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Abstract: Group C rotavirus (RVC) has been identified as important enteric pathogen associated with acute
gastroenteritis in human, especially in outbreaks. To evaluate the presence of RVC in environmental samples,
one-year study was performed in Giza, Egypt. A total of 64 sewage (raw and treated) with 32 sewage sludge
samples from Zenin wastewater treatment plant (WWTP) and 72 drainage water with 24 sediment samples from
El-Rahawy drain which receives the sewage effluent of Zenin WWTP were collected. After concentration of the
collected samples, semi-nested RT-PCR using specific primers was used for amplification of the RVC VP7 gene.
The overall detection rates were 21.9% (7 of 32) for the raw sewage, 6% (2 of 32) for the treated sewage, 12.5%
(4 of 32) for the sewage sludge, 22% (16 of 72) for the drainage water, and 16.6% (4 of 24) for the drainage
sediment. In addition, the virus was abundant in cold months (October-March) and less prevalent in hot months
(April-September). The widespread occurrence of RVC in this study reflects that RVC circulates at a relatively

high frequency in the Egyptian population.
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Introduction

Acute gastroenteritis is the third common cause of
childhood morbidity and mortality and rotavirus is
the most enteric viral pathogen associated with acute
gastroenteritis, being responsible for approximately
38.3% of children hospitalized with acute gastroenteritis,
resulting in about 197,000 deaths of children under five
years, annually (Lanata et al., 2013; Liu et al., 2015).
Rotaviruses belong to the Reoviridae family and have
a genome consisting of eleven double-stranded RNA
(dsRNA) segments. They are classified into nine
(sero) groups (RVA—RVI) (Matthijnssens et al., 2012;
Mihalov-Kovacs et al., 2015). Group A rotavirus
(RVA) is identified as the most important pathogen
of acute infantile diarrhea, worldwide (Patton, 2012).
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However, group C rotavirus (RVC) is the second most
frequent RV species detected in humans (Estes and
Greenberg, 2013).

RVC has already been detected in several countries,
either associated with sporadic cases of acute diarrhea
in all age groups as reported in Japan (Kumazaki and
Usuku, 2014), Slovenia (Steyer et al., 2006), and South
Africa (Steele and James, 1999), or with outbreaks
of acute diarrhea as in Sweden (Nilsson et al., 2000),
Japan (Ishimaru et al., 1991), and Brazil (Gabbay et al.,
1999). However, the detection rates of group C rotavirus
infection is much lower than group A rotavirus, and
prevalence of RVC antibodies usually peaks at an age
of 40-50 years of age or later (James et al., 1997; Steele
and James, 1999; Kuzuya et al., 2001).
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The difference in detection rates between the
different groups of rotavirus may be due to differences
in their stability and transmission mechanisms in
the environment. Rotavirus infections are primarily
transmitted via the fecal-oral contact, including person-
to-person contact (Offit and Clark, 2000), swelling of
contaminated food or water (Offit and Clark, 2000;
Anderson and Weber, 2004), acrosol (Offit and Clark,
2000), and zoonotic transmission (Gentsch et al., 2005).
Among a large number of environmental studies on
the occurrence of RVA, few studies have assessed the
presence of RVC in the environment. RVC has been
detected in sewage and Nile water (Meleg et al., 2008;
El-Senousy et al., 2015).

The objective of this research was to investigate
the occurrence of group C rotavirus in raw sewage,
treated sewage, and sewage sludge of a large wastewater
treatment plant as well as in drainage water and
sediment samples of a large urban drain that receive
the treated effluents of that WWTP.

Material and Methods

Sampling Area and Collection

Zenin WWTP, using the activated sludge process with
a capacity of 330,000 m>/day, is located in the west
of Cairo. El-Rahawy drain receives daily about 1.90
million m* of drainage water from the Abu-Rawash
and Zenin wastewater treatment plants, as well as from
agricultural drainage. A one-year surveillance study was
conducted to detect RVC in sewage samples (n = 32 for
raw and n = 32 for treated samples) and sewage sludge
samples (n = 32) collected from Zenin WWTP as well
as in drainage water (n = 72) and drainage sediment (n
= 24) samples collected from El-Rahawy drain.

Viral Concentration in the Collected Samples
Rotaviruses were concentrated from sewage,
drainage, and sludge/sediment samples by methods
described previously by USEPA, (2011), Katayama et al.
(2002), and EPA (1992), respectively. The concentrated
samples were stored at —20°C until the next step.

RNA Extraction and Complementary DNA
(cDNA) Synthesis

Viral nucleic acids were extracted from 240 ul of the
concentrate samples to obtain a final volume of 60 pl,
using the QIAamp Viral RNA (Qiagen, Inc., Valencia,
CA) according to the manufacturer’s instructions.
cDNA was synthesized from the extracted RNA by
using random hexameric primers and Maxima Reverse

Transcriptase Thermo scientific (200 U/ul). The cDNA
synthesis was carried out by incubation for 60 min
at 37 °C, followed by incubation for 5 min at 95°C.
The ¢cDNA was then utilized for group C VP7 gene
amplification.

PCR Amplification of the RVC VP7 Gene

The full-length VP7 (1063 bp) gene was amplified
using a semi-nested RT-PCR method. The first PCR mix
was prepared in a final volume of 50 pl containing 15
ul of cDNA, 4 ul of 2.5 mM dNTPs, 4 ul of the 10x
reaction buffer, 0.5 pl of VP7 FP-1 as forward primer
(5'-GGC ATT TAA AAA AGA AGA AGC TG-'3), 0.5
pl of BMJ-13 as reverse primer (5'-AGC CAC ATG
ATC TTG TTT-3), 0.5 pl of Tag DNA polymerase,
and 26 pl of DDW. For nested-PCR, 2 pl of the first
PCR product were mixed with 4 pl of 2.5mM dNTPs,
5 pl of 10x reaction buffer, 1 pl of BMJ-107 as forward
primer (5-TGT TTG GAG ATG TGA TGA-'3) and 1 pl
of BMJ-13 as reverse primer (5-AGC CAC ATG ATC
TTG TTT-'3), 0.5 pl of the Tag DNA polymerase, and
36.5 ul of DDW. The first and semi-nested PCR was
performed under the following conditions: 94°C for 3
min, followed by 30 cycles of 94°C for 1 min, 48°C
for 2 min and 72°C for 3 min and a final extension at
72°C for 7 min. The PCR products were then analyzed
by running on 2.5% agarose gel (Tiku et al., 2017).

Results and Discussion

Since the first group C rotavirus outbreak in the USA,
in the year 1980, there have been several outbreaks
documented from different regions of the world. The
serosurveillance study performed in Sweden reported
group C rotavirus prevalence ranging from 35%-45%
depending on age (Nilsson and Svensson, 1993).
A survey in the UK reported the group C rotavirus
seroprevalence of 66% for 71-75 years age group and
43% in all age groups (James et al., 1997). Several
studies for the detection and prevalence of group
C rotavirus were performed, worldwide. However,
the prevalence of RVC in Egypt remains largely
unknown. As far as we know, there is only one study
describing the detection of group C rotavirus in both
environmental and clinical samples (El-Senousy et al.,
2015). Therefore, there is insufficient data concerning
the detection and prevalence of RVC in clinical samples
and its spread in the water environment. Thus, the aim
of this research is to study the occurrence of RVC in
environmental samples.
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In this study, we applied semi-nested RT-PCR for
detection of RVC in the collected samples to increase the
PCR sensitivity and avoid any false-positive results due
to the interface of organic and inorganic inhibitors (e.g.
heavy metals, polyphenols, and humic acids) present
in sewage samples with the enzyme amplification. The
semi-nested RT-PCR analysis identified RVC in 7 of 32
raw sewage (21.9%), 2 of 32 treated sewage (6%), 4
of 32 sewage sludge (12.5%), 16 of 72 drainage water
(22%), and 4 of 24 drainage sediment (16.6%) (Table
1). The frequency of RVC detected in our current study
is higher than those detected by El-Senousy et al. (2015)
in raw and treated sewage samples from the same
wastewater treatment plant in Egypt. However, it was
lower than the frequency detected in a study performed
in Hungary (Meleg et al., 2008).

Although this research was only one-year surveillance
of group C rotavirus, we found that the prevalence of
RVC was higher in raw sewage (5/7, 71.4%), treated
sewage (2/2, 100%), sewage sludge (3/4, 75%), drainage
water (11/16, 68.7%), and drainage sediment (3/4, 75%)
samples collected during the cold seasons, October-
March, than in raw sewage (2/7, 28.6%), treated sewage
(072, 0%), sewage sludge (1/4, 25%), drainage water
(5/16, 31.2%), and drainage sediment 1/4, 25%) samples
collected during the hot months, April-September

(Figure 1). This observation is similar to previous
studies conducted on both environmental and clinical
samples (Kuzuya et al., 1998; El-Senousy et al., 2015).
Also, this study supports other epidemiological reports
that group C rotavirus was detected more frequently
in hospitalized patients’ stools in the winter (Pereira et
al., 1993; Kuzuya et al., 1998). Increased viral stability
in the aquatic environment due to lowered temperature
(Moresco et al., 2016), could increase water-borne viral
gastroenteritis during winter, and thereby a higher viral
concentration in sewage (Myrmel et al., 2006).
Increasing numbers of outbreak reports of viral
gastroenteritis associated with swallowing of virus-
contaminated water or eating of virus-contaminated food
(Chitambar et al., 2012; Guo et al., 2014) suggest that it
is significant to look for RVC in water, sewage, and food
samples to investigate if this virus plays a role in water
and food-borne causes of gastroenteritis. These studies
can contribute to effective implementation strategies
to prevent the spread of infection in the population. A
previous study provided data on water-borne outbreak
associated with a multiple of enteric viruses, based on
clinical epidemiological investigation (Kukkula et al.,
1997); RVC was detected in patients with acute diarrhea
but it was not detected in the implicated water sample
which may be due to the unavailability of sensitive

Table 1: Semi-nested RT-PCR results for the detection of group C rotavirus in raw sewage, treated sewage,
sewage sludge, drainage water and drainage sediment samples

Sampling date Raw sewage Treated sewage

Sewage sludge Drainage water Drainage sediment

(month/year)

01/2017 12 1/2 02 NC NC
02/2017 1/3 0/3 1/3 NC NC
03/2017 1/3 1/3 1/3 NC NC
04/2017 0/2 0/2 0/2 0/6 0/2
05/2017 1/3 0/3 1/3 2/6 0/2
06/2017 0/3 0/3 0/3 1/6 0/2
07/2017 1/2 0/2 0/2 0/6 0/2
08/2017 0/3 0/3 0/3 2/6 1/2
09/2017 0/3 0/3 0/3 0/6 0/2
10/2017 12 0/2 0/2 1/6 02
11/2017 0/3 0/3 0/3 3/6 0/2
12/2017 1/3 0/3 1/3 1/6 12
01/2018 NC NC NC 2/6 0/2
02/2018 NC NC NC 2/6 1/2
03/2018 NC NC NC 2/6 172

Total 7/32 2/32 4/32 16/72 4/24

NC: Not collected; -: Not detected; +: Detected
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Figure 1: Distribution of group C rotaviruses in the samples according to the month of collection.

and adequate detection method. With the advent of
molecular techniques for virus diagnosis, it is now
possible to perform fast detection and characterization
tests of RVC in samples suspected to be contaminated.
However, the possibility of detecting RVC in sewage
depends on several factors such as the number of
shedders, the concentration of virus shed, and the
sewage volume.

It was very difficult to eliminate RVC of the raw
sewage by the sewerage system and the virus also
occurred in the treated sewage of the sewerage system,
which exhibited the permanence property of this virus
and the dissemination possibility by the reclaimed
treated sewage of sewerage system. Molecular methods
used for RVC detection cannot differentiate between
infectious and non-infectious particles, although they
provide a fast and sensitive method to detect enteric
viruses as an alternative tool to overcome the limitations
of traditional techniques (e.g. cell cultures) since
rotaviruses are considered fastidious viruses. However,
the detection of a single-strand RNA (ssRNA) genome
in the aquatic environment has indicated the occurrence
of infective viruses, since sSSRNA molecule is sensitive
to environmental conditions (Rutjes et al., 2009).

This study shows a wide circulation of RVC in
wastewater and, therefore, in the Egyptian population.
This could mean that RVC infection circulating
silently does not necessarily associate with illness
status, or it causes potentially undiagnosed infections.
Further studies are required to investigate the exact
epidemiological and clinical roles of RVC. Moreover,

the potential role of the water environment in the
transmission of RVC should be investigated.

Conclusion

We have studied the presence and seasonal frequency of
group C rotavirus in the Egyptian environment by semi-
nested RT-PCR. Although the absence of clinical data of
RVC, we believe that the frequency of RVC detection
in environmental samples reflects the frequency of RVC
detection in population. Furthermore, frequent detection
of RVC RNA in the treated effluent of sewage treatment
implies widespread dispersion of human enteric viruses
in the environment.
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