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ABSTRACT 16 

In recent years, and more specifically at the beginning of the Covid-19 crisis, sewage surveillance has 17 

been proposed as a tool to monitor the epidemiology of human viral infections. In the present work, 18 

from July to December 2020, we evaluated the number of copies of SARS-CoV-2 RNA in 19 

Marseille’s wastewater and correlated these data with the number of new positive cases diagnosed in 20 

our Institute of Infectious Disease, which tested about 20% of the city's population. It was ob-served 21 

that during the great epidemic peak, from October to December 2020, the correlation between the 22 

rate of virus in the sewers and the number of positive diagnoses was perfectly cor-related. During the 23 

summer period, this correlation was more complex to analyze and subject to many confounding 24 

factors that we have discussed. We were also able to correlate the effect of viral circulation in sewage 25 

water with containment measures, probably the most impartial correlation on their potential 26 

inflection effect of epidemic curves. Not only is this correlation not obvious, but it also clearly 27 

appears that the drop in cases as well as the drop in the viral load in the sewers occur before the 28 

containment measures. In fact, this suggests that there are factors that initiate the end of the epidemic 29 

peak independently of the containment measure. These factors will therefore need to be explored 30 

more deeply in the future. 31 

 32 

INTRODUCTION 33 

In December 2019, an outbreak of coronavirus disease, further refered to as Covid-19, was detected 34 

in Wuhan, China (Al-Tawfiq, 2020; Huang et al., 2020; Rothan and Byrareddy, 2020; Toit, 2020). 35 

This epidemic is due to Severe Acute Respiratory Syndrome – Coronavirus 2 (SARS-COV-2), which 36 

was classified as a new strain of coronavirus. WHO declared on March 11,2020 a worldwide 37 

pandemic (World Health Organization, 2020b). To date, more than 54 million cases and more than 38 
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1,3 million deaths have been reported worldwide as of November 16,2020 (World Health 39 

Organization, 2020a).  40 

This new coronavirus resembles classical respiratory infection with common symptoms, including 41 

dry cough, fever, tiredness, myalgia and difficulty in breathing (Petersen et al., 2020). 42 

As with other human coronaviruses such as SARS-CoV and MERS-CoV, SARS-CoV-2 is able to 43 

cause gastrointestinal symptoms in addition to respiratory symptoms, in approximately 2-10% of 44 

positive cases (Leung et al., 2003; Gao et al., 2020; Memish et al., 2020). Furthermore, previous 45 

studies conducted on SARS-CoV and MERS-CoV, showed that viral RNA was found in human feces 46 

(Leung et al., 2003; Corman et al., 2016). Several recent studies also reported the presence of SARS-47 

CoV-2 RNA in stool and anal / rectal swabs feces, not only in symptomatic, but also in asymptomatic 48 

patients (Gu et al., 2020; Holshue et al., 2020; Song et al., 2020; Tang et al., 2020; Xiao et al., 2020). 49 

It has even been shown that virus in stools was still infectious (Dergham et al., 2020).  50 

Setting up monitoring of virus levels in wastewater seemed logical. Indeed, wastewater-based 51 

epidemiology approach has already been used to prevent or follow disease outbreak, as previously 52 

demonstrated for enteric viruses, such as poliovirus or hepatitis virus (Asghar et al., 2014; Hellmér et 53 

al., 2014) and could also been used to monitor SARS-CoV-2 clusters (Carducci et al., 2020; 54 

Randazzo et al., 2020). Detection of SARS-CoV-2 RNA in wastewater samples has already been 55 

reported in Australia (Ahmed et al., 2020), USA (Wu et al., 2020), China (Wang et al., 2020), Japan 56 

(Haramoto et al., 2020), Netherlands (Medema et al., 2020), Spain (Randazzo et al., 2020), Dubai 57 

(Albastaki et al., 2020), Emirates (Hasan et al., 2020), Italia (La Rosa et al., 2020), Turkey (Alpaslan 58 

Kocamemi et al., 2020), Israel (Bar Or et al., 2020) and Paris, France (Wurtzer et al., 2020b). 59 

In the present work, we evaluated the number of copies of SARS-CoV-2 RNA in Marseille 60 

wastewater and correlated these data with the number of new positive cases observed in Marseille at 61 
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our Institute of Infectious Diseases since July 1, 2020. Correlation between these two indicators was 62 

made on the basis of daily observations and confronted with the effectiveness of the containment 63 

measures decreed by the national Ministry of Health throughout the crisis. Our data demonstrate the 64 

efficacy of wastewater surveillance as a potential tool for public health monitoring of SARS-CoV-2 65 

circulation, but can be affected by confounding factors, such as touristic flows. Moreover, this work 66 

suggests that the effect of containment measures is difficult to assess and that these measures are not 67 

the sole to explain case reduction after epidemic peak. 68 

 69 

MATERIALS AND METHODS 70 

Sampling sites and wasterwater collection 71 

Samples were collected by the SERAMM (Marseille Metropole Sanitation Departement) by an 72 

automatic sampler “ASP-Station 2000 RPS20B” (Endress Hauser, Huningue, France). This type of 73 

sampler allows the filling of a refrigerated flask of 20 L per 24 hours of wastewater collected from 8 74 

am to 8 am. The dates of collection were from July 1
st
, 2020 to December 15

th
 2020. Two samples of 75 

250 ml of wastewater were collected from 2 independent vacuum samplers which collect wastewater 76 

from two distinct sewer networks. The separate network (noted RS) drains the major surface part of 77 

Marseille wastewater and nearly all hospitals of the city, especially Covid-19 dedicated units (zone in 78 

red line in Figure 1). The number of inhabitants connected to this network is 614,623. The combined 79 

network (noted RU), that contains a mixture of rainwater and wastewater, drains the city center of 80 

Marseille (zone in green on the map and dark blue line in Figure 1), a place that concentrates most of 81 

the touristic activity of Marseille, including most restaurants and night festive life. The number of 82 

inhabitants connected to this network is 359,123. Samples were transferred every day on ice to 83 

NRBC’s laboratory (NRBC unit – nuclear, radiological, biological, chemical) of the BMPM unit 84 
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(Marseille Fire Brigade Battalion) and stored at 4°C before use. Samples to be tested were randomly 85 

selected, from 2 to 7 per week. They were treated within 1 hour of collection. SARS-CoV-2 copy 86 

number of RU and RS were totalized with adjustment to the respective population of their area when 87 

combined. A 8-day moving average was performed and the results were correlated with the SARS-88 

CoV-2 Marseille positive cases. 89 

SARS-CoV-2 virus quantification in wastewater 90 

For detection of SARS-CoV-2 in wastewater, the BioFire®COVID-19 Test (BioFire Defense, Salt 91 

Lake City , USA), a nested multiplexed real-time RT-PCR, was used for qualitative detection of the 92 

virus according to the manufacturer’s intructions, using FilmArray Torch instrument (Biomérieux, 93 

Grenoble, France. The limit of detection (LoD) of the BioFire®COVID-19 Test provided by the 94 

manufacturer (BioFire Defense, LLC) is 330 genomic copies per milliliter. To control this LoD, 95 

serial dilutions of known copies of synthetic SARS-CoV-2 RNA (SARS-CoV-2 Standard COV019, 96 

Biorad France, 200,000 copies/ml) were performed, from 2,000 genomic copies/ml to 50 copies/ml. 97 

Five technical replicates were performed at each dilution. Interpretation was made according to 98 

manufacturer’s instructions and based on melt curve analysis as follows: “positive” when at least 2 99 

out of 3 targets were detected, “negative” when no target was detected and “equivocal” when 1 target 100 

was detected. For the quantification of SARS-CoV-2 virus in wastewater, several dilutions of the 101 

wastewater were performed until no positive results were detected. 102 

Inclusion of Covid-19 patients 103 

Prevalence of Covid-19 was based on the data obtained at the Institut Hospitalo-Universitaire (IHU) 104 

Méditerranée Infection (https://www.mediterranee-infection.com/), Assistance Publique-Hôpitaux de 105 

Marseille (AP-HM). Since the beginning of Covid-19 epidemic in our city, the IHU laboratory has 106 

been the only reference in the city where all people could be tested massively and free of charge, 107 
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without any restriction and with results accessible within 24 hours. Since January 29
th

, we have 108 

performed 401,265 SARS-coV-2 RT-PCR, for patients clinically suspected of having COVID-19, 109 

contacts of confirmed cases, but also patients simply seeking to know their health status (Lagier et 110 

al., 2020). For this study, results are those of patients living in Marseille and tested at the IHU, from 111 

July 1
st
 to December 15

th
 2020. Procedure for RT-PCR targeting SARS-CoV-2 E gene has been 112 

detailed elsewhere (Amrane et al., 2020). 113 

Factors of variation analyzed 114 

The different factors that can affect the number of positive SARS-CoV-2 cases or copy numbers were 115 

analyzed. Daily mean temperature and amount of rain were found at: 116 

https://www.meteo60.fr/stations-releves/station-mois?station_id=07650&mois=11&annee=20. 117 

The different measures implemented by the French government, the date of application and the 118 

publication were found as follows: 119 

- Obligation to wear a mask in confined area 120 

(https://www.legifrance.gouv.fr/download/file/6jSpA0cWPxkOQ3AuvS7vvBqAan03mhLJC5z3cV121 

MEAsc=/JOE_TEXTE) 122 

- Obligation to wear a mask everywhere in Marseille (https://www.bouches-du-123 

rhone.gouv.fr/content/download/37966/215784/file/Covid-124 

19%C2%A0%20renforcement%20des%20mesures%20pour%20lutter%20contre%20la%20propagati125 

on%20du%20virus%20dans%20les%20Bouches-du-Rh%C3%B4ne.pdf) 126 

- Total closure of bars and restaurants in Marseille (http://www.bouches-du-127 

rhone.gouv.fr/content/download/38428/218472/file/Arr%C3%AAt%C3%A9%20n%C2%B0180%20128 

du%2027%20septembre%202020%20OK-.pdf) 129 

https://www.meteo60.fr/stations-releves/station-mois?station_id=07650&mois=11&annee=20
https://www.bouches-du-rhone.gouv.fr/content/download/37966/215784/file/Covid-19%C2%A0%20renforcement%20des%20mesures%20pour%20lutter%20contre%20la%20propagation%20du%20virus%20dans%20les%20Bouches-du-Rh%C3%B4ne.pdf
https://www.bouches-du-rhone.gouv.fr/content/download/37966/215784/file/Covid-19%C2%A0%20renforcement%20des%20mesures%20pour%20lutter%20contre%20la%20propagation%20du%20virus%20dans%20les%20Bouches-du-Rh%C3%B4ne.pdf
https://www.bouches-du-rhone.gouv.fr/content/download/37966/215784/file/Covid-19%C2%A0%20renforcement%20des%20mesures%20pour%20lutter%20contre%20la%20propagation%20du%20virus%20dans%20les%20Bouches-du-Rh%C3%B4ne.pdf
https://www.bouches-du-rhone.gouv.fr/content/download/37966/215784/file/Covid-19%C2%A0%20renforcement%20des%20mesures%20pour%20lutter%20contre%20la%20propagation%20du%20virus%20dans%20les%20Bouches-du-Rh%C3%B4ne.pdf
http://www.bouches-du-rhone.gouv.fr/content/download/38428/218472/file/Arr%C3%AAt%C3%A9%20n%C2%B0180%20du%2027%20septembre%202020%20OK-.pdf
http://www.bouches-du-rhone.gouv.fr/content/download/38428/218472/file/Arr%C3%AAt%C3%A9%20n%C2%B0180%20du%2027%20septembre%202020%20OK-.pdf
http://www.bouches-du-rhone.gouv.fr/content/download/38428/218472/file/Arr%C3%AAt%C3%A9%20n%C2%B0180%20du%2027%20septembre%202020%20OK-.pdf
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- Re-opening of bars and restaurants in Marseille (https://www.bouches-du-130 

rhone.gouv.fr/content/download/38563/219477/file/C.P.%20Covid-131 

19%C2%A0%20r%C3%A9ouverture%20des%20restaurants%20%C3%A0%20Aix-en-132 

Provence%20et%20Marseille.pdf) 133 

- Reduction to 50% of the presence of student in universities 134 

(https://services.dgesip.fr/fichiers/Circulaire_Renforcement_des_consignes_sanitaires_en_zones_d_a135 

lerte_renforcee_et_maximale.pdf) 136 

- Implementation of the curfew 137 

(https://medias.amf.asso.fr/upload/files/D%C3%A9cret_17_octobre.pdf) 138 

- Implementation of the lockdown 139 

(https://www.legifrance.gouv.fr/download/file/YTXQyL3I14RgMkscchJ4EWWUgvYvfJ3GciREwk140 

Wtl3E=/JOE_TEXTE) 141 

 142 

RESULTS 143 

Verification of LoD showed that at 6 and 1.8 LoD, all replicates were positive with 2 or 3 genes 144 

detected (Table 1). At dilution just above the LoD (LoD 1.2), 1 was positive for all 3 targets, whereas 145 

3 replicates were positive for targets and one was equivocal. For 0.9 LoD, 3 replicates were positive 146 

for two targets and 2 replicates were equivocal. Below 0.9 LoD, all sample tested were equivocal or 147 

negative. Thus, the LoD where all samples are detected is 0.9LoD, corresponding to 300 genomic 148 

copies / ml in perfect agreement with manufacturer’s data. This value was used as our reference for 149 

further analyses. 150 

https://www.bouches-du-rhone.gouv.fr/content/download/38563/219477/file/C.P.%20Covid-19%C2%A0%20r%C3%A9ouverture%20des%20restaurants%20%C3%A0%20Aix-en-Provence%20et%20Marseille.pdf
https://www.bouches-du-rhone.gouv.fr/content/download/38563/219477/file/C.P.%20Covid-19%C2%A0%20r%C3%A9ouverture%20des%20restaurants%20%C3%A0%20Aix-en-Provence%20et%20Marseille.pdf
https://www.bouches-du-rhone.gouv.fr/content/download/38563/219477/file/C.P.%20Covid-19%C2%A0%20r%C3%A9ouverture%20des%20restaurants%20%C3%A0%20Aix-en-Provence%20et%20Marseille.pdf
https://www.bouches-du-rhone.gouv.fr/content/download/38563/219477/file/C.P.%20Covid-19%C2%A0%20r%C3%A9ouverture%20des%20restaurants%20%C3%A0%20Aix-en-Provence%20et%20Marseille.pdf
https://services.dgesip.fr/fichiers/Circulaire_Renforcement_des_consignes_sanitaires_en_zones_d_alerte_renforcee_et_maximale.pdf
https://services.dgesip.fr/fichiers/Circulaire_Renforcement_des_consignes_sanitaires_en_zones_d_alerte_renforcee_et_maximale.pdf
https://medias.amf.asso.fr/upload/files/D%C3%A9cret_17_octobre.pdf
https://www.legifrance.gouv.fr/download/file/YTXQyL3I14RgMkscchJ4EWWUgvYvfJ3GciREwkWtl3E=/JOE_TEXTE
https://www.legifrance.gouv.fr/download/file/YTXQyL3I14RgMkscchJ4EWWUgvYvfJ3GciREwkWtl3E=/JOE_TEXTE
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From July 1
st
 to September 1

st
, the amount of virus in the sewer increases to reach a mean of almost 151 

6,000 copies / ml. Then, the amount of virus in the sewer dropped to an average of approximately 152 

1,000 copies / ml from September 1 to September 23. From September 24, the level of virus 153 

increased rapidly with a peak on October 22, with a quantity of 9,000 copies / ml on that day. 154 

Subsequently, a decrease in the amount of virus was observed in wastewater reaching 0 copy / ml. 155 

Variations in mean outdoor temperature (ranging between 4.1 and between 29.5) had no effect on the 156 

number of SARS-CoV-2 copy numbers in wastewater (Figure 2). The effect of the 2 episodes of rain 157 

that occurred from September 19 to 22 and November 7 to 8 are difficult to correlate with virus 158 

concentration. The quantity of viruses did not drop during the first episode, but possibly with the 159 

second.  160 

The daily number of new cases of SARS-CoV-2 in Marseille detected at the IHU using an 8-day 161 

moving average was analyzed and is represented on Figure 3. Since July 1
st
, the number of positive 162 

cases has been slowly increasing until reaching a plateau in September 2020 with an average number 163 

of positive cases of about 100 per day. This plateau is grossly observable during the first 3 weeks of 164 

September. This period corresponds to the end of the summer holidays with the end of the touristic 165 

season and the beginning of the academic year. Then, for one week, the number of positive cases 166 

decreased with a minimum average number of positive cases of about 60. From September 28, a 167 

rapid increase in the number of positive cases was observed, peaking on October 26 with a maximum 168 

of 303 positive cases on that day. From this date, the number of positive cases decreases 169 

considerably, reaching an average of 20 positive cases in the first weeks of December. 170 

When looking at the evolution between the number of SARS-CoV-2 copies in wastewater and the 171 

number of SARS-CoV-2 positive cases, from July 1
st
 to September 1

st
, the amount of virus in the 172 

sewer increases as does the number of positive cases. Then, while the number of positive patients 173 
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stagnates, the amount of virus in the sewer drops from September 1
st
 to September 23

rd
. In this phase, 174 

a discrepancy between the number of SARS-CoV-2 positive cases and the amount of virus in the 175 

wastewater was observed. From September 24, a perfect correlation was observed between the 176 

number of positive cases and the amount of virus observed in the sewers, with a peak observed on 177 

October 22. Then, a decrease in the amount of virus was observed in wastewater, correlating with the 178 

decrease in the number of SARS-CoV-2 positive cases. 179 

The different measures implemented by the French government with precise dates were correlated 180 

with the evolution of the cases and the concentration of the virus in sewage (Figure 3), and their 181 

effect was tentatively assessed between 5 and 10 days after their implementation (in grey). The first 182 

measure implemented during summer was the mandatory wearing of a mask in confined areas on 183 

July 20. Five to 10 days after this was introduced, the number of SARS-CoV-2 positive cases 184 

continues to increase slowly, as does the number of SARS-Co-2 copies in sewage. The 25
th

 of august, 185 

to wear a mask became mandatory everywhere in Marseille. Five to 10 days later, the number of 186 

SARS-CoV-2 positive cases continued to increase, while the number of SARS-Co-2 copies stagnated 187 

and began to decline. This decrease is also precisely associated with the end of the touristic season 188 

and the beginning of the academic year when Marseille’s autochthons returned to the city and the 189 

children go back to school. The 27
th

 of September, bars and restaurants in Marseille were ordered to 190 

close. Five to 10 days later, both level of positive cases and copy number of SARS CoV-2 first 191 

slowly decreased, and then rapidly increased. Finally, the bars and restaurants reopened on October 5 192 

and on October 6, and universities reduced their capacity by 50%. The curve for positive cases and 193 

wastewater SARS-CoV-2 copy numbers continued to increase rapidly. The 17
th

 of October, a curfew 194 

was implemented from 9 p.m. to 6 a.m. This curfew corresponded to the fall vacations for the 195 

children and therefore the closure of schools for two weeks. Five to 10 days later, the number of 196 

positive cases reached a peak and the copy number of SARS-CoV-2 started to decrease. Just after this 197 
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period, a lockdown was implemented (October 30). First, immediately after the implementation of 198 

the lockdown, the decline in Covid cases and in the copy number of SARS-CoV-2 stopped abruptly 199 

and, paradoxically, increased before the downtrend resume. Following this period, the drop in the 200 

number of positive cases and the amount of virus in sewers continued, reaching a level roughly 201 

equivalent to that of early August for cases and early July for sewage. 202 

 203 

DISCUSSION 204 

Recently, several studies have explored the detection and quantification of SARS-CoV-2 in 205 

wastewater around the world, such as in the Netherlands (Medema et al., 2020), France(Wurtzer et 206 

al., 2020a), USA (Wu et al., 2020), Australia (Ahmed et al., 2020), Italy (La Rosa et al., 2020) and 207 

Germany (Westhaus et al., 2021). However, few have attempted to establish a correlation between 208 

viral load in the wastewater and the number of infected patients (Ahmed et al., 2020; Chavarria-Miró 209 

et al., 2020; Medema et al., 2020; Randazzo et al., 2020; Trottier et al., 2020; Vallejo et al., 2020; 210 

Wu et al., 2020; Wurtzer et al., 2020a).  211 

In the present work, we were able to make the correlation between the quantitative detection of 212 

SARS-CoV-2 in wastewater and the number of cases diagnosed in our institute. The Biofire system, 213 

which is not usually used in this application, appeared to be effective and the LoD supplied by the 214 

manufacturer was in agreement both with our titration controls and with the previous studies (Liotti 215 

et al., 2020). This does not mean that the values we found on the number of copies were absolutely 216 

correct, because there are possible inhibitors or interfering substances in the wastewater (Shieh et al., 217 

1995; Haramoto et al., 2020), but it still allowed us to study the kinetics of viral circulation. As for 218 

Covid-19 cases, the number was based on people attending our institute, which represents 20% of of 219 

all SARS-Cov -2 tests carried out for the whole city during the period of the present study 220 
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(geodes.santepubliquefrance.fr). While other private sites, even during the summer, had deadlines for 221 

making appointments and reporting results ranging from 2 to 5 days, by modifying our organization 222 

(Fenollar et al, Drancourt et al., submitted data), all people arriving at the institute without an 223 

appointment between 7 am and 7 pm obtained their results in less than 12 hours, on their mobile 224 

phone if they have one, or by picking it up at the institute. Thus, the rates observed in our institute 225 

were representative of the evolution of the epidemic in real time. 226 

We observed that throughout the study period, i.e. from July to mid-December, three types of curves 227 

and correlations between the levels of SARS-CoV-2 in wastewater and the number of cases could be 228 

observed. During the third part of the period, roughly from the end of September to the end of 229 

November, there was a perfect correlation in the kinetics of the two curves with a variable shift on 230 

the accelerations or decelerations remaining very moderate (Figure 3). This trend of correlation 231 

between SARS-CoV-2 rate in wastewater and number of positive patients has been observed in other 232 

studies (Medema et al., 2020; D’Aoust et al., 2021). It was only at the beginning of December that 233 

there was a real dissociation with the disappearance of SARS-CoV-2 below the LoD while the 234 

number of cases remained relatively high. We interpret this, by recurrent information from our health 235 

authorities who have made an important publicity for the French to be tested massively. Indeed, 236 

when looking at the number of tests performed in France, particularly before Christmas, we see that 237 

the number of tests has increased enormously and that the number of positive cases has also (see 238 

supplementary Figurer S1, (Roser et al., 2020)). The aim was to detect as many cases as possible in 239 

order to avoid an explosion of cases after the holiday season for fear of a rebound like the one 240 

observed after Thanksgiving in California (Fernandez et al., 2020; Mehta et al., 2020).  241 

During the first period, the picture was clearly different. From the beginning of July to the beginning 242 

of September, i.e. exactly at the peak of the tourist season, the correlation was also observed, but in a 243 

very different way. The copy number of SARS-CoV-2 and the number of cases increased in a linear 244 
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and perfectly parallel manner. In contrast, unlike in the third period, the rate of viruses in wastewater 245 

was comparatively higher than in the last period. We can try to make hypotheses to explain this 246 

difference. This discrepancy could be due to the fact that the increase in wastewater precedes the 247 

appearance of signs in patients for a longer period of time during the summer period. Indeed, in other 248 

studies, it has been observed that the increase in wastewater rates precedes the increase in cases by 4 249 

days to several weeks (Ahmed et al., 2020; La Rosa et al., 2020; Medema et al., 2020; Randazzo et 250 

al., 2020; Trottier et al., 2020). The particularity during the summer was also that the tourists 251 

invested in masse the city during the day and part of the night for visits, then the restaurants and 252 

nightclubs (some received up to 3000 people simultaneously), but they did not stay there 253 

permanently. They could therefore emit the virus in the toilets in quantity but were mostly not tested 254 

in Marseille. This type of discrepancy would certainly be avoidable by continuously measuring the 255 

effluent flow rate, whereas in our study, we assume that this flow rate is always the same. This is true 256 

for a constant population, but it can change during periods of high tourist activity. Another 257 

hypothesis could be that patients were less symptomatic in summer and therefore less tested. This has 258 

been verified in other works and other viral diseases (Shaman et al., 2018; Jones et al., 2020) and 259 

may be partly related to the fact that those infected during the summer were on average much 260 

younger. Indeed, younger subjects are both less symptomatic and less inclined to be tested with 261 

minor symptoms (Kronbichler et al., 2020; Gautret et al., 2021). The last period of interest we have 262 

been able to identify is intermediate spanning approximately the month of September. It corresponds 263 

to the time of the departure of the tourists from the city, the return of the inhabitants and the 264 

beginning of the school year. During this period, we observe a real dissociation between the rates of 265 

virus in the sewers, which drop sharply before gradually increasing, while the number of positive 266 

cases remains stable. We checked whether this shift was due to interfering factors, such as 267 

temperature or precipitation, but found no correlation (Figure 2). There is a time lag between case 268 

and virus in the sewers, which is comparable to that observed in the first phase but in reverse. In 269 
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total, we can therefore conclude that there are two really different episodes, the epidemic from early 270 

July to early September, where the difference between the wastewater virus and the case of covid-19 271 

is significant, then the period from the beginning of October to the end of December, where a real 272 

correlation exists. Besides the period (great summer heat) and the different habits (nightlife and more 273 

visitors), the last thing that was different over these periods is the distribution of the majority strains. 274 

While during the summer the Marseille 1 genotype was predominant, it was the Marseille 4 genotype 275 

that predominated over the second period (Colson et al., 2020a, 2020b). The lower severity of the 276 

infections linked to this Marseille 1 variant is the last possible hypothesis that could explain this 277 

difference (Colson et al., 2020a).  278 

In a second part of this work, we correlated the levels of SARS-CoV-2 RNA in wastewater, the 279 

number of newly diagnosed COVID-19 patients and the different measures implemented by the 280 

French government, their effect being evaluated between 5 and 10 days after their application. This 281 

delay corresponds to the Covid-19 mean incubation period, with a median of 4-5 days from exposure 282 

to symptoms, but can be extended to 14 days (Lauer et al., 2020). This incubation period is also 283 

similar with that of other known human coronaviruses, including SARS (Varia et al., 2003), MERS 284 

(Virlogeux et al., 2016) and non-SARS human coronavirus (Lessler et al., 2009). The first measure 285 

implemented was the obligation to wear a surgical mask, first in confined areas and then, one month 286 

later, everywhere in Marseille. Systematic reviews have reported that mask use reduces the risk of 287 

SARS, Middle East respiratory syndrome and COVID-19 by 66% overall, 70% in health care 288 

workers and 44% in the community (Chu et al., 2020), and that the evidence for the effectiveness of 289 

masks in preventing respiratory infections is stronger in the health care sector than in the general 290 

community (Qaseem et al., 2020; Xiao et al., 2020). However, another study showed that wearing a 291 

surgical mask did not reduce the rate of SARS-CoV-2 infection by more than 50% in a community 292 

where infection rates are modest, where social distance prevails, and where the general use of masks 293 
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is uncommon (Bundgaard et al., 2020). In addition, in its guidance on mask use in the context of 294 

COVID-19, WHO acknowledges that there is insufficient evidence that wearing a mask protects 295 

healthy people from SARS-CoV-2 in June 2020 (WHO, 2020a). Despite several studies, WHO 296 

continues to evaluate the evidence on the effectiveness of the use of different masks and their 297 

potential harms, risks and disadvantages in December 2020 (WHO, 2020b). In our study, we observe 298 

that the number of new Covid-19 infected persons continued to increase despite wearing a mask. This 299 

measure seems to be not effective against the spread of Covid-19, but it is also obvious that the 300 

wearing of a mask when the outside temperature exceeds 30°C is not bearable and is therefore not 301 

worn properly. 302 

The second measure implemented was the closure of bars and restaurants at the end of September, 303 

mostly on the basis of two American studies that pointed the role of restaurants in contamination. 304 

The first study consisted in tracing the movements of 98 million inhabitants of 10 metropolises using 305 

data from their telephone during the first epidemic. This study showed that restaurants, gymnasiums, 306 

bars and cafés, hotels, limited-service restaurants as well as religious gatherings are the places where 307 

the contamination is most prevalent(Chang et al., 2021). The second study, based on a case-control 308 

survey of symptomatic outpatients from 11 U.S. health care facilities reported that close contact 309 

individuals known to have COVID-19 was associated positivity. Infected adults were about twice as 310 

likely to have reported eating out in restaurant as those whose result for SARS-CoV-2 was negative 311 

(Fisher et al., 2020). In France, the ComCor study was conducted last October on the places and 312 

circumstances of new contaminations. They concluded that the highest risk of transmission of the 313 

virus occurs during meals, whether they take place in the private sphere (family, friends) or in public 314 

places (cafes, restaurants...) (Galmiche et al., 2020). However, it is to note that this study was 315 

conducted during a period of curfew and the beginning of lockdown, where most establishments 316 

were partially or completely closed. It is therefore difficult to determine the role that restaurants have 317 
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played in the transmission of the virus, since this period did not correspond to their normal 318 

functioning. Moreover, the risk even increases during the lockdown than during the curfew, which 319 

seems paradoxical since the establishments were then supposed to be completely closed. In our study, 320 

the number of Covid-19 positive cases continued to increase despite the total closure of bars and 321 

restaurants. Indeed, a recent study (Luo et al., 2020) showed that contact transmission through 322 

environmental contamination, probably due to self-inoculation via mouth, nose or eyes through 323 

hands, leads to a high risk of infection with SARS-CoV-2, particularly at home and in the toilet. 324 

Similar findings were made during SARS-CoV and MERS-CoV epidemics, where the environment 325 

in patients’s rooms (refrigerator door, bed table, television remote control) was found to be positive 326 

(Booth et al., 2005; Bin et al., 2016). In other sites, such as restaurants and marketplaces, no 327 

environmental samples tested positive for SARS-CoV-2 (Luo et al., 2020). Another French study 328 

confirmed this hypothesis, stating that the measures implemented since September 23rd (in particular 329 

the closure of bars and restaurants) had no effect in the weeks that followed (Spaccaferri et al., 2020).  330 

The third measure implemented was the curfew from 9 pm to 6 am. There is little data on the 331 

effectiveness of the curfew. As mentioned by the Scientific Council of the French government, the 332 

control of the COVID-19 outbreak in Guyana in June-July 2020 was achieved through a combination 333 

of different measures implemented (Andronico et al., 2020), including a curfew. However, it is not 334 

possible to distinguish the direct impact of the curfew from that of other measures. A French study 335 

compared the evolution of SARS-CoV-2 epidemic (second episode) in departments where the curfew 336 

was implemented and not (Spaccaferri et al., 2020). The study reported that the departments that have 337 

not been subject to curfew are those that have been only slightly or not affected by this epidemic 338 

phase. However, the passage to the peak is done at the same time, within 4 days. The authors remain 339 

cautious about the interpretation of their results and only raise the question of effectiveness of this 340 

measure. In our study, we found a slight decrease in the number of positive cases, but just after the 341 
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number of positive cases had peaked. Curfew may also have a small impact on the number of 342 

positive cases.  343 

The last measure implemented by the French government was the lockdown on October 30. 344 

Numerous studies analyzing French and international epidemiological data have estimated that the 345 

first lockdown resulted in a very significant reduction in the rate of transmission of SARS-CoV-2 346 

(Davies et al., 2020; Di Domenico et al., 2020; Flaxman et al., 2020; Hyafil and Moriña, 2020; 347 

Prague et al., 2020; Salje et al., 2020). In France, this reduction has been estimated at almost 80% (Di 348 

Domenico et al., 2020; Prague et al., 2020; Salje et al., 2020). On the other hand, Spaccaferri et al. 349 

showed that the increase in the number of daily infections ceased on October 28 in the group of the 350 

most affected departments (Spaccaferri et al., 2020). Only one study evaluates the effect of the 351 

lockdown on SARS CoV-2 viral RNA in wastewater (Wurtzer et al., 2020a). They noted that their 352 

study provides strong indirect evidence for a relevant reduction of virus transmission in response to a 353 

lockdown. However, when looking at their results, our conclusion is that the lockdown did not lead 354 

to the reduction of SARS-CoV-2 cases, since the virus peak detected in wastewater was observed 355 

more than 3 weeks after the implementation of the lockdown. Our study shows that, in our city, 356 

lockdown does not play a role in slowing down the rate of contamination. Nor is it associated with 357 

death rates in all countries affected by the pandemic, and no one has, to date, provided scientific 358 

proof of its long-term benefits (De Larochelambert et al., 2020) . In our study, the number of positive 359 

cases began to clearly decrease before the lockdown was implemented. Therefore, although this 360 

measurement may have had an effect in our country on the rate of reduction or elsewhere on peak 361 

height, it was not the cause. Furthermore, given the very low level of seroprevalence, for which it is 362 

inconceivable that this reduction is the effect of herd immunity (Sisay and Tolessa, 2020), there are 363 

clearly other factors to be investigated. In 2002, we witnessed the appearance of the SARS-CoV 364 

epidemic which lasted about a year and a half, infecting at least 8,000 people and killing 10% of 365 
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them (Davis, 2020). Although it mainly affected East Asian countries, by its end, SARS had spread 366 

throughout the world. It is accepted that the epidemic was contained by strict quarantine measures in 367 

front of a symptomatic viral disease that allowed for the rapid identification and isolation of cases. In 368 

this widespread self-satisfaction over our ability to end a pandemic, no one has tried to understand 369 

whether this disappearance could be linked to factors other than strict quarantine measures. The 370 

results that we report here on the fact that the epidemic linked to the majority clone of the period 371 

begins to decrease independently of these measures suggest that for SARS-CoV-2, other factors than 372 

containment measures, may play a role. Identifying them could have a major effect on the control of 373 

the current pandemic and should avoid the most restrictive that were not proven to be efficient as 374 

compared to less restrictive (Bendavid et al.). 375 

 376 

REFERENCES 377 

Ahmed, W., Angel, N., Edson, J., Bibby, K., Bivins, A., O’Brien, J. W., et al. (2020). First confirmed 378 

detection of SARS-CoV-2 in untreated wastewater in Australia: A  proof of concept for the 379 

wastewater surveillance of COVID-19 in the community. Sci Total Environ 728, 138764. 380 

doi:10.1016/j.scitotenv.2020.138764. 381 

Albastaki, A., Naji, M., Lootah, R., Almeheiri, R., Almulla, H., Almarri, I., et al. (2020). First 382 

confirmed detection of SARS-COV-2 in untreated municipal and aircraft  wastewater in Dubai, 383 

UAE: The use of wastewater based epidemiology as an early  warning tool to monitor the prevalence 384 

of COVID-19. Sci Total Environ, 143350. doi:10.1016/j.scitotenv.2020.143350. 385 



 
18 

Alpaslan Kocamemi, B., Kurt, H., Hacioglu, S., Yarali, C., Saatci, A. M., and Pakdemirli, B. (2020). 386 

First Data-Set on SARS-CoV-2 Detection for Istanbul Wastewaters in Turkey. medRxiv, 387 

2020.05.03.20089417. doi:10.1101/2020.05.03.20089417. 388 

Al-Tawfiq, J. A. (2020). Asymptomatic coronavirus infection: MERS-CoV and SARS-CoV-2 389 

(COVID-19). Travel Medicine and Infectious Disease, 101608. doi:10.1016/j.tmaid.2020.101608. 390 

Amrane, S., Tissot-Dupont, H., Doudier, B., Eldin, C., Hocquart, M., Mailhe, M., et al. (2020). Rapid 391 

viral diagnosis and ambulatory management of suspected COVID-19 cases presenting at the 392 

infectious diseases referral hospital in Marseille, France, - January 31st to March 1st, 2020: A 393 

respiratory virus snapshot. Travel medicine and infectious disease, 101632. 394 

doi:10.1016/j.tmaid.2020.101632. 395 

Andronico, A., Kiem, C. T., Paireau, J., Succo, T., Bosetti, P., Lefrancq, N., et al. (2020). Evaluating 396 

the impact of curfews and other measures on SARS-CoV-2 transmission in French Guiana. medRxiv, 397 

2020.10.07.20208314. doi:10.1101/2020.10.07.20208314. 398 

Asghar, H., Diop, O. M., Weldegebriel, G., Malik, F., Shetty, S., El Bassioni, L., et al. (2014). 399 

Environmental surveillance for polioviruses in the Global Polio Eradication  Initiative. J Infect Dis 400 

210 Suppl 1, S294-303. doi:10.1093/infdis/jiu384. 401 

Bar Or, I., Yaniv, K., Shagan, M., Ozer, E., Erster, O., Mendelson, E., et al. (2020). Regressing 402 

SARS-CoV-2 sewage measurements onto COVID-19 burden in the population: a proof-of-concept 403 

for quantitative environmental surveillance. medRxiv, 2020.04.26.20073569. 404 

doi:10.1101/2020.04.26.20073569. 405 



 
19 

Bendavid, E., Oh, C., Bhattacharya, J., and Ioannidis, J. P. A. Assessing mandatory stay-at-home and 406 

business closure effects on the spread of COVID-19. European Journal of Clinical Investigation n/a, 407 

e13484. doi:https://doi.org/10.1111/eci.13484. 408 

Bin, S. Y., Heo, J. Y., Song, M.-S., Lee, J., Kim, E.-H., Park, S.-J., et al. (2016). Environmental 409 

Contamination and Viral Shedding in MERS Patients During MERS-CoV Outbreak in South Korea. 410 

Clin Infect Dis 62, 755–760. doi:10.1093/cid/civ1020. 411 

Booth, T. F., Kournikakis, B., Bastien, N., Ho, J., Kobasa, D., Stadnyk, L., et al. (2005). Detection of 412 

airborne severe acute respiratory syndrome (SARS) coronavirus and environmental contamination in 413 

SARS outbreak units. J Infect Dis 191, 1472–1477. doi:10.1086/429634. 414 

Bundgaard, H., Bundgaard, J. S., Raaschou-Pedersen, D. E. T., von Buchwald, C., Todsen, T., Norsk, 415 

J. B., et al. (2020). Effectiveness of Adding a Mask Recommendation to Other Public Health 416 

Measures to Prevent SARS-CoV-2 Infection in Danish Mask Wearers : A Randomized Controlled 417 

Trial. Ann Intern Med. doi:10.7326/M20-6817. 418 

Carducci, A., Federigi, I., Liu, D., Thompson, J. R., and Verani, M. (2020). Making Waves: 419 

Coronavirus detection, presence and persistence in the water  environment: State of the art and 420 

knowledge needs for public health. Water Res 179, 115907. doi:10.1016/j.watres.2020.115907. 421 

Chang, S., Pierson, E., Koh, P. W., Gerardin, J., Redbird, B., Grusky, D., et al. (2021). Mobility 422 

network models of COVID-19 explain inequities and inform reopening. Nature 589, 82–87. 423 

doi:10.1038/s41586-020-2923-3. 424 

Chavarria-Miró, G., Anfruns-Estrada, E., Guix, S., Paraira, M., Galofré, B., Sánchez, G., et al. 425 

(2020). Sentinel surveillance of SARS-CoV-2 in wastewater anticipates the occurrence of COVID-19 426 

cases. medRxiv, 2020.06.13.20129627. doi:10.1101/2020.06.13.20129627. 427 



 
20 

Chu, D. K., Akl, E. A., Duda, S., Solo, K., Yaacoub, S., and Schünemann, H. J. (2020). Physical 428 

distancing, face masks, and eye protection to prevent person-to-person transmission of SARS-CoV-2 429 

and COVID-19: a systematic review and meta-analysis. Lancet 395, 1973–1987. doi:10.1016/S0140-430 

6736(20)31142-9. 431 

Colson, P., Levasseur, A., Delerce, J., Chaudet, H., Bossi, V., Ben Khedher, M., et al. (2020a). 432 

Dramatic increase in the SARS-CoV-2 mutation rate and low mortality rate during the second 433 

epidemic in summer in Marseille. Travel Medicine and Infectious Disease In press. Available at: 434 

https://doi.org/10.35088/68c3-ew82. 435 

Colson, P., Levasseur, A., Gautret, P., Fenollar, F., Hoang, V. T., Delerce, J., et al. (2020b). 436 

Introduction into the Marseille geographical area of a mild SARS-CoV-2 variant originating from 437 

sub-Saharan Africa. medRxiv, 2020.12.23.20248758. doi:10.1101/2020.12.23.20248758. 438 

Corman, V. M., Albarrak, A. M., Omrani, A. S., Albarrak, M. M., Farah, M. E., Almasri, M., et al. 439 

(2016). Viral Shedding and Antibody Response in 37 Patients With Middle East Respiratory  440 

Syndrome Coronavirus Infection. Clin Infect Dis 62, 477–483. doi:10.1093/cid/civ951. 441 

D’Aoust, P. M., Mercier, E., Montpetit, D., Jia, J.-J., Alexandrov, I., Neault, N., et al. (2021). 442 

Quantitative analysis of SARS-CoV-2 RNA from wastewater solids in communities with low 443 

COVID-19 incidence and prevalence. Water Research 188, 116560. 444 

doi:10.1016/j.watres.2020.116560. 445 

Davies, N. G., Kucharski, A. J., Eggo, R. M., Gimma, A., and Edmunds, W. J. (2020). Effects of 446 

non-pharmaceutical interventions on COVID-19 cases, deaths, and demand for hospital services in 447 

the UK: a modelling study. Lancet Public Health 5, e375–e385. doi:10.1016/S2468-2667(20)30133-448 

X. 449 



 
21 

Davis, I. M. (2020). SARS-CoV: Lessons learned; opportunities missed for SARS-CoV-2. Rev Med 450 

Virol, e2152. doi:10.1002/rmv.2152. 451 

De Larochelambert, Q., Marc, A., Antero, J., Le Bourg, E., and Toussaint, J.-F. (2020). Covid-19 452 

Mortality: A Matter of Vulnerability Among Nations Facing Limited Margins of Adaptation. Front 453 

Public Health 8, 604339. doi:10.3389/fpubh.2020.604339. 454 

Dergham, J., Delerce, J., Bedotto, M., La Scola, B., and Moal, V. (2020). Living SARS-CoV-2 in 455 

feces suggesting possible fecal-oral contamination. COVID-IHU #40. 456 

Di Domenico, L., Pullano, G., Sabbatini, C. E., Boëlle, P.-Y., and Colizza, V. (2020). Impact of 457 

lockdown on COVID-19 epidemic in Île-de-France and possible exit strategies. BMC Med 18, 240. 458 

doi:10.1186/s12916-020-01698-4. 459 

Fernandez, M., Holder, H., Leatherby, L., Valentino-DeVries, J., and Tompkins, L. (2020). As 460 

Christmas Nears, Virus Experts Look for Lessons From Thanksgiving [Internet]. The New York 461 

Times. Available at: Available from: 462 

https://www.nytimes.com/interactive/2020/12/20/us/covidthanksgiving- effect.html. 463 

Fisher, K. A., Tenforde, M. W., Feldstein, L. R., Lindsell, C. J., Shapiro, N. I., Files, D. C., et al. 464 

(2020). Community and Close Contact Exposures Associated with COVID-19 Among Symptomatic 465 

Adults ≥18 Years in 11 Outpatient Health Care Facilities - United States, July 2020. MMWR Morb 466 

Mortal Wkly Rep 69, 1258–1264. doi:10.15585/mmwr.mm6936a5. 467 

Flaxman, S., Mishra, S., Gandy, A., Unwin, H. J. T., Mellan, T. A., Coupland, H., et al. (2020). 468 

Estimating the effects of non-pharmaceutical interventions on COVID-19 in Europe. Nature 584, 469 

257–261. doi:10.1038/s41586-020-2405-7. 470 



 
22 

Galmiche, S., Charmet, T., Schaeffer, L., Paireau, J., Cheny, O., Von Platen, C., et al. (2020). Etude 471 

des facteurs sociodémographiques, comportements et pratiques associés à l’infection par le SARS-472 

CoV-2 (ComCor). Site internet Institut Pasteur. Available at: 473 

https://www.pasteur.fr/fr/file/37907/download. 474 

Gao, Q. Y., Chen, Y. X., and Fang, J. Y. (2020). 2019 Novel coronavirus infection and 475 

gastrointestinal tract. J Dig Dis 21, 125–126. doi:10.1111/1751-2980.12851. 476 

Gautret, P., Colson, P., Lagier, J. C., Camoin-Jau, L., Giraud-Gatineau, A., Boudjema, S., et al. 477 

(2021). Different pattern of the second outbreak of COVID-19 in Marseille, France. International 478 

Journal of Infectious Diseases 102, 17–19. doi:10.1016/j.ijid.2020.10.005. 479 

Gu, J., Han, B., and Wang, J. (2020). COVID-19: Gastrointestinal Manifestations and Potential 480 

Fecal-Oral Transmission. Gastroenterology 158, 1518–1519. doi:10.1053/j.gastro.2020.02.054. 481 

Haramoto, E., Malla, B., Thakali, O., and Kitajima, M. (2020). First environmental surveillance for 482 

the presence of SARS-CoV-2 RNA in wastewater  and river water in Japan. Sci Total Environ 737, 483 

140405. doi:10.1016/j.scitotenv.2020.140405. 484 

Hasan, S. W., Ibrahim, Y., Daou, M., Kannout, H., Jan, N., Lopes, A., et al. (2020). Detection and 485 

quantification of SARS-CoV-2 RNA in wastewater and treated effluents:  Surveillance of COVID-19 486 

epidemic in the United Arab Emirates. Sci Total Environ, 142929. 487 

doi:10.1016/j.scitotenv.2020.142929. 488 

Hellmér, M., Paxéus, N., Magnius, L., Enache, L., Arnholm, B., Johansson, A., et al. (2014). 489 

Detection of pathogenic viruses in sewage provided early warnings of hepatitis A  virus and 490 

norovirus outbreaks. Appl Environ Microbiol 80, 6771–6781. doi:10.1128/AEM.01981-14. 491 



 
23 

Holshue, M. L., DeBolt, C., Lindquist, S., Lofy, K. H., Wiesman, J., Bruce, H., et al. (2020). First 492 

Case of 2019 Novel Coronavirus in the United States. The New England journal of medicine 382, 493 

929–936. doi:10.1056/nejmoa2001191. 494 

Huang, Y., Tu, M., Wang, S., Chen, S., Zhou, W., Chen, D., et al. (2020). Clinical characteristics of 495 

laboratory confirmed positive cases of SARS-CoV-2 infection in Wuhan, China: A retrospective 496 

single center analysis. Travel Medicine and Infectious Disease, 101606. 497 

doi:10.1016/j.tmaid.2020.101606. 498 

Hyafil, A., and Moriña, D. (2020). Analysis of the impact of lockdown on the reproduction number 499 

of the SARS-Cov-2 in Spain. Gac Sanit. doi:10.1016/j.gaceta.2020.05.003. 500 

Jones, J. H., Hazel, A., and Almquist, Z. (2020). TRANSMISSION‐DYNAMICS models for the SARS 501 

Coronavirus‐2. Am J Hum Biol 32. doi:10.1002/ajhb.23512. 502 

Kronbichler, A., Kresse, D., Yoon, S., Lee, K. H., Effenberger, M., and Shin, J. I. (2020). 503 

Asymptomatic patients as a source of COVID-19 infections: A systematic review and meta-analysis. 504 

International Journal of Infectious Diseases 98, 180–186. doi:10.1016/j.ijid.2020.06.052. 505 

La Rosa, G., Iaconelli, M., Mancini, P., Bonanno Ferraro, G., Veneri, C., Bonadonna, L., et al. 506 

(2020). First detection of SARS-CoV-2 in untreated wastewaters in Italy. Sci Total Environ 736, 507 

139652. doi:10.1016/j.scitotenv.2020.139652. 508 

Lagier, J.-C., Million, M., Gautret, P., Colson, P., Cortaredona, S., Giraud-Gatineau, A., et al. (2020). 509 

Outcomes of 3,737 COVID-19 patients treated with hydroxychloroquine/azithromycin and  other 510 

regimens in Marseille, France: A retrospective analysis. Travel Med Infect Dis 36, 101791. 511 

doi:10.1016/j.tmaid.2020.101791. 512 



 
24 

Lauer, S. A., Grantz, K. H., Bi, Q., Jones, F. K., Zheng, Q., Meredith, H. R., et al. (2020). The 513 

Incubation Period of Coronavirus Disease 2019 (COVID-19) From Publicly Reported Confirmed 514 

Cases: Estimation and Application. Annals of Internal Medicine 172, 577–582. doi:10.7326/M20-515 

0504. 516 

Lessler, J., Reich, N. G., Brookmeyer, R., Perl, T. M., Nelson, K. E., and Cummings, D. A. (2009). 517 

Incubation periods of acute respiratory viral infections: a systematic review. The Lancet Infectious 518 

Diseases 9, 291–300. doi:10.1016/S1473-3099(09)70069-6. 519 

Leung, W. K., To, K.-F., Chan, P. K. S., Chan, H. L. Y., Wu, A. K. L., Lee, N., et al. (2003). Enteric 520 

involvement of severe acute respiratory syndrome-associated coronavirus  infection. 521 

Gastroenterology 125, 1011–1017. doi:10.1016/s0016-5085(03)01215-0. 522 

Liotti, F. M., Menchinelli, G., Marchetti, S., Morandotti, G. A., Sanguinetti, M., Posteraro, B., et al. 523 

(2020). Evaluating the newly developed BioFire COVID-19 test for SARS-CoV-2 molecular 524 

detection. Clin Microbiol Infect 26, 1699–1700. doi:10.1016/j.cmi.2020.07.026. 525 

Luo, L., Liu, D., Zhang, H., Li, Z., Zhen, R., Zhang, X., et al. (2020). Air and surface contamination 526 

in non-health care settings among 641 environmental specimens of 39 COVID-19 cases. PLoS Negl 527 

Trop Dis 14, e0008570. doi:10.1371/journal.pntd.0008570. 528 

Medema, G., Heijnen, L., Elsinga, G., Italiaander, R., and Brouwer, A. (2020). Presence of SARS-529 

Coronavirus-2 RNA in Sewage and Correlation with Reported COVID-19 Prevalence in the Early 530 

Stage of the Epidemic in The Netherlands. Environ. Sci. Technol. Lett. 7, 511–516. 531 

doi:10.1021/acs.estlett.0c00357. 532 



 
25 

Mehta, S. H., Clipman, S. J., Wesolowski, A., and Solomon, S. S. (2020). “There’s No Place Like 533 

Home for The Holidays:” Travel and SARS-CoV-2 Test Positivity Following Thanksgiving 534 

Weekend. medRxiv, 2020.12.22.20248719. doi:10.1101/2020.12.22.20248719. 535 

Memish, Z. A., Perlman, S., Van Kerkhove, M. D., and Zumla, A. (2020). Middle East respiratory 536 

syndrome. Lancet 395, 1063–1077. doi:10.1016/S0140-6736(19)33221-0. 537 

Petersen, E., Koopmans, M., Go, U., Hamer, D. H., Petrosillo, N., Castelli, F., et al. (2020). 538 

Comparing SARS-CoV-2 with SARS-CoV and influenza pandemics. Lancet Infect Dis 20, e238–539 

e244. doi:10.1016/S1473-3099(20)30484-9. 540 

Prague, M., Wittkop, L., Clairon, Q., Dutartre, D., Thiébaut, R., and Hejblum, B. P. (2020). 541 

Population modeling of early COVID-19 epidemic dynamics in French regions and estimation of the 542 

lockdown impact on infection rate. medRxiv, 2020.04.21.20073536. 543 

doi:10.1101/2020.04.21.20073536. 544 

Qaseem, A., Etxeandia-Ikobaltzeta, I., Yost, J., Miller, M. C., Abraham, G. M., Obley, A. J., et al. 545 

(2020). Use of N95, Surgical, and Cloth Masks to Prevent COVID-19 in Health Care and 546 

Community Settings: Living Practice Points From the American College of Physicians  (Version 1). 547 

Ann Intern Med 173, 642–649. doi:10.7326/M20-3234. 548 

Randazzo, W., Truchado, P., Cuevas-Ferrando, E., Simón, P., Allende, A., and Sánchez, G. (2020). 549 

SARS-CoV-2 RNA in wastewater anticipated COVID-19 occurrence in a low prevalence  area. 550 

Water Res 181, 115942. doi:10.1016/j.watres.2020.115942. 551 

Roser, M., Ritchie, H., Ortiz-Ospina, E., and Hasell, J. (2020). Coronavirus Pandemic (COVID-19). 552 

Published online at OurWorldInData.org. Available at: https://ourworldindata.org/coronavirus. 553 



 
26 

Rothan, H. A., and Byrareddy, S. N. (2020). The epidemiology and pathogenesis of coronavirus 554 

disease (COVID-19) outbreak. Journal of Autoimmunity 109, 102433. 555 

doi:10.1016/j.jaut.2020.102433. 556 

Salje, H., Tran Kiem, C., Lefrancq, N., Courtejoie, N., Bosetti, P., Paireau, J., et al. (2020). 557 

Estimating the burden of SARS-CoV-2 in France. Science 369, 208–211. 558 

doi:10.1126/science.abc3517. 559 

Shaman, J., Morita, H., Birger, R., Boyle, M., Comito, D., Lane, B., et al. (2018). Asymptomatic 560 

Summertime Shedding of Respiratory Viruses. The Journal of Infectious Diseases 217, 1074–1077. 561 

doi:10.1093/infdis/jix685. 562 

Shieh, Y. S., Wait, D., Tai, L., and Sobsey, M. D. (1995). Methods to remove inhibitors in sewage 563 

and other fecal wastes for enterovirus detection by the polymerase chain reaction. J Virol Methods 564 

54, 51–66. doi:10.1016/0166-0934(95)00025-p. 565 

Sisay, T., and Tolessa, T. (2020). COVID-19 Pandemic: A Compressive Review on Gender, Herd 566 

Immunity, and Physiological Mechanisms. Risk Manag Healthc Policy 13, 2963–2974. 567 

doi:10.2147/RMHP.S276342. 568 

Song, Y., Liu, P., Shi, X. L., Chu, Y. L., Zhang, J., Xia, J., et al. (2020). SARS-CoV-2 induced 569 

diarrhoea as onset symptom in patient with COVID-19. Gut 69, 1143–1144. doi:10.1136/gutjnl-570 

2020-320891. 571 

Spaccaferri, G., Larrieu, S., Pouey, J., Calba, C., Benet, T., Sommen, C., et al. (2020). Early 572 

assessment of the impact of mitigation measures to control COVID-19 in 22 French metropolitan 573 

areas, October to November 2020. Euro Surveill 25. doi:10.2807/1560-7917.ES.2020.25.50.2001974. 574 



 
27 

Tang, B., Wang, X., Li, Q., Bragazzi, N. L., Tang, S., Xiao, Y., et al. (2020). Estimation of the 575 

Transmission Risk of the 2019-nCoV and Its Implication for Public  Health Interventions. J Clin Med 576 

9. doi:10.3390/jcm9020462. 577 

Toit, A. D. (2020). Outbreak of a novel coronavirus. Nature reviews. Microbiology 18, 123. 578 

doi:10.1038/s41579-020-0332-0. 579 

Trottier, J., Darques, R., Ait Mouheb, N., Partiot, E., Bakhache, W., Deffieu, M. S., et al. (2020). 580 

Post-lockdown detection of SARS-CoV-2 RNA in the wastewater of Montpellier, France. One 581 

Health 10, 100157. doi:10.1016/j.onehlt.2020.100157. 582 

Vallejo, J. A., Rumbo-Feal, S., Conde-Pérez, K., López-Oriona, Á., Tarrío-Saavedra, J., Reif, R., et 583 

al. (2020). Predicting the number of people infected with SARS-COV-2 in a population using 584 

statistical models based on wastewater viral load. medRxiv, 2020.07.02.20144865. 585 

doi:10.1101/2020.07.02.20144865. 586 

Varia, M., Wilson, S., Sarwal, S., McGeer, A., Gournis, E., Galanis, E., et al. (2003). Investigation of 587 

a nosocomial outbreak of severe acute respiratory syndrome (SARS) in Toronto, Canada. CMAJ, 8. 588 

Virlogeux, V., Frang, V., Park, M., Wu, J., and Cowling, B. (2016). Comparison of incubation period 589 

distribution of human infections with MERS-CoV in South Korea and Saudi Arabia. Scientific 590 

Reports, 7. 591 

Wang, K., Chen, W., Zhou, Y.-S., Lian, J.-Q., Zhang, Z., Du, P., et al. (2020). SARS-CoV-2 invades 592 

host cells via a novel route: CD147-spike protein. bioRxiv, 2020.03.14.988345. 593 

doi:10.1101/2020.03.14.988345. 594 

Westhaus, S., Weber, F.-A., Schiwy, S., Linnemann, V., Brinkmann, M., Widera, M., et al. (2021). 595 

Detection of SARS-CoV-2 in raw and treated wastewater in Germany – Suitability for COVID-19 596 



 
28 

surveillance and potential transmission risks. Science of The Total Environment 751, 141750. 597 

doi:10.1016/j.scitotenv.2020.141750. 598 

WHO (2020a). Advice on the use of masks in the context of COVID-19 - Interim guidance. 599 

Available at: https://apps.who.int/iris/bitstream/handle/10665/332293/WHO-2019-nCov-IPC_Masks-600 

2020.4-eng.pdf?sequence=1&isAllowed=y. 601 

WHO (2020b). Advice on the use of masks in the context of COVID-19 - Interim guidance. 602 

Available at: https://apps.who.int/iris/bitstream/handle/10665/337199/WHO-2019-nCov-IPC_Masks-603 

2020.5-eng.pdf?sequence=1&isAllowed=y. 604 

World Health Organization (2020a). Coronavirus Disease (COVID-19) Dashboard. Available at: 605 

https://covid19.who.int/. 606 

World Health Organization (2020b). Director-General’s opening remarks at the media briefing on 607 

COVID-19 - 11 March 2020. Available at: https://www.who.int/dg/speeches/detail/who-director-608 

general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020. 609 

Wu, F., Xiao, A., Zhang, J., Moniz, K., Endo, N., Armas, F., et al. (2020). SARS-CoV-2 titers in 610 

wastewater foreshadow dynamics and clinical presentation of new  COVID-19 cases. medRxiv. 611 

doi:10.1101/2020.06.15.20117747. 612 

Wurtzer, S., Marechal, V., Mouchel, J., Maday, Y., Teyssou, R., Richard, E., et al. (2020a). 613 

Evaluation of lockdown effect on SARS-CoV-2 dynamics through viral genome quantification in 614 

waste water, Greater Paris, France, 5 March to 23 April 2020. Eurosurveillance 25. 615 

doi:10.2807/1560-7917.ES.2020.25.50.2000776. 616 



 
29 

Wurtzer, S., Marechal, V., Mouchel, J.-M., Maday, Y., Teyssou, R., Richard, E., et al. (2020b). 617 

Evaluation of lockdown impact on SARS-CoV-2 dynamics through viral genome quantification in 618 

Paris wastewaters. medRxiv, 2020.04.12.20062679. doi:10.1101/2020.04.12.20062679. 619 

Xiao, F., Tang, M., Zheng, X., Liu, Y., Li, X., and Shan, H. (2020). Evidence for gastrointestinal 620 

infection of SARS-CoV-2. Gastroenterology 158, 1831-1833.e3. doi:10.1053/j.gastro.2020.02.055. 621 

 622 

  623 



 
30 

Table 1. Results of the BioFire COVID-19 using serial dilutions of synthetic SARS-CoV-2 RNA. 624 

Biofire LoD 
Genomic 

copies / ml 

Number of 

replicates 

Number of target detected 

3/3 

positive 

2/3 

positive 

1/3 

equivocal 

0/3 

negative 

0.15 50 5 0 0 0 5 

0.3 100 5 0 0 2 3 

0.6 200 5 0 0 4 1 

0.9 300 5 0 3 2 0 

1.2 400 5 1 3 1 0 

1.8 600 5 3 2 0 0 

6 2000 5 5 0 0 0 

 625 

  626 
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Figure 1. Wastewater networks in Marseille. The separate network (red lines) drains the major 627 

surface part of Marseille wastewater. The combined network (green lines), that contains a mixture of 628 

rainwater and wastewater, drains the city center. The blue circle represents the sampling point 629 

 630 

 631 

 632 
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Figure 2. Variations in mean outdoor temperature (dark grey) and rain fall (light grey) during the 634 

period of study (from July 1 to December 15). Copy number of SARS-CoV-2 in RU (green) and RS 635 

(red) wastewater networks were represented. 636 

 637 
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Figure 3. Correlation of SARS-CoV-2 Marseille new positives cases (blue curve) and copy number 639 

of SARS-CoV-2 in RU+RS wastewater networks (orange curve). 8-days moving average was 640 

represented. The measures implemented by government were positioned at the day of application. In 641 

grey, the period where efficiency of the measures can be observed. 642 
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