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C

hildhood obesity has more than tripled
over the last 30 years. About 17% of
Americans aged 2–19 years are obese1 as are
8% of Europe’s school-age children.2 Most
obese children remain obese during adulthood, and this can lead to hypertension,
dyslipidemia, type 2 diabetes, coronary
heart disease, stroke, sleep apnea, respiratory problems, osteoarthritis, some types of
cancer and psychological problems.1,2
Obesity is a chronic disease of multiple etiologies, but the most important factors leading to fat accumulation in children
are genetic inheritance, endocrine alterations,
and behavioral/environmental causes such as
diet, lack of exercise, cultural practices and
stress.3
Evidence emerging over the last 20
years supports the hypothesis that viral
infections may be associated with obesity
in animals and humans, and this review
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considers the data indicating a link between
viral infection and childhood obesity.

VIRAL INFECTIONS AND OBESITY
IN EXPERIMENTAL ANIMALS
The first report of obesity associated
with a viral infection was published in 1982
and, since then, a number of studies have
investigated the possibly causal relationship between infections and obesity.4–13 Five
infectious agents have so far been implicated: canine distemper virus, rous-associated virus 7, scrapie, borna disease virus and
adenoviruses.4–13 Apart from adenoviruses,
all the other viruses of this list are associated
with brain damage and, in experimental animals, the obesity develops via brain involvement or via direct damage of fat tissue.
Canine distemper virus is a paramyxovirus that infects dogs and other wild
mammals, and an association between
canine distemper virus infection and obesity
has been found in mice.4 It has been suggested that a necessary condition for the
development of obesity is viral replication in
mouse brain (particularly the hypothalamus)
with decreased levels of catecholamine,
leptin receptors and the substances involved
in energy regulation and food intake.4
Rous-associated virus 7 is one of the
most common retroviruses affecting chickens, in which it may cause obesity involving
the central nervous system and is associated with hypertriglyceridemia and hypercholesterolemia regardless of food intake.5
Another possible mechanism related to
rous-associated virus 7–induced obesity

involves alterations in the thyroid with lymphoblastoid infiltration, decreased levels of
thyroid hormones and hypothyroidism.6
Scrapie is caused by infectious prion
proteins, which may cause a neurodegenerative disease in sheep with a long incubation
period. Once again, obesity is considered to
be a consequence of central nervous system
lesions. It has been shown that removing the
adrenal gland in mice may protect against
obesity.7 Diabetes is also associated with
scrapie and is not only due to obesity but
also due to pancreatic damage.7
Borna disease virus is a nonsegmented negative-stranded RNA virus that
may cause obesity in various animals,
including rats and chickens. Most studies suggest that borna disease virus causes
obesity by damaging the hypothalamus with
accumulating viral particles.8
Finally, adenoviruses are very common and may cause a variety of infections
in birds and mammals, including humans.
Four strains of adenoviruses have been
associated with animal obesity: SMAM-1
and adenoviruses 36, 37 and 5. SMAM-1
has been associated with increased body
fat in chickens.9–13 Chickens with peritoneal
SMAM-1 infection have 50% more abdominal fat than control chickens and decreased
serum triglyceride and cholesterol levels
apparently due to liver damage.9
Adenovirus 36 has a close affinity for fatty tissue, and its DNA has been
found in quantities correlating with body
fat in mice and chickens.10 The brains of
mice infected with adenovirus 36 have been
evaluated in an attempt to find an alteration
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that could cause lesion, but no lesions were
found.10 Experiments inoculating monkeys
with adenovirus 36 have shown an association with weight gain, increased visceral
fat and decreased serum lipid levels.11 It is
thought that the most important mechanism
of action of adenovirus 36 is a direct effect
on adipose tissue through the upregulation
of C/EBPβ, one of the genes that play a
critical role in preadipocyte differentiation.
It has also been demonstrated that adenovirus 36 can be transmitted horizontally from
one infected chicken to another sharing
the same cage, and that the transfusion of
a small amount of blood from adenovirus
36-infected animals successfully transmits
infection and obesity to the recipients.12
Adenoviruses 37 and 5 have respectively been associated with increased visceral fat in chickens and mice during the
3–5 weeks after infection even without
any difference in food intake.13 In the case
of these 2 adenoviruses, oxidative stress is
considered a possible cause of obesity as the
fat cells of obese animals produce increased
levels of toxic oxygen molecules and the
enzyme nicotinamide adenine dinucleotide
phosphate. All of these findings raise the
question as to whether at least some cases
of childhood obesity can be considered as
being due to an infectious disease.

VIRAL INFECTIONS AND OBESITY
IN CHILDREN
There are relatively few published
studies of virus-induced obesity in humans,
particularly during childhood. Human subjects cannot be experimentally infected for
ethical reasons and so it is difficult to obtain
direct proof that viruses can increase body
fat. The most widely studied virus as a possible cause of childhood obesity is adenovirus 36. No clear data are available on the
other viruses mentioned earlier and their
association with human obesity.
Na et al selected 318 Korean schoolchildren (255 obese and 59 nonobese) aged
6–15 years and observed a closer relationship between a positive adenovirus 36 antibody status and lipid disorders in the obese
group than in the nonobese group (28.6%
versus 13.6%; P = 0.0174) in absence of
specific symptoms.14 The obese participants
who were adenovirus 36 antibody-positive
had higher triglyceride and total cholesterol
levels than those who were adenovirus 36
antibody negative.14 After adjusting for age,
gender and obesity, the risk of high triglyceride levels was twice as great in the antibody-positive than in the antibody-negative
subjects, which suggests that previous adenovirus 36 infection may be an independent
risk factor for high triglyceride levels.14
This finding contradicts those of earlier
© 2012 Lippincott Williams & Wilkins

adult studies showing that adenovirus 36
antibody-positive obese and nonobese subjects paradoxically had lower triglyceride
and total cholesterol levels than those who
were adenovirus 36 antibody negative.15
In 2010, Atkinson et al16 determined
the prevalence of adenovirus 36 infection in
84 obese Korean children and found that 25
(30%) had antibodies against adenovirus 36.
The infected children had significantly higher
body mass index Z scores (1.92 versus 1.65;
P < 0.01) and larger waist circumferences
(96.3 versus 90.7 cm; P = 0.05) than the uninfected ones.
The most recent study of a pediatric
population was performed by Gabbert et al,17
who studied a total of 124 children, 46% nonobese and 54% obese. Nineteen children (15%
of the population) were positive for adenovirus
36–specific neutralizing antibodies, and 15 of
these (78%) were obese. Furthermore, adenovirus 36 positivity was significantly more
frequent in the obese children (22% versus
7%).17 Among the children who were obese,
those who were adenovirus 36 positive had
significantly larger anthropometric measures
(including body mass index, weight, waist circumference and waist/height ratio).17
In 2011, Atkinson wrote a review
about the relationship between adenovirus 36 infection and obesity in childhood
based on findings in a total of 559 children
enrolled in 3 published studies or described
in an oral presentation. Overall, these studies showed that there is an increase in prevalence of adenovirus 36 infection in obese
children (28% versus 10%).18
The pediatric data concerning viral
infections and obesity are in line with the
findings of animal studies. On the contrary,
some adult studies seem to indicate a strict
relationship between seroconversion against
adenovirus 36 and increased weight and
altered lipid metabolism, whereas others
lead to partially or totally different conclusions.18 Various factors may explain some
of the differences among the human studies
and between them and the animal or in vitro
studies. It is not easy to evaluate adenovirus
36 antibodies and, although highly specific
and sensitive, the method is labor intensive
and lengthy. Moreover, it has been found
that immune responses can be significantly
impaired in obese people and that the reduction in antibody concentrations is proportional to the severity of obesity.
However, the results of the various
human studies may also have been greatly
influenced by the fact that obesity is a multifactorial disease and, in most cases, fat
accumulation is caused by a number of
concomitant factors. Experimental studies
are always prospective, and selected animals or cells are infected with adenovirus
36; however, human studies are always
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retrospective, and the presence of previous
adenovirus 36 infection is established by
measuring adenovirus 36 antibodies without taking into account the time the infection occurred, viral load or the duration
of the persistence of the virus in the body.
Consequently, various confounding factors
can be eliminated a priori in prospective
studies, and it is easier to make a more precise evaluation of the effects of adenovirus
36 infection, whereas it is frequently impossible to remove or identify the coexisting
causes of obesity in retrospective studies
and, therefore, significantly more difficult
to analyze the results.
The age of the infected host can also
be important when studying the role of adenovirus 36. Some of the causes of childhood
obesity (particularly those related to behavior) are less common and/or important in
adults, at least in some countries, and this
means that the effect of adenovirus 36 infection may be more easily demonstrated in
the first years of life. This may also explain
why the relationship between adenovirus 36
infection and obesity is apparently stronger
in pediatric studies than in adult studies.

CONCLUSION
Adenovirus 36 is the main virus that
studies of experimental animals and humans
have shown to be associated with the development of obesity. The childhood findings
are also interesting but more research is
needed to identify the pathogenic mechanism and consequences of the infection.
The prevalence of adenovirus 36 infection
in the general population as well as what
happens to adenoviral antibodies over time
remain unknown. However, as obesity is a
multifactorial disease, it is very difficult to
identify in which obese children infection is
the only cause of obesity. As not all subjects
infected by adenovirus 36 develop obesity, it
would be interesting to know why some are
protected, and an analysis of which genetic
factors play a role in this regard may help to
identify those at higher risk. However, if the
preliminary data are confirmed, new studies
will be necessary to evaluate potential antiviral therapies capable of inhibiting disease
progression and possible vaccines.
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