
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Science of the Total Environment 760 (2021) 143350

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv
First confirmed detection of SARS-COV-2 in untreated municipal and
aircraft wastewater in Dubai, UAE: The use of wastewater based
epidemiology as an early warning tool to monitor the prevalence
of COVID-19
Abdulla Albastaki a,⁎, Mohammed Naji a, Reem Lootah a, Reem Almeheiri a, Hanan Almulla a, Iman Almarri a,
Afra Alreyami a, Ahmed Aden a, Rashed Alghafri a,b,c,d

a Research and Development Department, Dubai Police G.H.Q., Dubai, United Arab Emirates
b Harry Butler Institute, Murdoch University, Murdoch, WA 615, Australia
c United Arab Emirates University, Alain, United Arab Emirates
d Faculty of Health Sciences and Medicine, Bond University, Robina, QLD, Australia
H I G H L I G H T S G R A P H I C A L A B S T R A C T
• First project to detect SARS-CoV-2 genes
in wastewater samples in the United
Arab Emirates.

• Tested the largest number of municipal
wastewater samples (2940) and com-
mercial aircraft wastewater samples
(198).

• Direct correlation was found between
the viral load and real COVID-19 cases
recorded in the city of Dubai.

• WBE provides an important tool in
monitoring the spread ofmanydiseases,
including SARS-CoV-2 cases.
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SevereAcute Respiratory Syndrome – Coronavirus 2 (SARS-CoV-2) emerged inWuhan, China and spread tomore
than 114 countries resulting in a pandemic, whichwas declared by theWHO inMarch 2020. Tracking the spread
of the virus raised amain concern in every country. Many researches proved the presence of SARS-CoV-2 in stool
samples of patients, where the genes of this virus gave a positive signal several days prior to the occurrence of
symptoms. The fact of viral shedding in stools provides an advantage in utilizing wastewater systems as a tool
to monitor the viral prevalence. We tested more than 2900 municipal wastewater samples coming from 49 dis-
tinctive area in Dubai, where 28.6% showed positive results. We also looked into the wastewater samples from
198 commercial aircrafts arriving at Dubai Airport, giving a positive result percentage of 13.6%. The presence of
SARS-CoV-2 genes was confirmed using TaqPath™ Covid-19 RT-PCR kit, which targets ORF1ab, N gene and S
gene. This project shows the significance of utilizing wastewater-based epidemiology (WBE) in monitoring the
prevalence of various infectious diseases such as SARS-CoV-2, which can assist the decision makers to determine
the level of precautionary measures according to the areas of the outbreak. With this in mind, pricewise, WBE is
considered cost-effective when comparing to clinical nasal swabs.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

In December 2019, a virus outbreak initiated in Wuhan, China
identified as Severe Acute Respiratory Syndrome – Coronavirus 2
(SARS-COV-2), which was classified as a new strain of coronavirus
(Statement on the Second Meeting of the International Health
Regulations (2005) Emergency Committee Regarding the
Outbreak of Novel Coronavirus (2019-nCoV), 2020). Novel Corona
virus was found to mimic respiratory infections ranging from
common cold to more severe diseases such as Poliovirus, Severe
Acute Respiratory Syndrome (SARS), Middle East Respiratory
Syndrome (MERS), and Aichivirus A, with symptoms including
dry cough, fever, weakness in the respiratory system, diarrhea
and tiredness (Petersen et al., 2020). After noticeable spread of
the virus in 114 countries, WHO officially declared a world-wide
pandemic on March 11, 2020 (WHO Director-General's opening
remarks at the media briefing on COVID-19 - 11 March 2020,
2020). The biological droplets released by an infected person
by coughing or sneezing were found to be as a main factor
responsible for the spread of this disease among individuals
(Gu et al., 2020).

Health facilities & laboratories began to follow testing criteria
on suspected coronavirus disease (COVID-19) cases and imple-
ment molecular testing of RT-qPCR (Real Time polymerase chain
reaction) for diagnosis of the respiratory system through nasal
swabs as the approved testing methodology for detection of
SARS-COV-2 (Péré et al., 2020). Never the less, the presence of
SARS-COV-2 (RNA) was also detected in other human specimens
such as blood and urine in pre-symptomatic, asymptomatic and
symptomatic individuals (Petersen et al., 2020; Woelfel et al.,
2020; Zhang et al., 2020). As for human faeces, viral quantities
can be found in them as a result of many factors, which include:
absorbing of respiratory secretions from the upper respiratory
tract into the stomach, deposits of infected immune cells, and
viral replication in the intestines (Xiao et al., 2020). It has been ob-
served that gastrointestinal symptoms may be a mutual symptom
of different corona virus diseases as small percentage of viral
nucleic acid was still found in stool samples 30 days after infection
(Jefferson et al., 2020).

Wastewater studies were used as a complimentary tool for in-
vestigating the circulation of the virus in human population
(Lodder and de Roda Husman, 2020; Ahmed et al., 2020a, 2020b;
Medema et al., 2020). Several researches revealed the presence of
SARS-CoV-2 in stool specimens, which allowed the implementation
of wastewater testing to track this novel disease (F. Wu et al., 2020;
Xiao et al., 2020). In France, a test was performed to prove the
assumption that the quantification of SARS-CoV-2 genomes in
wastewaters should correlate with the number of symptomatic or
non-symptomatic carriers during the lock down period. It was per-
formed by collecting raw wastewater samples from several major
wastewater treatment plants and performing a time-course quanti-
tative analysis of SARS-CoV-2 by RT-qPCR. The results of the
analysis confirmed that the increase of genome units in raw waste-
waters followed the increase of human COVID-19 cases observed at
the regional level accurately, which proved that the spread and
exponential growth of the epidemic can be detected beforehand
(Wurtzer et al., 2020). The objective of this research, which is still
ongoing, is to utilize sewage wastewater in domestic areas in
Dubai and Dubai International Airport Aircrafts for monitoring the
spread of the virus and use this epidemiology as an early warning
tool in case of upcoming waves. It is of vital importance to note
that this paper looked into more than 3000 municipal's and
aircrafts' wastewater, which is considered the highest number of
samples among the published papers of this testing field. Moreover,
it provides the first proof of detection of SARS-CoV-2 genes in
wastewater samples from an Arab country.
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2. Materials & methods

2.1. Sampling

In this project, the sample collection strategy was divided into two
main stages. In the first stage, untreated wastewater samples were col-
lected from 9 main pumping stations in three consecutive times total-
ling in 27 samples. The dates of collection were 22nd April, 28th April,
and 4thMay, 2020. The aim of this stage was to establish a wide screen-
ing procedure of the city of Dubai. In the second stage, collection
intended to branch out and look closely within the distinctive areas of
the city. Dubai consists of two main regions; Bur Dubai and Bur Deira.
These two main regions comprise a total of 49 distinctive areas, noting
that 25 areas belong to Bur Dubai and the other 24 belong to Bur
Deira. Sampling was carried out by collecting 10 samples from each
area once a fortnight for 6 consecutive times, from 7th of May to 7th
of July 2020. In addition, this study has looked into the treatedwastewa-
ter samples by collecting 3 samples from all three wastewater treated
pumps (WWTPs) of Dubai.

2.2. Sample concentrating/extraction

Wastewater samples were collected in 1000 ml LDPE bottles
(BNH1000BULK; Azlon ®, Staffordshire, UK) and stored at room tem-
perature waiting for processing. The collection of samples followed
grab sampling approach. A dedicated team from Dubai Airports man-
aged to collect samples from arriving aircrafts directly from the excre-
tory valve beneath the airplane, using a big bucket. The wastewater
then transferred into the above mentioned 1000 ml bottles. Viral RNA
was concentrated following a modified method, with an initial step of
pipetting 10 ml of the wastewater sample through 11-μm-pore-size,
125-mm-diameter cellulose filter (Z240095; Whatman®), followed by
centrifuging 1.5 ml of the filtered sample at 4750g for 30 min. Without
disturbing the pellet, 400 μl of the supernatant was later centrifuged at
3500g for 15 min throughMB Spin Column from the DNeasy PowerSoil
Kit ® (12888-100; Qiagen, Germany), the eluted sample was collected
for extraction. Viral RNA was extracted using MagMax Viral/Pathogen
Kit (A42352; ThermoFisher Scientific™, Massachusetts, US) following
the manufacturer manual using KingFisher™ Flex Purification System
(5400610, ThermoFisher Scientific™, Massachusetts, US).

2.3. Real-Time PCR

The presence of SARS-CoV-2 RNAwas tested using Real time PCR by
the detection of three different genes specific to this virus; ORF1ab, N
gene and S gene. The adopted qPCR methodology followed TaqPath™
Covid-19 RT-PCR Kit (A48067; ThermoFisher Scientific™, Massachu-
setts, US), using themanufacturer's protocol. MS2 is used as an internal
standard, and nuclease free water as a negative control. Samples were
prepared and set accordingly with the total volume of 25 μl. The reac-
tions were carried out using QuantStudio™ 5 Real-Time PCR System
(A34322; ThermoFisher Scientific™, Massachusetts, US). The results
were analysed as instructed in the manual. Note that this kit is used as
a qualitative method for the detection of SARS-CoV-2 in samples.

3. Results and discussion

In the first stage of this project, nine main pumping stations, which
pump 100% of the wastewater of Dubai sewage system were sampled.
Among the 27 samples tested from the pumping stations on three dif-
ferent intervals, six samples from two specific stations (Stations A and
F) turned out to be positive for SARS-CoV-2 RNA following the assays
of ORF1ab, S protein and N protein as shown in Fig. 1. The Ct values of
the positive samples ranged between 32 and 34 cycles.

This stage provided a full scanning method to locate areas of high
viral loads in Dubai and to consider the areas of concern in order to



Fig. 1. In thefirst stage of this project, out of 27 samples tested, 6 samples showed a positive signal to SARS-CoV-2 genes, all coming from the same two stations (stationsA and F). The cycle
threshold showed to increase in value, implying a decrease in the concentrations of the viral load within the samples throughout the short period of collection.
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monitor the control of the precautionarymeasures. One of the first con-
ducted studies on sewage samples to detect SARS-CoV-2 was carried
out byMedema et al. (2020). They tested samples from 7 different cities
of Netherlands, as well as, a sample from the airport (Medema et al.,
2020). Moreover, in Australia, Ahmed et al. (2020a, 2020b) tested two
wastewater treatment plants (WWTP) and a pumping station. Both of
these studies came into conclusion that testing samples from the sew-
age system provides a powerful tool in monitoring any increase or de-
crease in infection among certain population (Ahmed et al., 2020a).
The rich information provided by such methodology to monitor SARS-
CoV-2 RNA in sewage systems was used by many countries to expect
any incoming waves and manage hospital admissions. A study carried
out byNemudryi et al. (2020) over a 17-dayperiod showed a decreasing
trend in the viral load which correlated with hospital admissions in
Bozeman, United States (Nemudryi et al., 2020). Peccia et al. (2020)
Fig. 2. The results of the second stage of this project showed a direct correlation with the numb
values showedan increasing trend, implying a decrease in the concentration of SARS-CoV-2 gen
cases in the city.

3

implied that SARS-CoV-2 RNA concentrations in sewage systems were
a one week leading indicator upfront of submitting a COVID-19 test
and local hospital admissions (Peccia et al., 2020).

The second stage of this research project looked into untreated mu-
nicipal wastewater samples that were collected from 49 different areas
in Dubai. The research team of this study agreed to proceed with this
stage, despite the large number of samples and the expended effort, in
which each area was tested narrowly, having at least 10 municipal
wastewater samples, which adds up the total number of tested samples
to approximately 2940 over 3 months-period. Fig. 2 represents real
COVID-19 Cases in Dubai versus SARS-CoV-2 cycle threshold detected
from municipal's wastewater. The advantage of having tests done
once a fortnight provided us a prevalence of any incoming waves, as
well as, the opportunity to create a heat map of the whole city over
3 months' period, as seen in Fig. 3.
er of real COVID-19 cases recorded in the city of Dubai. During the 3-month period, the Ct
es inwastewater samples,which corresponds to the fact of the decrease in the record of real



Fig. 3. The results of second stage displayedas a heatmapof thewhole city over 3months' period. The results showeddecreasing of viral load concentration over the 3-months period. Heat
maps provide a visualization of the overall prevalence throughout the city. Dark red color represents high concentration of viral load; yellow color represents moderate concentration of
viral load; and green color represents low concentration of viral load.
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Many experiments were done in detecting the viral nucleic acid of
SARS-CoV-2 in faeces samples in order to measure its quantity and con-
centration. One of these studies tested 65 faecal samples of hospitalized
infected people, where the authors have found that 31 of these samples
showed positive results, including those with no any gastrointestinal
symptoms (Lin et al., 2020). Another study carried out by Xiao et al. in
2020 tested for the presence of viral RNA in 73 hospitalized infected
people, in which 53.4% of the samples showed a positive signal of
SARS-CoV-2 RNA. Moreover, 20% of these patients were still showing
positive results in their stool samples even when the respiratory sam-
ples resulted in negative signals (Xiao et al., 2020). In addition to the
findings of this study, in 2020, Y. Wu and colleagues found out that
over half of the 74 tested patients had stools which remained positive
for SARS-CoV-2 RNA for an average of 11.2 days after the nasal swabs
became negative. The authors have implied that the virus might be
able to replicate in the gastrointestinal tract (Y. Wu et al., 2020). The
findings might as well raise a main topic of utilizing such information
from sewage systems to track any increase or decrease in the concentra-
tion of the viral load. In our case, for example, if any area showed to have
an increase of viral nucleic acid concentration, a report would be sent to
the authorities to act necessarily. Reports from such approach could also
assist the decision makers in any country to apply or eliminate a lock-
down. In addition to all of that, sewerage system testing is considered
much cheaper in cost than that of clinical nasal swabs. To enumerate,
if a screening test would be done for a neighborhood with a population
of one thousand, the approximate difference of the operating cost be-
tween testing wastewater samples and clinical nasal swabs would be
97.76%. It is important to be aware that wastewater samples could rep-
resent hundreds or thousands of people, whichmakes thismethod cost-
effective comparing to that of nasal swabs when measuring the out-
break of the disease.

Testing human faecal samples to trace COVID-19 cases are not lim-
ited on the municipal's sewerage systems or WWTPs. Ahmed et al.
(2020b) have considered testing the wastewater of commercial
aircrafts and cruise ships as a surveillance tool detect infections of
SARS-CoV-2 among travelers. They have tested a total of 3 aircrafts
and 2 samples of a cruise ship, where the results showed positive
SARS-CoV-2 signals though concentrations were close to the limit of
detection. The authors suggested prioritizing medical testing and inter-
action tracking among the travelers. They have also recommended
using both strategies of wastewater and nasal clinical swabs testing to
maximize the detection of SARS-CoV-2 infections among travelers
(Ahmed et al., 2020b).
4

In our recent study, we have tested a total of 198 commercial flights
arriving in Dubai from 59 airport destinations from all six continents,
where the percentage of positive signals showed to be 13.6%, having
Ct values that ranged from 33 to 36. Such information can be accumu-
lated to give a leading point to decision makers in any country in
order to terminate anyflights coming froma specific location. For exam-
ple, out of 16 flights coming from Pakistan, 10were found to be positive
for SARS-CoV-2 RNA. This implies that such aircrafts coming from
Pakistan could be terminated in order to help minimize the entry of in-
fected passengers to the country.

The presence of SARS-CoV-2 traces within wastewater raised many
questions regarding the fate of this virus in WWTPs. Normally, excreta
from human travels through the sewerage systems into thewastewater
treatment plants, which then directs the treated samples tomany desti-
nations such as rivers or lakes. Rivers and lakes are usually used as a
water supply and for recreation purposes, which all direct back to the
community. Furthermore, WWTP could be directed for irrigation pur-
poses which can fire backwards again onto themembers of community
through crops and aerosols (Lesimple et al., 2020). Many studies have
considered this issue and tested treated wastewater samples. Wurtzer
et al. (2020) examined treatedwastewater samples from three different
Parisian WWTPs, where the results came to be positive (Wurtzer et al.,
2020). Another experiment performed by Randazzo et al., 2020 looked
into 18 secondary effluent samples from6WWTPs of the region ofMur-
cia, Spain. The authors found that 2 of the 18 samples were positive
(Randazzo et al., 2020). In our study, we have tested 3 samples of
treated wastewater samples from the main three WWTP of Dubai. All
of the samples showed no signal of SARS-CoV-2 RNA. The WWTPs in
Dubai used to treat wastewater by applying a certain dose of chloride
disinfectant, however, with the occurrence of this pandemic, we were
informed that the chloride dosage was increased, however, we have
no information on the concentration of the chloride used in local
WWTPs.

4. Conclusion

Based on our experiment, we totally agree with Daughton (2020) in
that WBE could be utilised in rapidly determining any increase or de-
crease of the spread of SARS-CoV-2 infections. This approach could
also aid in regards to incoming viralwaves or in the occasion of potential
viral epidemics. Infection levels and trends could be observed by detect-
ing the viral load in the sewage system. Away of communication should
be established between scientists in this field and the decision-makers
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in every country to be aware of the disease prevalence and thus imple-
ment the required precautionary measures in the outbreak regions.
Daughton alsomentioned that it is of vital importance that coordination
of approaches and sharing of data is linkedbetween the scientists to elu-
cidate if WBE can be applied successfully. For instance, what is the viral
load detection limit that could raise a concern? How to translate scien-
tific information to the decision-makers who normally have limited sci-
entific background? Standardization of sampling methods and
distributing analytical methodswould help in building a strong founda-
tion for estimating the reliability of the population served (Daughton,
2020; Foladori et al., 2020).
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