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A b s t r a c t

Introduction: Obesity has become the most prevalent chronic disorder that 
affects large populations, particularly children, all over the world. Although the 
cause of obesity has largely been considered to be multifactorial, the concept 
of a viral origin has been relatively understudied, in comparison with genetic 
and behavioral causes. Emerging evidence supports adenovirus 36 (Ad 36) 
as a potential cause of human obesity. We aimed to examine whether Ad 36 
infection is associated with obesity and lipid disorders in Egyptian children.
Material and methods: One hundred and thirty children and adolescents 
were included in this study; 80 of them were obese and 50 were controls. 
All participated in physical and clinical examination. Personal habits of nu-
trition, anthropometric measurements, and laboratory parameters including 
plasma glucose, insulin, HOMA-IR index, lipid profile and Ad 36-specific neu-
tralizing antibodies were assessed. 
Results: Food habit inquiries revealed that 70% of all children had snacks 
before lunch, which were significantly higher in carbohydrates and fats in 
obese subjects (p = 0.009). No significant difference in lipid profile was 
found between the 2 groups. Obese children had significantly higher levels 
of insulin and HOMA-IR index than the controls. Adenovirus 36 IgG was pos-
itive in only 2 of the obese children. Age was positively correlated with BAZ, 
insulin levels and HOMA index (r = 0.29, p < 0.001; r = 0.29, p = 0.001 and 
r = 0.22, p = 0.013, respectively). A positive correlation between insulin and 
BAZ (r = 0.24, p = 0.007) was found.
Conclusions: No association was found between obesity and infection with 
Ad 36 in Egyptian children, indicating that Ad 36 has a  limited effect as 
a causative agent of obesity in the Egyptian community. 
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Introduction

The incidence of obesity in recent decades has grown dramatically 
[1]. The worldwide prevalence of obesity more than doubled between 
1980 and 2014 [2]. For children who remain obese into young adulthood, 
life expectancy may be shortened by as much as 20 years [3]. Egypt is 
the fattest African country, with nearly 70% of its adult population over-
weight or obese. It is also the 14th fattest country in the world, according 
to the most recent World Health Organization statistics. In addition to 
the health care costs, there are costs to society of obesity-related ab-
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senteeism and loss of productivity from school or 
work [4]. The prevalence of obesity in Egyptian 
children ranged from 13.5% [5] up to 23.7% [6], 

and obesity represents one of the major public 
health problems in Egypt.

The interaction between genetics, metabolic, 
social, cultural and environmental factors, includ-
ing viral infection, addresses many different co-
factors for the development of obesity. The role of 
bacteria and viruses as potential etiological agents 
has been suggested, and the term ‘infectobesity’ 
has been proposed [7]. The most widely studied 
infection agent possibly linked to obesity is ad-
enovirus 36 (Ad 36). It was reported that Ad 36  
causes obesity in animals [8]. In humans, some 
previous studies suggested a  correlation of obe-
sity with Ad 36 infection in adults and children 
[9, 10]. Studies to confirm or refute the possibil-
ity that certain viruses may cause weight gain are 
required in Egypt. In the meantime, discounting 
viruses as a contributing factor to obesity would 
deprive us of a potential new avenue of investigat-
ing and treating the ever increasing epidemic of 
obesity. This study aimed to detect the presence 
of Ad 36 antibodies in serum of Egyptian children, 
obese and non-obese, and to find out if there is 
association between infection with Ad 36 and 
obesity.

Material and methods

This study started with clinical examination 
and anthropometric measurements of one thou-
sand children and adolescents chosen randomly 
from three governmental schools at Giza. Their 
age ranged from 9.5 years to 18 years (mean: 
14.25 ±2.07 years). The anthropometric measures 
were computed by the Anthro plus program and 
the BMI Z score (BAZ) was calculated. According 
to the WHO, subjects who had BAZ > 2 were con-
sidered obese. One hundred and thirty children 
and adolescents gave consent to participate in 
the study: 80 were obese (39 males and 41 fe-
males) and 50 with BAZ ≤ 2 served as the control 
group (23 males and 27 females). Exclusion crite-
ria: were factors that might lead to the misclassi-
fication of a child’s weight status, that is, (1) an 
acute or chronic illness affecting weight, (2) ge-
netic conditions associated with obesity or failure 
to thrive, and/or (3) use of medications associated 
with weight gain or weight loss. Inclusion criteria: 
apart from obesity, all obese subjects and normal 
controls were in good health.

All participants were informed about the objec-
tives of the study and volunteered to participate. 
The parents of all subjects provided written in-
formed consent.

All participants were subjected to the following: 
1) physical and clinical examination; 2) respond to 

a questionnaire on social status, medical history, 
medications, and  personal habits of nutrition; 
3) anthropometric assessment: anthropomet-
ric parameters that included: body weight (WT), 
height (Ht), and waist circumference (WC); 4) fast-
ing blood samples were drawn into 2  vacutain-
er  tubes, one containing EDTA as an anticoagu-
lant. The  samples were immediately transferred 
to the laboratory. Both tubes were centrifuged im-
mediately for 10 min at 4000 and stored at –80°C 
for future laboratory investigations.

Anthropometric assessment

Weight, height, and body mass index (BMI) were 
expressed as weight-for-age Z-score (WAZ), height-
for-age Z-score (HAZ), and BMI-Z-score after being 
calculated according to the WHO standards using 
Anthro Plus software of the WHO (2009).

Biochemical investigations

Lipid profile: triglycerides (TG) and total choles-
terol (TC) levels were assayed by enzymatic colo-
rimetric methods [11]. High-density lipoprotein 
cholesterol (HDL-C) concentrations were measured 
by enzymatic assay after phosphotungstic acid 
and magnesium precipitation [12]. Low-density li-
poprotein cholesterol (LDL-C) was calculated using 
the Friedewald equation when the triglyceride con-
centrations did not exceed 408 nmol/l [13]: LDL-C 
= {total cholesterol – HDL-C- (triglyceride/5)}. 

Serum glucose level was also determined by 
the glucose oxidize method [14, 15].

Serum insulin was measured using the quan-
titative enzyme-linked immunosorbent assay 
(ELISA) using a  commercial kit provided by DIA 
source, Belgium [16]. The Homeostasis Model 
Assessment (HOMA-IR) method was used for the 
calculation of insulin resistance. This method has 
been validated as a reliable measure of insulin re-
sistance in vivo in humans. The HOMA-IR meth-
od closely mirrors the glucose clamp technique in 
the assessment of insulin sensitivity [17]. Higher  
HOMA-IR scores denoted lower insulin sensitivity 
and greater insulin resistance.

Assessment of adenovirus 36

The presence of Ad 36-specific neutralizing 
antibodies was assessed using the serum neutral-
ization assay: Samples were concentrated by fil-
tration through negatively charged nitrocellulose 
membranes (ALBET, Spain 0.45 μm pore size and 
142 mm diameter filter series) after addition of 
AlCl3 to a final concentration of 0.5 mM and acidi-
fication to pH 3.5 and after passing through What-
man no. 1 filter paper. The viruses adsorbed on 
the membrane were eluted with 75 ml of 0.05 M  
glycine buffer, pH 9.5, containing 3% beef extract 
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(Lab-Limco powder, OXOID, UK) [18, 19]. All sam-
ples were re-concentrated using an organic floccu-
lation method [20]. Samples were neutralized and 
kept at –70°C until used.

Statistical analysis

Data management and analysis were per-
formed using SPSS version 17. Results were pre-
sented as mean ± SD, except where otherwise 
indicated. Comparisons between the two groups 
with respect to numeric variables were done by 
the Mann-Whitney test. To compare more than 
two groups with respect to numeric variables, the 
Kruskal-Wallis test followed by the post hoc Dunn 
test for non-parametric data was performed. The 
c2 test was used to compare the groups with re-
spect to categorical data. To assess the degree of 
association between the numeric variables, the 
Spearman correlation for nonparametric data was 
used. P-values < 0.05 were considered significant.

Results

This study included 1000 students who were 
subjected to anthropometric measurements. Their 
age ranged from 9.5 to 18 years (mean: 14.25 
±2.07 years).

The results revealed that 130 of them were 
obese (13%), 57 (43.8%) of them were girls, and 
73 (56.2%) were boys. Eighty of the obese children 
(39 males and 41 females), and 50 of the normal 
children (BAZ ≤ 2) (23 males and 27 females) had 
given consent to participate in the study. 

The socioeconomic status of the two studied 
groups is shown in Table I. No significant differ-
ences were observed. 

As regards the food habits of the studied chil-
dren, the results showed that the usual breakfast 
food was mainly carbohydrate and fats in both 
groups. Also, it was noted that 70% of all subjects 
received snacks before lunch. However, the snack 
foods of obese children were significantly higher 
in carbohydrate and fat as compared to those of 
normal children (p = 0.01) (Figure 1). 

Eighty-five percent of the studied children 
received the dinner meal, but it was found that 
33.8% of the obese had their dinner just before 
going to bed, compared to 10.3% of the control 
group, and the difference was statistically signif-
icant (p = 0.01). In addition, the percentage of 
obese children who ate when stressed was sig-
nificantly higher than that of non-obese children 
(22.9% vs. 4.7% respectively, p = 0.002). The pres-
ence of one or more fat family member was found 
in 79.3% of obese children and in 28% of the 
control children; that difference was statistically 
significant (p < 0.001). Table II shows the serum 
levels of lipid profile in obese and control groups; 
no significant differences were observed.

Fasting blood sugar, serum insulin and HOMA 
index levels are shown in Table III. Obese chil-
dren had significantly higher levels of insulin and 
HOMA index as compared to those of the control 
children (p = 0.003 and p = 0.001 respectively).  
It was noted that the percentage of obese children 
who had early or significant resistance to insulin 
was higher than that of the control children, but the 
difference was not statistically significant (Figure 2).

Seventy-six serum samples from obese children 
were investigated for Ad 36 IgG as an agent for 
obesity. At the same time 48 serum samples from 
normal children were also investigated as a con-
trol. The results showed that only two samples of 
obese children (2.6%) were positive for Ad 36 IgG. 
At the same time all 48 control samples were neg-
ative for Ad 36 IgG.

Table I. Socioeconomic status of the two studied 
groups

Parameter Control Obese

N % N %

Mother education:

Not educated 4 8 10 12.5

Moderate 6 12 15 18.75

High 40 80 55 68.75

Mother occupation:

Not working 34 68 53 66.25

Working 16 32 27 33.75

Father education:

Not educated 4 8 10 12.5

Moderate 5 10 7 8.75

High 41 82 63 78.75

Father occupation:

Not working 0 0 2 2.5

Working 50 100 78 97.5

  Mainly  Carbs + Carbs + Fruits and
 carbs + fats vegetables  proteins vegetables
  and fruits  

Snack food
Obesity    BAZ ≤ 2          BAZ > 2

Figure 1. Obese children in association with types 
of food
Carbs – carbahydrate
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The clinical characteristics and biochemical pa-
rameters of the two positive Ad 36 patients are 
shown in Tables IV and V.

Our results showed that age was positively cor-
related with level of insulin and HOMA index (r = 
0.29, p = 0.001 and r = 0.22, p = 0.013 respective-
ly). Also a positive correlation between insulin and 
BAZ (r = 0.24, p = 0.007) was found (Figure 3).

Discussion 

The present study showed that the prevalence 
of obesity among children and adolescents from 
governmental schools aged 9–18 years was 13%. 
A  previous Egyptian study by Badawi et al. [5] 
showed a  very similar percentage of obese chil-
dren aged 6–12 years (13.5%). In 2014 the preva-
lence of obesity in children aged 5–9 years accord-
ing to an Egyptan demographic and health survey 
was 3.9% [21]. However. a  higher percentage of 
obesity was recorded in the study of Taha and 
Marawan [6], which was 23.7% in children aged 
8–12 years.

Our results showed that the level of education 
and employment of both parents had no signifi-
cant association with obesity. In contrast to our 
results, the Egyptian study by Badawi et al. [5] 
showed a  significant direct association of socio-
economic class with obesity. Also Chakar and Sal-
ameh in Lebanon [22] and Khader et al. in Jordan 
[23] found that BMI was higher in families with 

a higher socioeconomic level. The absence of as-
sociation of socioeconomic class with obesity in 
our study may be due to the lack of clear differ-
ences in socioeconomic status between our sub-
jects, as most of them were from nearly the same 
geographic area. 

The unhealthy dietary habits of children in-
cluded in this study had a great influence on their 
obesity (Figure 1). Similar findings were previously 
reported in the study of Taha and Marawan [6]. 

The present work showed that 79.3% of obese 
children had one or more fat family member. 
Several studies were in agreement with our re-
sults. Mo Suwan et al. [24] and Badawi et al. [5] 

Table II. Serum levels of the lipid profile in the obese and control groups

Parameter Group N Mean Standard deviation Sig. (p)

Cholesterol [mg/dl] Control 50 125.69 40.81 NS

Obese 80 136.88 37.98

Triglyceride [mg/dl] Control 50 66.20 26.17 NS

Obese 80 69.83 34.89

HDL [mg/dl] Control 50 45.64 14.96 NS

Obese 80 44.70 11.48

LDL [mg/dl] Control 50 73.56 42.94 NS

Obese 80 84.97 71.99

Table III. Level of glucose, insulin and HOMA index in obese and control groups 

Parameter Group N Mean Standard deviation Sig. (p)

Glucose [mg/dl] Control 50 0.2387 22.94 NS

Obese 80 88.27 18.47

Insulin [μIU/ml] Control 50 5.53 4.47 0.003*

Obese 80 8.21 5.33

HOMA index Control 50 1.16 0.96 0.001*

Obese 80 1.89 1.49

  Normal Early Significant

Insulin resistance
Obesity    BAZ ≤ 2 or less          BAZ > 2

Figure 2. Insulin resistance in obese and control 
children
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mentioned a strong positive correlation between 
obese children and BMI of their parents.

Regarding lipid profile, this study demonstrat-
ed that serum cholesterol and LDL were higher in 
obese children than in controls, but the differenc-

es were not statistically significant. In addition, 
the mean levels of triglyceride and HDL were al-
most the same in both groups. 

Similar findings were previously reported by 
Lima et al. [25], who found that all lipid levels of 
obese children were borderline, without signifi-
cant differences between obese subjects and con-
trols. However, Zoair et al. [26] observed a highly 
significant increase of serum cholesterol, LDL, and 
triglyceride levels in obese children compared to 
the control group. Also they observed a  signifi-
cant decrease in HDL-cholesterol in obese children 
compared to normal children.

The absence of significant differences in lipid 
profile in our results may be attributed to the high 
intake of saturated fat by 60% of all studied chil-
dren.

In this study, obese children showed significant-
ly increased levels of insulin and HOMA-IR as com-
pared to normal children. In addition, insulin was 
significantly correlated with BMI. These findings 
were previously reported in other studies [27, 28].

Table IV. Clinical characteristics of Adv36 positive patients

Parameter Patient 1 Patient 2

Sex Male Male

Age [years] 9.8 11.9 

Socioeconomic status Middle Middle

Weight [kg] 42 62.5 

Height [cm] 133 154.5 

BMI-Z score (BAZ) > 2 > 2

Type of breakfast Carbohydrate and fat Carbohydrate and fat

Snack before lunch Yes Yes

Time of dinner Just before sleep Just before sleep

Type of dinner Mainly carbohydrate Mainly carbohydrate

No. of obese family members 2 (mother and aunt) Mother

Table V. Biochemical parameters of Adv36 positive patients

Parameter Normal range Patient 1 Patient 2

Glucose [mg/dl] 70–120 186 82.6

Cholesterol [mg/dl] < 200 220 142.9

TC [mg/dl] 40–160 90 94.9

HDL [mg/dl] 30–70 48 50

LDL [mg/dl] < 130 154 73.92

Insulin [μU/ml] < 10 5.1 2.4

HOMA index (IR) < 1 – normal
1–2.8 – early insulin resistance
> 2.8 – significant resistance

2.34 0.37

 0 5 10 15 20 25

Insulin

Figure 3. Correlation between insulin level and BAZ
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The association of seropositivity of Ad 36 in 
humans, especially in children and adolescents, is 
still controversial. In this study we tried to deter-
mine the prevalence of Ad 36 antibodies in obese 
and normal Egyptian children. One hundred and 
twenty-four serum samples from children and ad-
olescents (76 obese subjects and 48 normal sub-
jects serving as controls) were investigated for Ad 
36 IgG.

The results showed that seropositivity was de-
tected in only 2 obese children, which represents 
2.6%. This low percentage of Ad 36 in Egyptian 
children is in line with a  study done on sewage 
samples that were collected from several waste-
water treatment plants in Greater Cairo in the 
same period as our study. The study included  
30 sewage samples; only one sample (3.3%) was 
positive for Ad 36 using nested polymerase chain 
reaction (PCR) [29]. This may confirm the low in-
cidence of Ad 36 in the Egyptian children. Simi-
larly to our results, Valere et al. [30] revealed that  
Ad 36 seroprevalence was 5.5% and stated that 
Ad 36 does not play a role in human obesity. On 
the other hand, some recent studies on children 
and adolescents showed a strong association be-
tween Ad 36 and obesity [31, 32]. Also, the study 
of Ponterio et al. [33] indicated that some individ-
uals carry Ad 36 in their visceral adipose tissue. 

In conclusion, the results of this study did not 
confirm an association between obesity and infec-
tion with Ad 36 in Egyptian children. This indicat-
ed that Ad 36 has a limited effect as a causative 
agent of obesity in the Egyptian community. Socio-
economic class, unhealthy dietary habits, seden-
tary life and presence of parental obesity showed 
a strong association with obesity in this period of 
life. In addition, the results indicated that obesity 
in children represents a critical risk factor for the 
development of insulin resistance status. 

It is recommended in future that studies for de-
tection of Ad 36 be done on a wide scale among 
children and adolescents and in different socio- 
demographic areas as well as in vitro studies to 
detect the virus in our environments. Moreover, 
awareness of prevention programs for overweight 
or obesity must be increased in children and ad-
olescents through publications and symposia for 
both children and parents. Schools should inform 
students about the danger of obesity and its out-
come, especially if a child is genetically prone to 
obesity. 
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