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Background:  Coronaviruses have been the focus of many studies since the emergence of 

SARS-CoV. Data on the role of MERS-CoV in respiratory tract infection and the 

seroprevalence of MERS-CoV in Egypt are limited. Objective: This study aimed to 

determine the role of coronaviruses in respiratory tract infections and the 

seroprevalence of MERS-CoV in pediatric age group. Methodology: Respiratory 

samples were collected from 80 children with respiratory infections for detection of 

coronaviruses using PCR technique. Serum samples were collected from 200 children 

for detection of MERS-CoV IgG immunolglobulins. Results: 4 out of 80 (5%) of the 

respiratory samples tested positive for coronavirus (OC43 subtype). None of respiratory 

samples tested positive for MERS-CoV, while MERS-CoV IgG was detected in 1% of 

serum samples.Conclusion: A low prevalence of coronaviruses was observed in children 

with respiratory infection. A seroprevalence of 1% MERS-CoV was detected. Further 

studies are recommended on larger scale. 

 

INTRODUCTION 
 

There are currently seven recognized types of 

coronavirus that can infect humans, Common types 

include 229E, NL63, OC43 and HKU1
1
. Less common, 

more dangerous types include Middle East Respiratory 

Syndrome Coronavirus (MERS-CoV), Severe Acute 

Respiratory Syndrome Coronavirus (SARS-CoV)
2
. 

Finally, the new strain of human coronavirus (SARS-

CoV-2) that was declared as a global pandemic by the 

world health organization in 2020 and spread to many 

countries around the world including Egypt
 3

. The 

emergence of such deadly strains brought the attention 

to Human Coronaviruses and has recently made them 

under focus. 

Human Coronaviruses (HCoVs) account for up to 

20% of upper respiratory tract infections in adults
 4

, and 

near 15.52% of acute respiratory illness in children
5
. 

They are also implicated in lower respiratory tract 

infections
6
. Children are found to be less affected by 

HCoVs causing severe respiratory syndromes, for 

example: MERS-CoV was found to be asymptomatic in 

42% of affected children in Saudi Arabia (the mainland 

of the disease). Also, in the current pandemic of 

COVID-19, recent evidence suggests children to get 

infected as likely as adults but are less likely to be 

symptomatic or develop severe symptoms 
7
.
 

The emergence of MERS-CoV dates back to July 

2012 when a new virus strain was isolated from a 

patient with severe respiratory tract infection in Saudi 

Arabia 
8
, followed by isolation of a virus from a Qatari 

patient in London with a homology of about 99.5 % in 

nucleotide sequence between the two viruses. The 

isolates were closely related to bat coronavirus (Bat-

CoV), and according to the recommendations by the 

International Committee on Taxonomy of Viruses 

(ICTV), the new coronavirus was named as “Middle 

East Respiratory Syndrome Coronavirus” (MERS-

CoV)
9
.
 

Camels have been recognized as a source of 

infection of MERS-CoV
 10

. In Saudi Arabia, the 

seroprevalence of MERS-CoV antibodies was 

significantly higher in camel-exposed individuals than 

in the general population 
11

. 

From 2012 to 2015 in KSA, 1250 patients were 

reported to have MERS-CoV infection, and 3.3% of 

them aged less than 10 years with the first case in the 

pediatric age group reported on June 28, 2013
 12

. In 

2019, Alfaraj et al
13

 reported 7 new pediatric cases in 

Saudi Arabia of which 43% were asymptomatic and 

14.3% required ventilator support and all of them were 

discharged without complications. 

Limited data are available about the prevalence of 

the virus, and its antibodies in human in Egypt and 

almost all studies were performed on camels, and 

revealed high seroprevalence of MERS-CoV antibodies, 

especially in those imported from Sudan and East Africa 
14, 15

. This indicated the ubiquitous presence of the virus 

in the country that warrants the initiation of active 

surveillance studies on humans. The present study 
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aimed at recognizing Human Coronaviruses including 

MERS-COV that cause acute respiratory tract infections 

and estimating the seroprevalence of MERS-CoV in 

pediatric age group. 

 

METHODOLOGY 
 

An observational cross-sectional study was 

conducted on 200 children attending Ain Shams 

University Pediatric Hospital, divided into 2 groups: 

group I included 80 patients with respiratory tract 

infections, their ages ranged from 2 months to 15 years 

with mean (4.5 ± 3.5) with 46 males and 34 females. 

Group II included 120 patients attending the hospital for 

other medical reasons than respiratory tract infections, 

they were 60 males and 60 females and their ages 

ranged from 6 months to 17 years with a mean of (4.9 ± 

5). 

The aim and nature of the study were explained for 

each parent before inclusion. An informed written 

consent was obtained from parents or caregivers before 

being enrolled. The work has been carried out after 

approval of Ain Shams University Ethics Committee 

and in accordance with The Code of Ethics of the World 

Medical Association (Declaration of Helsinki) for 

experiments in humans. 

Respiratory samples (nasal and throat swabs) were 

collected from Group I patients presenting with upper 

respiratory tract infection using sterile nasopharyngeal 

swabs, they were transported to laboratory in 

BioWhittaker® Dulbecco’s Modified Eagle’s Medium 

(Lonza, USA). Nasopharyngeal aspirates were collected 

using mucus traps from patients presenting with lower 

respiratory tract infection. All samples were kept at -

80°C until processing. 

Three milliliters of venous blood were taken from all 

study participants under complete aseptic conditions and 

were added to sterile empty tubes, allowed to clot for 30 

min then centrifuged for 15 min at 1000g. Serum was 

then aliquoted and stored at -20°C until used in indirect 

immunofluorescence assay. 

 

Detection of coronaviruses RNA by Pan-Corona 

nested RT- PCR: 
RNA extraction: RNA extraction was performed using 

the QIAamp RNA minikit (Qiagen GmbH, Hilden, 

Germany) as per the manufacturer's protocol. Extracted 

viral RNA was eluted in 60µl elution buffer and stored 

at -20
°
C 

 

RNA amplification by nested Reverse Transcriptase- 

Polymerase Chain Reaction (RT-PCR): MyTaq™ 

One-Step RT-PCR Kit and MY TAQ master mix 

(Sigma-Aldrish, Germany) were used. A first round RT-

PCR was carried out using sv387as and sv388s primers, 

followed by a second round (nested) of PCR using 

sv387as and sv389s primers 
[16]

. The reaction mix was 

assembled into 50µL volume tube. Reverse transcription 

was carried out for 30 minutes at 42°C followed by a 

PCR with one initial step of Taq- Polymerase activation 

(95 °C for 15 min.), 35 cycles of amplification (95 °C 

for 30 sec., 50 °C for 30 sec., 72 °C for 30 sec) and a 

final elongation step (72 °C for 5 min) 
[16].

 PCR-

amplicons were electrophoresed on an agarose gel, and 

visualized by ethidium bromide. A known OC43 strain 

provided by prof. Ali Zaki, (Faculty of Medicine, Ain 

Shams University) was used as positive control and 

water used as negative control. Primers sequences and 

amplicon size are shown in table (1). 

 

Genotyping of positive samples using type specific 

RT-PCR: 
A one-step multiplex RT- PCR was performed for 

the positive samples for Pan-Coronavirus nested PCR 

using Qiagen one step RT-PCR kit (QIAGEN, Hilden, 

Germany) and 4 pairs of primers specific for the four 

main circulating types (OC43, NL63, HKU1 and 

229E)
17

. The reaction mix was assembled into 50µL 

volume. Reverse transcription was carried out for 

30 minutes at 50°C followed by a PCR with one initial 

step of denaturation (95 °C for 15 min), 40 cycles of 

amplification (95 °C for 30s, 58 °C for 30s, 72 °C for 

1 min) and a final elongation step (72°C for 10 min)
18

 

The 4 positive samples were also subjected to a one 

step RT-PCR using Qiagen RT-PCR kit (QIAGEN, 

Hilden, Germany) and primers specific for MERS-CoV. 

The reaction mix was assembled into 50µL volume. 

reverse transcription was carried out for at 45 °C for 10 

min followed by followed by a PCR with one initial step 

of denaturation 95 °C for 2 min , 35 cycles of 

amplification (95°C for 10s ,60°C for 20s 72 for 1min ) 

and a final elongation step 72 for 10 mins 
19

 

PCR-amplicons were electrophoresed on an agarose 

gel and visualized by ethidium bromide. Positive 

controls were provided by prof. Ali Zaki, (Faculty of 

medicine, Ain Shams University), and water was used 

as negative control. 

The sequences of primers used for coronavirus type 

specific RT-PCR and the amplicon sizes according to 

Vabret et al 
17

 and Noh et.al 
19

 are described in table (2). 
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Table 1: The primers sequences and amplicon size of the Pan-Coronavirus nested PCR 

 Primers Amplicon sizes 

First round  sv387as (5’-TCACA TTGGATATCCCA) 

 sv388s (5’-ACTCAATAATCTTAATAGC) 
 

 

 

251 bp 
Second round  sv387as (5’-TCACATTGGATATCCCA) 

 sv389s (5’-ACTCAAATAATTTAATAGC) 

 

 

 

 

Table 2: The primers sequences used for coronavirus type specific PCR 

Type Primers Amplicon sizes 

OC43  MF1: (5′- GGCTTATGTGGCCCCTTACT-3′) 

 MF3: (5′- GGCAAATCTGCCCAAGAATA -3′) 

334 bp 

229E  MD1: (5′ TGGCCCCATTAAAAATGTGT -3′) 

 MD3: (5′- CCTGAACACCTGAAGCCAAT -3′) 

574 bp 

HKU1  HKU1 sense: (5′- ACCAATCTGAGCGAAATTACCAAAC-3′) 

 HKU1 antisense: (5′- CGGAAACCTAGTAGGGATAGCTT -3′) 

443 bp 

NL63 

 

 N5-PCR2: (5´- GATAACCAGTCGAAGTCACCTAGTTC-3´) 

 N3-PCR2: (5- ATTAGGAATCAATTCAGCAAGCTGTG-3´) 

255 bp 

MERS 

CoV 

  MCOV-F: (5´- CAG ACA ACC ATT CAG AAR GTT A-3´) 

 MCOV-R: (5´- TTT AGA ACA AAA CTG GCC ATA-3´) 

108 bp 

 

 

 

 
Detection of IgG antibodies against MERS-CoV (S) 

antigen using Indirect-immunofluorescence test in 

patients' sera: 

MERS-CoV IgG was detected in patients' sera using 

Fluorescein isothiocyanate (FITC) labeled Antihuman 

IgG (Sigma-Aldrish, Germany), and slide fixed with 

MERS-CoV (S) antigen (provided by prof. Ali Zaki - 

Faculty of Medicine, Ain Shams University). Briefly, a 

1/10 dilution solution was prepared for each serum 

sample using 30μl of each serum sample and 270μl 

Phosphate Buffer Saline (PBS). The slides with fixed 

MERS-CoV (S) antigen were labeled and 25μl of each 

diluted serum sample were placed in each of the wells, 

conserving 2 wells in each slide for control. 25μl of 

Fluorescein isothiocyanate (FITC) labeled Antihuman 

IgG were added and slides were incubated at 37°C in 

the moist chamber for 1 hour then they were washed, 

left to dry and finally examined under florescent 

microscope. 

 

Statistical analysis:  
All collected data were statistically analyzed by 

appropriate statistical methods (Statistical Package for 

the Social Sciences SPSS-20)  

Numerical data were expressed as mean, standard 

deviation and percentage; non-numerical data were 

expressed as frequency and percentage 

 

RESULTS 
 

The present study comprised 200 pediatric patients 

attending the pediatric Ain Shams University hospital, 

they were divided into 2 groups: group I included 80 

patients with respiratory tract infections. Group II 

comprised 120 patients attending the hospital for other 

medical reasons than respiratory tract infections. 

Group I was further divided into: Group IA, 

included 53 patients presented with symptoms of upper 

respiratory tract infections. Group IB comprised 27 

patients with lower respiratory tract infections. Table (3) 

summarizes the demographic and clinical data of group 

I patients.  
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Table 3: Demographic and clinical data of group I patients 

Demographic and clinical data: Group IA 

No.=53 

Group IB 

No.=27 

Age: (mean ±SD) (4.3 ± 2.9) (5.1 ± 4.1SD) 

Sex: 

 Male 

 Female 

 

31(58.4%) 

22 (41.5%) 

 

15 (55.5%) 

12 (44.4%) 

Symptoms 

 Fever 

 Cough 

 Wheezes 

 Expectoration 

 

48 (90.5%) 

17 (32%) 

7 (1.8%) 

5 (9.4%) 

 

27 (100 %) 

21 (77.7%) 

4 (14.8%) 

19 (70.3%) 

Associated comorbidities 

 Bronchial asthma 

 Renal disease 

 Congenital heart disease 

 Cerebral palsy 

0 (0%) 11 (40 .7 %) 

4 (36.3%) 

2 (18.2 %) 

2 (18.2%) 

3 (27.2 %) 

Repeated hospital admission:  10 (12.5 %) 

Laboratory findings: 

 CRP 

 

 

 

 TLC 

  

18 (66.6%) negative 

9 (33.3%) positive  

(mean: 16.3± 3 SD) 

 

15 (55.5%) normal 

12 (45.5%) high 

(mean:13.3±1.2) 

x10
9
 cells/L 

Outcome 
 Ventilator support 

 Recovery 

 Death 

 

 

53 (100%) 

0% 

 

15 (55.5 %) 

20 (75%) 

7 (25 %) 

 
Out of the 80 patients, 4 patients (5%) were positive for coronavirus RNA by the pan- coronavirus RT-PCR. All the 

positive cases belong to group IA patients. Figure (1) shows the photo of gel electrophoresis of the product of the Pan-

Coronavirus nested PCR. 

 

 
Fig. 1: Pan-coronavirus nested PCR, positive bands are detected at 251 bp in samples number 29, 38, 40 and 42 *Pc: 

positive control *W: water used as negative control 

 

The 4 coronaviruses isolated from the patients were further subtyped using type specific multiplex PCR. They all 

belonged to the subtype OC43. Figure (2) shows the photo of gel electrophoresis of the products of the type specific 

multiplex PCR. 

https://www.sciencedirect.com/science/article/pii/S0140673610614596#bib9
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Figure 2: Coronaviruses type specific PCR. Positive bands were detected at 334 bp (OC43 subtype). *Pc: positive 

controls *W: water used as negative control 

Out of 200 serum samples tested, 2 samples (1%) tested positive for MERS-CoV IgG by Indirect 

Immunofluorescence (IIF) technique. Both positive samples belong to patients of group II. None of the children of 

group I tested positive for MERS-CoV IgG. 

 

 

 

DISCUSSION 
 

Human Coronaviruses (HCoV) are found to occur in 

1 of 10 hospitalized children with respiratory tract 

infections 
20

 and are responsible for 15.52 % of acute 

respiratory illness in children 
5
. 

The emergence of the highly pathogenic strains 

including SARS-CoV, MERS-CoV and now SARS-

CoV-2 have driven HCoVs into the center of the 

scientific researches 
2
. 

To the best of our knowledge, our study is the first 

to investigate MERS-CoV as a cause of respiratory tract 

infections in the Egyptian children. 

Our results revealed a 5% prevalence of 

Coronaviruses among children presenting with acute 

respiratory tract infections. This prevalence was close to 

that reported in previous studies that detected HCoV 

infection in 4.1%, 4.4% and 6% of children presenting 

with acute respiratory tract infections respectively
21,22,23

. 

A higher percentage of coronavirus infection (9.1%) 

was detected in hospitalized children in Italy in a long 

term 3-year study conducted on 3458 children 
20

. 

MERS-CoV RNA was not detected in any of this 

study population. These results were similar to a study 

conducted in Jordan during April 2012 in an area about 

20 Kilometers away from Zarga, where an outbreak of 

MERS-CoV occurred, they reported that MERS-CoV 

was not detected among children hospitalized with acute 

respiratory tract infection 
24

. This can be explained by 

the fact that children are more likely to be asymptomatic 

when infected with the virus  as reported by two major 

studies conducted in Saudi Arabia, in which children 

infected with MERS-CoV were found to be 

asymptomatic 
25,26

. 

Human Coronavirus-OC43 was detected in all (4) 

positive samples, in the present study, suggesting its 

predominance in Egyptian population. This is supported 

by the finding that NL63 and OC43 are the most 

frequently isolated species, with almost all surveillance 

data indicate HCoV-OC43 as the most common species 

and HCoV-229E as the least common among the four 

common types 
7
. Similar to ours results, Naga et al 

27
, in 

their study conducted on 100 Egyptian children in 

Alexandria, reported that OC43 was detected in 3% of 

samples. Outside Egypt, the predominance of OC43 was 

also declared in Norway by Heimdal et al 
20

. A study 

conducted in Slovenia found HKU1 to be 

predominant
28

. NL63 was detected in 28 (9.3%) of the 

300 samples in a study conducted among children in 

France
18

. 

Such differences in the isolated types of 

coronaviruses and their role in respiratory tract 

infections can be explained by the fact that the 

frequency of detection of the four major strains varies 

by geography and over different seasons. Another 

explanation is due to the cyclical patterns that have been 

observed in many studies for 229E and OC43, with 
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outbreaks occurring every 2–4 years. Seasonal patterns 

have also been detected, in the Northern Hemisphere, 

HCoVs mostly cause infections in humans between 

December and May, and in the Southern Hemisphere 

between March and November with peaks in late 

winter/early spring for 229E and OC43 and in autumn 

for NL63
 7
. 

None of the patients with lower respiratory tract 

infection in our study was positive for coronavirus 

RNA. This result was in contrast to many previous 

studies. Meligy et al 
29

 reported that HCoV was isolated 

from 4.5% of the nasopharyngeal aspirates collected 

from their studied group of children with lower 

respiratory tract infection. Another study in China 

reported a 2.3% rate of detection of HCoV in 

nasopharyngeal samples collected from 659 hospitalized 

children (2 months to 14 years) with severe lower 

respiratory tract infections 
30

. 

In a study conducted in Canada, Jean et al 
[31]

 did not 

detect Coronavirus infection in children with lower 

respiratory tract infections, who had associated 

comorbidities. In contrast to their results, Vabret et al 
17

 

found that One third of HCoV-infected children 

suffered from underlying chronic diseases.  

The results of the present study were affected by 

some limitations including the small number of our 

studied patients groups with the lack of surveillance 

over a prolonged period of time, which could affect the 

results in case an outbreak of a specific virus occurred 

in a given period time. 

The increasing MERS-CoV seroprevalence was 

observed in the general population in western Saudi 

Arabia, suggesting that asymptomatic or mild infections 

might exist and act as an unrecognized source of 

infection. There was also seropositivity among 

individuals from other countries including Egypt, 

Yemen, Pakistan, Palestine, Sudan, and India, raising 

the potential of MERS-CoV exportation outside of the 

Arabian Peninsula.  Such data raised the need for 

surveillance of MERS-CoV around the world 
32

. 

In addition, serology is considered to play an 

important role in understanding the impact of any 

infection at the level of a given population. Many 

studies have been conducted to investigate the 

seroprevalence of MERS-CoV around the world. 

However, most of them were conducted in camels in 

many countries including Egypt 
14, 15, 33, 34

. Very few 

studies were conducted in humans, most of which 

belong to the mainland of the disease (Saudi Arabia) 
2, 

35
. Serological diagnosis of MERS-CoV infection is 

performed by using ELISA or Indirect 

immunofluorescence (IIF) for screening of samples. 

Positive samples can be confirmed using a plaque 

reduction virus neutralization test (PRNT) 
36

. 

To our Knowledge, there are no reports of 

investigating MERS-CoV seroprevalence in humans in 

Egypt, except for one study conducted in the Faculty of 

Veterinary Medicine, Assuit University. They tested 

serum samples of a group of camels and their traders for 

MERS-CoV antibodies. They reported that 58.73% of 

imported camels and 25% of traders had antibodies 

specific to MERS-CoV 
37

. 

In the present study, 200 serum samples from 

children were tested for anti S antigen MERS-CoV IgG. 

Only 2 samples out of 200 (1%) tested positive using 

IIF. Our results were consistent with a study conducted 

in Kenya that showed 1.43% (16 out of 1122) 

seroprevalence of MERS-CoV using ELISA on serum 

samples of a group of patients ranging from 5 to 27 

years old 
38

. Another study conducted in Saudi Arabia 

showed that MERS-CoV seroprevalence in the area 

around King Fahd Hospital was less than 2.3% in 

pediatric age group when a study investigating the 

presence of MERS-CoV neutralizing antibodies was 

conducted on 158 serum samples from children during 

2012 
39

. 

In their study, Degnah et al 
32

 found that 2.5% out of 

7461 tested serum samples, were ELISA positive for 

MERS-CoV IgG antibodies using ELISA. Indirect 

ELISA results showed that the seroprevalence of 

MERS-CoV for the years 2011, 2012 and 2013 were 

1.11%, 0.74% and 1.8%, respectively with an increased 

seroprevalence of 3.01% in 2016.They also reported 

that only 0.23% were confirmed positive by 

neutralization test. 

The IIF results of the present study suggest a low 

prevalence of MERS-COV among Egyptian pediatric 

group. However, the serum samples found positive by 

the IIF needed to be confirmed by the gold standard 

neutralization test to rule out any cross-reactions that 

may occur between different HCoV strains. Such gold 

standard neutralization methods require biosafety level-

3 laboratories; they are labor-intensive and time-

consuming process that requires at least 5 days before 

results are available 
40

.  

 

CONCLUSION 
 

The present study is considered a preliminary step in 

the way to investigate the prevalence of coronaviruses 

with emphasis on MERS-COV among Egyptian 

pediatric population. The results of this study suggest a 

very low seroprevalence of MERS-CoV in Egyptian 

children and a low prevalence of coronaviruses among 

children with respiratory tract infection. Further studies 

among larger groups of children over longer periods of 

time and from different governorates will help 

understand the true impact of MERS-CoV among 

pediatric population in Egypt. 

 

Acknowledgment: 

We would like to express our deep gratitude to 

Professor Ali Mohamed Zaki, Professor of Medical 

Microbiology and Immunology, Faculty of Medicine-

https://www.sciencedirect.com/topics/immunology-and-microbiology/serology


Fahmy et al./ Coronaviruses in respiratory infections and MERS-CoV seroprevalence in children, Volume 29 / No. 4 / October 2020   65-73 

  

 

 Egyptian Journal of Medical Microbiology  

www.ejmm-eg.com     info@ejmm-eg.com 
71 

Ain Shams University, for his great technical support 

throughout this work. He provided us with important 

materials required to conduct the laboratory work in this 

study. 

 

Conflicts of interest: 
The authors declare that they have no financial or non 

financial conflicts of interest related to the work done in 

the manuscript.   

 Each author listed in the manuscript had seen and 

approved the submission of this version of the 

manuscript and takes full responsibility for it.  

 This article had not been published anywhere and is 

not currently under consideration by another 

journal or a publisher. 

 

 

REFERENCES 
 

1. Adams MJ, Lefkowitz EJ, King AMQ,  Harrach B, 

Harrison RL, Knowles NJ, Kropinski AM, 

Krupovic M, Kuhn JH, and Mushegian AR. 

Ratification vote on taxonomic proposals to the 

International Committee on Taxonomy of Viruses. 

Arch Virol.2016; 161(10): 2921-2949 

2. Bahadur S, Long W and Shuaib M. Human 

coronaviruses with emphasis on the COVID-19 

outbreak (2020). VirusDisease. 2020;1 

3. Bukhari Q and Jameel Y. Will coronavirus 

pandemic diminish by summer? Available SSRN 

3556998.2020 

4. Raoult D, Zumla A, Locatelli F, Ippolito G and 

Kroemer G. Coronavirus infections: 

Epidemiological, clinical and immunological 

features and hypotheses. Cell Stress.2020; 4(4): 66 

5. De Conto F, Conversano F, Medici MC, Ferraglia 

F, Pinardi F,  Arcangeletti MC,  Chezzi C, and 

Calderaro A. Epidemiology of human respiratory 

viruses in children with acute respiratory tract 

infection in a 3-year hospital-based survey in 

Northern Italy. Diagn Microbiol Infect Dis.2019; 

94(3): 260-267 

6. Wang Y, Li X, Liu W, Gan M, Zhang L, Wang J, 

Zhang Z, Zhu A, Li F, and Sun J. Discovery of a 

subgenotype of human coronavirus NL63 

associated with severe lower respiratory tract 

infection in China, 2018. Emerg Microbes Infect. 

2020; 9(1): 246-255 

7. Zimmermann P and Curtis N. Coronavirus 

infections in children including COVID-19: an 

overview of the epidemiology, clinical features, 

diagnosis, treatment and prevention options in 

children. Pediatr Infect Dis J. 2020; 39(5): 355 

8. Zaki AM, van Boheemen S, Bestebroer TM, 

Osterhaus ADME and Fouchier RAM: Isolation of 

a novel coronavirus from a man with pneumonia in 

Saudi Arabia. N Engl J Med. 2012; 367(19): 1814-

1820. 

9. Aly M, Elrobh M, Alzayer M, Aljuhani S and 

Balkhy H. Occurrence of the Middle East 

respiratory syndrome coronavirus (MERS-CoV) 

across the gulf corporation council countries: four 

years update. PLoS One. 2017; 12(10): e0183850 

10. Harrath R and Abu Duhier FM. Sero‐prevalence of 

Middle East respiratory syndrome coronavirus 

(MERS‐CoV) specific antibodies in dromedary 

camels in Tabuk, Saudi Arabia. J Med Virol. 2018; 

90(8): 1285-1289 

11. Alrashid M, Taleb A, Hajeer A and Arabi Y. 

Prevalence of antibodies against the Middle East 

Respiratory Syndrome coronavirus, influenza A and 

B viruses among blood donors, Saudi Arabia. Ann 

Thorac Med. 2017; 12(3) 

12. Alhamlan FS, Majumder MS, Brownstein JS, 

Hawkins J, Al-Abdely HM, Alzahrani A, Obaid 

DA, Al-Ahdal MN, and BinSaeed A.Case 

characteristics among Middle East respiratory 

syndrome coronavirus outbreak and non-outbreak 

cases in Saudi Arabia from 2012 to 2015. BMJ 

Open. 2017; 7(1): e011865 

13. Alfaraj SH, Al-Tawfiq JA, Altuwaijri TA and 

Memish ZA. Middle East respiratory syndrome 

coronavirus in pediatrics: a report of seven cases 

from Saudi Arabia. Front Med. 2019; 13(1): 126-

130 

14. Ali M, El-Shesheny R, Kandeil A, Shehata M, 

Elsokary B,  Gomaa M, Hassan N, El Sayed A, El-

Taweel A, and Sobhy H. Cross-sectional 

surveillance of Middle East respiratory syndrome 

coronavirus (MERS-CoV) in dromedary camels 

and other mammals in Egypt, August 2015 to 

January 2016. Eurosurveillance. 2017; 22(11) 

15. Ali MA, Shehata MM, Gomaa MR,Kandeil A, El-

Shesheny R, Kayed AS, El-Taweel AN, Atea M, 

Hassan N, and Bagato O. Systematic, active 

surveillance for Middle East respiratory syndrome 

coronavirus in camels in Egypt. Emerg Microbes 

Infect. 2017; 6(1): 1-7 

16. Kupfer B, Simon A, Jonassen CM, Viazov S, Ditt 

V, Tillmann R, Muller A, Matz B, and Schildgen 

O.Two cases of severe obstructive pneumonia 

associated with an HKU1-like coronavirus. Eur J 

Med Res. 2007; 12(3): 134 

17. Vabret A, Dina J, Gouarin S, Petitjean J, Tripey V, 

Brouard J and Freymuth F. Human (non‐severe 

acute respiratory syndrome) coronavirus infections 

in hospitalised children in France. Journal of 

paediatrics and child health.2008;44(4):176-181 

18. Vabret A, Mourez T, Dina J, Hoek LVD, Gouarin 

S, Petitjean J, Brouard J, and Freymuth F. Human 



Fahmy et al./ Coronaviruses in respiratory infections and MERS-CoV seroprevalence in children, Volume 29 / No. 4 / October 2020   65-73 

 

 

Egyptian Journal of Medical Microbiology 

www.ejmm-eg.com     info@ejmm-eg.com 
72 

coronavirus NL63, France. Emerg Infect Dis. 2005; 

11(8):1225 

19. Noh JY, Yoon SW, Kim DJ, Lee MS, Kim JH, Na 

W, Song D, Jeong DG and Kim HK. Simultaneous 

detection of severe acute respiratory syndrome, 

Middle East respiratory syndrome, and related bat 

coronaviruses by real-time reverse transcription 

PCR. Archives of virology.2017; 162(6): 1617-

1623 

20. Heimdal I, Moe N, Krokstad S, Christensen A, 

Skanke LH, Nordbø SA, and Døllner H. Human 

Coronavirus in Hospitalized Children with 

Respiratory Tract Infections: A 9-Year Population-

Based Study from Norway. J Infect Dis. 2019; 

219(8): 1198-1206 

21. Zeng Z-Q, Chen D-H, Tan W-P, Qiu S-Y, Xu D, 

Liang H-X, Chen M-X, Li X, Lin Z-S, and Liu W-

K. Epidemiology and clinical characteristics of 

human coronaviruses OC43, 229E, NL63, and 

HKU1: a study of hospitalized children with acute 

respiratory tract infection in Guangzhou, China. Eur 

J Clin Microbiol Infect Dis. 2018; 37(2):363-369 

22. Chiu SS, Hung Chan K, Wing Chu K, Kwan SW, 

Guan Y, Poon LLM, and Peiris JSM. Human 

coronavirus NL63 infection and other coronavirus 

infections in children hospitalized with acute 

respiratory disease in Hong Kong, China. Clin 

Infect Dis. 2005; 40(12):1721-1729 

23. Vabret A, Mourez T, Gouarin S, Petitjean J and 

Freymuth F. An outbreak of coronavirus OC43 

respiratory infection in Normandy, France. Clin 

Infect Dis. 2003; 36(8): 985-989 

24. Khuri-Bulos N, Payne DC, Lu X, Erdman D, Wang 

L, Faouri S, Shehabi A, Johnson M, Becker MM, 

and Denison MR. Middle East respiratory 

syndrome coronavirus not detected in children 

hospitalized with acute respiratory illness in 

Amman, Jordan, March 2010 to September 2012. 

Clin Microbiol Infect. 2014; 20(7): 678-682 

25. Memish ZA, Al‐Tawfiq JA, Makhdoom HQ, Al-

Rabeeah AA, Assiri A, Alhakeem RF, AlRabiah 

FA, Al Hajjar S, Albarrak A, and Flemban H 

(2014). Screening for Middle East respiratory 

syndrome coronavirus infection in hospital patients 

and their healthcare worker and family contacts: a 

prospective descriptive study. Clin Microbiol 

Infect. 2014; 20(5): 469-474 

26. Saeed AA Bin, Abedi GR, Alzahrani AG, Salameh 

I, Abdirizak F, Alhakeem R, Algarni H, El Nil OA, 

Mohammed M, and Assiri AM. Surveillance and 

testing for Middle East respiratory syndrome 

coronavirus, Saudi Arabia, April 2015–February 

2016. Emerg Infect Dis. 2017; 23(4): 682 

 

 

27. Naga IS, Elsawaf GE, Elzalabany M, Eltalkhawy 

MY and Kader O. Human coronavirus OC43 and 

other respiratory viruses from acute respiratory 

infections of Egyptian children. Acta Microbiol 

Immunol Hung. 2020: 1-8 

28. Jevšnik M, Uršič T, Žigon N, Lusa L, Krivec U and 

Petrovec M. Coronavirus infections in hospitalized 

pediatric patients with acute respiratory tract 

disease. BMC Infect Dis. 2012; 12(1): 365 

29. Meligy B, Sayed A, Ismail DK, Kamal D, Abdel-

Latif W and Erfan DM. Detection of viral acute 

lower respiratory tract infection in hospitalized 

infants using real-time PCR. Egypt Pediatr Assoc 

Gaz. 2016; 64(1):13-19 

30. Li, YT, Liang, Y, Ling, YS, Duan, MQ, Pan, L and 

Chen, ZG. The spectrum of viral pathogens in 

children with severe acute lower respiratory tract 

infection: A 3-year prospective study in the 

pediatric intensive care unit. Journal of medical 

virology.2019; 91(9):1633-1642 

31. Jean A, Quach C, Yung A and Semret M. Severity 

and outcome associated with human coronavirus 

OC43 infections among children. Pediatr Infect Dis 

J. 2013; 32(4): 325-329 

32. Degnah AA, Al-Amri SS, Hassan AM, Almasoud 

AS, Mousa M, Almahboub SA, Alhabbab RY, 

Mirza AA, Hindawi SI, and Alharbi NK 

.Seroprevalence of MERS-CoV in healthy adults in 

western Saudi Arabia, 2011–2016. J Infect Public 

Health. 2020 

33. Corman VM, Jores J, Meyer B,Younan M,Liljander 

A, Said MY,Gluecks I, Lattwein E, Bosch B-J, and 

Drexler JF. Antibodies against MERS coronavirus 

in dromedary camels, Kenya, 1992–2013. Emerg 

Infect Dis. 2014; 20(8):1319 

34. Chu DKW, Oladipo JO, Perera RAPM, Kuranga 

SA, Chan SMS, Poon LLM, and Peiris M. Middle 

East respiratory syndrome coronavirus (MERS-

CoV) in dromedary camels in Nigeria, 2015. 

Eurosurveillance. 2015; 20(49):30086 

35. Zohaib A, Saqib M, Athar MA, Chen J, Khan S,Taj 

Z, Sadia H, Tahir U, Haleem Tayyab M, and 

Qureshiet MA. Countrywide survey for MERS-

Coronavirus antibodies in dromedaries and humans 

in Pakistan. Virol Sin. 2018; 33(5): 410-417 

36. Müller MA, Meyer B, Corman VM, Al-Masri 

M,Turkestani A, Ritz D, Sieberg A, Aldabbagh 

S,Bosch B-J, and Lattwein E. Presence of Middle 

East respiratory syndrome coronavirus antibodies in 

Saudi Arabia: a nationwide, cross-sectional, 

serological study. Lancet Infect Dis. 2015; 

15(5):559-564 

 

 



Fahmy et al./ Coronaviruses in respiratory infections and MERS-CoV seroprevalence in children, Volume 29 / No. 4 / October 2020   65-73 

  

 

 Egyptian Journal of Medical Microbiology  

www.ejmm-eg.com     info@ejmm-eg.com 
73 

37. Sayed ASM, Malek SS and Abushahba MFN. 

Seroprevalence of Middle East Respiratory 

Syndrome Corona Virus in dromedaries and their 

traders in Upper Egypt. J Infect Dev Ctries. 2020; 

14(02): 191-198 

38. Liljander A, Meyer B, Jores J, Müller MA,Lattwein 

E,Njeru I, Bett B, Drosten C, and Corman VM. 

MERS-CoV antibodies in humans, Africa, 2013-

2014. Emerg Infect Dis. 2016; 22(6):1086-1089. 

doi:10.3201/eid2206.160064 

39. Gierer S, Hofmann-Winkler H, Albuali WH, 

Bertram S, Al-Rubaish AM, Yousef AA, Al-Nafaie 

AN, Al-Ali AK, Obeid OE, and Alkharsah KR. 

Lack of MERS coronavirus neutralizing antibodies 

in humans, eastern province, Saudi Arabia. Emerg 

Infect Dis. 2013; 19(12): 2034 

40. Al Kahlout RA, Nasrallah GK, Farag EA,Wang L, 

Lattwein E, Müller MA, El Zowalaty ME,Al 

Romaihi HE, Graham BS , Al Thani AA and 

Yassine HM. Comparative Serological Study for 

the Prevalence of Anti-MERS Coronavirus 

Antibodies in High- and Low-Risk Groups in Qatar. 

J Immunol Res. 2019; 1-8. 

doi:10.1155/2019/1386740 

 


