendritic cells (cDCs) to the lung, which are critical in the differentiation ofT helper 17 (Th17) cell responses in experimental emphysema (27). Therefore, we next sought to determine whether long-term ENDS exposure could induce cytokines that promote recruitment of cDCs and induction of Th17 cells. We found that chronic smoke increased IL-6, TNF-a, and IL-17A concentrations in the lung, whe
	online with this article; https://doi.org/10.1172/JCI128531DS1). 

	ENDS exposure alters lipids in lung macrophages and A TI Is. Mice exposed to ENDS failed to exhibit a distinct inflammatory signature; however, we found a unique morphological feature in alveolar macrophages isolated from the BAL fluid ofmice exposed to ENDS when compared with the Smoke or Air control groups (Figure 2A). Notably, interrogation of multiple pathways associated with autophagy (Bclnl, Atg7, Atgl4) or proapoptotic (Bax, Bad) genes failed to reveal any significant upregulation of relevant genes
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	Figure 1. Four-month exposure to ENDS does not induce inflammation in the lung. Mice were exposed to room air (Air), cigarette smoke (Smoke), ENDS-vehicle vapor, or ENDS-nicotine vapor for 4 months and the immune profiles of the lung were quantified. (A) Differential BAL cell numbers for macrophages, neutrophils, and lymphocytes in the airway (n = 5 per group). (B) Histological analysis of lung tissue following 4-month exposure. Representative micrographs of H&E staining. Scale bars: SO >tm. (C) Micron qua
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	We next used transmission electron microscopy (TEM) and found numerous lipid aggregates in the cytoplasm of macrophages isolated from ENDS-exposed mice (Figure 3, A and B). Furthermore, we found an increase in the number of lysosomes in ENDS-exposed macrophages (with or without nicotine), which we confirmed with immunohistochemical staining for lysosomalassociated membrane protein 1 (LAMP-1) (Figure 3B and Supplemental Figure 5). We next examined the lamellar bodies, the specialized secretory vesicles in
	ENDS-exposed mice accumulate phospholipid in BAL cells. 
	We next used an unbiased, mass spectrometry-based lipidomic approach to assess how ENDS vapor exposure disrupts the lipid landscape in the lungs. We have found that alveolar macrophages constitute over 98% of the BAL fluid cell composition in mice exposed to 4 months of ENDS-vehicle, ENDS-nicotine, or Air control (Figure lA and ·supplemental Figure 6, A and B). Therefore, we next examined the lipidomic changes in the BAL cells in the same exposed groups of mice. Independent of nicotine exposure, we found a
	chronic ENDS exposure. Mice were exposed to Air, Smoke, ENDS-vehicle, or ENDS-nicotine for 4 months. Airway immune cells were then acquired by BAL and were cytocentrifuged onto glass slides. (A) Representative H&E staining of the cytospin preparations reveals intracytoplasmic inclusions in the ENDS-vehicle and ENDS-nicotine groups (black arrows) . Scale bar: 10 µm. (B) Representative Oil Red 0 staining of cytospin preparations reveals lipid accumulation in ENOS-vehicle and 
	chronic ENDS exposure. Mice were exposed to Air, Smoke, ENDS-vehicle, or ENDS-nicotine for 4 months. Airway immune cells were then acquired by BAL and were cytocentrifuged onto glass slides. (A) Representative H&E staining of the cytospin preparations reveals intracytoplasmic inclusions in the ENDS-vehicle and ENDS-nicotine groups (black arrows) . Scale bar: 10 µm. (B) Representative Oil Red 0 staining of cytospin preparations reveals lipid accumulation in ENOS-vehicle and 
	EN OS-nicotine groups. All data shown are representative of 3 or more independent 4-month experiments with n = 4 ors per group. Scale bar: 25 µm. 
	associated with lipid maintenance and clearance, we next examined gene expression patterns of lipid-associated enzymes and transport proteins. We found that expression ofAbcal, a transport molecule responsible for removal ofexcess intracellular cholesterol and phospholipid, was reduced in ENDS-exposed groups compared with Air controls (Supplemental Figure 8A). A similar trend was also observed in the expression ofAbcgl, a sterol efflux protein that works in conjunction with ABCAl to maintain lipid balanc
	Surfactant-associated lipid species are increased in ENDSexposed lungs. To acquire insight into the mechanisms responsible for altered intracellular lipid biosynthesis, we next examined the lipid profiles in the acellular compartment of the BAL fluid. This analysis revealed that ENDS-exposed groups have a distinct increase in phospholipid species with a concomitant decrease in neutral triglycerides (Figure SA). The acellular fractions from ENDS-exposed mice further showed significant increases in saturat
	To further characterize the effect of ENDS vapor on the biosyn
	thetic function ofATIIs, we assessed the expression ofproteins that 
	are critical for the assembly and transport ofpulmonary surfactant. 
	We found that Abca3, a type II-specific lipid transport protein that 
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	Figure 3. TEM imaging of lipid inclusions in alveolar macrophage and alveolar type II pneumocytes. Following 4 months of exposure, lungs from Air, ENDS-vehicle, and ENDS-nicotine groups were fixed and processed for electron microscopic analysis. (A) Representative micrographs of alveolar macrophages demonstrating lipid inclusions and increased presence of lysosomal compartments in ENDS-vehicle and ENDS-nicotine groups (white arrows). Scale bars: 2000 nm. 80 kV high voltage. (B) Higher magnification of the 
	aids in the building oflamellar bodies, was upregulated in response phatidylcholine acyltransferase 1, were upregulated in END,Sto ENDS-vehicle, with ENDS-nicotine demonstrating an additive nicotine-exposed groups (Supplemental Figure SB). effect (Supplemental Figure SB). We also found that expression of The cytokine granulocyte macrophage colony-stimulating Pcytla and Lpcatl, genes for the phosphatidylcholine-synthesizing factor (GM-CSF) plays an important role in macrophage physioloenzymes CTP:phosphach
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	Figure 4. ENDS exposure independent of nicotine increases phospholipids in BAL cells. (A) Heatmap demonstrating the upregulated p hospholipids in ENDS-vehicle and ENDS-nicotine groups (fold change > 1-5) from the lipidomic analysis conducted on the BAL cells. Heatmap values represent averages from the 3 pooled samples per group. Changes shown are relative to the Air controls. (B) Quantification of total intracellular phospholipid content in pelleted BAL cells. n = 5-7 per group. The quantified results are

	month of exposure. We found similar cell viability and expression ofM2 polarization markers (e.g., Argl) in ENDS-exposed F4/ so+ lung macrophages when compared with Air-exposed controls (Figure 7, A and B). In contrast, lung macrophages showed significantly reduced Ml-associated markers, including Nos2 (Figure 7C), proinflammatory cytokines (Illb and Tnfa) (Figure 7D), B7 costimulatory molecules (CdBO and Cd86) (Figure 7E) , and Tlr7, a pattern-recognition receptor that recognizes single-stranded RNA eleme
	To determine the functional significance of reduced Ml-associated cytokines and molecules, we next used polyinosinic:polycytidylic acid (poly I:C) , a synthetic analog of viral dsRNA, to stimulate macrophages isolated from the lungs of ENDS-exposed mice. Consistently, in response to poly I:C, the macrophages from ENDSexposed groups showed reduced expression of interferon (IFN) response factor 7 (lrp) (Figure 7G). IRF7 is a master transcription factor that governs type 1 IFN induction in response to vira
	ENDS-exposed mice exhibit delayed immune responses to influ
	enza. To further examine the translational relevance of reduction 
	of Ml-associated markers, impaired macrophage responses to 
	poly I:C, and surfactant dysregulation in mice exposed to ENDS 
	vapor, we next assessed defenses against acute viral infection. 
	We have previously shown that mice exposed to chronic cigarette 
	smoke, before sublethal infection with influenza A, fail to mount 
	the appropriate antiviral responses and exhibit increased morbid
	ity (32). In a similar manner, mice were exposed to Air (control), 
	chronic ENDS-vehicle (PG/VG), or ENDS-nicotine for 3 months 
	and were subsequently challenged with the influenza A virus (45 
	TCID/ mouse). Mice receiving ENDS responded poorly by day 10 
	5

	following infection, and the ENDS-vehicle group demonstrated a 
	significant increase in mortality when compared with Air controls 
	(Figure SA). To better understand the effects ofENDS on the recov
	ery from acute infection, we next exposed mice to ENDS vapor for 
	3 months and infected with a sublethal dose of influenza A (20 
	TCID,/mouse). Compared with the Air group, ENDS-nicotine
	exposed mice showed significantly impaired responses to influen
	za A, as detected by augmented weight loss within S days following 
	infection (Figure SB). As expected, ENDS-exposed macrophages 
	in the BAL showed the same lipid-filled morphology (Figure SC). 
	The Air-exposed control group showed resolution of inflamma
	tion and had regained some of the normal lung architecture at 
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	mine if expression of GM-CSF is altered in mice with abnormal lipid homeostasis in response to ENDS exposure. Interestingly, we found no significant alteration in GM-CSF protein levels from whole lung homogenate, GM-CSF receptor (Csf2ra), or PU.1 expression, a downstream transcription factor that regulates expression of proteins necessary for surfactant maintenance and catabolism in BAL fluid cells (Supplemental Figure 9, A-C). Together with the disruption in lipid homeostasis, these data suggest that chr
	ENDS exposure alters innate immune fanctions of ATIIs and lung macrophages. Although ENDS exposure resulted in increased abundance oflipid species associated with the surfactant proteins, mice receiving ENDS showed significantly reduced SP-D concentrations in the BAL fluid (Figure 6A). Furthermore, gene expression analysis revealed that mRNA transcripts for 2 opsonins, Sfptd and Sfpta, were significantly reduced in the lung homogenates from ENDS-exposed mice when compared with Air controls (Figure 6B). N
	Using the same exposure protocol, we found that lipids are deposited in lung macrophages as early as 2 weeks (Supplemental Figure 10). Therefore, to examine the early immunological effects ofENDS vapor exposure on lung macrophages, we isolated F4/ SO+ macrophages from the whole lung tissue of mice after 1 
	Sect
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	Figure 5. ENDS exposure independent of nicotine increases disaturated phospholipid pools in BAL fluid. (A) Heatmap depicting the upregulated phospholipid species in the ENDS-vehicle and ENDS-nicotine groups from the lipidomic analysis conducted on the BAL fluid. n = 3 pooled samples per group. (Band C) Quantification of BAL fluid phospholipids based on saturation of the lipid acyl groups. n = 3 per group. The quantified results are expressed as percentage of total lipid signal (mean± SEM). DB, double bond.
	day 14; however, histological evaluation of the lung parenchyma with the Air-exposed mice that were infected with flu (Figure 8, in ENDS-exposed mice showed increased lung inflammatory D and E). Consistent with the increase in inflammatory infiltrates cells and edema with significant distortion of the lung tissue and in the lungs, there was persistent IFN-y expression in the lungs of increased hemorrhage in ENDS-exposed mice when compared ENDS-nicotine-treated groups, and TNF-a in the ENDS-vehicle
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	Figure 6. Four-month exposure to ENDS vapor reduces the expression of surfactant proteins. {A) Quantification of SP-D by ELISA from BAL fluid. n = 4 ors per group. {Band C) Relative gene expression of surfactantassociated proteins {SP-A, SP-8, SP-C, and SP-D) from whole lung homogenate. n = 4 or 5 per group. The quantified results are expressed as means ± SEM. Significance was determined by 1-way AN OVA with Bonferroni's correction for multiple comparisons. **P < 0.01. NS, not significant. 
	exposed mice (Figure SF). We further found increases in total and HA-specific IgG titers in the lung homogenate of ENDS-exposed mice 14 days following viral infection (Figure 8, G and H). Together, our data demonstrate that exposure to ENDS vapor reduces innate immune responsiveness, and long-term exposure impairs the ability ofmice to control pulmonary infection with influenza. 
	Discussion We have uncovered a harmful effect ofvaporized e-cigarette products in the alveolar-lining fluid and the lung, summarized in Figure 
	9. To our knowledge, this is the first report that demonstrates how chronic exposure to ENDS, independent of nicotine, alters lung lipoprotein biology in ATIIs and impairs the physiology of alveolar macrophages. Prior reports have shown that vaporized nicotine can disrupt immune cell functions, increase lung inflammation, and promote emphysema in response to short-term and long-term ENDS exposure (33-35). We show here that long-term exposure to ENDS vapor, which delivers nicotine in amounts equal to those o
	An intricate and essential relationship exists between alveolar macrophages and the pulmonary surfactant that lines the distal 
	RESEARCH ARTICLE 
	RESEARCH ARTICLE 
	airways (36). Gene expression profiling ofresident alveolar macrophages is consistent with an enrichment of genes associated with lipid metabolism, thus highlighting their significant role in pulmonary surfactant homeostasis (36, 37). Our study demonstrates that chronic exposure to PG/VG uniquely promotes deposition of lipids in alveolar macrophages and disturbs the normal homeostatic process ofpulmonary surfactant molecules and lipids in the lungs. Under homeostatic conditions, lung-resident macrophages
	increases in the phospholipid pools of surfactant (40). 
	ATIIs use SP-D to monitor the size and condition of the surfactant pool in the alveoli, indicating its function as a vital mediator of surfactant recycling and catabolism (41). Intriguingly, our model of ENDS exposure mimics several aspects ofthe phenotype observed in SP-D·I-animals. Although surfactant-associated phospholipid pools increased in long-term ENDS vapor exposure, we found a significant decrease in the expression of the hydrophilic, surfactant-associated proteins SP-A and SP-D in the BAL flui
	Biological membranes are critical tissue components that 
	are responsive to both endogenous and exogenous stimuli (42). 
	As a vital biological component of the airway fluid, pulmonary 
	surfactant maintains the normal physiology of resident cells and 
	is critical for proper gas exchange (43). The membranous surfac
	tant structure can be perturbed by a number of molecules, which 
	diminishes its surface tension-reducing arrangement and impairs 
	lung function (43). For instance, excess cholesterol in the surfac
	tant layer interrupts the organization and distribution of the lipid 
	compartment of surfactant, thereby weakening its overall bio
	physical activities (43). The primary solvent constituents ofENDS 
	vapor, particularly PG, have emulsifying properties that make 
	them useful solvents in cosmetic and food additives (44). Such 
	emulsifying properties, however, have the potential to initiate 
	structural perturbations in the overall lipid phase ofsurfactant and 
	produce the disruption in lipoprotein homeostasis that we observe 
	after long-term exposure to ENDS solvents. This, along with the 
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	phenotype we observe in our model, raises alarm about the potential deleterious effects that ENDS may have on the alveoli and warrants more systematic evaluation of the pulmonary-specific consequences of ENDS solvents. 
	Chronic exposure to ENDS in our model has important physiological consequences in innate immunity, as has been observed by other groups in the field (34, 45, 46). The immunomodulatory effects of nicotine have been well documented in both in vivo and in vitro systems (23). Immune cells, including macrophages, possess nicotinic receptors and binding of nicotine to these receptors reduces inflammatory responses to immune stimuli (47, 48). Airway epithelial cells also abundantly express nicotinic receptors, w
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	Figure 7. One-month exposure to ENOS vapor attenuates lung-resident macrophage function. Lung-resident F4/80' macrophages were isolated from whole lung tissue using magnetic beads following 1 month of exposure. Cells were cultured for 24 hours following isolation and supernatants and cells were harvested for the analyses. Individual data points represent technical replicates from pooled lungs of 4 mice per treatment group. (A) Absorbance values following the colorimetric, lactate dehydrogenase (LOH) cytoto
	at a concentration of 10 µg/m Lor PBS vehicle. All quantified results are expressed as means± SEM. n = 4 or 5 per group. Significance was determined by 1-way AN OVA with Bonferroni's correction for multiple comparisons. ****P < 0.0001, **P < 0.01, *P < 0.05. All data shown are representative of 3 
	or more independent 1-month experiments with n = 4 or 5 per 
	group. NS, not significant; NO, none detected. 
	necessary for induction of critical adaptive immune responses (e.g., CD86, CDSO, IL-6) in response to immune stimuli. Concurrently, although ENDS-treated mice lacked lung inflammation under steady states, they responded poorly to acute viral infection with influenza A, exhibiting increased inflammatory infiltrate and severe histopathology late in infection. These observations demonstrate that not only do inhaled aerosols from ENDS disrupt lipid biosynthesis in the lung, they also dampen innate immune mecha
	Although we show aberrant lung macrophage function and lipid alterations, the connections between lipid compositions and functional phenotypes are not well understood and their interrelation can be difficult to unequivocally demonstrate. Changes in membrane lipid composition can broadly affect the organization and activity of signaling proteins in the plasma membrane (53), though specific molecular mechanisms are difficult to specify due to the pleiotropic nature of lipid perturbations. However, it has bee
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	Flu(-) Flu(+) Flu(-) Flu(+) Flu(-) Flu(+) 
	Figure 8. ENDS exposure alters immune responses and recovery from influenza A infection. Eight-week-old mice were exposed to ENDS vapor or room air for 3 months. Subsequently, mice were infected with influenza A (45 TCID/mouse or 20 TCID/mouse). (A) Survival curve following infection with higher
	50 50
	titer viral infection -45 TCID,/mouse. n =8 per group. Significance was assessed by the log-rank (Mantel-Cox) test. *P < 0.05. (B) The weight loss and 
	0
	0

	recovery curve following infection with influenza virus (20 TCID/mouse) with quantification of weight loss on day 8 of infection. Significance was determined 
	50
	by Student's t test. •p <0.05; n = 10 per group. (C) Representative BAL cytospin preparations demonstrating the intracytoplasmic inclusions found in alveolar macrophages irrespective of infection status. Scale bars: 20 ~1m. (D) Histological analysis of lung tissue on day 14 following infection. Representative micrographs of H&E staining. Scale bars: 10 pm. (E) Objective quantification of pathological changes in lung H&E micrographs on day 14 following infection. n = 3 per group. (F) Cytokine concentrations
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	Increased influenza-associated tissue damage and inflammation 
	Increased phospholipid pools 
	coating the terminal airway 

	Surfaclant proteins regulate lipids in terminal airways and opsonize microbes 
	Figure 9. Summary model: ENDS-mediated changes in the lung upon chronic exposure. The lung's delicate surfactant layer is of critical importance to the organ's overall physiology and innate immune function. Both alveolar type II cells and alveolar macrophages are the principal subsets that maintain and catabolize surfactant at the liquid-air interface. Our study reveals that ENOS exposure disrupts both the lipid and protein components of pulmonary surfactant. increasing phospholipid pools in the airway and 
	inputs can modulate lineage specification in mesenchymal stem cells (54). The molecular mechanism in this case was related to remodeling of membrane subdomains, which can influence signaling at the plasma membrane. A similar effect was shown by modulating membrane properties using bile acids, which promote the mitogenic signaling downstream ofgrowth factor engagement (55). It is likely that the lipidomic remodeling induced by vapor exposure restructures membrane properties of both surfactant and lung macro
	Together, our data highlight the importance of lung lipid balance and overall function of the innate arm of immunity. Further, this study demonstrates an urgent need to better examine the physiological effects of e-cigarette solvents currently in the market. The manufacture and design ofe-cigarettes appears to be ever evolving, making it difficult to rigorously and systematically investigate the devices while keeping up with the constant advancements. Although our study investigates a single type ofe-ci
	Together, our data highlight the importance of lung lipid balance and overall function of the innate arm of immunity. Further, this study demonstrates an urgent need to better examine the physiological effects of e-cigarette solvents currently in the market. The manufacture and design ofe-cigarettes appears to be ever evolving, making it difficult to rigorously and systematically investigate the devices while keeping up with the constant advancements. Although our study investigates a single type ofe-ci
	study, it is now necessary to further delineate which constituents, PG or glycerol, in ENDS vapor are responsible for our observed findings. Both PG and glycerol are biologically relevant molecules that can serve as substrates for several biochemical reactions, particularly those associated with lipid synthesis. What remains is the determination of the extent to which ENDS solvents and major flavorings disturb the critical lipid balance between alveolar macrophages and ATIIs in the lung ofchronic e-cigare

	Methods .Mice. Two-month-old female mice, C57BL/6J background (wild type), .were purchased from The Jackson Laboratory. Mice were housed .under specific pathogen-free conditions at the Baylor College of Med.icine Transgenic Mouse Facility. .
	ENDS liquid and dosage. We randomly assigned mice to the following groups: Air (room air only), Smoke (traditional tobacco smoke), ENDS-vehicle (PG/VG only), and ENDS-nicotine (PG/VG with 33 mg/ mL nicotine). After random assignment to each treatment group, mice were exposed to their respective conditions for a total of 4 months, unless otherwise specified. 
	To modify our well-characterized smoking apparatus (27), we used the commercially available Vapor Zeus automatic electronic cigarette from Vapor4Life Inc. The device consists of an automatic battery, which provides 5 volts with a 1300-mAh capacity, and a cartomizer with a 2.5-ohm vertical heating coil and a 6-mL solvent capacity. E-liquids consisted ofa 60% PG and 40% VG base with either 0 (ENDS-vehicle) or 33 mg/mL nicotine (ENDS-nicotine) (Vapor Trading Company). Flavorings were not added to the solvents
	Figure
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	ysis of the effects of the ENDS components (PG/VG and nicotine). We analyzed all e-liquids using a LiChrospher 5-~im RP-select B 60-A, LC column 125 x 4 mm on an Agilent 1200 HPLC for nicotine-associated contaminants, as these are often the most common impurities found among e-liquids (56, 57). We were unable to detect toxic contaminants, such as anabasine (Supplemental Figure 11) . 
	Mouse model of conventional cigarette smoke and ENDS exposure. 
	Mice were exposed to 4 Marlboro Red 100 cigarettes/day as previously described (27, 32, 58, 59) . Briefly, C57BL/ 6J mice (2-month-old females) were exposed to active smoke from Marlboro cigarettes. Cigarettes were burned at a rate of 4-5 min/cigarette to mimic exposure to heated smoke. During each cycle, smoke was forced at a rate 5 L/ min into the exposure chamber intermittently; each smoke cycle is designed to mimic the puffing ofactual human smokers and to prevent asphyxiation of the mice. Thus, the s
	We compared the volume delivered between independent studies to assess reliability and durability over time and determined that our ENDS delivered consistent volumes between studies (Supplemental Figure 12, A and B). Each cycle ofvapor exposure provided 3 seconds of heated e-cigarette vapor, which was interrupted by 20 seconds of 5 L/min air using a time-controlled 2-way valve system (Humphrey). The concentration necessary to expose mice with equal amounts of nicotine to that of 4 cigarettes was 33 mg/mL ni
	microCT. Quantification of lung emphysema was determined in collaboration with the Baylor College ofMedicine Animal Phenotyping Core using microCT volumetric measurements as described previously (27) . Briefly, anesthetized mice were imaged by an animal microCT scanner (Gamma Medica). Images of the chest were then subsequently quantified for emphysema by generating 3-dimensional models of both lungs for volume measurement using Amira 3.1.1 software. 
	Floiv cytometry and intracellular CJ1tokine staining. All flow cytometry was performed on the BD LSRII (BD Biosciences) in collaboration with Baylor College of Medicine's Cytometry and Cell Sorting core, and data were analyzed using FlowJo (Tree Star). REC-free lung single-cell suspensions were used for flow cytometric analyses of lung antigen-presenting cells. The following mouse-specific antibodies were purchased from BD Pharmingen: BUV395-conjugated anti-CD45 (30-Fll), PE/Cy7-conjugated anti-CDllc (H
	For intracellular cytokine staining ofT cells, lung RBC-free singlecell suspensions were stimulated with 10 ng/mL phorbol 12-myristate 13-acetate (PMA) (Sigma-Aldrich) and 1 µg/mL ionomycin (Sigma-
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	Adlrich) in the presence of complete media supplemented with 10 µg/ mL Brefeldin A (Sigma-Aldrich) for 6 hours. Cells were then surface stained with mouse-specific antibodies purchased from BO Pharmingen: Pacific Blue-conjugated anti-CD8a (53-6.7), FITC-conjugated anti-CD4 (RM4-5), APC-conjugated anti-CD3 (17A2), and a UVexcitable and fixable Live/Dead stain (Life Technologies). Following the surface stain, cells were fixed with 1 % paraformaldehyde and permeabilized with commercial permeabilization buff
	mRNA isolation and qPCR. All cell pellets were treated with QJAzol (Q!agen) and mRNA was extracted using methods described previously (60). All probes, Mmp12 (Mm00500554_ml), Sftpd (Mm00486060_ ml), Sftpa (Mm00499170_ml), Sftpb (Mm00455678_ml), Sftpc (Mm00488144_ml), Atgl4 (Mm00553733_ml), Atg7 (Mm00512209_ ml), Becnl (Mm0126546l_ml), Bad (Mm00432042_ml), Bax (Mm0043205l_ml), Argl (Mm00475988_ml), Nos2 (Mm00440502_ ml), Tnfa (Mm00443258_ml), Illb (Mm00434228_ml), Cd86 (Mm00444540_ml), Cd80 (Mm00711660_ml), 
	ti.ti.CT 

	BAL fluid differential and lipid staining. Collection ofthe BAL fluid was conducted as described previously (27) . Briefly, BAL fluid was collected by instilling 0.8 mL of sterile PBS and immediately withdrawing fluid for a total of 2 times. Total cell counts were determined by standard hemocytometer. Subsequently, differential BAL cell counts were assessed by centrifuging 200 ~1L of BAL fluid onto a cytospin slide preparation and quantified using HEMA3 stain (Protocol, Thermo Fisher Scientific). Similar
	Antibodies and immunoassays. Single-cell suspensions were obtained 
	from the lungs by homogenizing the tissue through a 45-µm cell strainer 
	(BD Falcon). Following centrifugation, supernatants were subsequent
	ly harvested for cytokine quantification using a multiplex array (EMD 
	Millipore) for a selected group ofcytokines (IL-6, IL-17A, TNF-a, IFN-y, 
	IL-4, IL-13, IL-10, and IL-lp). All chemokine analyses were performed 
	on BAL fluid supernatants using a ProcartaPlex Immunoassay (Thermo 
	Fisher Scientific) for selected chemokines (CCL2, CCL3, CCL4 CCL5, 
	CCLll, CXCLl, and CCL20). For the determination of antibody titers 
	in the influenza study, the aforementioned supernatants were used for 
	IgG-specific ELISAs (Southern Biotechnology) as previously described 
	(32) . For pulmonary surfactant-specific ELISAs, specifically SP-D (R&D Systems), BAL fluid was acquired as described above. Following centrifugation, the supernatants were harvested and used for immunoassays. 
	Influenza A infection. Mice were infected with influenza A/Hong Kong/8/68 (H3N2) (A/HK/68) following 3-month exposure to air or ENDS using previously described methods (32). Briefly, following 3 months ofENDS exposure, mice were infected with an aerosolized lethal (45 TCID/mouse) or sublethal dose (20 TCID/mouse) of A/HK/68. 
	5
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	The frozen, clinical stock was diluted in 0.05% gelatin in Eagle's minimal essential medium (Sigma-Aldrich); mice were placed in a sealed chamber and underwent aerosolized viral exposure for 20 minutes. Viral titers were determined before and after aerosolization. Mouse weight loss and recovery were assessed for 10 (lethal dose) or 14 days (sublethal dose) following infection, and the mice were then euthanized. 
	Histopathological scoring. Hematoxylin-and eosin-stained (H&Estained) slides from influenza-infected mice were coded and scored as described previously (32). A blinded observer scored the tissue from 0 (absent) to 4 (severe) for the following parameters: interstitial and endothelial inflammation, bronchitis, edema, thrombi, and percentage of lung surface exhibiting diffuse inflammatory infiltrate according to previously published guidelines (62) . 
	BAL fluid lipid quantification. Freshly harvested BAL fluids were separated from cells by centrifugation. Pelleted cells were washed twice with sterile PBS to remove any lipids found in the supernatant. Cells were quantified using a standard hemocytometer as described above and equal numbers of cells were pelleted from each mouse and lysed using 5% Triton X-100 as instructed by the manufacturer's guidelines. Cellular lipids were quantified using a Glycerol Quantification Kit (BioAssay Systems) and a Phosph
	Histological evaluation oflung tissue. Following the exposure period, mice were euthanized and lungs were perfused with 4% paraformaldehyde via intratracheal cannulation at 20-cmH0 pressure, as previously described (58). Following the fixation, lung tissue then underwent ethanol dehydration and embedding in paraffin wax. Paraffin-embedded tissue was then sliced into 5-µm sections and stained with either H&E or prepared for immunohistochemical staining. 
	2

	Mass spectrometry shotgun lipidomics. To extensively profile the lipid species in the BAL fluid, we used a high-resolution TripleTOF 5600 equipped with a Turbo VTM ion source (AB Sciex) in collaboration with the Baylor College of Medicine Metabolomics Core according to described previously methods (63) . Freshly collected BAL fluid was kept on ice throughout processing, and pooled from 3 separate mice to constitute a single sample for lipidomic analysis. Both acellular fluid and pelleted BAL cells were sen
	5 

	TEM. Following euthanasia, mice were exsanguinated to remove all blood from the lungs. The lungs were perfused with a TEM primary fixative (2% paraformaldehyde, 2.5% glutaraldehyde, and 2 mM CaCl, in 0.1 M cacodylate buffer) and the smallest lung lobe was removed for further EM tissue processing. All subsequent processing and mounting of tissue were done in collaboration with the Baylor College of Medicine Integrated Microscopy Core. 
	Lamellar body quantification. Electron micrographs of ATIIs were first coded. Subsequently, a blinded observer quantified the total num
	Lamellar body quantification. Electron micrographs of ATIIs were first coded. Subsequently, a blinded observer quantified the total num
	ber of lamellar bodies as well as the number of irregular lame liar bodies per cell. Lame liar bodies were considered irregular if they failed to exhibit the uniform, concentric structure that is characteristic of the specialized organelles. 

	Macrophage isolation and culture. RBC-free, lung single-cell suspensions were labeled with paramagnetic, bead-conjugated anti-F4/80 and separated using an autoMACS (Miltenyi Biotec) according to the manufacturer's instructions. Cells were then cultured for 24 hours in complete RPM! media with 10% FBS and cells were harvested for gene expression analyses and quantification of LDH (Thermo Fisher Scientific). For stimulation experiments, isolated cells were cultured with 10 µg/mL poly l:C (lnvivogen) or vehi
	Statistics. All statistical analyses were conducted using GraphPad Prism software. All data are represented as the mean values with error bars representing standard error of the mean (SEM). Comparison of BAL fluid cell numbers, lung volume quantifications, gene expression, cytokine concentration, and lipid concentration between air-exposed or smoke-exposed mice and the ENDS-vehicle and ENDS-nicotine mice were accomplished using 1-way analysis of variance (ANOVA) or Student's t test. We considered Pvalues of
	Study approval. All experimental protocols used were approved by the Institutional Animal Care and Use Committee ofBaylor College of Medicine and the National Research Council Guide for the Care and Use of Laboratory Animals. 
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