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1. Project consortium 

 The SARS-CoV-2 national wastewater surveillance was launched in Belgium in 

mid-September 2020. Sciensano coordinates this project with 5 direct partners: the 

University of Antwerp, Ghent University, the University of Namur, e-Biom (spin-off of 

the University of Namur) and the SPGE (Société Publique de Gestion de l'Eau). 

Indirect partners are also involved: Hydria (formerly SBGE, Société Bruxelloise de 

Gestion de l'Eau), Aquiris (Veolia) and Aquafin; and the regional public health 

agencies, Aviq, COCOM and AZG, are members of the project's Support Committee. 

Beyond Belgium, the project also collaborates with the Dutch Institute for Public Health 

and the Environment (RIVM) and the Luxembourg Institute of Science and Technology 

(LIST). Additionally, we are also in regular contact with other European countries that 

have developed similar surveillance, notably through the European efforts (EU network 

put in place in the context of the Commission Recommendation of March 2021)1, and 

also more largely within the World Health Institute (WHO)2 network. 

 

2. Treatment plant selection 

 The wastewater treatment plants (WWTPs) included in the present surveillance 

were selected based on the following criteria: 

1. Plants covering areas with a high population density (> 400 inhab./km²) were 

selected as it was hypothesized that in such areas the potential for virus 

transmission is higher. 

2. Plants covering a large population (> 50 000 inhab.) were selected in a cost-

efficiency approach. 

3. At least two plants should be present in each province. 

4. At least 30% of the population must be covered in each region. 

5. The plants included in a previous SARS-CoV-2 surveillance must be selected 

for the national surveillance: Tessenderlo, Mouscron versant Espierres, 

                                                      
1 https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv:OJ.L_.2021.098.01.0003.01.ENG – Commission 
Recommendation (EU) 2021/472 of 17 March 2021 on a common approach to establish a systematic surveillance of 
SARS-CoV-2 and its variants in wastewaters in the EU 
2 https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2021/expert-
consultation-on-public-health-needs-related-to-surveillance-of-sars-cov-2-in-wastewater-summary-report-virtual-
meeting,-30-november-2020 – Expert consultation on public health needs related to surveillance of SARS-CoV-2 in 
wastewater: summary report: virtual meeting, 30 November 2020 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv:OJ.L_.2021.098.01.0003.01.ENG
https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2021/expert-consultation-on-public-health-needs-related-to-surveillance-of-sars-cov-2-in-wastewater-summary-report-virtual-meeting,-30-november-2020
https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2021/expert-consultation-on-public-health-needs-related-to-surveillance-of-sars-cov-2-in-wastewater-summary-report-virtual-meeting,-30-november-2020
https://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/publications/2021/expert-consultation-on-public-health-needs-related-to-surveillance-of-sars-cov-2-in-wastewater-summary-report-virtual-meeting,-30-november-2020
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Montignies-sur-Sambre, Wegnez, Marche-en-Famenne, and Namur-

Brumagne. 

Applying the first criteria led to a list of WWTPs covering 70 % of the Belgian 

population. Applying the two first criteria led to a list of 37 WWTPs representing 52 % 

of the Belgian population. And the final selection based on all the criteria led to the 

selection of 42 WWTPs covering 45% of the Belgian population listed in Table 1.  

3. Population coverage 

 The estimation of the number of inhabitant connected to a sewage system of a 

treatment plant is called inhabitant equivalent. The inhabitant equivalents (IE) 

covered by treatment plants are listed in Table 1. IE data are provided by the regional 

wastewater agencies The localization of the WWTP can be viewed online on the 

COVID-19 dashboard. 

 

Table 1: Inhabitant equivalent (IE), province, region and laboratory corresponding to the 

wastewater treatment plants 

Treatment plant IE Province Region Laboratory 
Aalst 102 800 Oost-Vlaanderen Flanders Sciensano 

Aartselaar 68 031 Antwerpen Flanders UAntwerp 

Amay 47 038 Liege Wallonia e-biom 

Antwerpen-Noord 76 949 Antwerpen Flanders UAntwerpen 

Antwerpen-Zuid 215 704 Antwerpen Flanders UAntwerpen 

Arlon 19 440 Luxembourg Wallonia e-biom 

Basse Wavre (Dyle) 78 290 Brabant Wallon Wallonia e-biom 

Beersel 78 540 Vlaams-Brabant Flanders Sciensano 

Boom 37 846 Antwerpen Flanders UAntwerpen 

Brugge 200 401 West-Vlaanderen Flanders Sciensano 

Bruxelles Nord 1 045 863 Brussels Brussels Sciensano 

Bruxelles Sud 311 866 Brussels Brussels Sciensano 

Dendermonde 87 633 Oost-Vlaanderen Flanders UAntwerpen 

Destelbergen 63 771 Oost-Vlaanderen Flanders Sciensano 

Deurne 213 048 Antwerpen Flanders UAntwerpen 

Froyennes 34 710 Hainaut Wallonia e-biom 

Genk 73 364 Limburg Flanders UAntwerpen 

Gent 247 550 Oost-Vlaanderen Flanders Sciensano 

Grimbergen 120 627 Vlaams-Brabant Flanders Sciensano 

Harelbeke 125 230 West-Vlaanderen Flanders Sciensano 

Hasselt 81 988 Limburg Flanders UAntwerp 

Houthalen-Centrum 22 357 Limburg Flanders UAntwerp 

Leuven 137 365 Vlaams-Brabant Flanders Sciensano 

Liedekerke 112 933 Vlaams-Brabant Flanders Sciensano 

Liege (Grosses Battes) 27 934 Liege Wallonia e-biom 

Liege Oupeye 253 780 Liege Wallonia e-biom 

Liege Sclessin 142 239 Liege Wallonia e-biom 

Marche-en-Famenne 8 633 Luxembourg Wallonia e-biom 

Marchienne-au-Pont 52 017 Hainaut Wallonia e-biom 

Mechelen-Noord 116 363 Antwerpen Flanders UAntwerp 

Menen 70 041 West-Vlaanderen Flanders Sciensano 

Montignies-sur-Sambre 123 576 Hainaut Wallonia e-biom 

https://datastudio.google.com/embed/reporting/c14a5cfc-cab7-4812-848c-0369173148ab/page/p_ggbfgsqtmc
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Mornimont 34 140 Namur Wallonia e-biom 

Mouscron versant Espierres 21 179 Hainaut Wallonia e-biom 

Namur-Brumagne 82 175 Namur Wallonia e-biom 

Oostende 153 401 West-Vlaanderen Flanders Sciensano 

Roeselare 82 137 West-Vlaanderen Flanders Sciensano 

Sint-Niklaas 55 038 Oost-Vlaanderen Flanders UAntwerp 

Soumagne 7 955 Liege Wallonia e-biom 

Tessenderlo 55 546 Limburg Flanders UAntwerp 

Turnhout 44 524 Antwerpen Flanders UAntwerp 

Vallee du Hain (L'Orchis) 57 050 Brabant Wallon Wallonia e-biom 

Wasmuel 157 342 Hainaut Wallonia e-biom 

Wegnez 78 244 Liege Wallonia e-biom 
 

4. Sample collection and analysis 

 Twice a week, on Monday and Wednesday, samples are collected using 24 h 

flow-proportional auto-samplers. Samples are stored at 4°C and analyzed within 24 

hours. After sample concentration and RNA extraction the samples are analyzed by 

RT-qPCR. Three target sequences located in two regions of the SARS-Cov-2 genome 

are analyzed in duplicate in Flanders and Brussels and in triplicates in Wallonia. The 

gene fragments are the N1 and N2 sequences targeting the N gene encoding for the 

nucleoprotein, and the E gene encoding for the viral envelope protein. In addition to 

SARS-Cov-2, the Pepper Mild Mottle virus (PMMoV) fecal indicator is quantified in the 

samples by RT-qPCR. The 24 hours-representative inflow rates of each wastewater 

treatment plant are provided by the regional wastewater agencies (SPGE, SBGE, 

Veolia, Aquafin). 

 The wastewater SARS-CoV-2 results are expressed as the mean of the 

concentrations measured on the different gene sequences targeted: N1, N2 and E. 

Three gene sequences targeting different locations of the SARS-CoV-19 genome were 

selected to maximize the specificity of our analytical detection methods to all SARS-

CoV-2 lineages. Preliminary results reported in Table 2 indicate that the concentrations 

measured on the 3 different targeted gene sequences during different periods are 

correlated. This indicates that the information provided by each fragment is aligned 

with the others. To detect if any newly appearing mutation could diminish the specificity 

of one of the three targeted gene sequences (N1, N2, E), such correlation analysis are 

regularly conducted. 

 

Table 2: Correlation coefficients between the N1, N2, and E targeted gene sequences, obtained 

on different periods  
N1 vs. N2 N1 vs. E N2 vs. E 

15/02 – 01/04/2021 0.92 0.82 0.87 
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15/06 – 01/08/2021 0.85 0.76 0.78 

15/09 – 01/11/2021 0.82 0.80 0.80 

15/01 – 01/03/2022 0.94 0.92 0.93 

 

 The methods to express wastewater concentrations have improved throughout 

the surveillance. Between 15th September 2020 and 15th February 2021, the 

analytical methods did not allow for quantification. Therefore, the measured Ct values 

were transformed in estimated viral concentration (SARS-CoV-2 RNA copies/ml) 

retrospectively using the mean parameters of ten calibration curves provided by the 

corresponding laboratory. The mean values and standard deviation of the calibration 

curves obtained at the start of the quantification period were stable. From 15th 

February 2021 onwards, the analytical methods were adapted to quantify viral 

concentrations (SARS-CoV-2 RNA copies/ml). Between the 15th of September 2020 

and the 10th of June 2022, the NIBSC standard was used to quantify the SARS-CoV-

2 and from that day forward, the EURM standard was opt for. 

 Because rainwaters are collected in the Belgian sewage system, estimated and 

quantified viral concentrations can be diluted by rain events disrupting the 

concentration. Another important factor impacting wastewater concentration is the 

population size connected to plants. Two methodologies were used to account for the 

rain and population size impacts. First, the concentrations were expressed as viral load 

per capita (copies/day/100k inhab.) by multiplying the viral concentration (SARS-CoV-

2 RNA copies/ml) with the mean daily inflow rate (m³/day) provided by regional 

wastewater agencies and normalized with the number of inhabitants covered by the 

corresponding treatment plant. Secondly, the concentrations were expressed as viral 

to faecal ratio dividing the SARS-CoV-2 by the pepper mild mottle virus (PMMoV) 

concentration. As both concentrations are measured in the same sample, computing 

their ratio induces removal of the rain impact. Also, as PMMoV is known to undergo 

no-substantial seasonal fluctuation, it was used in this study as a human faecal load 

marker. 

 Preliminary results allowed for estimating the limit of quantification of the 

analytical method at 20 copies/ml, 
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5. Wastewater result expression 

5.1. GRAPHIC VISUALIZATION 

 As mentioned hereabove, the standard used to quantify the SARS-CoV-2 in 

wastewater was changed on 10th June 2022, from the NIBSC to the EURM standard. 

In order to ensure continuity of the data reported, the NIBSC concentration were 

corrected using a correction factor on each targeted gene. The correction factors were 

computed on concentrations collected during at least 4 weeks of analysis performed 

in parallel on the two standards using linear regressions. The regressions between the 

standards were computed excluding the concentrations being below the estimated limit 

of quantification  (i.e. 20 RNA copies/ml). In summary, the data plotted on graphs 

before the 10th June 2022 are computed with the NIBSC standard data corrected and 

the ones plotted after this date are the EURM standard concentrations. 

  The mean of the viral concentrations (copies/ml) obtained for the three 

targeted sequences was used to compute the viral daily load per capita (SARS-CoV-2 

RNA copies/day/100k inhabitants). Expressing the concentrations into loads has the 

advantage to: i) take into account a possible dilution effect of the concentration 

measured in the samples (important dilution can be caused by rainy events); ii) report 

the concentration measured for a given population (e.g. 100k inhabitants) reducing the 

difference of concentrations observed in catchment areas covering different 

population’s sizes. 

 The viral load is computed by multiplying the viral concentration with the 24h-

representative inflow rate (m³/day) and reported to the population covered (expressed 

as IE) by the corresponding treatment plant. The viral load per capita was linearly 

interpolated and averaged on a centered moving window of 14 days reducing the daily 

variations. 

5.2. ALERTING INDICATORS 

 The situation in the areas covered by the wastewater surveillance is assessed 

individually twice per week based on three indicators: the High Circulation, the Fast 

Increase, and the Increasing Trend indicators. These indicators are computed based 

on the non-interpolated mean viral load per capita obtained for the three targeted 

sequences (N1, N2 and E), and the moving averages on the past 7 and 14 days for 

the “Fast increase” and the “Increasing trend” indicators, respectively. Further details 

on the indicator methodology can be found online in the Wastewater weekly report. 

https://covid-19.sciensano.be/sites/default/files/Covid19/COVID-19-Weekly_wastewater_surveillance.pdf
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5.3. AGGREGATION AT NATIONAL, REGIONAL, AND PROVINCIAL LEVLES 

 When expressing the wastewater results by nation, province or region, the mean 

(µ) of the viral load (cci) measured in the corresponding catchment areas were 

weighted with the estimated population respectively covered, called the inhabitant 

equivalent (IEi). Therefore, the viral load measured in the catchment areas covering a 

large population account for a larger share in the mean load computed for a province 

or region. The following expression was used to compute the weighted mean: 

µ =∑ (𝑐𝑐𝑖 ∗ 𝐼𝐸𝑖)
𝑛

𝑖=1
∑ 𝐼𝐸𝑖

𝑛

𝑖=1
⁄  

 

6. Clinical cases in covered areas 

The positive case number recorded in the population covered in the catchment area of 

a particular treatment plant was computed following these 3 steps: 

1. The number of domestic inhabitant equivalent of a particular municipality 

connected to the treatment plant was divided by the total number of domestic 

inhabitant equivalent present in the municipality. This coverage ratio represents 

the proportion of the population from a specific municipality connected to the 

treatment plant. 

2. The positive case number from a municipality which is actually covered by the 

plant was estimated by multiplying the here above coverage ratio with the total 

positive case number recorded in the municipality. The clinical case data were 

provided by the Belgian public health institute (Sciensano, Belgium). 

3. The total positive cases covered by the treatment plant was estimated by 

summing the estimated municipalities positive cases connected to the sewage 

system covered by the plant. 

This methodology was applied for the 42 treatment plants included in the project. 

7. Wastewater concentration and daily new 
case 

As presented in Table 3, a positive significant correlation was observed between the 

daily new cases and the mean viral concentration over the entire wastewater project 

duration. The correlation was observed to be higher during the main outbreak virus 

phases than for the periods in between. Further studies are currently performed to: i) 
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compute the correlation study based on the viral load per capita, ii) understand deeper 

the variation in the correlations observed as the correlations vary according to the 

catchment area considered. 

Table 3: Spearman correlation coefficients between the daily new cases and viral concentrations 

for different periods: entire period (15/09/2020 – 15/12/2021), 2nd wave outbreak (15/09/2020 – 

01/11/2020), 3rd wave outbreak (15/02/2021 – 01/04/2021), and 4th wave outbreak (15/10/2021 – 

01/12/2021). The number (N) of data included in the analysis are shown. All correlations were 

significant (p < 0.0001). 

Daily new cases  
correlation against 

Entire period 
(N = 4984) 

2nd wave 
(N = 507) 

3rd wave 
(N = 558) 

4th wave 
(N = 492) 

viral concentration 0.541 0.661 0.59 0.57 

1 Estimated viral concentration data were used during between the 15/09 – 15/02/2021  

 

Regarding the predictive character of the wastewater results, preliminary results 

indicate that the wastewater concentrations of the best-correlated areas have a 

predictive character on the cases number of 2 to 3 days. 

In conclusion, the wastewater results should be interpreted as complementary and 

independent information from the cases number results. 

 

8. Perspectives 

8.1. WASTEWATER RESULT NORMALIZATION 

The possibility to normalize the wastewater results using a faecal indicator is currently 

investigated with the aim to: i) take into account a possible dilution effect of the 

concentration measured in the samples (important dilution can be caused by rainy 

events); ii) take into account the difference population’s size covered by the treatment 

plants, as well as the mobility of the population in the covered areas. 

Therefore, the viral to the faecal ratio ((SARS-CoV-2 RNA copies/ml) /( PMMoV RNA 

copies/ml)) is computed dividing the SARS-CoV-2 viral concentration by the PMMoV 

concentration measured in samples. The PMMoV virus is a well-known indicator of 

human faecal contamination used to estimate the population represented by a 

wastewater sample. As the PMMoV and the SARS-CoV-2 are analyzed 

simultaneously, beyond accounting for the population’s mobility, the ratio also corrects 

in case of an eventual dilution. 

8.2. STATISTICAL MODELING 

Several studies have reported that taking into account the preceding character of the 

wastewater concentration may improve the correlation against the daily cases. 
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Therefore, a future work will be devoted to understand the preceding character of the 

42 covered areas. This exercise will be performed using an autoregressive integrated 

moving average (ARIMA) model including mobility factors, vaccination rate, variant 

circulation and other parameters influencing the prediction of new cases. Also, the 

enhancement of the preceding character using the viral load per capita or the viral to 

faecal ratio will be investigated. 

 

8.3. SCREENING FOR VARIANT OF CONCERN 

The possibility to detect the emergence of new variant is currently investigated through 

several pilot studies led by each of the 3 laboratories. As a result, the ddPCR analytical 

methodology was selected as adequate to follow-up the spato-temporal distribution of 

the variants of concern (VoCs) in the population. In mid-February 2022, this screening 

of VoCs will be implemented in routine in the national wastewater surveillance. This 

work is funded by the European commission (EU emergency fund – European 

Commission, DG Envi). 

 


