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Abstract
The objective of this study was to investigate human coronavirus NL63 (HCoV-NL63) prevalence among the other respiratory 
viruses such as parainfluenza, respiratory syncytial virus, and non-enteric adenoviruses in clinical specimens of Egyptian 
children and raw sewage samples. One hundred clinical specimens were collected from Egyptian children suffering from 
upper and lower respiratory viral infections in the years 2005–2006 to detect HCoV-NL63 genome using RT-PCR. All the 
specimens were negative for the virus. Also, a complete absence of HCoV-NL63 genome was observed in the twenty-four 
raw sewage samples collected from two wastewater treatment plants within Greater Cairo from February 2006 to January 
2007. Using nested RT-PCR, parainfluenza virus type 1, respiratory syncytial virus type A, adenovirus type 4, and adenovirus 
type 7 were detected in 3%, 2%, 5%, and 2% of the clinical specimens, respectively. Of these viruses, only adenovirus type 
4 was detected in 1/24 (4.17%) of the raw sewage samples, while a complete absence of the other investigated respiratory 
viruses was observed in the raw sewage samples. The low percentage of positivity in the clinical specimens, the concentration 
method of the raw sewage samples, and the indirect routes of transmission may be the reasons for the absence of respiratory 
viruses in raw sewage samples. On the other hand, enteric adenoviruses were detected in 21/24 (87.5%) of the raw sewage 
samples with a higher prevalence of adenovirus type 41 than adenovirus type 40. A direct route of transmission of enteric 
viruses to raw sewage may be the reason for the high positivity percentage of enteric adenoviruses in raw sewage samples.
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Introduction

Respiratory RNA viruses are associated with increased mor-
bidity and mortality among high-risk populations includ-
ing the elderly, immunocompromised individuals, pre-term 
infants, and neonates (Auburn et al., 2011).

Coronavirus infections of humans are mostly restricted 
to the respiratory tract. The human coronaviruses were first 
identified in the mid-1960s (HCoV-229E and HCoV-OC43) 

(Tyrrell & Bynoe, 1965; Hamre & Procknow, 1966; McIn-
tosh et al., 1967), but in 2003, 2004, and 2005, three new 
human coronavirus species have been identified (SARS-
CoV, HCoV-NL63 and HCoV-HKU1, respectively (Ksiazek 
et al., 2003; Drosten et al., 2003; van der Hoek et al., 2004; 
Woo et al., 2005). Two study teams happened to identify 
the novel virus in 2004 (Fouchier et al., 2004; van der Hoek 
et al., 2004). However, Arden et al. (2005), as well as Esper 
et al. (2005), reported detection of NL63 from specimens 
obtained in 2001 and 2002, respectively. It soon turned out 
that HCoV-NL63 infection occurs frequently in children 
(Dijkman et al., 2008; Shao et al., 2007; van der Hoek et al., 
2005), is observed around the globe (van der Hoek, 2007), 
and infection is associated with croup and acute otitis media 
(Talbot et al., 2009; van der Hoek, 2007; van der Hoek et al., 
2005). The complete genome sequence indicated that this 
virus is not recombinant, but rather a new group 1 coronavi-
rus. The in vitro host cell range of HCoV-NL63 was notable 
because it replicates on tertiary monkey kidney cells and 
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the monkey kidney LLC-MK2 cell line. The viral genome 
contains distinctive features, including a unique N-termi-
nal fragment within the spike protein (van der Hoek et al., 
2004).

Coronaviruses, a genus of the Coronaviridae family, are 
enveloped viruses with a large plus-strand RNA genome. 
The genomic RNA is 27–32 kb in size, capped, and poly-
adenylated. Three serologically distinct groups of corona-
viruses have been described. Within each group, viruses 
are characterized by their host range and genome sequence. 
Coronaviruses have been identified in mice, rats, chickens, 
turkeys, swine, dogs, cats, rabbits, horses, cattle and humans, 
and can cause a variety of severe diseases including gas-
troenteritis and respiratory tract diseases. HCoV-229E and 
HCoV-OC43 are known to cause the common cold. The 
SARS-CoV causes life-threatening pneumonia (van der 
Hoek et al., 2004).

A significant number of the many RT-PCR assays 
described are for respiratory viruses. These pathogens cause 
a considerable burden of illness, particularly during the win-
ter. Since different viruses often cause similar symptoms, 
appropriate patient management can be assisted by rapid 
laboratory tests with a low limit of detection. Respiratory 
viruses had traditionally been detected by cell culture and 
also by commercially available direct immunofluorescence 
tests. RT-PCR is faster and more sensitive than cell culture 
and offers greater sensitivity than immunofluorescence (Din-
gle et al., 2004).

Our first objective in this study was to investigate mainly 
HCoV-NL63 in Egyptian children and also other respira-
tory viruses which cause conjunctivitis, upper respiratory 
catarrh, and bronchiolitis in the same samples. Our second 
objective is to estimate the role of raw sewage in expressing 
the most frequent types of respiratory viruses in the Egyp-
tian community.

Materials and Methods

Clinical Specimens

One hundred clinical specimens were collected from chil-
dren of age ranging from 1 to 60 months from a pediatric 
private clinic in Greater Cairo. The time of the collection 
of specimens was from November 2005 to April 2006. 
The children suffered from fever, runny nose, pharyngitis, 
wheezy chest, and pneumonia. Specimens were obtained 
from the upper and lower respiratory system using sterile 
disposable swabs.

Raw Sewage Samples

Twenty-four raw sewage samples were collected from two 
different wastewater treatment plants (WWTPs) within 
Greater Cairo (El-Gabal El-Asfar and Zenin). Samples 
were collected monthly for 12 months from February 2006 
to January 2007.

Preparation of Clinical Specimens

Viruses were eluted from swabs using sterile deionized 
water. Swabs were immersed in 1 ml of deionized water 
in an Eppendorf with continuous movement of swabs for 
2 min. Squeezing of swabs was performed to confirm the 
viral release.

Concentration of Raw Sewage Samples

Sewage samples were concentrated by filtration through neg-
atively charged nitrocellulose membranes (ALBET-Spain, 
0.45-μm-pore size, and 142-mm-diameter filter series) after 
the addition of  AlCl3 to a final concentration of 0.5 mM and 
acidification to pH 3.5 and finally passing through Whatman 
No. 1 filter paper. The viruses adsorbed to the membrane 
were eluted with 75 ml of 0.05 M glycine buffer, pH 9.5 
(using HCl 5 N), containing 3% beef extract (Lab-Lemco 
powder, OXOID, UK) (Rose et al., 1984; Smith & Gerba, 
1982). Eluted viruses were re-concentrated using the organic 
flocculation method (Katzenelson et al., 1976). Samples 
were neutralized and kept at − 80 °C until use.

Viral RNA Extraction

Viral RNA was extracted from 100 μl of the supernatant by 
BIOZOL Total RNA Extraction reagent (BioFlux, Japan) 
according to the manufacturer’s instructions.

Viral DNA Extraction

It was done using a viral DNA extraction kit (Qiagen) and 
according to the  manufacturer’s instructions.

Nested RT‑PCR for Detection of HCoV‑NL63 
in Clinical Specimens and Raw Sewage Samples

It was performed according to Van der Hoek et al. (2004). 
Briefly, the diagnostic assay was designed based on the 
sequence of the 1b gene. The reverse transcription was per-
formed with M-MLV reverse transcriptase enzyme (Pro-
mega-USA), using 10 ng of reverse transcription primer 
(repSZ-RT, 5′-CCA CTA TAAC-3′; coordinate 16232 in 
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HCoV-NL63). The entire reverse transcription mixture was 
added to the first PCR mixture containing 100 ng of primer 
repSZ-1 (5′-GTG ATG CAT ATG CTA ATT TG-3′; coordinate 
15973) and 100 ng of primer repSZ-3 (5′-CTC TTG CAG 
GTA TAA TCC TA-3′; coordinate 16210). The PCR reaction 
consisted of the following steps: 95 °C for 5 min; then 35 
cycles of 95 °C for 1 min, 55 °C for 1 min, and 72 °C for 
2 min; then 72 °C for 10 min.

A nested PCR was started using 5 μl of the first PCR 
product with 100 ng of primer repSZ-2 (5′-TTG GTA AAC 
AAA AGA TAA CT-3′; coordinate 16012) and 100 ng of 
primer repSZ-4 (5′-TCA ATG CTA TAA ACA GTC AT-3′; 
coordinate 16181). Twenty-five PCR cycles were performed 
using the same profile as the first PCR. Ten microliters of 
each PCR product were analyzed by electrophoresis on 3% 
agarose gels (Panreac—Spain). Positive control (HCoV-
NL63) was used which was kindly provided by Prof. Dr. 
Luis Enjuanes, Department of Molecular and Cell Biology, 
National Center of Biotechnology (CNB-CSIC), Campus 
Universidad Autónoma de Madrid, Madrid, Spain.

Nested monoplex RT‑PCR for Detection 
of Parainfluenza Viruses and Respiratory Syncytial 
Viruses in Clinical Specimens and Raw Sewage 
Samples

It was performed according to Dingle et al. (2004) to detect 
parainfluenza viruses type 1, 2, and 3 and respiratory syn-
cytial viruses type A and B.

Detection of Adenoviruses Using Nested PCR

It was done according to Puig et al. (1994) using the spe-
cific primers hex AA 1885, hex AA 1913 for the first round 
PCR, and nehex AA 1893 and nehex AA 1905 for the sec-
ond round PCR for detection of human adenovirus and were 
selected from the DNA sequence of the open reading frame 
of hexon gene. PCR products (10 µl) were analyzed by elec-
trophoresis on 3% agarose gels (Panreac-Spain).

Sequencing of Adenovirus Positive Samples

The PCR products of positive samples of adenoviruses 
were sequenced. Fifty to one hundred µl of the PCR prod-
ucts were purified using a high pure PCR products purifica-
tion kit (Qiagen) following the manufacturer’s instructions. 
Sequencing was performed on 1–7 µl of the purified prod-
ucts with an ABI prism Big dye termination cycle sequenc-
ing ready reaction kit (Applied Biosystem) using the same 
primers as in the PCR and following the manufacturer’s 
instructions. The DNA was sequenced with an ABI prism 
310 automated DNA sequencer. Sequence data from both 
strands of the PCR products were aligned and compared 

using the CLUSTALW and BLAST programs (European 
Bioinformatics Institute).

Results

Frequency of Respiratory Viruses in Egyptian 
Children

In the one hundred investigated clinical specimens of Egyp-
tian children, the prevalence of the examined respiratory 
viruses were 0/100 (0%) for HCoV-NL63, 3/100 (3%) for 
parainfluenza virus type 1, 0/100 (0%) for both parainfluenza 
virus types 2 and 3, 2/100 (2%) for respiratory syncytial 
virus type A, and 0/100 (0%) for respiratory syncytial virus 
type B, 7/100 (7%) for adenoviruses (Table 1). No mixed 
viruses were observed in the specimens.

Frequency of Viruses in Raw Sewage Samples

Adenoviruses were detected in 22/24 (91.67%) of the raw 
sewage samples. On the other hand, a complete absence of 
all the other studied viruses in all the twenty-four investi-
gated raw sewage samples was observed (Table 1).

Sequence Analysis of Adenovirus Positive Samples

Sequence analysis of the PCR products of the seven posi-
tive clinical specimens for adenoviruses indicated five sam-
ples had similar sequences and with 96.81% similarity with 
human adenovirus type 4 isolate BA_506-2009 hexon gene, 
while two samples had similar sequences and with 94.62% 
similarity with human adenovirus type 7 isolate HAdV/
WH/46/2019 hexon gene. PCR products of the twenty-two 
positive raw sewage samples for adenoviruses indicated 
seventeen samples had similar sequences and with 93.18% 
similarity with human adenovirus type 41 mastadenovirus F 

Table 1  Frequency of respiratory viruses in clinical specimens and 
raw sewage samples

Virus Frequency in 
clinical speci-
mens

Frequency in raw 
sewage samples

HCoV-NL63 0/100 (0%) 0/24 (0%)
Parainfluenza virus type 1 3/100 (3%) 0/24 (0%)
Parainfluenza virus type 2 0/100 (0%) 0/24 (0%)
Parainfluenza virus type 3 0/100 (0%) 0/24 (0%)
Respiratory syncytial virus 

type A
2/100 (2%) 0/24 (0%)

Respiratory syncytial virus 
type B

0/100 (0%) 0/24 (0%)

Adenoviruses 7/100 (7%) 22/24 (91.67%)
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strain SA6749, four samples had similar sequences and with 
95.56% similarity with human adenovirus type 40 mastad-
enovirus F isolate Human/China/Shanghai/FX3-1613263/
F40, and one sample had 96.81% similarity with human ade-
novirus type 4 isolate BA_506-2009 hexon gene and 100% 
similarity to the adenovirus type 4 strains investigated in the 
five clinical specimens Table 2.

Discussion

In this study, our first objective was to investigate HCoV-
NL63 in Egyptian clinical specimens and sewage samples. 
We failed to detect HCoV-NL63 genome in any of the one 
hundred clinical specimens and the twenty-four raw sewage 
samples, although some reports in more than one country 
reported the detection of the HCoV-NL63 in clinical speci-
mens. HCoV-NL63 infection is found worldwide but is 
rarely positive by RT-PCR assays (Arden et al., 2005; Chiu 
et al., 2005; Esper et al., 2005; Suzuki et al., 2005). The pos-
itive rate of HCoV-NL63 infection in children ranged from 
1.2% in Japan (Suzuki et al., 2005), 1.3% in Taiwan (Wu 
et al., 2008), 2.1% in Australia (Arden et al., 2005), 2.3% in 
Belgium (Moes et al., 2005), 2.5% in Canada (Bastien et al., 
2005), 7% in Switzerland (Kaiser et al., 2005), to 9.3% in 
children and adolescents in France (Vabret et al., 2005). The 
low prevalence in all these studies may explain the complete 
absence of HCoV-NL63 in our specimens. Additionally, 
HCoV-NL63 infection is predominant in the winter season 
in Australia, Belgium, Canada, France, Germany, and Japan 
(Arden et al., 2005; Bastien et al., 2005; Esper et al., 2005; 
Moes et al., 2005; Vabret et al., 2005; van der Hoek et al., 
2005), but in spring and summer in Hong Kong (Chiu et al., 
2005) and autumn and winter in Taiwan (Wu et al., 2005). 
van der Hoek et al. (2010) reported that the winter season is 
the preferred season for infection by HCoV-NL63, yet large 
year-to-year differences in frequency are apparent (above 
10%). This indicates that there is an inter-epidemic period, 
but it cannot be determined whether HCoV-NL63 peaks 

every 2, 3, or more years. This periodicity of infection of 
HCoV-NL63 may also explain the absence of the virus in 
our clinical specimens and environmental samples. The peak 
of HCoV-NL63 may have a chance of positivity if the collec-
tion of samples was done at another time. On the other hand, 
the virus could be detected in clinical specimens or sewage 
samples if they were collected in another geographical area 
in Egypt, although, the area of collection (Greater Cairo) 
represents the highest population density throughout all 
Egyptian towns. So, these results do not confirm the absence 
of this virus in the Egyptian community. Sufficient detection 
of infectious viral particles in the environment is affected 
by several obstacles such as virus size, the large variabil-
ity among and within viral genera, the low concentration, 
the presence of substances that can interfere with analysis 
procedures, the limits of detection of proposed techniques, 
and absence of reliable controls (Vasickova et al., 2010). 
Non-enveloped viruses can survive for extended periods on 
surfaces, while enveloped viruses, including HCoV-NL63, 
remain infectious on surfaces after several days. The persis-
tence of dried viruses is affected by various environmental 
conditions and factors such as heat, moisture, pH, and the 
type of surface. Furthermore, the compositions of media 
may also influence the persistence of viruses (Firquet, 2015). 
Methods for recovering enveloped viruses such as HCoV-
NL63 from wastewater according to adsorption to the solid 
fraction which is different from non-enveloped viruses may 
be another factor that affects the percentage of positivity 
(Ye et al., 2016). Our viral concentration method may not 
efficient enough to concentrate HCoV-NL63 from sewage. 
Recent studies which detected the new human coronavirus 
strain (SARS-CoV-2) used other concentration methods such 
as aluminum hydroxide adsorption-precipitation (Randazzo 
et al., 2020) and precipitation with 20% polyethylene-glycol 
(PEG) 6000 (Chavarria-Miró et al., 2020). Although Tanhaei 
et al. (2021) detected successfully SARS-CoV-2 from influ-
ent and effluent wastewater samples using an adsorption-
elution technique, they used different eluent and PEG 6000 
as secondary step viral precipitation which is different from 
our method. The absence of HCoV-NL63 in all raw sewage 
samples in our study; however, positive results of the SARS-
CoV-2 in some recent reports (Chavarria-Miró et al., 2020; 
Randazzo et al., 2020; Tanhaei et al., 2021) may also return 
to some mutations in the recent strain increased its ability to 
be excreted in the stool. This change in nature of respiratory 
viruses and the gained characters to be excreted in the stool 
may increase the importance of sewage to indicate the new 
viral strains and also the new characters according to the 
non-silent mutations for both enteric viruses and respira-
tory viruses.

The results also showed 5%, 2%, 3%, 0%, 0%, 2%, and 
0% as frequency percentages of adenovirus types 4 and 
7, parainfluenza virus types 1, 2, and 3, and respiratory 

Table 2  Frequency of enteric and non-enteric adenoviruses in the 
clinical specimens and raw sewage samples based on the results of 
the sequencing

Adenovirus types Clinical specimens Raw sewage samples

Enteric adenovirus type 
40

0/100 (0%) 4/24 (16.7%)

Enteric adenovirus type 
41

0/100 (0%) 17/24 (70.83%)

Non-enteric adenovirus 
type 4

5/100 (5%) 1/24 (4.17%)

Non-enteric adenovirus 
type 7

2/100 (2%) 0/24 (0%)
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syncytial virus types A and B, respectively, in the clinical 
specimens. Our percentages of the prevalence of parainflu-
enza virus type 1, 2, and 3 and respiratory syncytial virus 
types A and B in clinical specimens are less than the per-
centages of the prevalence of the same viruses in naso-
pharyngeal aspirates and cell culture supernatants reported 
by Dingle et al. (2004). On the other hand, our percentage 
of prevalence of adenovirus in the clinical specimens is less 
than the percentage of prevalence of the same virus in the 
nasopharyngeal swabs’ specimens reported by Thounaojam 
et al. (2016), which types 2 and 4 of adenovirus were identi-
fied. At the same time, only adenovirus type 4 with a low 
percentage (4.17%) was detected, while complete absence of 
all the other investigated respiratory viruses was observed in 
raw sewage samples. This may return to the low percentages 
of parainfluenza type 1, respiratory syncytial virus type A, 
and adenovirus type 7 in clinical specimens. Although raw 
sewage samples represented an excellent model to express 
the frequency of enteric viruses in different communities 
in addition to the most prevalent genotypes in these com-
munities (El-Esnawy et al., 2010; El-Senousy et al., 2015, 
2018, 2020), noroviruses were not detected in raw sewage 
samples; however, they were detected in stool specimens in 
low percentage in the study of El-Senousy et al. (2014). In 
all the studies which showed similarity in the most prevalent 
genotypes in clinical specimens and raw sewage samples, 
high positivity percentages of different enteric viruses (rota-
virus groups A and C, Coxsackievirus B4, astroviruses geno-
groups A and B) were observed in the clinical specimens 
(El-Esnawy et al., 2010; El-Senousy et al., 2014, 2015, 2018, 
2020). In addition to the positivity percentages of viruses in 
clinical specimens which affect the number of viral particles 
(genome copies or infectious units) which contaminate the 
raw sewage, another important reason affects the viral load 
in the raw sewage which is the pathway of viruses from 
infected persons to raw sewage. A direct pathway is usu-
ally observed in the case of enteric viruses secreted in the 
stool of the infected persons; however, an indirect pathway 
is usually observed in case of respiratory viruses secreted in 
mouth, nose, and eyes secretions. This may be the reason for 
the higher percentage of enteric adenoviruses (95.45%) than 
non-enteric adenoviruses (4.55%) in raw sewage samples 
with a higher prevalence of adenovirus type 41 than adeno-
virus type 40. This high frequency of adenovirus type 41 
in raw sewage was supported by other reports (El-Senousy 
et al., 2013; Fong et al., 2010). Also, the predominance of 
human adenovirus F which includes adenovirus type 40 and 
adenovirus type 41 was reported in the raw sewage (Wiec-
zorek et al., 2015). Some reports indicated the detection of 
respiratory viruses in sewage samples such as adenovirus 
types 2 and 3 (Fong et al., 2010), influenza viruses (Hei-
jnen & Medema, 2011), severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) (Chavarria-Miró et al., 2020; 

Randazzo et al., 2020; Tanhaei et al., 2021); however, more 
studies are needed to show if sewage could be used as a 
good model to express the frequency percentages and the 
most prevalent genotypes of respiratory viruses in different 
communities.

Conclusions

The complete absence of HCoV-NL63 in Egyptian clini-
cal specimens from children and raw sewage samples from 
November 2005 to January 2007 may lead us to re-survey 
the virus in the Egyptian community according to the perio-
dicity of infection of the virus taking into consideration the 
suitable concentration methods for enveloped viruses. On 
the other hand, sewage may play an important role in the 
early warning and characterization of the viral new strains; 
however, if the viral load which contaminates the raw sew-
age is high and suitable and efficient methods of viral con-
centration are used.
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