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Abstract Effective surveillance for epidemic-prone 
viral diseases is essential for emergency prepared-
ness to respond to threats and occurrences of pan-
demics. While it is difficult and expensive to conduct 
health facility-based surveillance, there is a growing 
interest in conducting sewage-based epidemiologi-
cal studies to monitor the health of the urban popula-
tion because of the relative ease of sample collection 
and the availability of advanced molecular techniques 
for the detection of pathogens in the sewage. Sewage 
samples offer unique means to study the aggregate 
health of the population as opposed to the monitoring 
of the health of any individual by traditional meth-
ods. We worked together with the Ministry of Public 
Works in Kuwait and developed a platform for the col-
lection and testing of sewage samples from different 
regions of Kuwait for studying population health. In 
this report, we describe the results of a cross-sectional 
study conducted between 16 and 23 September 2019 
in an attempt to detect influenza, Noro, Rota, hepati-
tis A, and hepatitis E viruses in urban sewage samples 

collected in Kuwait. All five targeted viruses were 
detected in the samples collected from urban wastewa-
ter in Kuwait using reverse-transcriptase quantitative 
PCR (RT-qPCR). We recently checked for the pres-
ence of SARS-CoV-2 in the stored cDNA samples and 
confirmed the absence of SARS-CoV-2 in them. This 
is the first report that demonstrates the preparedness in 
Kuwait for using sewage samples for the detection and 
monitoring of many pathogenic viruses which may 
greatly increase the capacity of the country to deal 
with a viral disease outbreak in the future.
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Introduction

The world is finally recovering from the worst disease 
pandemic in human history that recorded a death toll 
of over 6.4 million due to COVID-19 (WHO, 2022). 
Infectious disease surveillance remains the cornerstone 
for early detection and control of highly contagious dis-
eases in humans. The use of molecular techniques like 
real-time polymerase chain reaction (PCR) ushered 
in a new era of rapid diagnosis of infectious diseases 
enabling more effective surveillance of epidemic-prone 
viral diseases like influenza. Reliable and rapid diag-
nostic tools have thus become essential for emergency 
preparedness to respond to threats and occurrences of 
pandemic influenza. Health facility-based surveillance 
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remains the norm in most countries for monitoring 
infectious disease outbreaks even though it does not 
cover the disease activity in the whole community. 
Even during a typical outbreak investigation, limited 
information may be obtained by tracing the suspected 
individuals and their contacts. Traditional surveillance 
system for infectious diseases fails to detect asympto-
matic individuals who may continue to spread the dis-
ease in the community. Thus, there is a need for novel 
ways to monitor large groups of people without testing 
every healthy person in the community. Urban areas 
that are equipped with modern sewerage system offer 
unique opportunities to monitor the health of the popu-
lation without individual testing since wastewater pro-
vides an aggregate sample from the whole community 
(Carey, 2019). Some viruses are shed in the stool and 
urine of the infected persons and may be detected for 
a variable period in the sewage with the help of pow-
erful molecular techniques (Majumdar et  al., 2018a). 
Kuwait has a highly developed sewage network and 
sewage treatment facilities that include six wastewa-
ter treatment plants across the country located at Al  
Jahra, Sulaibiya, Kabd, Al Riqqa, Ardhiya, and Umm  
Al Hayman areas (Kuwait Environmental Public  
Authority, 2016). Ninety percent of the Kuwaiti popula-
tion has access to water and sanitation services as they live 
in the urban areas (Fanack Water, 2020). Thus, sewage- 
based epidemiology may significantly help address 
many public health issues in this country including the 
monitoring of infectious disease outbreaks. We selected 
five viruses, namely influenza, Noro, Rota, hepatitis A, 
and hepatitis E viruses, for their detection in the waste-
water of Kuwait as they have the potential for an out-
break and are shed in the feces.

Influenza is an infectious respiratory disease 
mainly caused by influenza A and influenza B viruses 
in humans (Krammer et  al., 2018). The symptoms 
of influenza may be mild in the majority with a sore 
throat, fever, runny nose, cough, headache, and mus-
cle pain for about 1 week with an uneventful recov-
ery. Some patients have more severe symptoms due 
to viral pneumonia requiring hospitalization and may 
even die from respiratory failure. The influenza pan-
demic of 1918–1919 which killed at least 20 million 
people and the pandemics in 1957 and 1968 under-
scored the importance of making preparations to face 
future pandemics, and having surveillance programs 
to monitor the re-emergence of more virulent forms 
of the virus (Institute of Medicine, 2005).

Norovirus is the leading cause of acute gastroen-
teritis globally (Kirk et al., 2015). Norovirus infection 
occurs in all age groups but predominantly affects the 
young children. Diarrhea and vomiting are the major 
clinical symptoms of norovirus infection which may 
be accompanied by abdominal cramps and fever. 
Most infections result in full recovery within 3 days, 
but more severe illnesses, sometimes leading to death, 
may occur in young children, elderly over 65 years of 
age, and immunocompromised hosts. Rotavirus infec-
tions mainly affect children less than 5 years of age 
causing severe, dehydrating gastroenteritis. In spite 
of the global vaccination efforts, more than 200,000 
deaths result from rotavirus infections annually, 
mostly occurring in low-income countries (Crawford 
et al., 2017).

Epidemics due to viral hepatitis dates back to 
ancient times; however, there has been a signifi-
cant decline in the incidence of this deadly disease 
with technological advancements. Hepatitis A and E 
viruses cause acute, self-limited inflammatory disease 
of the liver (Lemon et  al., 2019). Eighty percent of 
adults infected with hepatitis A develop severe hep-
atitis with jaundice, but in children, less than 30% 
of cases develop symptomatic hepatitis. Hepatitis 
E is the most common cause of acute viral hepati-
tis worldwide. However, it follows a more benign 
course in most people except in some vulnerable 
groups including pregnant women, older people, and 
immunocompromised hosts who may have a seri-
ous outcome. Both hepatitis A and E viruses share a 
common fecal–oral transmission and spread by the 
consumption of contaminated food or water and per-
son-to-person contact.

Kuwait is inhabited by over 4.1 million people 
all of whom reside in urban areas (The World Bank, 
2018). The municipal sewage network covers all 
the six governorates of Kuwait, namely Al-Asimah, 
Jahra, Hawally, Farwaniya, Mubarak Al-Kabeer, and 
Al-Ahmadi. Thus, all the inhabitants of Kuwait have 
access to a modern sewerage system which is main-
tained by the Ministry of Public Works (MPW). The 
MPW performs routine analysis of treated wastewa-
ter which includes counting of coliforms as the only 
microbiological assessment. It was hypothesized that 
common pathogenic viruses with outbreak potentials 
could be detected by analyzing untreated wastewa-
ter collected in the community by using molecular 
techniques. A cross-sectional study was conducted 



Environ Monit Assess (2023) 195:406 

1 3

Page 3 of 9 406

Vol.: (0123456789)

in Kuwait between 16 and 23 September 2019 in an 
attempt to detect influenza, Noro, Rota, hepatitis A, 
and hepatitis E viruses in urban sewage samples col-
lected from all the governorates of Kuwait.

Methods

Sample collection

Six sampling sites were selected randomly one from 
each governorate of Kuwait, namely Jaber Al Ali, 
Jabriya, Waha, Adan, Ardiya, and Qurtuba while 
ensuring a population size of at least 5000 in each of 
the selected catchment areas by using data from Pub-
lic Authority for Civil Information (Fig. 1). One liter 
of sewage sample was collected using a sterile glass 
bottle from a manhole of each of the selected loca-
tions between September 16 and 23, 2019.

Extraction of RNA

The samples were prepared for RNA isolation accord-
ing to Laverick et al. (2004) with minor modification 
to optimize the method for the detection of the viruses 
in a smaller volume of sewage. Beef extract solution 
was added to the sewage sample after initial filtration 
with a filter paper to remove the large debris. The sam-
ple was centrifuged at 7000 × g at 4 °C for 30 min, and 
the supernatant was flocculated at pH 3.5. Then, the 
sample was centrifuged again for 30 min, and the floc 
was dissolved in the buffer. Viral RNA was extracted 
from the dissolved floc using QIAamp Viral RNA 
Mini Kit. Reverse transcription was performed to 
create cDNA from the RNA, and then PCR was per-
formed using the transcribed cDNAs and the specific 
primers of the targeted viruses. Purified RNA prepared 
from plasmids containing the conserved domains was 
used as controls during the gel electrophoresis.

Fig. 1  Map of Kuwait showing the six sampling sites, namely, 
Jaber Al Ali (1), Jabriya (2), Waha (3), Adan (4), Ardiya (5), 
and Qurtuba (6) districts which are located in the six governo-

rates of Kuwait, namely Ahmadi, Hawalli, Jahra, Mubarak Al 
Kabeer, Farwaniya, and the capital (Al-Asimah), respectively
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Reverse transcriptase gel-based qualitative PCR

Reverse transcription After viral RNA extraction, 
reverse transcription was carried out using iScript 
Supermix (Bio-Rad) to generate cDNA. For these 
reactions, 2 µl of the RNA template was mixed with 
4 µl of RT supermix and nuclease-free water to make 
a total reaction volume of 20 µl. RT was performed 
under the following reaction conditions: 25  °C for 
5 min, 46 °C for 20 min, and then 95 °C for 1 min.

Polymerase chain reaction (PCR) PCR was per-
formed in a T100 thermal cycler (Bio-Rad Labora-
tories). For the amplification reactions (25  µl total 
volume), 1 µl of cDNA was used as a template + 1 µl 
of each primer (10  µM) + 2.5  µl of dNTPs + 2  µl 
of MgCl2 + 0.5  µl of Taq polymerase + 2.5  µl of 
10 × buffer and distilled water. The reaction condi-
tions were as follows: an initial denaturation stage 
at 95 °C for 10 min, followed by 45 cycles of 95 °C 
for 15 s, 55 °C for 30 s, 72 °C for 1 min, and finally 
72 °C for 10 min.

Gel electrophoresis The PCR products were run 
on 1.2% certified megabase agarose gel in 1X Tris/
Borate/EDTA (TBE) buffer at 120 V at 90 min for gel 
electrophoresis. One hundred base pair DNA ladder 
(NE Biolabs) was used for sizing the bands. Bands 
were visualized using the ChemiDoc MP imaging 
system (Bio-Rad Laboratories). All gels were stained 
with ethidium bromide. The images were processed, 
and bands were analyzed with Image Lab Software 
5.0 (Bio-Rad Laboratories Inc.) to estimate the sizes 
of the PCR products.

Quantitative real-time PCR (qPCR)

Preparation of in  vitro transcribed RNA for 
qPCR In vitro transcription was performed using 
the  MEGAscript® Kit following the instructions 
provided by the manufacturer (MEGAscript manual 
1330  M). In  vitro transcribed RNA standards were 
generated from pBluescript (UW5VIR) plasmid DNA 
(MIT, USA). Subcloning efficiency DH5α compe-
tent cells were used for transformation (Invitrogen). 
pUC19 DNA supplied with the kit was used as a 
control to verify the transformation efficiency of the 
cells. Luria–Bertani (LB) medium (Conda) was rou-
tinely used to culture E.  coli. Antibiotic plates for 

the selection of transformants contained ampicillin 
(Sigma–Aldrich) at a final concentration of 100  µg/
ml. Plasmid DNA isolated using PureLink HQ Mini 
Plasmid Purification Kit (Invitrogen) was linearized 
using KpnI restriction endonuclease (New England 
Biolabs, UK) according to the manufacturer’s instruc-
tion. A total of 2 µg of plasmid DNA (at a concentra-
tion of 238.4 ng/ul) was used and digested by adding 
10 U of KpnI enzyme in NEbuffer provided by the 
manufacturer. The digestion mixture was incubated 
at 37  °C for 3 h followed by thermal inactivation at 
80 °C for 20 min. The digested DNA was run in 0.8% 
certified megabase agarose gel in 1X Tris/Borate/
EDTA (TBE) buffer at 60 V at 100 min for agarose 
gel electrophoresis. The digested DNA was gel puri-
fied using the QIA quick Gel Extraction kit (Qiagen). 
A total of 520  ng/µl was the concentration of DNA 
measured using IMPLEN-Nanophotometer P-Class. 
In  vitro transcription was carried out with 6  µl of 
digested plasmid DNA using  MEGAscript® T7 Kit 
(Invitrogen) and purified using QIAamp Viral RNA 
Mini Kit, according to the manufacturer’s instructions 
and eluted in a final volume of 40 µl elution buffer. 
RNA concentration (62  ng/µl) was estimated using 
the Nanodrop 1000 spectrophotometer (Thermo Sci-
entific, UK).

qPCR Quantification using qPCR was performed 
using the CFX96 cycler (Bio-Rad). Standard curves 
were generated from tenfold serial dilution series of the 
in vitro transcribed RNA. The reaction mixtures con-
tained the RNA sample + 2X iTaq Universal Probes 
One-step mix + primers and probe for each of the 5 
viruses. RT PCR assay was based on Flu_Fw ARA 
TGA GTC TTC TRA CCG AGG TCG , Flu_Rv TGC AAA 
GAC ATC YTC AAG YYT CTG  and Flu_Pb TCA GGC 
CCC CTC AAA GCC GA, Noro_Fw TGG AYT TTT 
AYG TGC CCA G, Noro_Rv CGA CGC CAT CTT CAT 
TCA C and Noro_Pb AGC CAG ATT GCG ATC GCC C, 
HAV_Fw TCA CCG CCG TTT GCC CTA G, HAV_Rv 
GGA GAG CCC TGG AAG AAA G and HAV_Pb CCT 
GAA CCT GCA GGA ATT AA, HEV_Fw CGG TGG 
TTT CTG GGG TGA C, HEV Rv GAA GGG GTT GGT 
TGG ATG AA and HEV_Pb CGG GTT GAT TCT CAG 
CCC TTCGC, Rota_Fw CAG TGG TTGHTGC TCA 
AGA TGG A, Rota_Rv TCA TTG TAA TCA TAT TGA 
ATA CCC A and Rota _Pb ACA ACT GCA GCT TCA 
AAA GAA GWG T, respectively. Cycling conditions 
consisted of a reverse transcription step at 50  °C for 
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10 min, followed by polymerase activation for 2 min at 
95 °C and 40 cycles of denaturation for 15 s at 95 °C 
and annealing/extension for 30 s at 60 °C.

Results and discussion

Wastewater-based epidemiology has dramatically 
changed the scenario of disease surveillance especially 
in urban areas equipped with modern sewerage by pro-
viding the opportunity for early detection of an infec-
tious disease outbreak due to a known microorganism. 
In spite of the limitations of detection of many organ-
isms due to their low concentration, powerful molecu-
lar techniques have enabled the detection of even RNA 
viruses like SARS-CoV-2 which prompted worldwide 
initiatives to detect and monitor the spread of the virus 
by wastewater sampling (Bivins et al., 2020). The pre-
sent study was conducted only a few months before the 
outbreak of SARS-CoV-2 to test the hypothesis if com-
mon pathogenic viruses could be detected in the sew-
age by using modern techniques for the separation of 

biomolecules (Jamil et al., 2020). Instead of targeting 
any particular strain, primers were chosen to amplify a 
conserved domain of all the influenza viruses (Hussein 
et al., 2016a, b; Runstadler et al., 2013). Primers were 
also used for the detection of Rota, Noro, hepatitis A, 
and hepatitis E viruses as they have the potential for 
causing seasonal or occasional outbreaks (Jothikumar 
et  al., 2006, 2009; Costafreda et  al., 2006; Hellmer 
et al., 2014).

Using specific primers in reverse transcription 
gel-based PCR, bands of the expected sizes repre-
senting all 5 viruses were detected in all six selected 
sites, except for the hepatitis E virus (HEV) (Figs. 2, 
3, and 4). HEV was below the detection limit of tra-
ditional PCR in Ardiya and was present at very low 
levels in Qurtuba. This indicates that these food-
borne viruses are widely circulating in Kuwait. In 
quantitative real-time PCR (qPCR), amplification 
curves for both standards and samples were detect-
able, which indicates that the whole workflow start-
ing from sample processing to qPCR detection is 
functional. All samples were tested in duplicates, 

Fig. 2  Gel picture depicting the amplification of target viral sequences in RNA isolated from sewage samples (S1-Jaber Al Ali, 
S2-Jabriya). Expected amplicon sizes (bp): influenza, 120; norovirus, 135; HAV, 187; HEV, 82; rotavirus, 141
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and there were no detectable discrepancies between 
those replicates, which reflects good pipetting tech-
niques. All five viruses were detected by qPCR in 
samples collected from every location (Table  1). 
Interestingly, high influenza activity was detected 
in Jabriya  (1012 genome copies). It should be men-
tioned here that the sampling location in Jabriya was 
very close to Mubarak Al Kabeer Hospital, one of 
the largest tertiary hospitals in Kuwait which serves 
nearly 700,000 people of Hawally Governorate. The 
high influenza activity in Jabriya may therefore rep-
resent an actually high number of influenza cases in 
that area as compared with lower values observed 
in the other sampling locations representing resi-
dential areas. Surveillance data from WHO Eastern 
Mediterranean Regional Office shows a variable 
influenza activity in this region throughout the year 
(WHO, 2019). In 2019, influenza activity in the 
region was high in April and gradually declined to 

low levels in August and rose again in the months 
of September and October. Due to the high sensi-
tivity of qPCR, we were able to detect HEV using 
this technique in the samples that were negative by 
the traditional qualitative PCR. It is noteworthy that 
the hepatitis E virus was not detectable by RT-PCR 
in Ardiya and very weakly detectable in Qurtuba 
although the virus was detected by RT-qPCR in 
both areas at a lower concentration than the other 
viruses. It shows the superiority of qPCR over tradi-
tional PCR with respect to sensitivity and therefore 
suggesting the former technique to be more suitable 
for the detection of targeted microorganisms.

In this study, a group of viruses were detected in 
the sewage when there was no ongoing outbreak of 
the same viruses in the community. Serial testing 
at intervals would allow monitoring of the ongo-
ing disease activity in the community and predict a 
possible outbreak if increasing levels are detected. 

Fig. 3  Gel picture depicting the amplification of target viral sequences in RNA isolated from sewage samples (S3-Waha, S4-Adan). 
Expected amplicon sizes (bp): influenza, 120, norovirus, 135; HAV, 187; HEV, 82; rotavirus, 141
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SARS-CoV-2 was isolated from wastewater in a city 
in the Netherlands, only 4  days after the first case 
of COVID-19 was reported showing the prospects 
of wastewater analysis as an early warning system 
for an outbreak (Mallapaty, 2020). Routine surveil-
lance for SARS-CoV-2 in wastewater samples are 
now being carried out in many countries including 

the USA, the UK, Canada, Australia, Sweden, and 
Denmark for monitoring the disease activity in the 
community. The use of sewage-based epidemiology 
for tracking pathogenic viruses globally may serve 
as an effective early warning system and help pre-
vent catastrophic pandemics like COVID-19 in the 
future.

Fig. 4  Gel picture depicting the amplification of target viral sequences in RNA isolated from sewage samples (S5-Ardiya, S6-Qurtuba). 
Expected amplicon sizes (bp): influenza, 120; norovirus, 135; HAV, 187; HEV, 82; rotavirus, 141

Table 1  Genome copy numbers of the five viruses—influenza, Noro, Rota, hepatitis A, and hepatitis E—detected by qPCR in the 
sewage samples collected from six governorates of Kuwait

 Influenza Norovirus Rotavirus HAV HEV 

Ardiya 3.59E+01 3.89E+02 1.55E+06 4.41E+02 3.36E+02 

Qurtuba 9.27E+00 5.10E+02 8.62E+03 6.97E+01 2.08E+03 

Jahra 2.98E+02 5.59E+02 5.12E+04 1.61E+02 9.51E+01 

Adan 1.41E+02 5.23E+02 7.92E+04 1.31E+02 9.34E+01 

Jaber Al Ali 3.02E+02 4.98E+02 1.72E+06 6.34E+02 4.84E+02 

Jabriya 3.33E+12 1.02E+03 1.88E+06 4.57E+02 9.81E+03 
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Sewage-based surveillance can play an important 
role in identifying the re-emergence of other pathogens 
that were targeted for eradication from the globe. The 
use of a cell culture system, PCR, and next-generation 
sequencing made it possible to detect poliovirus even 
when its concentration becomes very low. Environ-
mental surveillance has been used successfully by 
global polio eradication program (Majumdar et  al., 
2018b). Very recently, the detection of poliovirus in 
the wastewater in London prompted the health author-
ity to roll out urgent polio vaccination for all London-
based children under 10 (Hussain, 2022).

Conclusion

This study documents the detection of five pathogenic 
viruses in the wastewater in Kuwait using molecular 
biology techniques. The capacity for detection of influ-
enza, Noro, Rota, hepatitis A, hepatitis E, and SARS-
CoV-2 viruses in the sewage greatly enhances the abil-
ity of the Ministry of Health of Kuwait to efficiently 
deal with outbreaks caused by the same viruses in the 
future. Sewage-based surveillance can also be employed 
to monitor the re-emergence of other pathogens that are 
targeted for eradication including the poliovirus.
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