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Summary: Apadenoson therapy improves COVID-19 outcome 

 

ABSTRACT  

Effective and available therapies for the treatment of COVID-19 disease are limited. 

Apadenoson is a highly potent selective anti-inflammatory adenosine A2A receptor (A2AR) 

agonist and potential treatment option for COVID-19 patients. Apadenoson, when administered 

after infection with SARS CoV-2, was found to decrease weight loss, improve clinical symptoms, 

reduce levels of a several proinflammatory cytokines and chemokines in bronchial lavage (BAL) 

fluid, and promote increased survival in K18hACE2 transgenic mice. Of note, administering 

apadenoson after, but not prior to Covid-19 infection, caused a rapid decrease in lung viral 

burden. The work presented provides the foundation for further examination of these drugs as 

a therapy option for COVID-19.   

 

INTRODUCTION 

COVID-19, the Coronavirus disease caused by severe acute respiratory syndrome corona virus 2 

(SARS CoV-2), represents a public health crisis of global proportions (Sharma et al., 2020). 

Declared a pandemic by the World Health Organization (WHO) on March 11, 2020, this disease 

continues to spread aggressively across the world. Almost all patients with COVID-19 present 

with lung involvement; only a subgroup of patients exhibit life-threatening complications such 

as Acute Respiratory Distress Syndrome (ARDS) (Xu et al., 2020). This subgroup of patients first 

develops severe pneumonia in the second week, accompanied by high levels of circulating 

cytokines (“cytokine storm”) (Li et al., 2020)(Xu et al., 2020), profound lymphopenia, 
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eosinopenia, substantial mononuclear cell infiltration in the lungs, heart, spleen, lymph nodes 

and kidney (Merad and Martin, 2020), and an increased neutrophil- to- lymphocyte ratio 

(Merad and Martin, 2020). These symptoms eventually progress to ARDS, multi-organ failure 

and disseminated intravascular coagulation (DIC) (Xu et al., 2020) (Zaim et al., 2020).  

 

Although there has been rapid development of protective vaccines, emergency-use approved 

therapies for COVID-19 are limited. Remdesivir, given intravenously, is a nucleoside analog that 

that targets the viral polymerase, was the first drug officially approved by the Federal Drug 

Administration for COVID-19 treatment. More recently, the FDA has also authorized 

“emergency use authorization” of oral Paxlovidä for the treatment of mild to moderate COVID-

19. Paxlovidä is a combination of nirmatrelvir, which targets viral replication, and ritonavir, 

which extends the half-life of nirmatrelvir. Paxlovidä is reported to reduce hospital admissions 

and death in high risk individuals (Mahase, 2021)(Owen et al., 2021). Administration of these 

antivirals is associated with shortened recovery times and less respiratory tract infection in 

hospitalized patients (Beigel et al., 2020). The use of remdesivir is controversial, as other 

studies have found that the treatment offered little benefit to hospitalized patients (WHO 

Solidarity Trial Consortium, 2021). However, combining remdesivir with other drugs was shown 

to be superior to remdesivir alone. The anti-inflammatory glucocorticosteroid dexamethosome 

has shown effectiveness in reducing COVID-19-related deaths,  and significantly reducing 

hospital stays (The RECOVERY Collaborative Group, 2021), but is used at a low dose of 6 mg/day 

to prevent immunosuppression.  Combining dexamethosome and remdesivir has been reported 

to reduce mortality and the need for mechanical ventilation (Benfield et al., 2021). Currently, 
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remdesivir and dexamethasone are indicated as standard-of-care treatment for COVID-19 

patients with mild-moderate disease and not requiring high flow oxygen, according to 

guidelines of the National Institute of Health, USA. The combination of remdesivir with 

baricitinib, a JAK kinase inhibitor, has proven superior to remdesivir alone by shortening 

hospital stays (Kalil et al., 2021). Other treatments aimed at attenuating immune pathogenesis 

related to cytokine storm syndromes include amongst others: IFN-γ neutralization, IL-6 receptor 

blockade or neutralization, B-cell ablation with rituximab, T cell–directed immunomodulation, 

T-cell ablation with anti-thymocyte globulincorticosteroids, IL-1 family member cytokines  

blockade including blockade of IL-18 binding protein, IL-1β,  IL-33 receptor, and JAK inhibition 

(Kumar et al., 2021). 

 

Adenosine agonists offer another potential treatment option for COVID-19 patients. 

Aerosolized adenosine administered twice daily was found to increase (> 30%) PaO2/FiO2-ratio 

in 13 out of 14 patients, despite it’s very short half live (Correale et al., 2020). In a case report 

two severely ill COVID-19 patients treated with inhaled adenosine exhibited a rapid 

improvement in lung function and one recovered (Spiess et al., 2021). Adenosine is a potent 

autocrine and paracrine immunosuppressive nucleoside involved in regulating both the innate 

and adaptive immune responses via four widely expressed G protein-coupled receptors A1, 

A2A, A2B and A3 (Chhabra et al., 2012). A2A or A2B adenosine receptor occupancy in most 

immune cells activates endogenous immunosuppressive pathways that act to reduce tissue 

injury and inflammation, and promotes repair by increasing oxygen supply/demand ratio, 

inhibiting pro-inflammatory cells and cytokines, decreasing endothelial adhesion molecule 
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expression, and stimulating angiogenesis (Chhabra et al., 2012)(Thiel et al., 2005). 

Adenosine A(2A) receptor (A2AR) activation plays a critical role in providing lung protection from 

enhanced neutrophil accumulation, lung vascular permeability, and impairment of lung gas 

exchange (Chhabra et al., 2012)(Thiel et al., 2005). In asthma and COPD patients suppression of 

leukocyte influx into broncho-alveolar lavage (BAL) fluid and reduction of inflammatory cell 

activation by A2AR agonists contributed to immunosuppressive activity (Fozard et al., 2002). 

Activation of A2ARs on myeloid cells attenuated cytokine release and the recruitment/ adhesion 

of neutrophils to pulmonary endothelial cells following LPS-induced lung injury (Reutershan et 

al., 2007).  

 

Regadenoson and apadenoson (also known as ATL146e) are A2AR agonists.  Regadenoson is 

used clinically for myocardial perfusion imaging because of its ability to induce coronary 

vasodilation without exercise and with few serious side-effects (Iskandrian et al., 2007). 

Apadenoson is a more potent A2AR selective agonist; it has been shown to improve survival in a 

mouse Escherichia coli model of sepsis and was synergistic with the antibiotic Ceftriaxone 

(Sullivan et al., 2004). Both regadenoson and apadenoson protect animal and human lungs 

from ischemia-reperfusion or transplant-injury (Ellman et al., 2008)(Lau et al., 2020). ATL146e 

(apadenoson) also reduced joint inflammation in combination with antibiotics in a rabbit septic 

arthritis model without interfering with bacterial clearance (Cohen et al., 2005). As a result of 

the effectiveness of apadenoson in the mouse sepsis model we tested the therapeutic efficacy 

of apadenoson in preventing the onset and progression of SARS CoV-2 infection in the K18-

hACE2 mouse model of COVID-19.  This is  a model of severe COVID-19, with nearly 100% 
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mortality by five to six days post-infection (Moreau et al., 2020). Our results indicate that 

apadenoson administered after SARS CoV-2 infection decreased weight loss, improved clinical 

symptoms, reduced several proinflammatory cytokines in the BAL fluid, and increased survival 

in K18hACE2 transgenic mice.  

 
 
 
RESULTS 

Apadenoson administration improves outcomes of SARS-CoV-2 infection in K18-hACE2 mice. 

K18-hACE2 mice, ranging in age from 17 to 30 weeks were divided into three groups. One group 

received saline (vehicle), another received apadenoson 18 hours before viral challenge (drug) 

and a third received apadenoson five hours post viral challenge (drug with delay). The mice 

were challenged intranasally with 1250 PFU SARS CoV-2. Mouse weight and clinical scores were 

recorded daily. Mice were euthanized when they met the criteria for euthanasia (see methods) 

or at the end of the experiment, which was day 12 post viral challenge. Apadenoson, given 

either pre- or post-challenge, improved survival and delayed the onset of symptoms (Figure 1). 

Apadenoson administration beginning five hours after challenge was more effective in delaying 

the time to death, although the overall survival was the same in both drug and drug with delay 

treatment groups. All mice in the vehicle treatment group met the criteria for euthanasia by 

day 8 (0/18 surviving); 24% (4/17) of the mice survived to the end of the experiment in the drug 

treatment group and 30% (5/17) survived in the drug with delay treatment group (Figure 1A). 

The survival curve for the drug with delay-treated group was significantly different than vehicle 

(p=0.0002).  The survival curve for the drug-treated group did not differ significantly from the 

vehicle-treated group (p=0.066).  The drug and drug with delay-treated groups had statistically 
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significantly lower clinical scores and less weight loss when compared to the vehicle-treated 

group (Figures 1B &1C).   

 
Figure 1. Treatment with apadenoson improved survival and delayed time to death. Mice were treated 18 hours 
before or five hours after infection with apadenoson delivered by an osmotic pump. Data combined from three 
independent experiments. A) Survival curves, used Log Rank (Mantel Cox) test, p=0.0002*** for drug with delay 
compared to vehicle, B) Average weight loss: P values from linear mixed model for difference in slope of vehicle 
compared to drug, p=0.02*, vehicle compared to drug with delay, p=0.002** and C) Clinical Scores: P values from 
linear mixed model for difference in slope of vehicle compared to drug, p =0.027*, vehicle compared to drug with 
delay, p =0.001** 
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Apadenoson treatment elicits cytokine and chemokine responses that are associated with a 

decrease in weight loss. To assess how apadenoson treatment may be delaying the onset of 

severe symptoms, mice were treated as before with either vehicle (saline) or apadenoson, 

delivered with a five hour delay by osmotic pumps, then euthanized on day five post-infection. 

The weight loss and clinical scores of mice in both vehicle and drug with delay-treated animals 

were heterogeneous on day five and not statistically different between groups (Figure 2).  

 

Figure 2. Weight loss (A) and clinical scores (B) of SARS CoV-2 infected mice treated with apadenoson (drug with 
delay) or saline (vehicle) were not statistically different on day five post-infection.  Mean ± SD is shown. 
Statistically evaluated using unpaired t-test. 
 

Cytokines and chemokines were measured in the BAL fluid using a mouse 31 plex Luminex 

panel. The levels of 18/31 cytokines/chemokines (IL-1a, IL-1b, IL-2, IL-4, IL-5, IL-7, IL-9, IL-10, IL-

12p40, IL-12p70, IL-13, IL-15, IL-17, GM-CSF, LIX, MIP-1a, MIP2, & M-CSF) were not different 

between uninfected, vehicle-infected control and drug with delay-infected mice (data not 

shown). Uninfected mice received either saline or apadenoson via an osmotic pump; regardless 

of treatment these mice all had low levels of cytokines and chemokines.   
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The levels of 13/31 cytokines/chemokines (IP-10, MIG, MCP-1, G-CSF, Eotaxin, MIP1b, VEGF, 

RANTES, INF-g, IL-6, TNF-a, KC, LIF) were statistically different by ANOVA and raw p value 

(Figure 3). Using ANOVA p values adjusted for multiple testing, only IP-10 remained significant 

(p=0.022). Based on the results of Dunnett’s T3 comparisons, the levels of nine cytokines or 

chemokines (IP-10, MIG, MCP-1, G-CSF, Eotaxin, MIP1b, IL-6, TNF-a, KC) were higher in vehicle-

infected compared to uninfected controls (p<0.05). VEGF was notable because it was lower in 

vehicle-treated mice compared to uninfected mice (p=0.011). Only MCP-1 and IP-10 were 

statistically higher in the drug with delay-infected group compared to uninfected controls 

(p=0.0351, and p=0.0223, respectively). The levels of eight cytokines and chemokines (MIG, G-

CSF, Eotaxin, MIP1b, VEGF, INF-g, TNF-a, KC) in the drug with delay treatment group were not 

significantly different from uninfected mice. Taken together, these results demonstrate that 

treatment with apadenoson lowers the levels of a subset of proinflammatory cytokines and 

chemokines to baseline values.   
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Figure 3.  Statistically significant differences in cytokine and chemokine levels in SARS CoV-2-infected mice 
treated with apadenoson. Mice were euthanized on day five post-infection. Cytokine/chemokine levels were 
measured in BAL fluid by a Luminex. Combined results of two independent experiments. Statistical differences in 
cytokine/chemokine levels were analyzed using Welch’s ANOVA.  Raw p values <0.05*, 0.005** 
 
The levels of most cytokines exhibited a wide range of values within a treatment group, similar 

to the observed heterogeneity seen in weight loss and clinical scores. Therefore, linear 

relationships between cytokine levels and weight loss were examined (Figure 4). Higher levels 

of IP-10 and MIG were associated with less weight loss in both drug with delay- and vehicle-

treated groups; p values were <0.05 in drug with delay treatment group, and <0.005 in vehicle 
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treatment group. Lower levels of VEGF were associated with less weight loss in the drug-

treatment group, p value =0.007. In the drug with delay treatment group, cytokine and 

chemokine levels were overall lower than in vehicle-treated mice, and with the exception of IP-

10, MIG, and VEGF, not associated with the degree of weight loss. For the vehicle treatment 

group, higher levels of eight additional cytokines and chemokines were associated with less 

weight loss (Eotaxin, KC, MCP-1, MIP-1b, IL-6, INF-g, TNF-a, and LIF). There was an outlier in the 

drug with delay treatment group; this mouse had the most weight loss and had very high levels 

of five cytokines (Eotaxin, MIP-1b, IL-6, KC and LIF) that were not consistent with the 

associations with weight loss with mice in either group. These results suggest an extremely 

dysregulated immune response in this mouse, but there was no apparent explanation. In these 

experiments, when mice were euthanized on day five post-infection, only about half of the 

mice in each group had reached the established criteria for euthanasia (see methods and note 

clinical scores in Figure 3). With the one exception noted above, mice in either treatment group 

with 20% or more weight loss had low levels of cytokines. These results suggest that higher 

cytokine levels in the vehicle treatment group are associated with a slower progression in 

weight loss, and potentially a delay in time to eventual death, whereas apadenoson-treated 

mice exhibited a slower progression in weight loss without elevated cytokines and potentially 

an increased chance of survival or recovery.   
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Figure. 4.  Associations of BALF cytokine and chemokine levels and weight loss.  P values < 0.05 *, <0.005 ** 
calculated using linear regression, (blue asterisks indicate p value significance for vehicle treatment group, black 
asterisks for drug with delay treatment group). These results are combined from two independent experiments. 
 

Viral burdens and titers in the lungs in apadenoson-treated mice.  To assess the effects of 

apadenoson treatment on viral burden, the presence of the virus in the lungs was measured by 

immunohistochemistry (IHC) staining with an anti-viral NP protein on day five post-infection 

(Figure 5A) and followed by the percentage of lung stained with the antibody.  The viral burden 

in drug with delay-treated mice was inversely associated with weight loss, but the same was 

not true in the vehicle-treated group (Figure 5B, p=0.0163). Of note, in the drug with delay 

treatment group mice with the most weight loss (e.g., mouse #8 in Figure 5), had the least 

amount of viral staining in the lungs and mice with little to minimal weight loss had the highest 

lung burden (e.g., mouse #11, Figure 5). Viral burden and weight loss were not associated in the 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted February 28, 2022. ; https://doi.org/10.1101/2022.02.25.481997doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.25.481997


 13 

vehicle-treated group, supporting the characterization of COVID-19 as an inflammatory disease 

with dysregulated immune responses.  

 

Figure 5.  Viral burden on day five post-infection in apadenoson-treated mice negatively correlates with weight 
loss.   A) Lungs stained with H&E or an anti-NP antibody.  Mice #2 and 6 were vehicle-treated; Mice #8 and #11 
were drug-treated. H&E-stained lungs are shown at a higher magnification than IHC slides.  B) The weight and viral 
burden of mice shown in the H&E stained slides are indicated in orange numbers with black arrows on the graph. 
Association in drug delay group was calculated using simple linear regression, p value = 0.0163. There was no 
significant association in the vehicle treatment group. The percent viral burden in the lungs was determined using 
ImageJ.  
 
We also assessed viral titer and burden in the lungs of mice that met the criteria for euthanasia 

and in mice that survived infection (after restoration of weight and no discernable clinical score, 

see Figure 1B & C).  Weight loss and viral titer were significantly associated with apadenoson 

given before infection (Figure 6A, p=0.0207) based on simple logistic regression (Figure 6A), but 

was not significant in apadenoson given after infection (drug with delay) or in vehicle-treated 

mice. However, surviving mice in both drug treatment groups had viral titers below the limit of 

detection, whereas the vehicle-treated mice, none of which survived, all had detectable titers 
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(Figures 6A). The average viral titer in the drug with delay treatment group trended lower, but 

was not significant (Figure 6B). However, the viral burden, determined by IHC staining was 

significantly lower in the drug with delay treatment group (Figure 6C, p=0.0012). In summary, 

surviving mice, which included only mice that had received apadenoson (Figure 1A), had no 

detectable live virus in their lungs, and lower viral burdens by IHC. There was no significant 

difference in the viral titers among the non-survivors regardless of treatment group. These 

results suggest that the pharmacological effects of apadenoson result in lowering viral burden 

despite down-regulating several aspects of the inflammatory response. 
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Figure 6. Association of viral titer and weight loss in mice and burden in lungs in apadenoson-treated mice. A) 
Weight loss was significantly associated with viral titer in mice treated with apadenoson before infection (drug, 
p=0.0207*), but not in vehicle or drug with delay treatment groups. Slopes were calculated using simple linear 
regression.  Virus was not detected in surviving mice (See Figure 1). B) Viral titers of lung homogenates trended 
lower in drug with delay-treated mice but were not significant using Welch’s ANOVA. C) Viral burdens, as 
measured by IHC, were significantly lower in drug with delay-treated mice (p=0.0012**) using Welch’s ANOVA. 
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Discussion 

Immune system activation is essential for killing COVID-19 and other viruses, but prolonged 

hyperinflammation and immune dysregulation contribute to poor outcomes in COVID-19 

disease (Merad and Martin, 2020)(Coperchini et al., 2020). Adenosine agonists represent 

attractive therapies for COVID-19, because they limit several elements of immune responses 

and promote tissue repair (Chhabra et al., 2012). We used the transgenic K18hACE2 mouse, 

which expresses the human ACE2 receptor, as a model of severe COVID-19 disease. This model 

shares several characteristics of severe COVID-19 disease including impaired lung function, high 

levels of proinflammatory cytokines and chemokines, and immune cell infiltration of the lungs 

(Yinda et al., 2021)(Winkler et al., 2020). We have shown in this mouse model that apadenoson, 

administered five hours after infection, is capable of delaying the progression of symptoms and 

death.   

 

Mice treated after infection with apadenoson had dampened immune responses compared to 

vehicle controls, as measured by reduced levels of a subset of cytokines and chemokines that 

were similar to baseline levels in uninfected mice. Nine cytokines and chemokines were 

increased in vehicle-treated mice (IP-10, MIG, MCP-1, G-CSF, Eotaxin, MIP1b INF-g, TNF-a, KC) 

compared to uninfected controls (Figure 3). These cytokine and chemokine profiles in the 

vehicle-treated infected mice are similar to other reports in K18hACE2 mice (Yinda et al., 

2021)(Winkler et al., 2020) and confirm the inflammatory nature of COVID-19 infection in this 

model.  
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To explore the impact of apadenoson on cytokine/chemokine levels further these levels were 

correlated with percent weight loss. On day five, when half of the mice in each group met the 

criteria for euthanasia (Figure 2), there was an association between low levels of cytokines and 

increased weight loss in vehicle-treated mice (Figure 4). In the drug with delay treatment group 

only higher levels of IP10, and MIG were associated with less weight loss (Figure 4). The 

remaining cytokines in the drug with delay treatment group were low, regardless of the amount 

of weight loss. The sole exception was VEGF, which was higher in animals with increased weight 

loss, though this association was only significant in drug with delay-treated mice. VEGF 

promotes vascular permeability, which can lead to tissue damage, and is elevated in COVID-19 

patients (Huang et al., 2020). A promising preliminary COVID-19 treatment trial with 

bevacizumab, an anti-VEGF monoclonal antibody, suggests that this treatment may be 

beneficial. (Pang et al., 2021). Although we did not do a time course of cytokine induction, our 

results suggest that in this model cytokine levels peak before severe weight loss and 

symptomatic disease occur, but then drop as the disease progresses.    

 

Apadenoson treatment also influenced viral burden in lung. In mice that were euthanized on 

day five post-infection, which in this model is the day when weight loss and adverse clinical 

symptoms become apparent, there was an inverse relation between viral lung burden and 

weight loss in the drug with delay-treated mice, but no strong association in the vehicle-treated 

mice (Figure 5). Of note, mice in both groups that had not yet exhibited weight loss on day five 

post-infection tended to have viral lung burdens between 10-15%. Based on the drug treatment 

trials in Figure 1, we would expect that all vehicle-treated mice would have succumbed to 
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infection, while some of the apadenoson-treated mice would have survived. Therefore, we next 

examined the viral titers and burden in the lungs of mice that were euthanized or recovered 

(Figure 6). While viral titers were not strongly related to weight loss, the surviving apadenoson-

treated mice did not have detectable titers, and viral burden was significantly lower with mice 

given apadenoson after infection, suggesting that apadenoson can also lead to clearance of the 

virus. Overall, these findings suggest that the use of anti-inflammatory drugs such as 

apadenoson to limit inflammation during cytokine storm is beneficial and remarkably, and may 

even reduce viral burden in the lung. These data support the use and further exploration of 

apadenoson, or other adenosine agonists, as supportive care for COVID-19 patients. 

 

Methods:  

Infection and treatment: Twenty-four hours prior to infecting Tg(K18-hACE2)2Prlmn (Jackson 

Laboratories)  male mice with SARS CoV-2, primed 7-day Alzet® osmotic pumps (Durect, 

Cuperton, CA) containing saline or drug were implanted subcutaneously (McCray et al., 2007). 

In the drug with delay treatment group drug delivery was delayed by 24 hours by adding 2.5 cm 

long tubing to the pump. Apadenoson was delivered at a rate of 1.5 µg/kg/hr. Uninfected 

littermates received saline or drug with delay via osmotic pumps.  Mice were challenged with 

1250 plaque forming units (PFU) of Hong Kong/VM20001061/2020 (NR-52282, BEI Resources) 

via intranasal route under ketamine/xylazine anesthesia. Mice were examined twice daily for 

clinical symptoms and scored using the following criteria: weight loss (0-5, in 5% of initial 

weight loss increments), reduced activity (0-3), ruffled fur appearance and hunched posture (0-

2), and an eye closure (0-2). Mice were euthanized when weight was <80% of initial weight or 
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when they scored a maximum in two symptom categories. This experiment was repeated three 

times, with six animals per treatment group each time. One mouse in the drug and one in the 

drug with delay did not survive anesthesia. Statistical differences in weight loss and clinical 

scores by treatment group were determined using linear mixed models accounting for day post-

infection and the day the mouse died (Ime4 and ImerTest packages (Bates et al., 

2015)(Kuznetsova et al., 2017) in R (R Core Team 2021). For mice surviving to the end of the 

experiment (day 12 post-infection), day of death =15 was used. All mouse work was approved 

by the University’s Institutional Animal Care and Use Committee and all procedures were 

performed in the University’s certified animal Biosafety Level Three laboratory, which is fully 

accredited by the Association for the Assessment and Accreditation of Laboratory Animal Care, 

International (AAALAC).   

 

BAL Cytokines:  BAL fluid was collected with 700 µL of PBS and cells were removed via 

centrifugation. The BAL fluid was analyzed by a Luminex Magpix by the UVA Flow Cytometry 

Core facility using a Mouse 31 plex panel. Statistical changes in cytokine levels were analyzed 

using Welch’s ANOVA followed by Dunnett’s T3 multiple comparisons (Graphpad Prism 9.0). P 

values were adjusted for multiple testing using the Holm-Sidak method. 

 

Viral Lung titers: Titers were determined as described in Moreau et al.(Moreau et al., 2020). 

Briefly, lungs were homogenized in serum-free DMEM. Titers were determined by infecting 

Vero C1008, Clone E6 (ATCC CRL-1586) with serial dilutions of the homogenate. After a two 

hour incubation, the diluted homogenates were replaced with a liquid overlay of DMEM, 2.5% 
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FBS containing 1.2% Avicel PH-101 (Sigma Aldrich, St. Louis, MO) and incubated at 37°C, 5% 

CO2. After three days, the overlay was removed, wells were fixed with 10% formaldehyde, and 

stained with 0.1% crystal violet to visualize plaques. Plaques were counted and PFUs were 

calculated according to the following equation: Average # of plaques/dilution factor × volume 

of diluted virus added to the well. 

 

Histology: Tissues were fixed in 10% formalin. To visualize virus in the lungs, slides were stained 

with SARS-CoV2 specific anti-nucleoprotein antibody (Cat. No. 9099, ProSci, Poway, CA) as per 

manufacturer’s instructions and then scanned at 20X magnification.  The percentage of lung 

tissue infected with virus was calculated (ImageJ, version 1.53K). 
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