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Abstract
AIM: To investigate the presence of total gut viral 
content in obese mice, and establish correlation 
with obesity associated metabolic measures and gut 
microbiome.
 
METHODS: Fresh fecal samples were collected from 
normal and obese (Leptin deficient: Lepob/ob) mice. 
Total viral DNA and RNA was isolated and quantified for 
establishing the correlation with metabolic measures 
and composition of gut bacterial communities.
 
RESULTS: In this report, we found that obese mice 
feces have higher viral contents in terms of total 
viral DNA and RNA (P  < 0.001). Interestingly, these 
increased viral DNA and RNA content were tightly 
correlated with metabolic measures, i.e. , body weight, 
fat mass and fasting blood glucose. Total viral content 
were positively correlated with firmicutes (R2 > 0.6), 
whilst negatively correlated with bacteroidetes and 
bifidobacteria. 
 
CONCLUSION: This study suggests the strong corre
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lation of increased viral population into the gut of obese 
mice and opens new avenues to explore the role of gut 
virome in pathophysiology of obesity.
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Core tip: Gut microbiome is known for major con
stituents of bacterial population, and their association 
with obesity, but microbes like viruses are majorly 
neglected. Our investigation on the basis of hypothesis 
that viruses are an important part of microbial world, 
and found in substantial numbers into human gut, we 
investigated whether viral content have any correlation 
with obesity in mice models. Interestingly, we found 
that DNA and RNA viral fecal content was significantly 
increased in obese mice as compared to normal. This 
suggests that viral population may have role to regulate 
host metabolism and might impact obesity prevalence 
via  alteration of gut microbiome composition. Our 
findings open a new area of research to explore the role 
of gut virome in obesity.
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INTRODUCTION
Obesity is reaching on higher epidemic around the 
globe[1]. This is because of lack of successful and 
effective strategies to prevent and treat this health 
ailment. The pathophysiology of obesity is highly 
complex, and involves various factors, i.e., genetics, 
environment and life style[2]. Abdominal or central 
obesity (abdominal fat accumulation) is strongly 
correlated with increased incidence of insulin resistance 
and metabolic syndrome[3]. Abdominal fat is in close 
proximity with gastrointestinal tract, and have various 
gut-adipose communication through various gut hor
mones and adipokines[4]. Recently, role of gut micro
biome in obesity pathophysiology have been well 
estab­lished and known to play significant role in obesity 
progression[5]. Human and rodent studies suggest that 
presence of gut microbiome increases the risk of weight 
gain and insulin resistance[6]. Various mechanisms have 
been proposed to explain the role of gut-microbiome on 
obesity progression, i.e., increased energy harvesting 
capacity, low grade inflammation, endotoxemia and 
other metabolic interferences[7]. Recently, plethora 
of literature has been generated to explore the role 
of gut microbiome (especially bacterial community) 

in metabolic regulation. Therefore modulation of gut 
microbiome has been considered one of the important 
strategies to develop therapies against obesity and 
diabetes[7].

Most of the studies conducted for exploring the 
role of gut microbiome in obesity have been focused 
on bacterial communities and their correlation with 
host metabolism[8]. Role of viruses present into gut 
are not investigated in relation with obesity and their 
impact on host metabolism and associated gut bacterial 
microbiome. Viruses play a critical role in maintaining 
bacterial population in specific environment, i.e., 
gut, where they establish a commensal relation with 
their partners[9]. Specific viral particles, especially 
bacteriophages might play an important role in main
taining certain bacterial strains of gut microbiome, that 
are correlated with obesity occurrence[6]. From our best 
knowledge, none of the studies investigated the direct 
link of gut virome with obesity. We hypothesize that 
changes in gut viral community (gut-virome), might 
play an important role in maintaining and colonizing 
gut bacterial species that impact host metabolism. 
Hence establishing the role of gut-viral community on 
influencing gut microbiome and host metabolism will 
open new avenues for development of therapeutic 
strategies against obesity via targeting gut virome. In 
this study, we investigated the correlation between gut-
virome, obesity associated metabolic measures and gut 
bacterial communities in mice.

MATERIALS AND METHODS
Animals, sample collection and biochemical analysis
Lepob/ob and C57J/B6 mice (male; age 6-8 wk old) were 
housed in a light controlled facility by maintaining 12 
h light/dark cycle. Mice were maintained in identical 
conditions and fed with similar diet and water, adlibitum. 
Body weight was measured using a microscale balance 
(Cole-Parmer, IL, United States). Total fat mass was 
measured weighing all the major fat depots, i.e., 
epididymal, perirenal, mesenteric, supra subscapular, 
anterior subcutaneous and posterior subcutaneous fat 
depots). Fasting (12-14 h) blood glucose was measured 
using Bayer Contour glucometer (Bayers Contour 
Diabetes Solutions, Thane, India). Fresh fecal samples 
were collected from each mouse by light abdominal 
squeezing and immediately stored in a sterile, DNase 
and RNase free vials at -80 ℃ till further use. All the 
animal protocols and procedures were approved by 
institutional animal ethics committee from University of 
Punjab and PGIMER, Chandigarh, India. 
 
Viral DNA and RNA isolation and quantification
Fecal viral DNA and RNA was isolated using Qiagen 
viral DNA and RNA isolation kits following the manu
facturer’s instructions. DNA and RNA quality have been 
checked using Agilent 2100 Bioanalyzer. Viral DNA 
and RNA have been quantified using NanoDrop One 
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Bacterial DNA quantification
Mouse total fecal DNA was isolated from separate fecal 
pallets than viral DNA/RNA isolation, using DNeasy kit 
(Qiagen). Real time PCR was performed to measure 
the major obesity associated bacterial community, 
i.e., Firmicutes, bacteroidetes and Bifidobacteria using 
microbe specific primers (Table 1). Results are presented 
here as percent of bacterial DNA abundance normalized 
by total bacterial DNA.
 
Statistical analysis
All the data expressed is mean and standard error 
of means. Statistical significance among the groups 
was calculated using two-tailed t test and/or one way 
analysis of variance, that followed by post-hoc tests. 

Spectrophotometer with fluorescent method (Thermo-
Fisher Scientific, United States). Viral DNA and RNA 
quantity has been calculated nanogram per gram of 
fecal sample.
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Figure 1  Fecal viral DNA and RNA content was significantly increased in obese mice and shown strong correlations with obesity associated measures 
and gut bacterial microbiome. A-D: Fecal viral DNA (A and B) and fecal viral RNA (C and D) content was found to be dramatically increased in obese animals; E-J: 
Viral DNA was positively correlated with body weight (E), fat mass (F), blood glucose (G) and firmicutes (H), whilst negatively correlated with bacteroidetes (I) and 
bifidobacteria (J). Values presented here are means (n = 7) and standard error of means. Values indicated with “a“ are significantly different at the level of P < 0.001.

Table 1  Primers used for gut microbial community analysis

Gene Name Primer sequence (5’ →3’)

Universal F (Total) TCCTACGGGAGGCAGCAGT
Universal R (Total) GACTACCAGGGTATCTAATCCTGTT
Bifidobacteria F GCGTGCTTAACACATGCAAGTC
Bifidobacteria R CACCCGTTTCCAGGAGCTATT
Bacteroidetes 934F GGARCATGTGGTTTAATTCGATGAT
Bacteroidetes 1060R AGCTGACGACAACCATGCAG
Firmicutes 934F GGAGYATGTGGTTTAATTCGAAGCA
Firmicutes 1060R AGCTGACGACAACCATGCAC
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Data with less than 0.05 P-values considered statistically 
significance. 

RESULTS 
Microbiome studies clearly suggest that we are 
surrounded by microbes, in which viruses makes a 
significant numbers. Around 1031 viral particles have 
been estimated on earth, and human feces consist 
around 109 viral particles/gram[10-12]. Mammalian virome 
collectively called for viruses that infect eukaryotic cells 
(eukaryotic virome), bacterial cells (bacterial virome), 
archeal cells (archeal virome) and virus derived genetic 
elements in host chromosomes that can change host-
gene expression, express proteins, or even generate 
infectious virus (prophages, endogenous retroviruses, 
endogenous viral elements)[13]. Viral infections have been 
associated with prevalence of obesity in animals and 
humans, and termed as infectobesity[14]. Considering the 
technological limitations for sequencing and analyzing 
datasets for viral communities, studies of virome has 
been lagged behind than bacterial microbiome. In 
present study, we analyzed total fecal viral content in 
normal vs obese (leptin deficient Lepob/ob) mice and 
correlated with obesity related measures. Interestingly, 
we found that fecal viral DNA and RNA in obese samples 
was significantly higher than normal mice (Figures 
1 and 2), suggesting that total DNA and RNA viral 
communities have been significantly increased in obese 

mice. Although, our studies completely lack the types 
of viruses enriched in obese mice gut as compared to 
normal, but these very interesting observations indicate 
that total load of viruses have been increased in obese 
gut. Therefore, these results provide a strong basis to 
further explore the role of gut virome in obesity.

DISCUSSION 
We have observed that fecal DNA and RNA viral 
population positively correlated with firmicutes bacterial 
communities, which is known to be associated with 
increased obesity[5]. While viral contents were negatively 
correlated with bacteroidetes and bifidobacteria, that are 
known to be associated with lean-ness[5]. These results 
can be speculated in a way, that gut virome (especially 
bacteriophages) might have interaction with gut 
bacterial microbiome to modulate the bacterial species 
abundance in obese vs normal mice. Although, these 
studies gives us an intrigued and important preliminary 
information about the abundance of DNA and RNA 
viruses in obese and normal mice, but still detailed 
analysis to find out the types of viruses and their 
functionality remains completely unknown. Therefore, 
further studies to explore the types of viruses that are 
associated with increased viral DNA and RNA contents in 
normal vs obese mice are highly warranted. 

Viruses are highly mutagenic and carries individual 
variations in gut viral communities have been described 

Figure 2  Fecal viral RNA content was significantly correlated with obesity associated measures and gut bacterial microbiome. A-F: Fecal viral RNA content 
was positively correlated with body weight (A), fat mass (B), blood glucose (C) and firmicutes (D), whilst negatively correlated with bacteroidetes (E) and bifidobacteria 
(F). Values presented here are means (n = 7) and standard error of means.
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earlier[9]. Viral proteins can interact with host cells and 
can induce biological response, i.e., inflammation, rece
ptor based cell signaling or gene expression, to modulate 
adipose tissue biology[15]. Hence, the results of this 
study also indicate that increased viral population might 
be contributing to release of higher amount of certain 
viral proteins that can interact directly with host cells to 
modulate metabolism and cause obesity. Therefore it will 
be very important to establish how these viral species 
and their end products (i.e., proteins) are playing role in 
modulation of gut bacterial communities, as well as their 
impact on host metabolism.

COMMENTS
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