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Abstract: Upper respiratory tract infections (URTIs) that are caused by human adenoviruses (HAdVs) affect in 

the whole population, but are more frequent in young children under the age of five years old. Due to the 

potential role of HAdVs in the URTIs cases of young children and there is no previous molecular study on these 

viruses in Iraq, this study aimed to detect of the prevalence of HAdVs in children suffering from URTIs by 

polymerase chain reaction (PCR). The DNA extracted from 203 nasopharyngeal and throat swabs, they were 

collected from children aged less than 15 years with the respiratory illness. In addition to 30 swabs obtained 

from healthy children as a control group. All samples diagnosed with PCR technique by using specific primer 

for the seven hyper variable regions (HVR-7) in the hexon gene. The results showed that 57 (28.08%) were 

positive and 146 (71.9%) were negative for HAdVs. The statistical analysis revealed a significant difference 

between groups (X
2
= 11.064; P<0.01), where the viral DNA was detected in approximately a third (28.08%) of 

the total study groups. Again results of our study showed that most patients with HAdV infection were younger 

than 5 years (85.5%). Moreover, the results showed no significant difference in prevalence of HAdVs infections 

between males 29.82% (34/114) and females 25.84% (23/89). In conclusion, using multiplex PCR for identify of 

multiple viral infections in the same time with highly sensitively. 

Keywords: Human adenoviruses, Upper Respiratory Tract Infections, Hexon protein, Seven hyper variable 

regions. 

 

I. Introduction 
Human adenoviruses (HAdVs) (genus Mastadenovirus, family Adenoviridae) are among the most 

common respiratory viruses affect millions of people worldwide each year. Human adenoviruses (HAdVs) are 

well known pathogens that cause a variety of human illnesses includes upper respiratory tract illness, 

pneumonia, conjunctivitis, cystitis and gastroenteritis [1]. Upper respiratory tract infections (URTIs) that are 

caused by HAdVs affect in the whole population, but are more frequent in young children under the age of five 

years old. Also, in upper respiratory tract illness, HAdV accounts for up to 15% of known causative agents [2, 

3]. Human adenoviruses (HAdVs) are non-enveloped, linear double-stranded DNA viruses. The icosahedral 

virions with a size of 60-90nm in diameter, have 252 capsomeres (protein subunits) are 240 hexons and 12 

pentons. Together proteins are involved in host-cell recognition and in the initial steps of cell infection [4]. 

Hexon quantitatively represents the dominant capsid protein and contains several regions that are conserved 

among different human serotypes [5]. Each hexon molecule contains 2 pedestal regions and 4 loops. Each 

pedestal region has 4 conserved regions, from C1 to C4, and 3 variable regions (V1, V2, V3). Loop 1 and loop 2 

are encoded via the hyper variable regions of the hexon gene and are responsible for the serotype-specific 

epitopes. The hexon protein with serotype specific encoded via seven hyper variable regions (HVR-7) is the 

essential components for serotype identification of adenoviruses [6, 7]. Hence, the molecular methods 

demonstrate greater sensitivity than conventional assays for detection and identification of adenovirus in 

respiratory samples by using specific primer for amplifying the HVR-7 of hexon gene which provides easy, 

quick and accurate detection to all HAdVs serotypes [8, 9]. Due to the potential role of HAdVs in the URTIs 

cases of young children and there is no previous molecular study on these viruses in Iraq, this study aimed to 

detect of the prevalence of HAdVs in children suffering from URTIs by polymerase chain reaction (PCR).  

 

II. Materials and Methods 
A total of 203 nasopharyngeal and throat swabs were tested in molecular technique to diagnose Human 

Adenovirus (HAdVs). They were collected from children aged less than 15 years (17 days – 14 year), from 

public hospitals at different Iraqi provinces in the period from August 2015 to April 2016. Symptoms of the 

respiratory illness associated with HAdV range from mild symptoms that include (fever over 38°C, cough, sore 

throat, wheeze, cyanosis  and shortness of breath) to more severe  respiratory disease including laryngitis, croup, 

bronchiolitis, or pneumonia. In addition to 30 swabs obtained from healthy children as a control group. 
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2.1 DNA extraction 

All nasopharyngeal and throat swabs that give negatively result in influenza test were selected for DNA 

extraction using two types kit: Geneius Micro gDNA  Extraction kit Geneaid Biotech (USA), and  ZR Viral 

DNA kit (Viral DNA Extraction) Epigenetics company (USA) as described by the manufacturer’s instructions 

[10]. 

 

2.2 Polymerase Chain Reaction 

One pair of specific primer was tested to amplify adenoviral capsid genes. This primer was specific for 

the seven hyper variable regions (HVR-7) in the hexon gene of the Adenovirus, as a forward primer (AD1) (5ʹ- 

CTGATGTACTACAACAGCACTGGCAACATGGG -ʹ3), and reverse primer (AD2) (5ʹ- 

GCGTTGCGGTGGTTAAATGGGTTTAC -ʹ3) with a product size of 610 base pairs [11, 12]. Maxime PCR 

PreMix Kit (i-Taq) is a premixed ready-to-use solution for amplification of DNA templates by conventional 

PCR. This kit was provided by Intron Biotechnology, Korea.  A master mix tube contains all the components 

required for conventional –PCR except template DNA. After optimization, the amplification program used 95℃ 

for 2 min as initial denaturation, then followed by 30 cycle as 95℃ for 30 sec, 54℃ for 45 sec and 72℃ for 45 

sec; final extension done at 72 ℃ for 5 min.  

 

2.3 Gel electrophoresis  

Amplified PCR products were electrophoresed through 1% agarose gel in TBE buffer. Target bands of 

primer were visualized by staining with Red Safe Nucleic Acid Staining Solution. Positive and negative controls 

were included in each run. The results were counted as valid when there is no false-positive result was observed 

in the negative control reactions and when the positive control sample was positive [13]. 

 

2.4 Statistical analysis  

The Statistical Analysis System-SAS (2012) program was used to effect of difference factors in study 

parameters. All values were calculated according to the positive results as percentages (%). Differences between 

study groups and assays were analyzed by cross-tab and pearson chi-square (X
2
) test. A value of P<0.05 was 

considered statistically significant.  

 

III. Results And Discussion 
A total of 203 nasopharyngeal and throat swabs were selected as a study group from different Iraqi 

provinces for the detection of HAdV DNA. Results showed  that 57 (28.08%) were positive and 146 (71.9%) 

were negative for HAdVs as tested by a conventional PCR and specific primers for amplifying the highly 

conserved sequences of the seven hyper variable region (HVR-7) of hexon gene (Figure 1). Polymerase Chain 

Reaction (PCR) can detect of the low viral load of suspect clinical samples and proved to be as rapid and 

sensitive assay for HAdVs detection in this study. These methods will be of direct use during outbreaks of a 

specific type when decision making is depended on these results. This method has been used by others for the 

detection the hexon gene region of Adenovirus genome [7, 14, 15]. Similar findings have been reported by 

Helen Sarantis et al., who tested hexon gene (HVR-7) that was able to detect all serotypes of human 

adenoviruses known at that time with high sensitivity [17].  

 

  
Figure 1. Amplification of adenovirus DNA targeting the 7-Hyper Variable Region (HVR-7). Amplicons (lanes 

1- 10 represent high and low viral DNA copies 610 bp). Products run on a 1% agarose gel with red safe stain 

during gel electrophoresis. M: DNA Marker (ladder) 10.000-100 bp.  
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The statistical analysis revealed a significant difference between groups (X
2
= 11.064; P<0.01), where 

the viral DNA was detected in approximately a third (28.08%) of the total study groups (Table 3-1). The 

frequency of HAdVs positive cases in our study was higher for most studies than that reported in the Middle 

East such as Turkey 26.2% [17], Iran 14.4-22% [18-20], Israel 18.3% [21], Saudi Arabia 17.4% [22]. Other 

parts of the world reported different values like Kenya 14% [23], Korea 10.3% [24], Australia 7.3% [25], and 

Peru 6.2% [26]. In contrast, a high incidence of HAdVs was recorded of 83.5% in Taiwanese children with 

respiratory tract infections [27]. 

 

Table 1. Prevalence of HAdV in children with URTIs 

 

 

 

 

 

 

(**) Indicate the high significant differences between study groups. 

      

Meanwhile, the negative cases of suspected respiratory tract infection for HAdVs may explain other 

causes of RTI that may be due to viral infection other than Adenovirus. These could be several viruses are 

known to cause respiratory infections in humans [28]. Major pathogens that induce URIs are human 

rhinoviruses (HRVs), belong to Picornaviridae [29]. Other common causative agents are a respiratory syncytial 

virus (RSV), parainfluenza virus, enterovirus (EV) from the family Picornaviridae and genus Enterovirus, 

coronavirus, and influenza virus type A and B [30]. In addition, a number of novel human respiratory viruses, 

including human metapneumovirus (hMPV), coronavirus (CoV), polyomaviruses and human bocavirus (HBoV) 

are also contributing to respiratory infections [31]. While the major bacterial agents responsible for RTIs have 

remained the same for the past 20–30 years which include: Streptococcus pneumoniae, Haemophilus influenzae, 

Moraxella catarrhalis, Staphylococcus aureus, beta-haemolytic Group A Streptococcus and Pseudomonas [3].  

According to the age of HAdVs infected children, the cases were classified into five groups (Figure 2). 

The mean age was 3.51±2.96 years (month-12 years) and approximately 50% of them were from ≥3 year old 

children. This represented the highest significant difference with other age groups (X
2
=10.436, P<0.01). Again 

results of our study showed that most patients with HAdV infection were younger than 5 years (85.5%), which 

is a similar value were obtained in previous studies [32-34]. The result of the present study indicates that 

HAdVs infections acquisition are significantly depended on children age, while 36% were found in children 

aged ≤ 6 years. A similar study in which high HAdV infections (47.6%) were shown at the age group ≤ 1 to ≥3 

years compared to age group 3- ≤ 6 years and 6- ≤ 15 years at 28.1%, 11%, respectively [35]. The study finding 

is also, comparable to other studies of HAdV infection in other part of the world indicating that children under 

the age of 3 years were most susceptible to HAdV infection [36-38]. In previous experiments for the detection 

of HAdV in RTI, we observed that Children at age between 6 to 15 years usually have a lower rate of infection.  

It is more likely those children are infected early in life and therefore had acquired immunity to this infection 

[39]. 

The higher frequency of HAdVs that cause URTI in young children could be due to one or multiple 

factors such as: immune system immaturity of young children; physiological population and cultural 

characteristics; rapid inflammatory responses; functional immaturity of the Eustachian tube and close contact 

with other children either directly, for example at school, or indirectly through relatives or common places [3]. 

 

  
Figure 2. Distribution of positive and negative of HAdVs cases according to age groups.       

The results No. of cases Percentage (%) 

Positive 57 28.08 

Negative 146 71.92 

Total 203 100% 

Chi-square --- 11.064 ** 

** (P<0.01). 
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According to the gender susceptibility to HAdVs infections, this study showed no significant difference 

in prevalence of HAdVs infections between males 29.82% (34/114) and females 25.84% (23/89) (Table 3-5) 

(X
2
=1.37, P>0.01). Other studies in different parts of the world also showed no significant differences in the 

prevalence of HAdV infections between males and females [31, 40, 41].   

 

Table 2. Distribution of study samples according to gender in HAdV cases.  
Gender No. of cases   Positive  cases Negative cases Percentage of  +ve 

Male  114 34 80 29.82 

Female  89 23 66 25.84 

Total 203 57 146 28.08 

Chi-square --- --- --- *1.376  

* Non-significant.   

 

Only limited studies showed significant differences between male and female in which the infectious rate of 

HAVs in males were higher than females [26, 35]. Also, Moattari et al., a study in Iran showed that the 

infectious rate of HAV was high in females than in males [20]. 

 

IV. Conclusion 

In conclusion, using multiplex PCR for identify of multiple viral infections in the same time with highly 

sensitively. 
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