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Abstract
The SARS-CoV-2 can be excreted in feces and can reach sewage systems. Determining the presence of infective viral particles 
in feces and sewage is necessary to take adequate control measures and to elucidate new routes of transmission. Here, we 
have developed a sample concentration methodology that allows us to maintain viral infectivity. Feces of COVID-19 patients 
and wastewater samples have been analyzed both by molecular methods and cell culture. Our results show no evidence of 
infective viral particles, suggesting that fecal–oral transmission is not a primary route. However, larger-scale efforts are 
needed, especially with the emergence of new viral variants.
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Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused a pandemic affecting the entire world. 
Although the main transmission route is via droplets or 
aerosols [1], it has been shown that the virus can replicate 
in intestinal mucosa [2, 3], suggesting that viral excretion 
via feces could result in fecal–oral transmission of SARS-
CoV-2 [4–6]. Despite the efforts to isolate viral infectious 
particles from feces, little is known about the possibility of 
infecting new hosts. In a first approach, it is necessary to 
determine the proportion of patients excreting virus in stool 
by analyzing fecal samples and testing them by molecular 
methods to detect viral RNA. In a second step, positive sam-
ples should be used to inoculate target cells, to determine the 
presence of infectious viruses. Until date, only a few case 
reports have shown that viral infectious particles are found in 
stool, all in samples with high viral load [7–9]. In addition, 
sewage transmission has been proposed as the most plausi-
ble explanation for two independent outbreaks in China [10, 
11]. However, further efforts should be done to assess the 
fecal–oral route in SARS-CoV-2, and provide data based on 

the presence of infectious viral particles confirming the new 
route of transmission [8], especially with the emergence of 
new variants.

Here, we propose the first attempt to evaluate the fecal 
excretion of SARS-CoV-2 in Spain, and the presence of 
viral infectious particles in feces of COVID-19 patients 
and sewage. This pilot study based on a small cohort has 
been approved by the ethics committee of the Instituto de 
Investigación Sanitaria La Fe (Valencia, Spain, registration 
number 2020–301-1). Eight COVID-19 patients admitted 
to the Hospital Universitari i Politècnic La Fe (Valencia, 
Spain) between June and December 2020 were enrolled. 
Five patients showed respiratory difficulties, and only 
three had gastrointestinal (GI) symptoms (Supplementary 
Table 1). In addition, SARS-CoV-2 positive wastewater sam-
ples at the time of high prevalence in the region under study 
were obtained from wastewater treatment plants of Valencia 
(Spain), belonging to the Empresa Pública de Saneamiento 
de Aguas Residuales (EPSAR, Generalitat Valenciana).

To proceed with the study, we first compared different 
concentration methods to maintain viral infectivity using 
a surrogate coronavirus, the transmissible gastroenteritis 
virus (TGEV). Three different methods were tested: floc-
culation, ultrafiltration, and high-speed centrifugation. 
Aluminum-driven flocculation was done following previous 
work (Randazzo et al., 2020). Ultrafiltration method was 
performed using Amicon tubes with 100 kDa filters. Finally, 
high-speed centrifugation method was done by centrifuga-
tion at 80,000 × g, 3 h 30 min, at 4 °C. The concentration 
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factor was obtained by RT-qPCR using in-house TGEV 
primers and probes, and by plaque assay infecting swine 
testicular (ST) cells. For maintaining infectivity, high-speed 
centrifugation was the best method (concentration factor: 
31.29 ± 6.49), followed by ultrafiltration (concentration 
factor: 7.38 ± 1.26). In contrast, infectivity was impaired 
by aluminum-driven flocculation (concentration factor: 
0.02 ± 0.02). As for RNA detection, high-speed centrifu-
gation obtained similar results to the aluminum-driven 
flocculation method (concentration factor: 14.98 ± 0.91 vs. 
16.42 ± 2.13), whereas ultrafiltration was not suitable (con-
centration factor: 2.85 ± 0.87). For these reasons, the high-
speed centrifugation method was chosen as the best in terms 
of concentration and maintenance of viral infectivity. This 
should be taken into account for future work, since depend-
ing on the concentration method, inactivation of viruses can 
result in false negative results [12].

Stool and urine samples from COVID-19 patients and 
sewage samples were concentrated by high-speed centrifu-
gation. RNA extraction was performed with the Nucleospin 
RNA Virus Kit (Macherey–Nagel) and RT-qPCR was per-
formed with the GoTaq® Probe 1-Step RT-qPCR System 
(Promega) using the U.S. Center for Disease Control N1 and 
N2 primers sets (2019-nCoV CDC EUA Kit, 1000rxn). For 
each RT-qPCR run, calibration curves were performed using 
the 2019-nCoV_N_Positive Control. The results showed that 
six of the eight patients had viral excretion in feces in at 
least one of the samples analyzed, ranging from 8.34 × 103 
gc/L to 6.74 × 106 gc/L (Supplementary Table 2). It is worth 
mentioning that one of the patients showed absence of viral 
shedding in feces despite having GI symptoms. The absence 
of viral shedding in this patient was not expected, and a pos-
sible explanation is that the sample was taken one month 
after the onset of the first symptoms, suggesting that per-
haps earlier sampling might have different results. In paral-
lel, urine samples were collected for patients to test for RNA 
detection. In our dataset, one patient showed viral shedding 
in urine in two consecutive samples, despite the low viral 
load found (ranging from 5.60 × 104 gc/L to 1.78 × 105 gc/L). 
In addition, we wanted to sequence the RNA obtained in 
the feces to analyze the variability found in stool. Genomic 
sequencing was performed following the ARTIC protocol, 
and sequencing on the Illumina MiSeq platform [13]. Unfor-
tunately, the viral loads obtained were too low for sequenc-
ing. We attempted to sequence the sample with highest viral 
load, but the results were insufficient for further analysis, 
since only 13.28% of the SARS-CoV-2 genome was covered, 
with a coverage of 2.

Fecal and sewage samples with highest RNA detected by 
RT-qPCR were used to inoculate Vero E6 cells, as recom-
mended cell models for SARS-CoV-2 infection [14]. Con-
centrated samples were resuspended in Dulbecco Modified 
Eagle Medium (DMEM) supplemented with 2% fetal bovine 

serum, non-essential amino acids, penicillin and streptomy-
cin, and 25 mM Hepes. All samples were analyzed undi-
luted and at 1/10 dilution to avoid potential sample inhibitors 
or cytotoxic molecules. Microscopy images were taken to 
detect cytopathic effects of cell monolayers. No cytopathic 
effect on Vero E6 cells was observed in any of the sam-
ples analyzed. In addition, supernatants were collected at 
0 h post-infection (hpi), 48 hpi, and 6 days post-infection, 
and RT-qPCR was performed attempting to detect viral 
amplification. In all fecal samples tested, no SARS-CoV-2 
RNA was detected (Supplementary Table 3). To determine 
the potential contribution of wastewater to SARS-CoV-2 
transmission, eight sewage samples were tested and again, 
despite the high viral load obtained in the samples (ranging 
from 1.43 × 104 gc/L to 1.48 × 106 gc/L) (Supplementary 
Table 4), we were unable to detect evidence of replication 
in our assays (Supplementary Table 5).

Our results are in agreement with those previously pub-
lished on the detection of SARS-CoV-2 in the stool of COVID-
19 patients [15]. However, we were able to detect viral RNA in 
stool in 6/8 patients, being a high percentage compared to pre-
viously published results, and suggesting that the virus may be 
detected more frequently in stool than expected based on previ-
ously published results [16]. Furthermore, our results suggest 
that GI symptoms and the presence of SARS-CoV-2 in feces 
are not correlated, as only three patients had GI symptoms 
of which one did not show fecal shedding of virus, as previ-
ously shown [17]. This result could have implications for the 
use of anal swabs as recently suggested. However, the imple-
mentation of more sensitive detection methods associated 
with fecal samples could be an interesting solution to develop 
non-invasive easy-to-use, rapid tests, than can be performed 
by common users, avoiding nasopharyngeal swabs, since nasal 
self-swabbing can lead to inadequate sample collection result-
ing in false negative conclusions.

To unravel the fecal–oral route of SARS-CoV-2 trans-
mission, fecal and sewage samples have been analyzed in 
cell culture for the presence of infectious viral particles. We 
would like to highlight that the concentration methods used 
are a determining factor, as some methods may impair viral 
infectivity as shown here. In our case, the lack of evidence 
of infectivity could be due to the low viral load, with high Ct 
values, in contrast with previously published results in which 
infectious coronavirus was found in a sample with a Ct value 
ranging 20–23 [7]. However, it should be mentioned that 
Ct values found in feces and wastewater are usually high. 
The fact that only a few cases of infectious particles in feces 
have been reported so far suggests that, although transmis-
sion through feces might exist, it should not be considered 
a major route. In agreement with our results, a recent study 
in China was unable to detect viable virus in hospital waste-
water [18].
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We strongly suggest increased effort to continue testing 
more patients, including asymptomatic ones, to get a broader 
view of viral shedding in feces. In addition, sewage sam-
pled directly from sewers could be an interesting approach 
to detect possible infectious particles, avoiding the waste-
water treatment plants, where viral particles could be inac-
tivated due to external factors such as temperature, humid-
ity, or chemical agents in the matrix, which may degrade or 
impact the envelope. Finally, improved detection methodolo-
gies using more sensitive and efficient techniques, both in 
molecular diagnostic and cell culture, could lead to different 
results. Therefore, further characterization of fecal and sew-
age samples is mandatory to unravel the possible fecal–oral 
route of SARS-CoV-2 transmission and will be an interest-
ing topic for future research, especially with the emergence 
of new viral variants.
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