
Concept paper: Modulation of immune response to SARS-CoV-2 by sevoflurane anesthetic 
1. Background: Since the beginning of the recent pandemic, there have been globally over 1,600,000 cases 
of infection with the novel coronavirus, SARS-CoV-2. The number of patients who test positive for this virus 
continues to rise by the minute. Although the case fatality rate of the virus in the United States is lower than that 
reported in other countries, such as Italy or Spain, with over 500,000 patients at the time of this writing, the US 
has by far the greatest number of infected patients in the world.  The morbidity and mortality due to COVID-19 
is staggering and is compounded by profound worldwide socioeconomic consequences.  With neither vaccine 
nor cure, global societies are left to rely upon social distancing and home-based quarantine to control the spread 
of COVID-19.  This ominous disease starts with symptoms of sore throat, dry cough, and mild fever, mimicking 
the common cold, but may quickly progress to severe ARDS and multiple organ failure.  The reported fatality 
rate of this disease, currently hovering around 2.7% in the US hotspots for COVID-19, however, greatly depends 
upon how readily available the testing for the virus is to the general public.(1) Mortality often is a result of a 
disproportionate activation of the inflammatory cascade in the form of cytokine storm, compatible with Th1 
immune responses. Mitigation of this exuberant cytokine/inflammatory response by a volatile anesthetic is the 
main objective of this proposal. 
Adaptive host immunity against viral pathogens is key to eliminate the viral particles from the body, and it is the 
main path of defense, recovery, and prevention through a successful vaccination program. Until then the initial 
antiviral immunity mostly involves innate immunity and activation of T-helper cells or the Th1 response. One of 
the main immunological features of the SARS-CoV-2 infection is the presence of lymphopenia and exuberant 
release of acute phase reactants such as C-reactive protein and the cytokine interleukin-6 (IL-6).  Elevated levels 
of IL-17 is the primary stimulus that shifts an immune response from a Th2 to a Th1 response pattern. Increases 
in Th1/Th2 ratio lead to the release of cytokines IL-1β, IL-2, IL-12, TNFα, and interferon gamma (IFNγ).(2)  
Excessive release of inflammatory cytokines, such as IL-1β, TNFα, IL-6, and IL-8, while necessary to eliminate 
the viral pathogen, can create a clinical condition known as cytokine storm.(3) Further downstream activation of 
neutrophils also occurs during this cytokine storm and leads to the release of neutrophil extracellular traps 
(NETs), net-like chromatin fibers decorated with histones, myeloperoxidase (MPO) and elastase.(4) Histones 
and MPO are cytotoxic to epithelial and endothelial cells and they pave the road toward development of ARDS. 
During a cytokine storm, the excessive immune response ravages healthy lung tissue, leading to acute 
respiratory distress and multi-organ failure. Untreated, cytokine storm syndrome is usually fatal. It has been 
shown that the volatile anesthetic isoflurane decreases the release of cytokines, especially IL-1ß and TNFα by 
natural killer cells, a mechanism that may play a role in the cytokine storm described in COVID-19 patients.(5) 
The mitigating role of volatile anesthetics on antiviral immunity was first described by our investigating team in 
children who underwent general anesthesia with symptoms of upper respiratory infections (URI). In our study, 
Dr. Knight’s group noticed that exposure to volatile anesthetic during surgery not only did not exacerbate the 
symptoms of URI, the children in fact were observed to have milder symptoms compared to those whose surgery 
was cancelled because of their illness.(6)  These observations were in agreement with his findings on mouse 
and ferret models of influenza infection, where administration of halothane effectively inhibited viral replication.(7) 
Several studies have demonstrated that volatile anesthetics strongly interact with both the innate and adaptive 
immune systems that extend beyond their primary use of producing perioperative anesthesia.(8) The 
halogenated volatile anesthetics, regardless of their particular formulation, modulate various aspects of the 
immune response such as antigen recognition, recruitment of proinflammatory cells, and antigen response to 
resolution of the affected area.(9) 
2. Specific Aims and Approach: We will test the hypothesis that administration of sevoflurane, a commonly 
used volatile anesthetic, for 4 hours after intubation and starting mechanical ventilation will decrease the severity 
of ARDS and subsequently decrease the mortality due to SARS-CoV-2. During this pilot trial, after placement of 
an endotracheal tube, the patients with ARDS will be randomized to receive either 1% sevoflurane added to the 
inspiratory gas flow, or intravenous infusion of propofol and fentanyl per routine protocols for patients requiring 
mechanical ventilation. At the end of the 4-hour period, both the treatment and control groups will continue 
receiving sedation according the routine protocols for mechanically ventilated patients in the intensive care unit. 
Both the treatment and control arms of the trial will be examined for the course of the clinical indices of viral 
infection (Aim 1) and biochemical markers of inflammatory response (Aim 2). 
Aim 1: To examine the observed mortality rate, clinical parameters of lung injury (i.e., # of days on mechanical 
ventilation, lung compliance, required inspired oxygen concentration to maintain an arterial saturation > 90%), 
and length of stay in the intensive care unit and in hospital. Additionally, by means of daily evaluations and 



continuous monitoring of these patients, we will examine the frequency of other complications such as multiorgan 
failure, thrombosis of microvasculature, and coagulopathy throughout the hospital stay. 
Aim 2: To compare the differential expression of IL-1β, IL-2, IL-12, IL-6, MCP-1, IL-8, TNFα, and IFNγ with 
emphasis on the Th1/Th2 immune responses to SARS-CoV-2 in the patient cohorts above, using advanced 
proteomic assays with special emphasis on IFNγ in development of an exuberant immune response, known as 
cytokine storm, among these patients. We hypothesize that sevoflurane, with its immunomodulatory effect, will 
mitigate this inadvertent excessive response to this viral infection. 
3. Research Team and Relevant Experience: The PI of the project, Dr. Nader Nader MD, PhD, Professor 
Anesthesiology/Surgery at the VA Western New York Healthcare System, has vast experience in the study of 
acute lung injury (ALI) and the role of anesthetics on the extent of ALI, in addition to his clinical training in Critical 
Care Medicine. He will be evaluating and recruiting patients for this study, and he will be involved in their clinical 
care. 
Drs. Geoffrey Hobika, MD and Jahan Porhomayon, MD, are Clinical Associate Professor and Clinical Professor 
of Anesthesiology with special training in Critical Care Medicine will assist the PI in evaluation and recruitment 
of the patients, as well as be involved in the patients’ clinical care. 
Dr. Paul Knight, MD, PhD, Distinguished Professor of Anesthesiology/Microbiology at University at Buffalo, and 
Dr. Bruce Davidson PhD, Research Associate Professor of Anesthesiology/Pathology have extensive expertise 
in the conduct and interpretation of genomics and proteomic experiments examining inflammatory responses to 
various viral infections and have done significant work on the infectivity and pathogenicity of influenza and 
measles viruses. They have also examined the role of volatile anesthetics in modulation of both innate and 
adaptive immunity against various viral pathogens. 
Dr. Siavash Sedghi, MD (Physician Scientist trainee) and Dr. Amir Teimouri, MD, as research associate will also 
be helping in the conduct of the study, tissue collection and processing as set in the proposal. The research 
associate, will perform the proteomic analysis of the serum and miniBAL samples. 
Data Safety Management Board (DSMB):  A DSMB will be formed by 3 clinical members of the study and 
additional clinicians practicing critical care medicine/ anesthesiology at the VHAWNY. This board will be 
responsible for review and assuring the safety and management of the collected data in this clinical trial. 
4. Data Sources: 
Inclusion criteria: We will include patients with high level of suspicion for COVID pneumonia with ARDS. The 
following criteria will be used to define ARDS: 1) Onset of respiratory distress within 7 days after a known clinical 
insult or new or worsening respiratory symptoms; 2) Bilateral opacities on chest radiograph/computerized 
tomography of the chest; and 3) Hypoxemia (PaO2 /FiO2 ≤ 300 mmHg) in the presence of a minimum positive 
end-expiratory pressure (PEEP) of 5 cm H2O (Berlin definition).  
Exclusion criteria: We understand that positive SARS-CoV-2 test is the cornerstone of this proposal. Therefore, 
all patients with two negative independent tests will be excluded from analysis.  Furthermore, patients with active 
cancer who has been on concurrent chemotherapy, immunodeficiency states, and patients with previous 
hypersensitivity reaction to VAs will be excluded from our study. 
Demographic information and scores of the severity for all patients admitted to the ICU include those from the 
Acute Physiology and Chronic Health Evaluation (APACHE-II) and the Sequential Organ Failure Assessment 
(SOFA scores) will be collected and recorded in this aim. The main endpoint in Aim 1 is all-cause mortality and 
the secondary endpoints are the duration of mechanical ventilation, and the length of stay in the ICU and in 
hospital. Daily blood collection will be performed and will include measurements for white blood cell (WBC) with 
differential count, hematocrit (Hct), platelet count, C-reactive protein (CRP), D-dimers, creatine phosphokinase 
(CPK), lactate dehydrogenase (LDH), alanine aminotransferase (ALT) and aspartate aminotransferase (AST), 
total bilirubin, blood urea nitrogen (BUN) and creatinine (CR), cardiac troponin I (cTnI) and procalcitonin. Daily 
chest x-ray and electrocardiography will be obtained from the patients. 
Cardiovascular, renal, hematologic, musculoskeletal, liver and gastrointestinal systems will be assessed daily 
and SOFA scores will be reported.  Our current understanding of the COVID-19 pandemic indicate that renal 
injury can result from microthrombi formation. It can lead to acute renal failure and the need for dialysis in a 
subgroup of patients. Additionally, the impact of severe sepsis itself can produce renal injury and multi-organ 



dysfunction. We will monitor hourly urine output in addition to the glomerular filtration rate (GFR) which will be 
calculated using the CKD-Epi formula. 
The following data will be specifically collected to assess the respiratory function and progression of the lung 
injury: plateau airway pressure (Plat-AP), peak airway pressure (Peak-AP), positive end-expiratory pressure 
(PEEP) that is required to maintain arterial oxygen saturation ≥90%, dynamic lung compliance (d-Comp), 
respiratory rate and minute volume. Arterial blood gasses will be obtained after every ventilatory adjustment as 
per institutional policies. Arterial blood partial pressures of oxygen (PaO2) and carbon dioxide (PaCO2), as well 
as pH will be recorded. The values of PaO2/FiO2 will be calculated to record the progress of the underlying lung 
injury. 
In Aim 2, we will compare the differential expression of pro-inflammatory and anti-inflammatory cytokines with 
emphasis on the Th1/Th2 immune response to SARS-CoV-2 in the patient cohorts above using advanced 
proteomic assays with especial emphasis on IFNγ in fluids obtained from bronchial secretions and serum. We 
hypothesize that with administration of sevoflurane, there will be a reduction in the pro-inflammatory cytokines 
and chemokines, and therefore a reduction in inflammatory damage associated with the virus. We will use 
bronchial wash fluids for local inflammatory responses and peripheral blood for systemic immune responses to 
SARS-CoV-2 virus infection.  
5. Timeline: The primary endpoint for Aim 1 is all-cause mortality. The current mortality rate in patients with 
COVID-19 infection with pneumonia and ARDS, and who require mechanical ventilation is approximately 30-
40%. Eighty-two patients are required to be enrolled in each arm in order to detect a meaningful reduction of 
mortality to 20% (50% reduction) with a power of 80% when alpha is set at 0.05. Enrolling 100 patients in each 
arm will increase the power of the study to 88%.  
It is our hope that Erie county will never become a true hotspot for COVID-19, and with the current rate of COVID-
19 admission to our ICU and requirement for mechanical ventilation, the proposed number of patients will be 
enrolled within a 2-month period. Obviously, if there is a greater surge of COVID-19 patients in our county, then 
the number of the patients may be enrolled in a shorter period of time. Moreover, because of  the national 
directive given by Secretary Robert Willkie Jr. and President Trump, that the Veterans Healthcare System will 
be one of the main centers in the national fight against COVID-19 accepting both veteran and nonveteran 
patients form community, we again may enroll the required number of patients in less than 2-months. 
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SUMMARY BUDGET WORKSHEET - Single Site ver 6.30.17    

Expense Category Budget 
Period 1 

Budget 
Period 2 

Budget 
Period 3 

Budget 
Period 4 

Budget 
Period 5 

   

Primary Site:    VA Western New York Healthcare System    

VA PI ONLY (Section A, top line) 
Yr 1 

Effort  
(Cal Mo) Degree  

PI Salary 0 0 0 0 0  2 MD   
PI Fringe 0 0 0 0 0      

Other VA Personnel (include Sr/Key VA personnel, exclude IPAs) 
Total Yr 
1 Effort  

(Cal Mo) 
# unique 

staff  
Hired - Salary 0 0 0 0 0 6.0 2  
Hired - Fringe 0 0 0 0 0    
TBH - Salary 18,000 0 0 0 0 4.0 1  
TBH - Fringe  5,750 0 0 0 0    

Total Other VA Personnel 
Salary 
Fringe 

(Section B, last line) 

18,000 0 0 0 0 10 3  

5,750 0 0 0 0    

Total Personnel 
(Total Salary, Wages and  

Fringe Benefits A+B) 23,750 0 0 0 0    
         

Equipment/Start-up 
(total-do not itemize) 0 0 0 0 0    
         
Travel 0 0 0 0 0    
         

Other Direct Costs (List any subcategory over $5000, lump remainder) 

Total Yr 
1 Effort  

(Cal Mo) 
# unique 
persons  

IPAs 25,000 0 0 0 0 6.0 2  
Consultants   0 0 0 0     
Personal Protective 
Equipment 7,400 0 0 0 0    
Anesthesia Systems, 
Filters, Sevoflurane 1,800 0 0 0 0    
MiniBAL Unidirectional 
Catheters 6,600 0 0 0 0    
Cytokine detections kits, 
antibodies, chemicals and 
other labware 22,450 0 0 0 0    
Other direct costs 0 0 0 0 0    
Subtotal Other Direct 53,000 0 0 0 0    

         
Subtotal Non-Personnel 
(Equipment, Travel, Other Direct) 
(Section F, Line 8) 63,250 0 0 0 0    

         
Total Project 87,000 0 0 0 0 87,000  

 
Budget Justification and Worksheet: 



 
a. Personnel:  
 
The PI of the project, Dr. Nader D. Nader MD, PhD (20% Effort) will be evaluating and recruiting patients for this 
study, and he will be involved in their clinical care. (No Salary requested) 
Drs. Geoffrey Hobika, MD (10% Effort) and Jahan Porhomayon, MD, will assist the PI in evaluation and 
recruitment of the patients, as well as be involved in the patients’ clinical care. (No Salary requested) 
Drs. Paul Knight, MD, PhD (5% Effort), and Bruce Davidson PhD (5% Effort), will use their skills resources and 
laboratory in processing and analyzing the BAL and blood samples for cytokine profile and relevant antiviral 
immunity.  
Drs. Siavash Sedghi, MD (10% Effort), and Amir Teimouri, MD (50% effort), will be helping in the conduct of the 
study, tissue collection and processing as set in the proposal. The salary for 50% effort of Dr. Teimouri is at 
$25,000. 
Research Study Nurse (Ms. Benz at 30% Effort) will be hired to collect the clinical information and enter them 
into the study database. The salary + fringe benefit for the study nurse will be $23,650. 
Dihua He, Research Technician who has been hired by Drs Knight/Davidson’s laboratory will assist the other 
research associates in performing the proteomic analysis of the serum and miniBAL samples. 
 
b. Supplies: 
Personal protective equipment (PPE) will include two Bioshield Full Hood Pack of 25, two HP-P100 Cartridge 
(2 per pack w/plug) pack of 25 sets, two Sentinel XL HP Bioshield Fill Hood System w/NiMH batter in duffle, 
and five HP Breathing Tubes pack of 5 plus shipping and handling for a total cost of $7,400. 
Volatile anesthetic (sevoflurane) is the main treatment proposed to be used in this study. This vapor is 
administered by means of anesthesia machines. The disposable parts that will be used in delivery of this 
volatile anesthetic will include anesthesia circuits hoses and filters for every subject. The total cost of these 
items is assessed as $1800. 
MiniBAL (bronchoalveolar lavage) sampling will be performed using unidirectional catheter which is used in 
patients whom have been intubated and mechanically ventilated. The cost of one catheter is quoted at $8 and 
two will be needed for one patient and totals $6600 for the entire study. 
A total of 10 batches of each cytokine (x2) capture and detection antibodies and recombinant cytokine proteins 
for standards will be required to analyzed the Blood and BAL samples for all patients at the cost of $20,450. 
Additionally, $2,050 is request to cover the cost of miscellaneous assay labware & chemicals. 
 


