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Abstract 

In the current COVID-19 pandemic, a significant proportion of cases shed SARS-Coronavirus-
2 (SARS-CoV-2) with their faeces. To determine if SARS-CoV-2 is present in sewage during the 
emergence of COVID-19 in the Netherlands, sewage samples of 7 cities and the airport were 
tested using RT-PCR against three fragments of the nucleocapsid protein gene (N1-3) and 
one fragment of the envelope protein gene (E). No SARS-CoV-2 was detected in samples of 
February 6, three weeks before the first case was reported in the Netherlands on February 
27. On March 5, the N1 fragment was detected in sewage of five sites. On March 15/16, the 
N1 fragment was detected in sewage of six sites, and the N3 and E fragment were detected 
at 5 and 4 sites respectively. This is the first report of detection of SARS-CoV-2 in sewage. 
The detection of the virus in sewage, even when the COVID-19 prevalence is low, indicates 
that sewage surveillance could be a sensitive tool to monitor the circulation of the virus in 
the population.  
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Introduction 

In December 2019, an outbreak of coronavirus respiratory disease (called COVID-19) 
initiated in Wuhan, China. The outbreak was caused by a new severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). The outbreak spread from Wuhan to other cities in 
China and many other countries. WHO declared a pandemic on March 11, 2020, when the 
disease was reported in 114 countries.1 The primary mode of transmission is via respiratory 
droplets that people cough, sneeze or exhale, and may also be spread via fomites.2  SARS-
CoV-2 is 82% similar to SARS coronavirus that caused an outbreak in 2003. 16–73% of 
patients with SARS were reported to have diarrhea in addition to respiratory symptoms3, 
and transmission of SARS via water droplets from faeces via air ventilation systems in Amoy 
Gardens in Hong Kong was reported.4 Diarrhea is also reported in a significant proportion of 
the COVID-19 cases and recent reports show that SARS-CoV-2 has been detected in stool 
samples of COVID-19 cases.5-9 The shedding of SARS-CoV-2 was studied in a cluster of 9 cases 
and was 107 RNA copies/g faeces one week after symptom onset and decreased to 103 RNA 
copies/g three weeks after symptom onset.10 In stool samples with high RNA copies, viable 
SARS-CoV-2 was detected.11 Although it is unlikely that wastewater will become an 
important transmission pathway for coronaviruses like SARS-CoV-212, increasing circulation 
of the virus in the population will increase the virus load into the sewer systems of our cities. 
It is important to collect information about the occurrence and fate of this new virus in 
sewage to understand if there is no risk to sewage workers, but also to determine if sewage 
surveillance13 could be used to monitor the circulation of SARS-CoV-2 in our communities, 
that could complement current clinical surveillance, which is limited to the COVID-19 
patients with the most severe symptoms. Sewage surveillance could also serve as early 
warning of (re-)emergence of COVID-19 in cities, much like the sewage surveillance for 
poliovirus that has been used for this purpose.14 The objective of this investigation was to 
identify if SARS-CoV-2 is present in domestic wastewater of cities and a main airport during 
the early stages of the COVID-19 epidemic in the Netherlands.  

Methods 

Sewage samples 

Before the onset of the epidemic in the Netherlands, wastewater treatment plants (WWTP) 
were selected that served 2 large and 3 medium sized cities and the main airport. The 
operators of the WWTP sampled a 24h flow-dependent composite sample of 250 mL that 

was stored at 4 C during sampling. Samples were taken in 2020, on February 5, 6 and 7, 3 
weeks before the first COVID-19 case was recognized by the health surveillance system in 
The Netherlands, on March 4 and 5 (38 resp. 82 reported COVID-19 cases in the 
Netherlands, total population 17.2 million) and March 15 and 16 (1135 resp. 1413 reported 
COVID-19 cases in the Netherlands). As the epidemic progressed, a WWTP (Tilburg) in one of 
the most affected areas was included in the sampling scheme. 
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Sample processing 

The samples were transported to the laboratory on melting ice and RNA was isolated on the 
day of sampling. Larger particles (debris, bacteria) were removed from the samples by 
pelleting using centrifugation at 4654xg for 30 mins without brake. A volume of 100-200 ml 
supernatant was filtered through Centricon® Plus-70 centrifugal ultrafilter with a cut-off of 
10 kDa (Millipore, Amsterdam, the Netherlands) by centrifugation at 1500xg for 15 minutes. 
The resulting concentrate was split in two parts for: 1) quantitative culturing for F-specific 
RNA phages and 2) for RNA extraction and RT-PCR.  

Two procedures were used to extract RNA from the concentrated sewage samples. The 
samples of February 5, 6 and 7 and March 4 and 5 were processed using the RNeasy 
PowerMicrobiome Kit (Qiagen, Hilden, Germany) according to the manufacturers protocol. 
For practical reasons it was decided to use the magnetic extraction reagents of the 
Biomerieux Nuclisens kit (Biomerieux, Amersfoort, the Netherlands) in combination with the 
semi-automated KingFisher mL (Thermo Scientific, Bleiswijk, The Netherlands) purification 
system to extract RNA from the Centricon concentrates of the samples of March 15 and 16 
as previously described.15 Elution of RNA was done in 100 µl elution buffer for both RNA 
extraction methods. The volume of sewage used for RNA extraction is shown in Table 1 for 
each of the samples.  
 
Table 1. Sewage volumes used for RNA extraction 
 

WWTP Date Sewage volume for  

RNA extraction (ml) 

Amsterdam 7-2-2020 123 

  5-3-2020 45 

  15-3-2020 56 

The Hague 6-2-2020 120 

  4-3-2020 46 

  5-3-2020 44 

  15-3-2020 55 

  16-3-2020 51 

Utrecht 5-2-2020 150 

  5-3-2020 45 

  15-3-2020 44 

Utrecht Overvecht 5-3-2020 39 

  15-3-2020 44 

Apeldoorn 6-2-2020 136 

  5-3-2020 55 

  15-3-2020 61 

Amersfoort 6-2-2020 129 

  5-3-2020 41 

  15-3-2020 56 

Tilburg 15-3-2020 42 

  16-3-2020 49 

Schiphol 7-2-2020 121 

  5-3-2020 36 

  15-3-2020 48 

  

Real-time RT-PCR 

Primers/probe sets that were published by US CDC16 and a European study17 were used in 
this study (table 2). Four primer sets were selected (Table 2): the N1-N3 sets from CDC that 
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each target a different region of the nucleocapsid (N) gene and the set against the envelope 
protein (E) gene from Corman et al.17, to include targets against two separate SARS-CoV-2 
genes. The specificity of these primer/probe sets against other (respiratory) viruses, 
including human coronaviruses, was reported.16,17  Each reaction contained 5 µl RNA 
template, 4 µl of 5x EvoScript RNA Probes one-step RT-PCR reaction master mix (Roche 
Diagnostics, Almere, The Netherlands), different concentrations of primers and probes (table 
2), 2 µl of 4 mg/ml BSA (Bovine Serum Albumin, Roche Diagnostics, Almere, The 
Netherlands) and the reaction volume was adjusted to a final volume of 20 µl with RT-PCR 
grade water (delivered with the Evoscript master mix).  
Thermal cycling reactions were carried out at 60 °C for 15 minutes, followed by 95 °C for 
10 minutes and 45 cycles of 95 °C for 10 and 55 °C for 30 seconds on a CFX96 Touch Real-
Time PCR Detection System (Bio-Rad Laboratories, Veenendaal, The Netherlands). Reactions 
were considered positive if the cycle threshold was below 40 cycles.16  
 
Table 1. Primer-probe sets  
 

a Y=C/T. FAM: 6-carboxyfluorescein;  ZEN/Iowa Black: internal ZEN and Iowa Black double-quenched probe 

Controls 

The concentration of F-specific RNA phages was measured according to ISO 10705 in 
wastewater before and after the purification and concentration steps, to determine the virus 
recovery. A previously described non-target RNA fragment18 was added to the lysed sewage 
concentrates as an internal control (IC). This IC-RNA consists of an in vitro transcribed RNA 
fragment with a length of 412 bases derived from dengue virus type 2 and was synthesized 
as previously described.18 RT-PCR analyses using primers IC-F (5´-ATGACAGCCACTCCTCCG-
3´), IC-R (5´-GGAACGAACCAAACAGTCTTC-3´) and probe IC-P (5´-TexasRed-
AGCAGAGACCCATTCCCTCAGAGC-BHQ-3´) were used to detect a dengue virus fragment 
(length: 149 bp) in order to control the performance of RNA-extraction, RT-PCR and to 
detect the presence of inhibitors. High-resolution automatic electrophoresis was performed 
on an Agilent 2100 Bioanalyzer using Agilent 1000 DNA Kit (Agilent, Santa Clara, USA) to 
analyse the length of the PCR-products. 

Assay Target gene Primer/Probe Concentratio
n 

Sequencea Reference 

N1 Nucleocapsid (N) 
 

2019-nCoV_N1-F 200 nM 5’-GACCCCAAAATCAGCGAAAT-3’ 16 

2019-nCoV_N1-R 200 nM 5’-TCTGGTTACTGCCAGTTGAATCTG-3’ 16 

2019-nCoV_N1-P 200 nM 5’-FAM-ACCCCGCATTACGTTTGGTGGACC-ZEN/Iowa Black-3’ 16 

N2 Nucleocapsid (N) 
 

2019-nCoV_N2-F 200 nM 5’-TTACAAACATTGGCCGCAAA-3’ 16 

2019-nCoV_N2-R 200 nM 5’-GCGCGACATTCCGAAGAA-3’ 16 

2019-nCoV_N2-P 200 nM 5’-FAM-ACAATTTGCCCCCAGCGCTTCAG- ZEN/Iowa Black-3’ 16 

N3 Nucleocapsid (N) 
 

2019-nCoV_N3-F 200 nM 5’-GGGAGCCTTGAATACACCAAAA-3’ 16 

2019-nCoV_N3-R 200 nM 5’-TGTAGCACGATTGCAGCATTG-3’ 16 

2019-nCoV_N3-P 200 nM 5’-FAM-AYCACATTGGCACCCGCAATCCTG- ZEN/Iowa Black-3’ 16 

E Envelope (E) 
 

E_Sarbeco_F 400 nM 5’-ACAGGTACGTTAATAGTTAATAGCGT-3’ 17 

E_Sarbeco_R 400 nM 5’-ATATTGCAGCAGTACGCACACA-3’ 17 

E_Sarbeco_P1 200 nM 5’-FAM-ACACTAGCCATCCTTACTGCGCTTCG-ZEN/Iowa Black-3’ 17 
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Results  
The recovery of F-specific RNA phages by the purification and concentration steps was 73  
50% (n=16). Initial trials showed inhibition of the RT-PCR reactions, that could be reduced to 
a large extend by the addition of BSA to the reaction mixture. The results of the samples of 
February 6, 2020, three weeks before the first case was reported in The Netherlands on Feb 
27, showed no positive signals for primer sets N1-3 and E (Table 3). The samples of March 4 
and 5, one week into the epidemic with 38 and 82 COVID-19 cases reported through the 
health surveillance system, respectively19, showed a positive signal for the N1 primer/probe 
set in sewage samples of four of the 6 WWTP sampled. In sewage samples of March 15 and 
16, 6 of the 7 WWTP showed a positive signal with N1, and in addition 5 WWTP also with N3 
and 4 WWTP with the E primer/probe set. High throughput electrophoresis confirmed that 
the length of the PCR products match the length of the PCR target gene fragments. N1 
appears to be the most sensitive primer/probe set of the sets tested here, followed by N3 
and E for detection of SARS-CoV-2 in sewage. For clinical samples, the US FDA reported the 
sensitivity of the primer/probe sets of N1=N3>N2 on SARS-CoV-2 RNA,20 which partially 
matches with our results in sewage samples. The detection of fragments of two genes of 
SARS-CoV-2 in sewage of multiple WWTP and the temporal pattern of detection that aligns 
with the emergence of the epidemic in the Netherlands provide compelling evidence that 
SARS-CoV-2 is detected in sewage. 

Looking for a RT-qPCR signal between 40 and 45 cycles showed signal in the March 16 
samples also for the N2 primer/probe set, in the same six WWTP as set N1 was positive. In 
addition WWTP Apeldoorn yielded an increased signal of set N1 and E on March 16. 
Resampling these sites if the prevalence of COVID-19 increases in the catchment area of 
these WWTP will show if the signal with N2 and the other sets increase further. 

Table 3. Results of screening of SARS-CoV-2 targets in 24h composite samples of incoming 
wastewater at different WWTP in The Netherlands 3 weeks before and approx. 1 and 2.5 
weeks after the first COVID-19 case was reported in The Netherlands (February 27, 2020).  

 

WWTP I.E.     Date N1 N2 N3 E     Date N1 N2 N3 E     Date N1 N2 N3 E 

Amsterdam 1014000 7-2-2020 - - - - 5-3-2020 + - - - 16-3-2020 + - + + 

The Hague 1400000 6-2-2020 - - - - 4-3-2020 - - - - 15-3-2020 + -  + - 

 
 
     5-3-2020 - - - - 16-3-2020 + - + - 

Utrecht   530000 5-2-2020 - - - - 5-3-2020 + - - - 16-3-2020 + - + + 

 
 
     5-3-2020 + - - - 16-3-2020 + - + + 

Apeldoorn 350000 6-2-2020 - - - - 5-3-2020 - - - - 16-3-2020 - - - - 

Amersfoort 335000 6-2-2020 - - - - 5-3-2020 + - - - 16-3-2020 + - - - 

Tilburg 375000           15-3-2020 + - + + 

 
 
          16-3-2020 + - + - 

Schiphol airport 54000 7-2-2020 - - - - 5-3-2020 + - - - 16-3-2020 + - + + 

 
Blanc samples  6-2-2020 - - - - 6-3-2020 - - - - 17-3-2020 - - - - 
Positive control  11-2-2020 + + +  10-3-2020 + + +  17-3-2020 + + +  
Negative control  11-2-2020 - - - - 10-3-2020 - - - - 17-3-2020 - - - - 
I.E.:  Inhabitant Equivalents, these are design capacities of the WWTP, which is 30% higher than the number of inhabitants served by the WWTP (average of 

Dutch national statistics).  
 

There is no epidemiological signal or case reports in the Netherlands or other countries that 
are hit by the COVID-19 pandemic that sewage is a transmission route for SARS-CoV-2. 
Although SARS-CoV-2 is found with RT-PCR in a significant proportion of stool samples5-10, 
only two studies reported culture of infectious virus from stool.11,21 Therefore, sewage does 
not seem to be a transmission pathway of significance for SARS-CoV-2.12 
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Sewage surveillance 

To get an indication of the sensitivity of the monitoring of sewage, a proxy for the 
prevalence of COVID-19 in the cities served by the WWTP sampled was created using: 1. the 
number of COVID-19 cases on March 5 or 16, as reported for the cities that are served by 
each of the WWTP as numerator, and 2. the number of people served by each of the WWTP 
as denominator. The latter was estimated from the capacity (in inhabitant equivalents) of 
each of the WWTP.  The prevalence at the airport could not be estimated, as the number of 
COVID-19 cases were not reported for this denominator. This yielded a rough estimate of the 
prevalence, since the service areas of WWTP do not precisely overlap with the city 
boundaries. Also, there was some delay in notification of cases by the local health 
authorities to the national surveillance system which could mean that the actual prevalence 
was slightly higher than reported. Moreover, the reported prevalence are the data from 
cases with COVID-19 as confirmed by laboratory diagnosis; a significant proportion of COVID-
19 goes undetected, since people with mild symptoms are not tested. A study among 
healthcare workers in two hospitals in the Netherlands indicated that SARS-CoV-2 was 
already circulating undetected in the community prior to February 27, when the first COVID-
19 case was reported, suggesting that there is a high prevalence of mild COVID-19 in the 
community.22 The detection of N1 in WWTP Amersfoort on March 5, when no cases were 
reported in Amersfoort, also suggests virus circulation in the population before COVID-19 
cases are reported through the health surveillance system. Comparing Tables 3 and 4 shows 
that the N1 primer/probe set started to produce a signal in sewage samples when the 
observed COVID-19 prevalence was around or even below 1.0 case in 100,000 people and 
the N3 and E set started to yield positive signals when the observed prevalence was 3.5 case 
per 100,000 people or more, although not consistently, since sewage from WWTP 
Amersfoort did not yield positive results with set N3 and E. Given the roughness of the 
prevalence estimates, these numbers are indicative, but do indicate that sewage surveillance 
with the method used in this study is sensitive. However, reliable quantification of SARS-
CoV-2 with RT-qPCR in sewage will be required to make reliable surveillance feasible. 
Therefore, the development of controls to consistently monitor coronavirus recovery and to 
measure viral RNA yield and check for RT-PCR inhibition is of great importance. The analyses 
of an added quantified suspension of another human coronavirus  (such as 229E)23 to the 
sewage samples can potentially be used as an easy control to make reliable quantification 
possible. Also, digital droplet PCR could aid in the quantification of SARS-CoV-2 in water, as 
shown for other RNA viruses.24 The detection of the virus in sewage, even when the COVID-
19 prevalence is low, indicates that sewage surveillance could be used to monitor the 
circulation of the virus in the population and as early warning tool for increased circulation in 
the coming winter or unaffected populations. 
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Table 4. Rough estimate of the observed prevalence of COVID-19 (number of infected 
persons per 100.000 people) in the community served by the WWTP on February 6, March 5 
and 16, 2020.  

WWTP Feb 27 Mar 5 Mar 16 

Amsterdam 0,0 0,3 5.5 

The Hague area 0,0 0,3 3.5 

Utrecht 0,0 1,6 12.9 

Apeldoorn 0,0 0,0 2.9 

Amersfoort 0,0 0,0 7.7 

Schiphol 0,0 nd nd 

Tilburg 0,0 0.9 32.0 
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