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ABSTRACT

Gastroenteric viruses are important pathogens related to cases of acute gastroenteritis, affecting 
millions of people worldwide with a major impact on children under five in developing 
countries. The introduction of metagenomic approach techniques in the 2000s has allowed the 
description of new viruses, among them Salivirus, which has been associated worldwide with 
cases of diarrhea. This study aimed to detect salivirus in raw sewage samples from a wastewater 
treatment plant (WWTP) collected between June 2013 and May 2014 in Rio de Janeiro, Brazil. 
Fifty-two samples collected weekly were tested by using a real-time quantitative PCR (qPCR). 
Salivirus genome was detected in 71.1% (37/52) of the samples, with viral concentration 
ranging from 7.56 x 104 to 7.20 x 106 genomic copies per liter. Higher viral loads were detected 
in the summer and fall of 2014, although these data were not sufficient to infer seasonality for 
this virus. The high prevalence of salivirus in sewage samples highlights the importance of 
viral research in wastewater to generate data on salivirus circulation, increasing understanding 
regarding  its dissemination in the population.
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INTRODUCTION 

Acute gastroenteritis is the cause of millions of infantile deaths each 
year, and is a public health issue in both high and low-income countries 
(Tate et al., 2016). Although, the most common viral pathogens associated 
with gastroenteritis are rotavirus A and norovirus, responsible for most acute 
gastroenteritis outbreaks as well as sporadic cases worldwide, the number 
of new viruses associated to gastrointestinal illnesses have been increasing 
(Li et al., 2009; Santos et al., 2015; Reuter et al., 2017). The introduction of 
metagenomic approach techniques in the 2000s has allowed the description 
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of new viruses, among them Salivirus. Since 2009 many studies have reported 
the prevalence of  Salivirus (at that time named Klassevirus) among different 
age groups, particularly children under the age of five, as well as in polluted 
environmental samples, including river water, and sewage (Greninger et al., 
2009; Holtz et al., 2009; Han et al., 2010; Calgua et al., 2013; Prevost et al., 
2015; Santos et al., 2015; Itta et al., 2016; Pei et al., 2016; Badru et al., 2018; 
Adineh et al., 2019; Mancini et al., 2020).

Salivirus belongs to the Picornaviridae family and are non-enveloped, 
positive-sense RNA viruses with an 8kb genome and icosahedral symmetry 
encoding only one polyprotein that is subsequently cleaved into structural 
and non-structural proteins (Greninger et al., 2009; Holtz et al., 2009). 
Although well characterized, the role of salivirus as a pathogen associated to 
gastroenteritis still requires elucidation (Bergallo et al., 2018).

This study aimed to detect and quantify salivirus in raw sewage 
samples over a one-year period, using an environmental approach to 
demonstrate the circulation of this virus in the metropolitan region of Rio 
de Janeiro. 

MATERIAL AND METHODS

Wastewater samples and virus concentration method 

Samples were obtained from the second largest wastewater treatment 
(WWTP) plant in Latin America which receives 5,000 liters of sewage from 
46 districts of Rio de Janeiro, with approximately 1,500,000 inhabitants 
(24.6% of the population). One raw sewage sample was collected weekly 
from June 2013 to May 2014 in 500 mL sterile plastic bottles, totaling 52 
sewage samples. All samples were spiked with a known concentration of 
PP7 bacteriophage used as an internal control process.  The samples were 
concentrated using the organic flocculation method (Calgua et al., 2013) and 
stored at -80°C. 

Extraction of the viral genome and cDNA synthesis

Viral genome was extracted from 140 µL of concentrated samples 
using the QIAmp Viral RNA Mini Kit (QIAGEN®, Valencia, CA, USA) 
and cDNA synthesis performed with pd(N)6® random primer (Amersham 
Biosciences, UK) and SuperScript® III as Reverse Transcriptase (Invitrogen®, 
Carlsbad, CA, USA), both following the manufacturer’s protocols.
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Detection and viral quantification

Real-time quantitative PCR (qPCR) using the TaqMan® system was 
applied for PP7 (Rajal et al., 2007) and salivirus analysis (Haramoto et al., 
2013). Salivirus genome concentration was calculated using a standard curve 
based on 10-fold serial dilutions of  synthetic gBlock® Gene Fragments (IDT®) 
containing salivirus polymerase/capsid junction region, generating a fragment 
of 202bp. Ten-fold dilutions were used to prepare samples with concentrations 
ranging from 2 x 100 to 2 x 106 copies per reaction. Samples presenting 
fluorescence signals that crossed the threshold line in both replicates, with 
Ct values ≤ 40 and a sigmoidal curve, were considered positive. All qPCR 
assays included non-template controls, and for all molecular techniques 
positive and negative (DNAse/RNAse-free water) controls were used to avoid 
contamination.

Statistical analysis

 Normal distribution and homogeneous variance were tested for 
all variables. Assuming non-Gaussian distribution data, the following 
nonparametric tests were used: Kruskal-Wallis and Dunn’s post-hoc test. 
The results were expressed as mean ± standard deviation (SD). The observed 
differences were considered significant when p < 0.05. Statistical analysis was 
performed using GraphPad Prism, version 7.0 (La Jolla, CA, USA).

RESULTS AND DISCUSSION 

The positivity detected for salivirus was 71.1% (37/52) in the raw 
sewage samples, with viral load ranging from 7.56 x 104 to 7.20 x 106 genomic 
copies per liter (GC/L) (Figure). Bacteriophage PP7, used as an internal control 
for the viral concentration method, was detected in 100% of wastewater 
samples. Although previous studies conducted in Brazil have shown the 
circulation of salivirus in environmental samples with detections of 33% (2/6) 
and 4.6% (2/43) in different areas (Calgua et al., 2013; Fumian et al., 2018), 
none of them investigated wastewater samples which might explain the higher 
detection noted in this study. Kitajima et al. (2014) reported 15% positivity for 
salivirus (7/48) in wastewater samples collected in Arizona, USA and Badru et 
al. (2018) detected salivirus in 32.6% (31/95) of water samples collected from 
wastewater, irrigation canals, river, and reservoirs in Thailand from November 
2016 to February 2018. Currently, it is not possible to determine if this 
variability represents true variations in the prevalence of salivirus within those 
countries or if it is due to the methods used, sampling size, sample volumes, 
and molecular detection methods. 
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Figure. Detection of Salivirus in environmental samples from the city of Rio de 
Janeiro between June 2013 and May 2014.

GC/L: genomic copies/liter (*p < 0.05)

Viral genomic quantification results showed an average value of 7.56 
x 104 GC/L during the winter of 2013, with some negative sampling or below 
detection level during that same year, and 4.05 x 106 to 7.20 x 106 GC/L between 
the summer and fall of 2014. Similar results were obtained by Kitajima et al. 
(2014) in USA, with the highest concentration of 2.28 x 105 GC/L in raw sewage 
samples. 

Concerning seasonal distribution, the results revealed high viral 
concentrations throughout the year, with higher values detected in January 
(summer) and May (fall)  2014, suggesting no well-established seasonality for 
this virus in Rio de Janeiro, in accordance with the results obtained in Japan 
(Haramoto et al., 2013), France (Prevost et al., 2015), Thailand (Badru et al., 
2018) and Italy (Mancini et al., 2020). 

The high viral positivity rate (71.1%) and average seasonal salivirus 
concentrations during 2013 (2.12 x 105 /Fall, 7.56 x 104 /Winter, 3.71 x 105 /
Spring) and 2014 (7.20 x 106 /Summer, and 4.05 x 106 /Fall) found in wastewater 
samples showed that this virus circulates in the population and is widespread 
in the environment in high viral concentrations in the city. To the best of our 
knowledge, this is the first time that such a high salivirus load was detected 
in environmental samples. Furthermore, significant differences (p < 0.05) were 
noted in the viral load in samples collected in September 2013 when compared to 
those obtained in February and March 2014 (Figure 1). Although not significant, 
it is worth noting the increase in the viral load early in 2014, which could suggest 
an intensification in the circulation of this virus in Rio de Janeiro during this 
period due to the large number of tourists for the Soccer World Cup. 
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Despite high viral positivity in the environment, detection of salivirus 
in clinical samples is low with an incidence of about 1% in fecal samples of 
diarrheic children in Rio de Janeiro (Santos et al., 2015). In an investigation 
conducted by our laboratory using the same qPCR as in this study, it was not 
possible to detect salivirus in 40 fecal samples from children with gastroenteritis. 
All samples were collected from children residing in the WWTP area whose 
samples had previously tested negative for rotavirus A and norovirus (data 
not shown). The low prevalence of salivirus related to acute gastroenteritis in 
clinical samples in Rio de Janeiro may result from some aspects such as the 
lack of a detection protocol for this virus in laboratorial routine, or even due to 
its association with asymptomatic infections (Aldabbagh et al., 2015; Ayouni et 
al., 2016). 

The main limitations of this study were the small number of samples, 
along with underreported cases of gastroenteritis associated with salivirus. Yet 
it is relevant regarding seasonality and the increase in viral load early in 2014. 

Finally, the authors understand the need to carry out more clinical and 
environmental studies to generate data that clarify the impact of salivirus as an 
environmental contaminant and its association to cases of gastroenteritis.
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