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Introduction

Human rhinoviruses (HRV) are known as  

small non-enveloped RNA viruses. They belong to 

picornaviruses [1]. They are one of the most common 

causes of upper respiratory tract infections among 

young children aged less than 5 years [2]. Acute 

Respiratory Infection (ARI) is considered to be  one of 

the most important  causes of morbidity and mortality 

in neonates and children below  5 years where the 

estimated deaths annually is 4.2 millions [3]. 

Furthermore, HRV can cause infections ranging from 

bronchiolitis to pneumonia and exacerbation of 

asthma [4]. Moreover, early infection with HRV can 

cause damage to airways and  exacerbation of asthma 

[5]. HRV have  a wide genetic diversity. They include 

three different species A, B and-C, which  were  

subdivided into 169 types [1]. Human rhinoviruses -A 

was the most diverse, it includes  80 types,  however,  

HRV-B includes 32 types. Moreover with the advance 

of molecular technology, HRV-C was discovered in 

2006 and divided into 57 types [6]. The  viral protein 

(VP4)/VP2 coding region plays an important role in 

type identification based on its discriminatory 

potential [7]. Furthermore, HRV species are 
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A B S T R A C T 

Background: Human rhinoviruses (HRV) are one of the most common causes of upper 

respiratory tract infections among young children.  Human rhinoviruses have  a wide 

genetic diversity. They include three different species A, B and-C. Acute Respiratory 

Infection (ARI) is considered to be  an important  cause of morbidity and mortality in 

neonates and children. Aim of the study:  To  detect  the common  subtypes of circulating 

HRV among Egyptian children with respiratory infections for  further epidemiological 

characterization. Methods: We enrolled 161 children admitted to Ain Shams Pediatric 

University Hospital complaining of respiratory tract infections.  Human rhinoviruses  

were detected by RT-PCR. Sequencing of HRV was done based on viral proteins (VP4-

VP2) genomic region analyses by RT-PCR. Results: HRV were detected in 54 cases 

(33.5%) with respiratory tract infections. Sixty-five (65) % of detected HRV was in 

children aged 5-10 years. Molecular sequencing  showed high prevalence of HRV-C 

(67%) followed by HRV-A (33%). Conclusion:  This study is from the first few studies 

that revealed diversity of HRV in Egypt. Different phylogenetic studies are needed to 

evaluate their diversity and to trace their spread and epidemiological origin. 
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distributed globally and also found in all age groups. 

However, there is a little known in African and Middle 

Eastern regions  about circulating types [8].  

Aim of the study 

To  detect the common subtypes  of 

circulating HRV among Egyptian children with 

respiratory infections for  further epidemiological 

characterization. 

Patients and Methods 

This study was conducted on 161 children 

admitted to Ain Shams Pediatric University Hospital 

complaining of respiratory tract infections during the 

period of December 2017 to January 2019. Their age 

ranges from 1-10 years with mean SD 5.48 ± 2.09. 

They were 73 (45.3 %) males and 88 (54.7%) females. 

37 children (23 %)  enrolled in this study were 

diagnosed to have upper respiratory tract infections 

(URT)  while 124 children (77%) were  diagnosed to 

have lower respiratory tract infections (LRT) . 

Informed consent was taken from their parents. 

Patients with chronic diseases as cystic fibrosis, 

congenital heart diseases and bronchopulmonary 

dysplasia  were excluded from the study. 

Nasopharyngeal specimens were collected from each 

patient.  Specimens were transported using transport 

medium and aliquots of samples were also stored at 

−80˚C for additional  molecular investigation. 

Detection of HRV  by real time RT- PCR 

Viral RNA was extracted using commercial RNA 

isolation procedure (Qiagen viral RNA extraction kit, 

Germany) 

Real time RT-PCR 

For detection of HRVs, One step real time RT-PCR 

was performed using the quantitect probe RT-PCR 

master mix (Qiagen Germany) in a total volume of 25 

μl per sample. Each tube contained 12.5 μl of the ready 

master mix plus 1 μl of each primer and probe 

completed to 20 μl with PCR grade water and 5 μl of 

each sample.  The following HRV specific primers 

and probe were used: RHINO F (5’AGC CTG CGT 

GGC KGC C 3’), RHINO R (5’GAA ACA CGG ACA 

CCC AAA GTA GT 3’) and probe (Fam 5’CTC CGG 

CCC CTG AAT GYG GCT AA BHQ). 

Real time RT-PCR was done using a One Step plus 

real time machine (Applied Biosystem,USA), using 

the subsequent reaction conditions: initial reverse 

transcriptase step at 50ºC for 30 minutes, then  hot start 

enzyme activation at 95ºC for 15 minutes, followed by 

40 cycles of 95ºC for 30 seconds, 60ºC for 1 minute. 

All runs include positive, negative, and no template 

controls. RT-PCR positive samples were identified 

automatically when fluorescence signal exceeds the 

threshold level determined by the machine.  (Applied 

Biosystem real time machine USA. Soft ware applied 

biosystem sotware, USA). 

Sequencing of HRV 

Twelve selected positive HRV samples were 

subjected to sequencing for detecting the common 

prevalent subtypes of HRV in Egypt. Identification of 

type was based on VP4/VP2 junction sequence 

analysis. The 5′UTR and VP4/VP2 regions 

(approximately 290 and 542 nucleotides, respectively) 

of selected HRV positive samples were amplified by 

RT-PCR. PCR for VP4/VP2 was done using a forward 

primer (5’-CGG CCC CTG AAT GYG GCT AA-3’) 

and reverse primer (5’- TCN GGN ARY TTC CAV 

CAC CAN CC -3’) and semi-nested PCR was done 

with a second forward primer (5’- CTA CTT TGG 

GTG TCC GTG TTT C-3’) and the same reverse 

primer as in the first reaction. Initial PCR for the 

5’UTR was performed using a primer (5’- CAA GCA 

CTT CTG TTT CCC CGG-3’) and reverse primer (5’- 

GAA ACA CGG ACA CCC AAA GTA GT-3’) and 

semi-nested PCR was done with the same forward 

primer as in the first reaction and a second reverse 

primer (5’- CAT TCA GGG GCC GGA GGA-3’) 

according to Linsuwanon et al. [9].  

The PCR products were purified  from agarose gel and 

sequenced using Big Dye Terminator v3.1 (Applied 

biotechnology, Bleiswijk, Netherlands ).  

Sequencing was done done at Lab. At EMC Erasmus 

Medical Center ,  Netherlands. Genetic analyzer 

3130XL (Applied Biosystem, Bleiswijk, 

Netherlands). 
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Figure 1. Phylogenic tree of HRVC. 

Statistical analysis 

All statistical analyses were performed using 

IBM SPSS. Quantitative variables were used as mean 

± standard deviation (SD), numbers and percentages, 

the qualitative variables were used as Chi square test 

and  t-test. Probability (p) value of less than 0.05 was 

considered significant.  

Results 

Demographic and clinical data 

This study was conducted on 161 children admitted to 

Ain Shams Pediatric University Hospital complaining 

of respiratory tract infections during the period of 

2017-2018. Their age ranges from 1-10 years with 

mean SD 5.48 ± 2.09. They were 73 (45.3 %) males 

and 88 (54.7%) females. 

Human rhinoviruses was detected in 54 

nasopharyngeal specimens (33.5%). Moreover, HRV 

was more detected in 72 % of acute bronchitis 

followed by 24% in  other upper respiratory tract 

infections ( Table 2, Figure 2). 

Furthermore, our study showed  no  statistically 

significant  association of HRV detection with age or 

sex.  However, the majority of HRV in children aged 

5-10 years was 65% while in age group 2-4 HRV was 

found to be 28% and in infants aged 1 year HRV was 

7%  ( Table 3 &4. Figure 3). 

Regarding  genotypic distribution of the 12 selected 

HRV,  we found  8 characterized as HRV-C (67 %) 

and 4 characterized as HRV-A (33%) (Figure 4). 

  Table 1. Demographic and clinical data of children with respiratory tract infections. 

Demographic and clinical data 

Sex 

Males, n (%); Females, n (%)  73 (45.3 %); 88 (54.7 %) 

Age 

Mean ± SD 5.48 ± 2.09 

Clinical presentation 

Acute bronchitis n (%) 

Other upper respiratory tract infections n (%) 

Typical pneumonia n(%) 

Atypical pneumonia n (%)     

103 (64 %) 

37 (23 %) 

6 (3.7 %) 

15 (9.3%) 
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         Table 2.  Detection of HRV by RT-PCR in nasopharyngeal specimens. 

Detection method N % 

PCR 

Negative 107 66.5 

Rhino virus 54 33.5 

Total 161 100.0 

   Table 3. Relation between gender with clinical diagnosis and HRV  detected. 

Sex Chi 

square 

test 

p value Male Female Total 

N % N % N % 

Diagnosis 

Acute bronchitis 45 43.7 58 56.3 103 100 

1.23 0.75 (NS) 

Other upper respiratory tract 

infection 
17 45.9 20 54.1 37 100 

Pneumonia 4 66.7 2 33.3 6 100 

Atypical pneumonia 7 46.7 8 53.3 15 100 

Infection with 

Rhinovirus 

Negative 53 49.5 54 50.5 107 100 
2.26 0.13 (NS) 

Positive 20 37.0 34 63.0 54 100 

Table 4. Association of HRV detection with age. 

Age 

Minimum Maximum Mean SD 

Infection with Rhino 

virus 

Negative 1.00 10.00 5.62 2.09 

Positive 1.00 9.00 5.20 2.10 

t* = 1.18 P value = 0.24 (NS) 

         Figure 2. Distribution of HRV among clinical samples. 
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  Figure 3. Distribution of HRV among different age groups . 

Figure 4. Distribution of HRV genotypes. 

Discussion 

Human rhinovirus is an important leading 

cause of ARI in infants and young children. 

However, it has diverse  genotypic distribution 

world wide and a little is known in African regions. 

Thus, this study aims to  detect the common 

sequence of circulating HRV among Egyptian 

children with respiratory infections for further 

epidemiological characterization. 

In this study , HRV was detected in  33.5 

% of nasopharyngeal specimens. This come in 

accordance with other studies that demonstrated a 

HRV prevalence of about 12-30% [10-12]. On the 

other hand, a study done by Haddad-Boubaker et 

al. [13] detected HRV in (61%) of cases with acute 

respiratory tract infections (ARTI) . However, in 

another study  HRV  was detected in 17.8% of 

children presenting to hospital with ARI [14]. These 

differences in detection rates may be explained by 

the specificity and sensitivity  of the assay used  and 

HRV  epidemiological and demographic 

variabilities world wide. 

In the current study, HRV was detected in 

72 % of acute bronchitis followed by 24% in  other 

upper respiratory tract infections and 4% in other 

lower respiratory tract infections. Furthermore, 

Fawkner-Corbett et al. [14] stated that most of 

children infected with  HRV were presented with 

lower respiratory tract symptoms as bronchiolitis, 

pneumonia, and asthma. 

In this study, there is insignificant 

statistical association of HRV detection with patient 

age or gender. 

This variations  in the distribution of HRV 

among different age group may be explained by 

cumulative acquired immunity to different serotypes 
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that cause reduction of infection rates in older 

children. Furthermore, younger children are more 

vulnerable  to infection more than older children as 

their immune system immature yet. However, older 

children can also children experience an  average 

range of two to three times RV infection per year 

[15]. 

Regarding the distribution of HRV 

genotypes, we found that 8 characterized as HRV-C 

(67 %) and 4 characterized as HRV-A (33%). We 

did not find HRV-B as it is often found at very low 

levels (0–3%) or in relatively asymptomatic 

patients. This was in accordance to other studies that 

did not find HRV-B [16,17] 

However, a recent study done by Haddad-

Boubaker et al. [13] showed that the HRV-A 

species was predominant  (63.3%) followed by 

HRV-C (30.6%). Similar results were  obtained 

among hospitalized children in different regions 

[18,19] 

Moreover, in a study done by Fawkner-

Corbett et al. [14]  reported an association between 

HRV-C and severe ARI, particularly  in young 

children as they presented with wheezing ARI. They 

concluded that  in contrast to other HRV species, 

HRV-C grows optimally at both  34˚C or 37˚C [14]. 

Conclusions 

Picornaviruses (HRV ) considered to be  a 

major cause of ARI in Egyptian  children from five 

to ten years. To the best of our knowledge, this is 

one of the first  studies describing the diversity of 

HRV types in Egypt providing more knowledge on 

HRV infections in those regions. However, deeply 

phylogenetic studies of different detected types may 

be helpful  to identify precisely the diversity of HRV 

different types and try to trace their epidemiological 

origin for  further epidemiological characterization. 
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