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Abstract  

The COVID-19 pandemic has paralyzed the global economy and resulted in millions of deaths globally. 

People with co-morbidities like obesity, diabetes and hypertension are at an increased risk for severe 

COVID-19 illness. This is of overwhelming concern because 42% of Americans are obese, 30% are pre-

diabetic and 9.4% have clinical diabetes. Here, we investigated the effect of obesity on disease severity 

following SARS-CoV-2 infection using a well-established mouse model of diet-induced obesity. Diet-

induced obese and lean control C57BL/6N mice, transduced for ACE2 expression using replication-

defective adenovirus, were infected with SARS-CoV-2, and monitored for lung pathology, viral titers, 

and cytokine expression. No significant differences in tissue pathology, viral replication or cytokine 

expression were observed between lean and obese groups. Notably, significant weight loss was observed 

in obese mice treated with the adenovirus vector, independent of SARS-CoV-2 infection, suggesting an 

obesity-dependent morbidity induced by the vector. These data indicate that the adenovirus-transduced 

mouse model of SARS-CoV-2 infection is inadequate for performing nutrition studies, and caution should 

be used when interpreting resulting data. 

Introduction 

Coronavirus disease-2019 (COVID-19) is the third pandemic in the 21st century caused by a novel 

coronavirus, after severe acute respiratory syndrome coronavirus (SARS-CoV) in 2003 [1,2,3,4] and the 

Middle East respiratory syndrome coronavirus (MERS-CoV) in 2012 [5,6,7]. COVID-19 is responsible 

for ~99 million confirmed cases, with over 2 million deaths globally, and ~25 million confirmed cases 

and ~400,000 deaths in the U.S. alone, as of January 26th, 2021 [8]. COVID-19 is characterized by fever 

and respiratory symptoms, which can progress to more severe and fatal disease [9]. Infection with SARS-

CoV-2, the causative agent of COVID-19, is more likely to cause critical illness or deaths in the elderly, 

immunocompromised and individuals with co-morbidities such as obesity, diabetes, and hypertension 

[10,11,12,13].  
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Obesity and diabetes have been identified as risk factors for poor outcomes in other major 

pandemics involving respiratory tract infections like MERS [14] and influenza [15,16,17]. Like COVID-

19, obesity too has become pandemic, affecting 12.5% of people globally and approximately 42% of 

Americans [18]. Obesity is the most frequently observed component of metabolic syndrome, a condition 

that clusters abdominal obesity, dyslipidemia (abnormally high blood lipid levels), hyperglycemia 

(increased blood sugar levels) and hypertension (increased blood pressure) [19]. Experiments using diet-

induced obese mice to study the pathogenesis of influenza A virus have shown not only are obese mice 

more susceptible to infection [20] but that they also promote the emergence of more virulent strains of the 

virus [21]. To study the impact of obesity on SARS-CoV-2 pathogenesis and evolution, a similar mouse 

model is required; however, mice are not susceptible to infection with SARS-CoV-2 due to the lack of 

human Angiotensin Converting Enzyme 2 (hACE2) receptor, required for entry of the virus [22,23]. 

Several strategies have been developed to circumvent this issue: transgenic mice expressing hACE2 

(hACE2-Tg) [24,25,26,27], mouse-adapted SARS-CoV-2 strains [28,29], and transduction with 

adenovirus vectors expressing hACE2 (AdV-hACE2) [30,31]. The AdV-hACE2 approach has several 

advantages: it can be used with different strains of mice, is easy to manipulate, causes little pathology to 

wild-type mice, and allows for the use of wild-type (WT) SARS-CoV-2 [30,31].   

 In this study, we sought to investigate the effect of obesity on disease outcome following SARS-

CoV-2 infection using an adenovirus-transduced mouse model. Currently, no mouse models for studying 

the impact of nutritional status on COVID-19 have been described, limiting progress towards 

understanding the mechanisms leading to more severe disease in people with co-morbidities. To this end, 

diet-induced obese and lean mice were transduced with AdV-hACE2 followed by SARS-CoV-2 infection 

and monitored for morbidity, mortality, virus replication and cytokine expression. Surprisingly, obese, but 

not lean, mice inoculated with the replication-defective AdV-hACE2 lost significant weight, independent 

of SARS-CoV-2 infection, suggesting an obesity-dependent morbidity induced by the AdV-hACE2 

vector. SARS-CoV-2 replication occurred in the lungs of both lean and obese mice, though, we did not 
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observe differences in terms of disease outcomes, viral replication, or cytokine expression when 

normalized to mock-SARS-CoV-2-infected controls. Accordingly, due to the confounding influence of 

AdV-hACE2 on SARS-CoV-2 infection, we could not determine obesity’s impact on SARS-CoV-2 

infection. These data underscore the importance of selecting an appropriate model for nutrition studies 

and suggest that researchers should exercise caution when using the AdV-hACE2 model to study SARS-

CoV-2. Further studies using transgenic mice, mouse-adapted strains [28,29], or other animals such as 

hamsters [32,33] or ferrets [34,35] should be conducted to explore the relationship between COVID-19 

and metabolic co-morbidities.  

Materials and Methods 

Cells and Viruses 

Vero E6 cells were obtained from American Type Culture Collection (ATCC; CRL-1586) and were 

maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 5% fetal bovine serum 

(FBS), 1mg/mL gentamicin, 1% non-essential amino acids (NEAA) and 25 mM HEPES buffer in an 

incubator at 37°C with 5% CO2. 

 The replication-defective adenovirus encoding human ACE2 (AdV-hACE2) was originally 

prepared by the University of Iowa and Washington University in St. Louis, as reported previously [3]. 

The viral stocks were propagated using 293A cells (ThermoFisher Catalog # R70507) and purified by 

cesium chloride gradient centrifugation prior to titering, also in 293A cells, as previously described [36]. 

SARS-CoV-2 strain 2019 n-CoV/USA_WA1/2020 was obtained from BEI Resources (Catalog # NR-

52281) [37] and was propagated in Vero E6 cells to prepare stocks; infectious titers were determined by 

plaque assays on the same cell line.  
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Mice and Diets 

C57BL/6N male and female mice were obtained from Charles River Laboratories at three to four weeks 

of age and allowed to acclimatize for a week before initiating diets. Mice were housed in groups of five 

per cage and maintained at ambient temperature with ad libitum supply of food and water, except for 

overnight food deprivation (12-14 hours) prior to blood glucose measurements. All animal handling 

protocols were approved by the Institutional Animal Care and Use Committee (Protocol #20-060) at 

Virginia Tech. 

All diets used for the study were obtained from Research Diets (New Brunswick, NJ, USA). Twenty mice 

(10 males and 10 females) were placed on a low-fat diet with 10% kcal fat (LFD; D12450K) and 20 (10 

males and 10 females) on a high-fat diet with 60% kcal fat (HFD; D12492). Throughout the manuscript, 

we will refer to the groups as follows: lean (low fat diet) or obese (high fat diet). The mice were kept on 

these diets for 18-20 weeks before infections, and the same diets were continued until the end of the 

experiment. Table S1 displays the caloric information of these diets.  

Fasting glucose levels 

Two weeks prior to transduction by the adenovirus (16 weeks after diet initiation), mice were deprived of 

food overnight (12-14 hours), blood was collected by submandibular bleed and glucose levels were 

measured by Abox glucose monitoring kit. 

Mouse infections 

Mice were moved to a BSL-3 facility 24 hours prior to SARS-CoV-2 infections. For primary infections 

with the AdV-hACE2, 19-20-week-old mice were anesthetized with ketamine and xylazine (90 mg/kg 

and 5 mg/kg respectively) intraperitoneally and then inoculated intranasally with 108 plaque-forming units 

(PFUs) of the virus in 50 µL of Roswell Park Memorial Institute (RPMI)-1640 media with no additives. 

Five days post-adenovirus inoculation, the mice received 105 PFUs of SARS-CoV-2 intranasally under 
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ketamine and xylazine anesthesia, or RPMI-1640 media alone for mock-infected groups. Six infected and 

four control mice from each group were sacrificed at days 4 and 10 after SARS-CoV-2 infection. Mice 

were weighed daily post-SARS-CoV-2 infection and monitored for visual symptoms of the disease. 

Blood was collected via submandibular bleeds (~200µL per mouse), serum was collected via 

centrifugation at 5000 x g for 10 minutes, transferred to fresh tubes and stored at -80°C.  

Histopathology and organ titration 

Tissues for viral titration were harvested aseptically in 2 mL tubes containing a 5 mm stainless steel bead, 

RPMI-1640, 10 mM HEPES and 1% FBS (herein referred to as the “tissue diluent”), to a final 

concentration of 10% weight by volume.  (QIAGEN) at 30 cycles per second for 2 mins and then 

centrifuged at 5000 x g for 10 mins. Plaque assays were performed on the clarified supernatant. Briefly, 

Vero E6 cells at 100% confluency were inoculated with 50 µL of the serially diluted samples and 

incubated at 37°C in 5% CO2 for 1 hour. Overlay media containing 0.6% tragacanth gum, 1x MEM 

(minimum essential media), 20 mM HEPES and 4% FBS were then added, and the plates were allowed to 

incubate for 2 days for plaque formation.  

For histopathology, the tissues harvested from mice were fixed in 4% paraformaldehyde for at 

least 1 week. The Virginia Tech Animal Laboratory Services (ViTALS) performed paraffin embedding, 

sectioning and hematoxylin-eosin staining, and a board-certified pathologist scored the slides in a blinded 

manner. 

RNA extraction 

A section of the infected lung tissues (4 dpi) was collected in 0.5 mL of TRIzol LS reagent 

(ThermoFisher) in 2 mL tubes with a 5mm bead. Lung tissues were homogenized using a TissueLyser II 

(QIAGEN) at 30 cycles per second for 2 mins and stored at -80°C. Samples were thawed and total RNA 

was extracted using the manufacturer’s protocol for TRIzol extraction. 
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Reverse Transcription Quantitative PCR (RT-qPCR) 

To quantify SARS-CoV-2 genomes, the 2019-nCoV RUO kit from Integrated DNA Technologies (IDT, 

Leuven, Belgium) was utilized. N2 combined primer-probe mix from the kit was used (Table S2) with 

Quantabio qScript XLT-One-Step RT-qPCR ToughMix (2X). The Bio-Rad CFX-96 (Hercules, CA, 

USA) was used for RT-qPCRs with the following conditions: 50°C for 10 mins for reverse transcription, 

95°C for 3 mins for initial denaturation and polymerase activation, followed by 45 cycles of 95°C for 10 

secs for denaturation, and 60°C for 30 secs for annealing/extension. For generating the standard curve, we 

used N gene RNA generated by in vitro transcription and used ten-fold serial dilutions to the point where 

no genome was detectable by qPCR. The virus concentration was calculated by fitting the Cq values of 

the samples to the standard curve and expressed in terms of N-gene copies/mL. 

 RT-qPCR was also performed on RNA extracted from the 4 dpi lung samples with NEB Luna 

Universal One-Step RT-qPCR Kit with SYBR-Green (NEB, Ipswich, MA, USA) to quantify the 

cytokines IL-6 and IFN-β. Primers were obtained from IDT and are listed in Table S2. The conditions for 

the reactions in a Bio-Rad CFX-96 were: 50°C for 10 mins for reverse transcription, 95°C for 1 min for 

initial denaturation and polymerase activation, followed by 45 cycles of 95°C for 10 secs for denaturation, 

and 60°C for 30 secs for annealing/extension, followed by a melt curve. The samples were calibrated with 

mouse GAPDH as the reference gene with respect to mock-infected groups as control. The relative 

expression/fold change was calculated using the Delta-Delta-Ct (∆∆Ct) method of relative quantification 

[38]. 

Statistical Analysis 

Statistical analysis was done using GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA). 

Details of the statistical technique used for analyses are provided in the figure legends. The level of 

significance has been determined by the following p-values: p=0.1234 (ns); p = 0.0332 (*), p = 0.0021 

(**), p = 0.0002 (***), p<0.0001 (****). The error bars represent standard deviation (SD) from the mean, 
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in all the figures and the dotted lines denote the limit of detection (L.O.D.). All statistical analyses were 

performed on data that passed the normality test using Shapiro-Wilk test.  

Results and Discussion 

Wild type C57BL/6N mice fed a high fat diet had increased weight 
gain and blood glucose levels. 

The proportion of COVID-19 patients requiring intensive care was previously reported to be directly 

proportional to the body-mass index (BMI), being highest in patients with BMI ≥35 (morbidly obese) 

[39]. Obesity has also been correlated with severe outcomes during the H1N1 influenza-A epidemic 

[40,41,42,17]. Furthermore, diet-induced obese mice had significantly higher mortality rates when 

infected with influenza virus [20] and more severe disease following chikungunya virus (CHIKV) [43] 

and dengue virus (DENV) infection [44]. We sought to use a similar diet-induced obese mouse model to 

investigate whether obese mice infected with SARS-CoV-2 exhibit worse disease outcomes as compared 

to their lean counterparts. 

We observed a significant weight gain in high-fat diet (HFD)-fed mice compared to the low-fat 

diet (LFD)-fed groups starting 7 weeks after the initiation of diets (p-value <0.0001) (Fig. 1A). Weights 

were analyzed on the combined data for males and females on LFD and HFD. Separate analysis for males 

and females is presented in supplementary figure S1. To assess other metabolic parameters, we measured 

overnight fasting blood glucose levels after 9 and 16 weeks of the initiation of diets. We tested only 10 

mice per group at 9 weeks to reduce stress on the mice. Hyperglycemia, defined as overnight fasting 

glucose levels of ≥15 0mg/dL, was not significantly different between the lean and obese groups at 9 

weeks (p-value=0.2344) (Fig. 1B). By 16 weeks, however, there was a significant difference between 

HFD and LFD groups (p-value=0.0001) (Fig. 1C). This 15 to 20-week diet regimen produced a mouse 

model that mirrored obesity and hyperglycemia in humans and, therefore, was appropriate for infection 

studies. 
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Fig.1: Metabolic characterization of mice fed low fat (lean) and high fat diets (obese). 
A) Four-week-old C57BL/6N mice (20/group) were fed a high-fat diet (60% fat) or a low-fat diet (10% fat) for 15-20 weeks. 
Weights were measured weekly after initiating the diets. Statistical analysis was done using 2way-ANOVA with Sidak’s multiple 
comparisons test. B) Blood glucose levels were measured following nine weeks of feeding C) Glucose levels were measured 
after 16 weeks of feeding. Statistical analysis was done using Mann-Whitney test and a significantly high level of glucose was 
observed in obese mice compared to lean ones after 16 weeks of diet-initiation (p-value=0.0001). The error bars indicate standard 
deviation (SD) from mean. 

Adenovirus-transduction caused morbidity in obese mice, 
independent of SARS-CoV-2 infection. 

Since mouse ACE2 receptors do not allow for WT SARS-CoV-2 infection, we first transduced mice with 

a replication-defective adenovirus encoding for human ACE2 (AdV-hACE2) intranasally to achieve 

hACE2 expression in the lungs and render mice susceptible to infection. We then inoculated the mice 

with SARS-CoV-2 or diluent five days post-transduction, as previously described [30,31] (Fig. 2A). 

Surprisingly, the obese mice inoculated only with AdV-hACE2 showed significant weight loss, similar to 

those infected with both AdV-hACE2 and SARS-CoV-2 (Fig. 2B). No weight loss was observed in lean 

mice treated with AdV-hACE2 or AdV-hACE2 and SARS-CoV-2. We found a significant weight loss in 

obese-AdV only mice compared to the lean-AdV only group starting from days 5 (p-value=0.0010) 

through day 9 post-AdV transduction (p-value=0.0242). The weights of the mice starting from the day of 

AdV inoculation in both percent weight loss and grams are presented in supplementary figure S2. 

Collectively, these data suggested that the AdV-hACE2 vector produced morbidity specifically in obese 

mice. However, we proceeded to test other parameters to determine if differences could be found between 

lean and obese mice in terms of viral replication, immune response, or lung pathology characteristic of 

SARS-CoV-2 infection.  

To measure viral replication, a subset of the mice was euthanized on days 4 and 10 post-SARS-

CoV-2 inoculation and infectious virus was quantified in the lung homogenates. As expected, mice 

receiving only AdV-hACE2 tested negative for SARS-CoV-2 (Fig. 2C). Infectious lung viral titers 

between lean and obese infected groups were similar (p-value=0.7377) at 4 days post-SARS-CoV-2 

infection, and 1 lean and 2 obese mice were negative for infectious virus. We next used RT-qPCR against 
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the N-gene as a more sensitive means to detect viral RNA to determine if the mice became infected with 

SARS-CoV-2. At 4 days post-SARS-CoV-2 inoculation, all lean mice were positive for the N-gene, while 

both infectious-virus-negative obese mice were negative, indicating a lack of established infection in 

these obese mice. Accordingly, we have removed the 2 negative obese mice from Figure 2B-D because 

they were likely not infected. In Figure 2E, we present RT-qPCR data for the N-gene for lungs collected 

at 10 days post-SARS-CoV-2 infection; all 6 lean mice, but only 5 obese mice, tested positive for SARS-

CoV-2 N-gene by RT-qPCR, and all the mice were negative for infectious virus tested by plaque assays. 

We present all the data, including the negatives, in supplementary figure S3. No differences were 

observed between lean and obese groups in N-gene copies/mL at either timepoint. This finding is 

consistent with previous studies that found no significant difference in infectious viral titers at peak viral 

replication between lean and obese mice infected with influenza virus [20], several alphaviruses [43] or 

dengue virus [44].  

Severe COVID-19 disease is characterized by low levels of type I interferons (IFN-α and β) and 

over-production of inflammatory cytokines like interleukin 6 (IL-6) and tumor necrosis factor alpha 

(TNF-α) [45,46,47,48,49]. Moreover, invasive mechanical ventilation (IMV) was associated with severe 

obesity in patients infected with SARS-CoV-2, irrespective of age, sex, diabetes, and hypertension [39]. 

Experiments using obese mice to study the pathogenesis of influenza A virus, another important 

respiratory virus, showed reduced expression of type I interferons (IFNs), delayed expression of pro-

inflammatory cytokines and chemokines [20], severe lung pathology, and increased viral spread, leading 

to increased mortality [16]. We thus sought to determine the contribution of obesity to cytokine 

expression and lung pathology following SARS-CoV-2 infection. For cytokine testing, RNA was 

extracted from lungs collected 4 days post-SARS-CoV-2 infection, and the expression of cytokines IL-6 

and IFN-β was measured by RT-qPCR. The relative expression of these cytokines was calculated by the 

∆∆Ct method, with hACE-AdV infected lean groups as control and mouse GAPDH as the reference gene. 
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No significant difference in the relative fold-expression of the cytokines above was observed between 

hACE2-AdV+SARS-CoV-2 infected lean and obese groups at either 4 or 10 dpi (Fig. 3A).  

We also examined lungs, liver, and heart for histopathological lesions. Lungs were evaluated and 

scored based on evidence of interstitial inflammation, intra-alveolar hemorrhage, and peribronchiolar and 

perivascular lymphoid hyperplasia. There was no evidence of interstitial or alveolar septal necrosis or 

hyaline membrane formation. Livers were evaluated for evidence of lipidosis and single cell necrosis.  

The hearts were evaluated for evidence of myocardial necrosis and inflammation. Representative lung 

images collected at 4 dpi are presented in Fig. 3B. The lung histopathology scores were similar for obese 

mice inoculated with AdV+SARS-CoV-2 compared to their AdV-only transduced counterparts at 4 dpi, 

but became significantly higher for the SARS-CoV-2 infected mice at 10 dpi (Fig. 3C). We could 

hypothesize that this difference at the later timepoint was due to additional replication of SARS-CoV-2 

after 4 dpi and the AdV subsequently being cleared. No differences in the histopathology scores for heart 

and liver were observed between the groups. Taken together, no major differences were observed between 

the two groups; however, the weight loss data suggest that the AdV-hACE2 transduction caused an 

obesity-specific morbidity, thus confounding the study. 

The mechanisms underlying the morbidity observed in AdV-hACE2 transduced obese mice are 

currently unclear. Future work using a control AdV will enable parsing out of vector-related mechanisms 

vs. ectopic expression of hACE2 will be informative. Replication-defective adenoviruses have been used 

in many gene therapy applications [50,51] and are known to activate both innate and adaptive immune 

responses in humans [52,53,54,55]. Further, they have been shown to cause hepatotoxicity in mice due to 

induction of TNF-α in the liver [56,57] and dose-dependent morbidity in non-human primates [58]. 

Accordingly, we posit that obese hosts may be more permissive to disease following transduction, 

possibly due to an overzealous immune response to the vector. The data presented here suggest caution 

should be taken when using adenovirus vectors in broader populations. Notably, the race for developing a 
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vaccine against SARS-CoV-2 at “pandemic speed” [59] has renewed the interest of researchers in using 

adenovirus vectors, which makes our findings worth considering.  

Limitations of the study 

The major limitation of our study was the use of the adenovirus vector for transduction of mice with the 

human ACE2 receptor. The use of adenovirus vector was an additional variable that induced morbidity in 

the obese host, confounding our ability to assess obesity’s impact on SARS-CoV-2 infection in mice, the 

main objective of our study. Another limitation of this study was the lack of a true mock-treated group, 

with no AdV or SARS-CoV-2 infection, in the absence of which we cannot quantify the impact of the 

adenovirus vector versus hACE2 transgene on the obese host. Moreover, these differences could be 

specific to C57BL/6N mice and we might observe different results with other mouse strains. Despite these 

constraints, this study provides useful information to the field relating to SARS-CoV-2 mouse models and 

advises caution when considering the AdV-hACE2 model for nutrition studies.  

Conclusion 

The increased risk of grave illness and fatalities in obese people post-SARS-CoV-2 infection underscores 

the importance of an effective animal model to study the mechanisms underlying worsened disease 

outcomes. Here, we generated diet-induced obese (DIO) mice and used a previously established 

adenoviral-transduction model to render them susceptible to SARS-CoV-2 infection. Our results 

demonstrate that although adenovirus-transduction sensitized obese and lean mice to SARS-CoV-2 

infection in their lungs, it also induced morbidity specifically in obese mice. Therefore, this model was 

not appropriate for studying the relationship between underlying co-morbidities like obesity or diabetes 

and severe COVID-19. Future studies would benefit from using another mouse model, for example, 

hACE2 transgenic mice or a mouse-adapted strain of SARS-CoV-2. 
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Fig.2: Timeline of the study and disease progression in lean and obese mice post-SARS-CoV-2 infection.  
A) 18-20-week-old male and female C57BL/6N mice received 1x108 PFUs of hACE2-AdV intranasally (day -5) and then 1x105 
PFUs SARS-CoV-2 or viral diluent intranasally (day 0). A subset of infected and control mice was euthanized at day 4 and the 
remaining at day 10 post-SARS-CoV-2 infection and blood and organs were collected for viral titers and histopathology. B) 
Weights were measured daily after SARS-CoV-2 infection and statistical analysis was done on the percent weight change 
compared to the weight on the day of infection, using 2way-ANOVA with Dunnett’s multiple comparisons test. No significant 
difference was observed between only adenovirus (AdV) transduced groups and their AdV+SARS-CoV-2 infected counterparts. 
C) Infectious viral titer in the lungs was determined at four dpi. Statistical analysis was done on log transformed data, using 
Ordinary One-way ANOVA. No significant difference in lung viral titers was observed between lean and obese infected groups 
(p-value=0.7377). The assay Limit of Detection (L.O.D) was set at 2.255 Log10PFUs/mL. D) Viral N-copies/mL from RNA 
extracted from lungs of mice at four dpi, was measured by RT-qPCR. E) Viral N-copies/mL from RNA extracted from lungs of 
mice 10 dpi measured by RT-qPCR. Statistical analysis was done on log transformed data using Ordinary One-way ANOVA. No 
significant difference in “N” gene copies was observed between lean and obese infected groups at four dpi (p-value=0.8241) or 
10 dpi (p-value=0.6052). N copies and L.O.D. were calculated using the standard curve generated from “N-gene RNA standard”. 
L.O.D. was at a Cq value of 38 or 2.947 Log10 N copies/mL.   

 
 

Fig.3: Cytokine mRNA expression and tissue histopathology. 
A) Fold change in gene expression of cytokines, IL-6 and IFN-β at four- and 10-days post-SARS-CoV-2 infection, determined by 
RT-qPCR, compared to mock-infected mice, and normalized to GAPDH. Statistical analysis was performed by Mann-Whitney 
test and no significant difference in gene expression was observed between lean and obese groups. B) Histopathology slides of 
the lungs of mice transduced only with AdV-hACE2 and those infected with AdV+SARS-CoV-2 at D4 post-SARS-CoV-2 
infection. Images at the top row show a lower magnification (40x) and the bottom row shows medium magnification (100x).  No 
gross pathological differences were observed in lung histopathology between different groups. C) Histopathology scores of 
lungs, heart, and liver four-days post-SARS-CoV-2 infection and for lungs at 10 dpi also. Statistical analysis was done using 
Ordinary one-way ANOVA with Tukey’s multiple comparisons test. No difference in lung pathology was observed in lean 
groups infected with AdV+SARS-CoV-2 compared to their obese counterparts at four or 10 dpi (p-value=0.0695 and 0.9971 
respectively). The difference between obese mice transduced only with AdV-hACE2 and those inoculated with AdV+SARS-
CoV-2 was non-significant at four dpi (p-value=0.5679) but became significant at 10 dpi (p-value=0.0187). The error bars denote 
SD. No significant difference was observed between the groups in terms of histopathology scores of heart and liver. 
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Supporting Information 
 

Figure S1: Weight gain analysis in males and females on 
LFD and HFD, over time. 
 
Fig.S1: Weight change in males and females on low and high-fat diet. 
A) Weights of C57BL/6N male mice (10/group) fed a high-fat diet (60% fat) or a low-fat diet (10% fat) for 15-20 weeks. 
Weights were measured weekly after initiating the diets. Statistical analysis was done using 2way-ANOVA with Sidak’s multiple 
comparisons test. Males on a HFD started showing significant weight gain from four weeks of diet initiation (p-value=0.0114) 
and gradually became more significant (p-value<0.0001) from seven week onwards. B) Weights of C57BL/6N female mice 
(10/group) fed a high-fat diet (60% fat) or a low-fat diet (10% fat) for 15-20 weeks. Weights were measured weekly after 
initiating the diets. Statistical analysis was done using 2way-ANOVA with Sidak’s multiple comparisons test. Females on a HFD 
started showing significant weight gain from six weeks of diet initiation (p-value=0.0104) and gradually became more significant 
(p-value<0.0001) from eight week onwards. 

Figure S2: Actual weights and percent weight loss post-AdV 
inoculation. 
 
Fig.S2: Weight change (actual) and as percent weight loss post-AdV inoculation. 
A) Actual weights of C57BL/6N  mice (20/group) post-AdV inoculation (D0), followed by SARS-CoV-2 infection (D5)  till the 
end of experiment (D15). B) Weight changes in lean and obese mice inoculated only with AdV vector compared to the ones 
transduced with the AdV vector and infected with SARS-CoV-2. Statistical analysis was done on the baseline corrected weights, 
using a 2 way-ANOVA with Dunnett’s multiple comparisons test. A significant decrease in weights was observed in the AdV-
only obese mice compared to the lean transduced (only) groups starting at seven dpi (p-value=0.0021) and became highly 
significant by the end of the experiment (p-value<0.0001). 

Figure S3: Viral quantification in terms of PFUs/mL and N-
genes/mL with all the data points. 
 
Fig.S3: Viral plaque assay titers and N-gene quantification values for all infected mice. 
A) Infectious viral titer in the lungs was determined at four dpi. Statistical analysis was done on log transformed data, using 
Ordinary One-way ANOVA. No significant difference in lung viral titers was observed between lean and obese infected groups 
(p-value=0.8224). Samples that tested positive by RT-qPCR, but negative by plaque assays were assigned the L.O.D (2.255 
Log10PFUs/mL). B) Viral N-copies/mL from RNA extracted from lungs of mice at four dpi, was measured by RT-qPCR. C) 
Viral N-copies/mL from RNA extracted from lungs of mice 10 dpi measured by RT-qPCR. Samples with no Cq value were 
assigned the L.O.D. value (2.947 Log10 N copies/mL). Statistical analysis was done on log transformed data using Ordinary One-
way ANOVA. No significant difference in “N” gene copies was observed between lean and obese infected groups at four dpi (p-
value=0.1198) or 10 dpi (p-value=0.2962). N copies and L.O.D. were calculated using the standard curve generated from “N-
gene RNA standard”. L.O.D. was at a Cq value of 38 or 2.947 Log10 N copies/mL.   

 

 
Table S1: Caloric information of diets used for the feeding 
experiments. 
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NAME 
HIGH FAT DIET 

(HFD) 
LOW FAT DIET 

(LFD) 
CODE D12492 D12450K 
Protein: 20 % Kcal 20 % Kcal 
Fat: 60 % Kcal 10 % Kcal 
Carbohydrate: 20 % Kcal 70 % Kcal 
Energy density: 5.21 Kcal/g 3.82 Kcal/g 

 

Table S2: Primers used for RT-qPCR. 
 

Name 5� → 3� sequence 
2019-nCoV_N2 Forward Primer* TTA CAA ACA TTG GCC GCA AA 

2019-nCoV_N2 Reverse Primer* GCG CGA CAT TCC GAA GAA 
2019-nCoV_N2 Probe* FAM-ACA ATT TGC /ZEN/ CCC CAG 

CGC TTC AG-3IABkF 

JW589- Mus musculus GAPDH For. AGGTCGGTGTGAACGGATTTG 
JW590- Mus musculus GAPDH Rev. TGTAGACCATGTAGTTGAGGTCA 
JW591- Mus musculus IL-6 For. TAGTCCTTCCTACCCCAATTTCC 

JW592- Mus musculus IL-6 Rev. TTGGTCCTTAGCCACTCCTTC 
JW593- Mus musculus IFN-β For. CAGCTCCAAGAAAGGACGAAC 

JW594- Mus musculus IFN-β Rev. GGCAGTGTAACTCTTCTGCAT 
 
*Source: https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-
probes.html 
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