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In Quito, the microbiological contamination of surface water represents a public health problem, mainly due to
the lack of sewage treatment from urban wastewater. Contaminated water contributes to the transmission of
many enteric pathogens through direct consumption, agricultural and recreational use. Among the different
pathogens present in urban discharges, viruses play an important role on disease, being causes of gastroenteritis,
hepatitis, meningitis, respiratory infections, among others.

This study analyzes the presence of viruses in highly impacted surface waters of urban rivers using next-
generation sequencing techniques. Three representative locations of urban rivers, receiving the main discharges
from Quito sewerage system, were selected. Water samples of 500 mL were concentrated by skimmed-milk floc-
culation method and the viral nucleic acid was extracted and processed for high throughput sequencing using
[llumina MiSeq.

The results yielded very relevant data of circulating viruses in the capital of Ecuador. A total of 29 viral families
were obtained, of which 26 species were associated with infections in humans. Among the 26 species identified,
several were related to gastroenteritis: Human Mastadenovirus F, Bufavirus, Sapporovirus, Norwalk virus and
Mamastrovirus 1. Also detected were: Gammapapillomavirus associated with skin infections, Polyomavirus 1
related to cases of kidney damage, Parechovirus A described as cause of neonatal sepsis with neurological
affectations and Hepatovirus A, the etiologic agent of Hepatitis A. Other emergent viruses identified, of which
its pathogenicity remains to be fully clarified, were: Bocavirus, Circovirus, Aichi Virus and Cosavirus.
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The wide diversity of species detected through metagenomics gives us key information about the public health
risks present in the urban rivers of Quito. In addition, this study describes for the first time the presence of impor-
tant infectious agents not previously reported in Ecuador and with very little reports in Latin America.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Next generation sequencing studies have revealed the widespread
of viruses in air, soil and water ecosystems, pointing out that viruses
are the most abundant biological entities on Earth (Rastrojo and
Alcami, 2017; Rosario et al., 2018; Williamson et al., 2017). Although
they are considered the simplest life forms, viral agents play an impor-
tant role in human bodies as a part of our microbiome and being in-
volved in acute infections and chronic diseases (Zarate et al., 2018).
The interaction of humans with the surrounding environment (habitat,
sanitation infrastructures, diet, leisure practices, etc.) has an impact on
their viral exposure and at the same time, human viral excreta have
also an impact on the environment polluting natural streams. Important
viral pathogens causing diarrhoea, hepatitis, meningitis or associated to
cancer are reported to be excreted by infected people during several
days or even months, disseminating viruses in sanitation infrastructures
(Rusifiol and Girones, 2017). Due to the representativeness of a specific
human population, sewage, that collects excreta of thousand city's in-
habitants, have been proposed as a tool for surveillance and monitoring
of enteric viral pathogens among populations (Fernandez-Cassi et al.,
2017b).

Latin America sanitation systems have improved last decades, how-
ever sewerage coverage is low, and <30% of wastewater is treated, caus-
ing severe microbial contamination in natural streams and increasing
health risk for downstream populations (UNEP, 2016).

Quito is an example of a rapidly growing city (Ecuadorian human de-
velopment index 0.789) but it still has very poor sanitation systems.
Quito is the capital city of Ecuador, with a reported population of
2,597,989 inhabitants in 2016, expecting an increase of up to 7% by
2020 (INEC, 2016). The city is located 2800 m.a.s.l. and is crossed by sev-
eral rivers that collect the urban sewage (93% coverage) without any
treatment. As a big city, Quito produces 171 million m® of sewage per
year at a mean flow of discharge 5413 L/s (EMAPS, 2016). Non-treated
Quito wastewater contributes to the largest Ecuador's watershed,
Esmeraldas river basin, that before ending up in the Pacific Ocean be-
comes the source of drinking water of Esmeraldas city (with approx.
160,000 inhabitants). It has been calculated that around 1% of the total
Quito wastewater discharge impacts into the drinking water system
source of Esmeraldas city (Voloshenko-Rossin et al., 2015).

Recent studies have used metagenomic platforms to describe viral
pathogens in clinical samples from Peru, Chile, and Brazil. Two studies
from Peruvian diarrheic children have shown the presence of circular
Rep-encoding ssDNA (CRESS-DNA) viruses although the clinical associ-
ation remains unclear (Altan et al,, 2017; Phan et al., 2016). Also, studies
in Brazil used metagenomic methods to analyze viral coinfections in
Zika infected patients and revealed the presence of chikungunya virus
and hepatitis A virus in different cases (Conteville et al., 2018; Sardi
et al.,, 2016). Another study in Chile analysing the viral diversity in naso-
pharyngeal aspirates from acute lower respiratory tract infections,
pointed out the extended presence of cyclovirus, anellovirus and
adeno-associated viruses in these clinical samples (Phan et al., 2014).

Next generation sequencing of the viral population present in
streams of Quito can give epidemiological data about waterborne vi-
ruses circulating among the capital's population and could identify ref-
erence pathogens and emerging strains. This information would also
point out the importance of adapting treatment wastewater treatment
systems and would enable the evaluation of potential health risks asso-
ciated with using the downstream as a drinking water source.

The information obtained from these metagenomic studies has con-
tributed to public health data, as many enteric diseases aetiologies are
not usually reported. There are few studies describing enteric viruses
among Ecuador's population but these have only reported Norovirus
and Rotavirus prevalence in small populations (Gastafiaduy et al.,
2015; Vasco et al., 2014) and a small report about prevalence of
Human Papillomavirus among women attended in a hospital of South-
ern Ecuador (Dalgo Aguilar et al., 2017). There are currently no reports
on the presence, especially in the aquatic environment, about the pres-
ence of some and emerging enteric viruses related to human disease in
the families Picornaviridae, Astroviridae, Circoviridae, and Parvoviridae.

In this study, we describe for the first time, the viral diversity in sur-
face waters highly polluted by sewage discharge in an important Latin
American city.

2. Methods
2.1. Sampling

In June 2017, during the dry season, 1 L of surface water was col-
lected in three locations along urban streams of Quito. The water sam-
ples were taken with sterile bottles collecting in the middle of the
riverbed at an average height of 50 cm (average river depth of 1.5 m).
The location of the selected points was aimed to be representative of
south (M1), centre (M2) and north (M3) parts of the city and its sewage
contributions. The population density, the three sampling points located
in the three principal sewage systems of the city and its main
discharging points along the urban rivers Machangara and Monjas are
shown in Fig. 1.

2.2. Concentration method and microbiological indicators analysis

A protocol for raw sewage viral concentration previously described
was chosen for Quito urban rivers, as they are more similar to sewage
matrices than freshwater. Collected water was concentrated for viral
analysis using an adapted Skimmed Milk Flocculation using 500 mL of
water (Fernandez-Cassi et al., 2017b). Briefly, the sample was
preconditioned at pH 3.5 and conductivity above 1.5 mS/cm?. Then,
5 mL of pre-flocculated skimmed milk solution were added. After 8 h
of stirring, flocks were centrifuged at 8000 xg for 40 min, and the pellet
was suspended in 4 mL of phosphate buffer. The viral concentrate was
kept at —80 °C until further use. Viral concentrates were used to analyze
Human Adenovirus concentration by qPCR as a microbial indicator of
human faecal contamination (Hernroth et al., 2002).

Additionally, Escherichia coli were quantified in each sample as faecal
indicator bacteria (FIB) using serial dilutions on chromogenic agar
(Chromocult, Merck).

2.3. Free DNA removal, nucleic acid extraction, library preparation and
sequencing

Concentrates were firstly filtered through a 0.45-um filter
(Millipore) to remove bacterium-sized particles. Afterwards, filtered
samples were processed for metagenomic analysis following previously
described procedures (Fernandez-Cassi et al., 2017a).

DNAse treatment was applied to reduce free-DNA usually coming
from great size genomes. For that purpose, 300 L of each filtered con-
centrates were treated with 160 U of Turbo DNAse Ambion™ (Thermo
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Fig. 1. Sampling locations along Quito. Urban rivers (blue) collecting all sewage discharges (red points) are represented in the map. M1 was collected in south discrict (yellow), M2 was

collected in center district (pink) and M3 was collected after north district (green) of Quito.

Fisher Scientific, Massachusetts, USA) for 1 h at 37 °C to remove free
DNA, then inactivated by incubating 10 min at 75 °C and centrifuged
at 10.000 xg for 1.5 min. Supernatants were kept at 4 °C.

Then, 280 L of DNAse treated sample was extracted using Qiagen
RNA Viral Mini Kit (Qiagen, Valencia, CA, USA) without the RNA carrier.
Nucleic acids of each sample were eluted using 60 pL of AVE buffer from
the same kit used for extraction.

In order to amplify DNA and RNA viruses, samples were
retrotranscribed using random nonamer. Briefly, RNA templates were
reverse transcribed using SuperScript III® (Thermo Fisher Scientific,
Massachusetts, USA) Life Technologies and Primer A, which contains a
17-nucleotide-specific sequence followed by 9 random nucleotides for
random priming (5’- GTTTCCCAGTCACGATANNNNNNNNN'- 3). A sec-
ond c¢DNA strand was constructed using Sequenase 2.0 (USB/
Affymetrix, Cleveland, OH, USA). To obtain sufficient DNA for library
preparation, a PCR amplification step using Primer B (5’-GTTTCCCAG
TCACGATA’-3) and AmpliTaqGold (Life Technologies, Austin, Texas,
USA) was performed. After 10 min at 95 °C to activate DNA polymerase,
the following PCR programme was used: 30 cycles of 30 s at 94 °C, 30 s
at40 °C, and 30 s at 50 °C with a final step of 60 s at 72 °C. PCR products
were cleaned and concentrated in a small volume (15 pL) using the
Zymo DNA clean and concentrator (Zymo research, USA). Amplified
DNA samples were quantified using Qubit 2.0 (Life Technologies, Ore-
gon, USA). The efficiency of the NA extraction and PCR amplification is

controlled by running a gel electrophoresis to ensure a high quality
and correct DNA concentration that has to overcome 1 pg/pL for library
preparation.

Finally, libraries were constructed using a Nextera XT DNA sample
preparation kit (Illumina Inc) according to the manufacturer's instruc-
tions. Samples were sequenced on Illumina MiSeq 2 x 250 bp and 2
x 300 bp, producing paired end reads.

24. Bioinformatic pipeline and quality filtering

The quality of raw and clean read sequences was assessed using the
FASTX-Toolkit software, version 0.0.14 (Hannon Lab, http://www.
hannonlab.org). Read sequences were cleaned and low complexity se-
quences discarded following previous protocols (Fernandez-Cassi
et al., 2017a). Virome reads were assembled based on 90% identity
over a minimum of 50% of the read length using CLC Genomics Work-
bench 4.4 (CLC bio USA, Cambridge, MA), and the resulting contig spec-
tra were used as the primary input for the index.

Richness ratios were calculated using the Catchall software, version
4.0 (Allen et al., 2013). Of the models included in the package, the
non-parametric model Chaol was chosen, which was the model that
provided the best results for the datasets. Heatmaps were generated
using ggplot2 R graphics library (Kolde, 2015).
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2.5. Viral description and typification analysis

Afterwards, contigs longer than 100 bp were queried for sequence
similarity using BLASTN and BLASTX (Altschul et al., 1990) against the
NCBI viral complete genomes database (Brister et al., 2015), the viral di-
vision from GenBank nucleotide database (Benson et al., 2017), and the
viral protein sequences from UniProt (UniProt Consortium 2015, ftp://
ftp.uniprot.org/pub/databases/uniprot/current_release). The species
nomenclature and classification were performed according to the
NCBI Taxonomy database standards. High-scoring pairs (HSPs) consid-
ered for taxonomical assessment had an E-value of 10-5 and minimum
length of 100 bp. Based on the best BLAST result and 90% coverage cut-
off, each sequence was classified into its likely taxonomic group.

Finally, viral sequences matching human viral species were analysed
for typification when contigs were located in the typification regions
established for this purpose due to its high genomic variability. The
viral role on disease from the identified species was assessed and
discussed based on the existing literature.

3. Results and discussion
3.1. Microbial contamination indicators

Three locations sampled along Quito rivers were highly impacted by
microbial pollutants. Faecal indicator bacteria (FIB) values in M1, M2
and M3 locations exceeded the E. coli concentrations permitted for
wastewater discharging effluents in natural water bodies (max. 2E
+04 ufc E. coli/L) (Table 1) established by the Ecuadorian Ministry of
Environment (MAE, 2015). Human Adenovirus, used as an indicator of
human faecal contamination, was present in high and increasing con-
centrations along the riverflow, ranging from 6.2E+04, up to 8.22E
+05 HAdV GC/L.

3.2. Metagenomic data

The 3 libraries analysed by MiSeq platform gave between 2.5 and 3.4
million sequences in each sample (Table 2). After cleaning and assem-
bling by CLC the number of contigs obtained in M1, M2 and M3 were
105.311, 91.245 and 36.275, respectively. From those, the mean per-
centage which was assigned to any taxonomic viral family was 2.2%.
Richness values, parameter that indicates the abundance and diversity
of species detected per sample, were 580.8, 391.1 and 321.9 for M1,
M2 and M3 respectively.

3.3. Viral families

Heatmap represented in Fig. 2 shows number of species from each
viral family detected with at least 90% of identity towards the NCBI-
complete genome database. A total of 29 viral families and 669 species
matched with >90% identity towards complete viral genome databases.
Siphoviridae, Myoviridae and Podoviridae were the most detected fami-
lies, as previously reported in other viral sewage metagenomic studies
(Cantalupo et al., 2011; Fernandez-Cassi et al., 2017b; Tamaki et al.,
2012).

From all assembled contigs (232831), 5262 matched putative viral
sequences (2,3%). Among viral sequences a 87,9% (4630 contigs) was
assigned to species infecting known hosts (Fig. 3). From those contigs,
2624 were viruses infecting prokaryote (60,18%), 798 were viruses

Table 1
Sample characteristics and microbial indicators.

Location Date pH  Cond (uS) TDS (mg/L) E.coli (ufc/L) HAdV (GC/L)

M1 15/5/17 799 587 293 8,48E+06 6,20E+04
M2 8,23 596 298 7,21E+06 1,42E+05
M3 8 557 279 5,30E+06 8,22E+05

infecting plants (18,3%), 400 were viruses infecting humans (9,17%),
338 were viruses infecting other vertebrate animals (7,75%), followed
that a short number of invertebrate, prokaryotes and fungi viruses
(3,03%, 1,47%, 0,09% respectively) (Table 2).

3.4. Human viral pathogens

Regarding potentially pathogenic humans viruses, 27 different path-
ogenic viral species included in 9 different families were detected
(Table 3).

Human Mastadenovirus F (until 2013 assigned as Human adenovi-
rus F) was detected in all samples, as expected because its previously re-
ported ubiquity worldwide, being used as a human faecal indicator in
several studies (Rames et al.,, 2016). Moreover, Human Mastadenovirus
F includes human adenovirus (HAdV) 40 and 41 and are known to be
one of the main causes of gastroenteritis in children worldwide
(Brown et al., 2016; Osborne et al., 2015). However, there is not pub-
lished data reporting gastroenteritis cases caused by adenovirus in
Ecuador. Actually, we have detected high concentrations of Human Ad-
enovirus in the three samples previously to metagenomic analysis,
using it as a human faecal indicator (mean value 3,42E+4-05 GC/L).

Human polyomavirus 1 (also known as BKPyV) was detected only in
M1. Infection with Human polyomavirus has been associated with dis-
eases of the urinary tract including hemorrhagic cystitis and ureteral
stenosis, especially in immunosuppressed patients (Helle et al., 2017).
Its presence in the environment has been previously reported in
Europe due to is capacity to cause lifelong chronic infections (Bofill-
Mas et al,, 2000). Regarding Latin America it has been only reported in
Argentina and Brazil among kidney transplant recipients (Schiavelli
et al., 2014; Zalona et al., 2011).

Gamapapillomavirus were detected in M2 sample, corresponding
with central area of Quito. This genus of papillomavirus, infecting only
humans, has been associated to skin infections (Li et al., 2009). The spe-
cies matched correspond to a recently described papillomaviruses in
Argentina and Sweden related to skin lesions (Chouhy et al., 2013;
Johansson et al., 2013). Identities from the two contigs detected were
the lowest reported towards databases (73 and 78%), indicating that ge-
nomes found in Quito could be a new HPV type (de Villiers et al., 2004).
However, its presence was confirmed by nested-PCR using previously
described primers set for HPV (Forslund et al., 1999).

Primate protoparvovirus 1, Primate bocaparvovirus 1 and 3 were de-
tected in all samples analysed by several contigs and high identities. Pri-
mate protoparvovirus 1 specie, consists of three strains of bufavirus
(bufavirus 1a, 1b and 2), which were identified initially by deep se-
quencing in childhood diarrhoea cases from Burkina Faso in 2012
(Phan et al., 2012). Bufavirus has been reported in sporadic human
cases of diarrhoea in Tunisia, Bhutan, Finland, China and the
Netherlands (Huang et al., 2015). Primate bocaparvovirus 1 and 3 in-
clude gorilla and human viruses. Its presence was firstly found in naso-
pharyngeal sample, so it was associated to respiratory infection
(Allander et al., 2005). However, their role on gastrointestinal disease
is still unclear as its prevalence is similar between patients with symp-
toms and healthy controls in most studies and double-infections caused
by other viral agents are frequently seen (Ong et al., 2016). More re-
cently, other types of human bocavirus have been associated to diar-
rhoea symptoms, confirming its enteric replication and spread via
feces (Guido et al., 2016). Regarding its circulation in Latin America,
many countries have reported its presence previously including
Argentina, Mexico, Uruguay, Paraguay and Brazil in stool samples
from acute gastroenteritis patients and sewage samples (Adamo,
2017; Martinez et al., 2015; Proenca-Modena et al., 2013; Salvo et al.,
2018; Santos et al.,, 2010).

Two species related to Circoviridae family were detected in all sam-
ples analysed by multiple contigs. Circovirus infect several species of
vertebrates although only the Porcine Circovirus 2 cause disease, the
postweaning multisystemic wasting syndrome (PMWS) which affects
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Table 2
Genomic characteristics per sample. Composition of the total viromes as determined by similarity to known viral sequences.
M1 M2 M3 Total
No. of nucleotides obtained MiSeq 777,067,620 1,044,712,606 734,755,448 2,556,535,674
No. of sequences obtained MiSeq 2,581,620 3,470,806 2,441,048 8,493,474
No. of assembled contigs 105,311 91,245 36,275 232,831
Mean contig length (min-max) 538,72 (200-15.975) 475,82 (200-5.524) 459,57 (200-6.695)
Richness estimated value (SE) 580,8 (45,9) 391,1 (39,9) 321,9 (42,3)

No. Putative viral sequences (% from total contigs)
No. viral sequences with known host (% assigned)

2.943 (2,79%)

1574 (1,7%)
4360 (87,9%)

745 (2,05%) 5262 (2,3%)

Human 400 (9,2%)
Animal vertebrates (no human) 338 (7,6%)
Animal invertebrates 132 (3%)
Plants 798 (18,3%)
Fungi 4(0,1%)
Procariota 2624 (60,2%)
Protist 64 (1,5%)

growth rate and produces systemic inflammatory lesions (Delwart and
Li, 2011). Sequences matching Human Circovirus VS6600022 were
highly related to a sequence obtained in diarrhoea samples from pa-
tients in the Netherlands with not identified aetiology (Smits et al.,
2014). Another group of contigs matched with 99% identity a human
circo-like sequence detected in Peruvian children with unexplained di-
arrhoea. The virus discovered in Peru was distantly related to the
Circoviridae family and authors referred to it as pecoviruses (Peruvian
stool-associated circo-like viruses) (Phan et al., 2016).

Three other contigs matched towards a Human Picobirnavirus
recently detected in 3 years old children with idiopathic diarrhoea
from China by metagenomic analysis (Sun et al., 2016). Recent studies
however, suggest that picobirnavirus could be a bacteriophage
(Krishnamurthy and Wang, 2018).

Caliciviridae, one of the most important families of viruses causing
diarrhoea worldwide, was present by matching 72 contigs with Sapporo
virus and Norwalk virus species. Both species indistinguishably cause
gastrointestinal symptoms including diarrhoea and vomiting (Oka
etal, 2015).

Furthermore, a great group of species belonging to Picornaviridae
family were detected as well in Quito. Firstly, Aichi virus A, a highly
widespread waterborne virus that seems to play a role causing gastro-
enteritis (Kitajima and Gerba, 2015). Aichi virus, firstly described in
Japan in 1989, has been detected in many areas of the world, but regard-
ing Latin America, only in Brazil from children with gastroenteritis and
in sewage samples from Venezuela and Uruguay (Alcala et al., 2010;
Burutaran et al., 2016; Santos et al., 2010).

Scaffolfd virus (SAFV), a member of Cardiovirus B specie, was de-
tected in one sample with a high genomic similarity (identity 97%) to
a Peruvian strain isolated from a 2 year old child in 2012 (Leguia et al.,
2015). SAFVs have been associated to respiratory and gastrointestinal
infections and are present in many populations studied around the

world including Peru, Brazil and Bolivia (Drexler et al., 2008; Leguia
et al., 2015; Nix et al., 2013).Cosavirus A and E, infecting humans,
were detected in Quito samples. Human cosavirus were firstly described
in 2008 among south asian children and have been highly detected in
the feces of symptomatic and asymptomatic subjects, being unclear its
role in human enteric disease (Stocker et al., 2012; Tapparel et al.,
2013).

Enteroviruses, important members of Picornaviridae family, were
also detected in all samples analysed. Among the three human enterovi-
rus species found, Enterovirus C was the most detected, however non
poliovirus species were found, unexpected because attenuated poliovi-
rus strains are usually detected where immunization takes places
(WHO, 2003). Hepatovirus A (until 2014 assigned as Hepatitis A virus)
was detected in one sample. The strain detected is probably a wild
strain, because there are not immunization campaigns implemented
in Ecuador for Hepatovirus A, as it is considered a intermedium endemic
country (Jacobsen and Wiersma, 2010).

Parechovirus A (until 2014 assigned as Human Parechovirus) was
detected in all samples analysed. Although most of the infections as
for the enterovirus are subclinical, these viruses may affect mainly
young children causing a sepsis-like illness that can lead to seizures or
significant neurological impairment (Olijve et al., 2017).

Mamastrovirus genera associated to human disease is subdivided
into four divergent species: MAstV 1, MAstV 6, MAstV 8 and MAstV 9. In
Quito the highest number of contigs reported were associated to MastV 1
(classical human astrovirus), expected as MAstV 1 is the most common
specie of Mamastrovirus found, especially in children (Vu et al., 2017).
Although the pathogenic MAstV 6 role in human health has not been
clearly demonstrated, 10 sequences were detected firstly in Ecuador.
The first description of MAstV 6 in Latin American was first reported
in 2011 in children presenting acute diarrhoea (Xavier et al., 2015)
and it has also been described in sewage samples from Uruguay

Total

R Species
B I I ST S~ S~ S S S S S S © 3 F 3 0 B 8 ¢ % T v 2 Gounts
90
M3/0 0 0 0O 0 0 0 0 1 0 1 1 1 2 2 1 2 3 3 5 4 5 9 9 14 19 21 47 153 60
30
M2 ONNNGENNON + BOM 1+ 2 1 1 1 1 1 1 2 2 4 2 4 5 5 7 11 13 13 20 17 |32 450 195
M1 1 1 1 2 1 EOM1 1 2 2 2 2 2 2 2

T o,y T, e, Yo . % EREREYE
o U, S, N, S, . % Y, S % % b Y 5,
P, % Yo %, s, oy, 0, O, By O, e, Yoy 0, e, e, Y S e B b Py 0, B0, 0, 8, T
%, %, o, By, % Ty Ty Do i B 0 Re By By Y Yo % % O i & S Yy g Y %, Yy o %
% T, i, Gy © Ry, B R Y %, %o o % G T, Ro iy oy Yy T s G, %4, "5, %5 %o g,
CORE %@ %s % R %s o %Gy
Family

Fig. 2. Heatmap representing the abundance of viral families in the 3 city sites analysed (M1: south, M2: center, M3: north). The top row indicates the count sums of viral species classified
by 29 families and the right column correspond to the count sums of viral species based on each sample. Data spanned from green (not detected) to red (high relative abundance), as

illustrated by the colour scale.
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Fig. 3. Diagram representing relative abundance (%) of viral hosts from viral species detected in all samples analysed.

(Lizasoain et al., 2015). MAstV 8 and MastV 9, viruses isolated in
children presenting non-polio acute flaccid paralysis or encephalitis
(Vu et al,, 2016), were also detected. This is the first evidence of those
strains in Latin America.

Finally, any specie of Reoviridae family was detected in an endemic
area of rotavirus maybe due to its low prevalence or seasonality. Al-
though Rotavirus vaccination program established in 2007 in Ecuador
reached the 100% coverage during 2010-2012, in the last years the im-
munization program has reduced significantly its coverage, and it

dropped to 80% in 2016 (PAHO, 2018). Other metagenomic studies
failed to detect rotavirus in endemic areas (Ng et al., 2012).

3.5. Typification of viral human species

In order to classify human viruses found into genotypes, we
analysed viral contigs located into the typifying regions described
for each viral specie (Table 4). This approach should also be consid-
ered as viruses can only be classified by genotype if we study

Table 3
Potentially pathogenic human viral families and species detected in Quito samples.
Viral family Viral species Sample Total number of Maximum Maximum
M1 M2 M3 sequences length homology
Adenoviridae Human mastadenovirus F 1 1 3 5 706 100%
Polyomaviridae Human polyomavirus 1 2 0 0 2 822 99%
Papillomaviridae Gammapapillomavirus 18 0 1 0 1 365 73%
Gammapapillomavirus 23 0 1 0 1 849 78%
Parvoviridae Primate protoparvovirus 1 1 2 1 4 1147 100%
Primate bocaparvovirus 1 5 3 2 10 1333 100%
Primate bocaparvovirus 2 1 3 2 6 840 100%
Circoviridae Human circovirus 2 4 6 12 1119 99%
VS6600022
Circovirus like 2 3 4 9 795 99%
Picobirnaviridae Human picobirnavirus 3 0 0 3 874 98%
Caliciviridae Sapporo virus 18 9 1 28 1154 98%
Norwalk virus 21 20 3 44 1191 99%
Picornaviridae Aichivirus A 0 6 0 6 581 98%
Cardiovirus B 1 0 0 1 636 97%
Cosavirus A 0 3 0 3 602 88%
Cosavirus E 0 0 1 1 325 91%
Enterovirus A 1 0 3 4 525 91%
Enterovirus B 3 1 0 4 622 89%
Enterovirus C 22 23 7 52 1348 97%
Hepatovirus A 2 0 0 2 588 99%
Parechovirus A 2 2 1 5 805 91%
Salivirus A 2 8 0 10 1123 97%
Astroviridae Mamastrovirus 1 29 26 7 62 3415 99%
Mamastrovirus 6 6 4 0 10 2046 99%
Mamastrovirus 8 0 2 0 2 411 97%
Mamastrovirus 9 0 2 0 2 734 99%
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Table 4
Typification analysis of human viral species. Genotype, type or serotypes are listed from contigs located into the typing region determined for each viral specie.
Family Specie % typified contigs ~ Typing region Position Lenght  Blastidentity (%)  Acc. Number Genotype and subtype
Adenoviridae
Human mastadenovirus F 40% (2/5) Hexon protein 17643-20414 2
Contig_56367 19053-19750 698 99 KU162869.1 Human adenovirus F serotype 40
Contig_19441 18990-19217 227 99 KY316164.1 Human adenovirus F serotype 41
Papillomaviridae
Gammapapillomavirus 18 100% (1/1) L1 protein 4917-6581"°
Contig_49803 6099-7011 849 74 JX429973.1 Human papillomavirus type 156
Parvoviridae
Primate protoparvovirus 1 75% (3/4) VP1 2397-4495 ©
Contig_78300 2934-3496 562 99 KU362763.1 Human bufavirus genotype 1
Contig_66586 3059-4205 1147 99 KX856937.1 Human bufavirus genotype 1
Contig_34693 2086-2602 481 99 KX856937.1 Human bufavirus genotype 1
Primate bocaparvovirus 1 50% (5/10) VP1 3023-5029 ¢
Contig_61389 2675-3182 507 99 KM624026.1 Human bocavirus genotype 3
Contig_79350 4796-5230 435 99 JN086998.1 Human bocavirus genotype 3
Contig_46837 2631-3296 639 929 GU048665.1 Human bocavirus genotype 3
Contig_81024 2857-3159 303 100 KM624026.1 Human bocavirus genotype 3
Contig_25624 3670-4298 592 99 FJ948861.1 Human bocavirus genotype 3
Primate bocaparvovirus 2 83% (5/6) VP1 2961-4964 ©
Contig_48745 3891-4548 658 99 KY050744.1 Human bocavirus genotype 2
Contig_54132 3836-4506 638 100 KY050744.1 Human bocavirus genotype 2
Contig_63255 2630-3469 840 99 JQ964115.1 Human bocavirus genotype 2
Contig_31575 3626-4077 452 99 KY050744.1 Human bocavirus genotype 2
Contig_29823 3461-3786 326 87 HQ871668.1 Human bocavirus genotype 2
Caliciviridae
Sapporo virus 39%(11/28) VP1 5173-6855
Contig_100319 6171-6565 357 96 KP298674.1 Human sapovirus GI.1
Contig_27454 5338-5820 453 96 KP298674.1 Human sapovirus GI.1
Contig_42602 6520-6995 473 96 AB455796.1 Human sapovirus GI
Contig_47189 6146-6442 269 91 EU124657.1 Human sapovirus GL.2
Contig_21513 5653-6101 450 94 KM092508.1 Human sapovirus GI.2
Contig_42601 6035-6620 540 91 EU124657.1 Human sapovirus GI.2
Contig_42600 6157-6620 33 91 EU124657.1 Human sapovirus GL.2
Contig_104232 5916-6494 531 95 AY237420.2 Human sapovirus GII
Contig_36335 4529-5544 903 97 AB924385.1 Human sapovirus GV
Contig_64244 6393-7186 791 97 AB924385.1 Human sapovirus GV
Contig_89839 6713-6960 245 98 AB924385.1 Human sapovirus GV
Norwalk virus 30% (13/43) ORF1 3572-5101 8
ORF2 5085-6692 &
Contig_14305 5764-6077 319 98 KT732280.1 Norovirus GL.6
Contig_89122 5113-5431 318 98 KF944271.2 Norovirus GII.1
Contig_15510 5417-6204 787 99 KY806294.1 Norovirus GII.2
Contig_27177 5513-5934 421 99 MG002630.1 Norovirus GII.4
Contig_23524 6269-6853 584 99 KY905335.1 Norovirus GIL.4
Contig_58560 5524-5847 323 99 KM386681.1 Norovirus GIL5
Contig_14582 4935-5677 739 99 KM267742.1 Norovirus GIL.6
Contig_38983 5678-5932 254 99 KMO036375.1 Norovirus GIL6
Contig_34549 6111-6484 373 95 KY424344.1 Norovirus GIL.6
Contig_6769 4469-4713 244 100 KY485110.1 Norovirus GILP16
Contig_6008 3858-4515 657 99 KY421159.1 Norovirus GILP16
Contig_6009 3858-4515 656 99 KY421177.1 Norovirus GIL.P16
Contig_100782 4185-4745 560 95 MF668937.1 Norovirus GILPg
Picornaviridae
Enterovirus A 50% VP2 955-1728 "
(2/4) VP3 1729-2460 "
contig_23332 1408-1689 281 92 AY697471.1 Enterovirus A76
contig_23329 1703-1978 275 91 AY697468.1 Enterovirus A76
Enterovirus B 50% VP2 949-1737 1
(2/4) VP3 1738-2451'
contig_46549 1847-2274 427 89 KJ957190.1 Echovirus 25
contig_47150 1401-1859 458 87 HMO031191.1 Echovirus 25
Enterovirus C 44% (22/50) VP1 2480-33857
VP2 950-17651
VP3 1766-24791
contig 91322 957-1447 490 86 JX174177.1 Coxsackievirus Al
contig_2722 693-1864 1171 89 KC785529.1 Coxsackievirus Al
Contig_56536 2671-3670 996 82 JX174176.1 Coxsackievirus Al
contig 61167 1022-1733 708 80 DQ995637.1 Coxsackievirus A13
Contig_80491 2690-2983 296 93 KX932039.1 Coxsackievirus A19
Contig_54025 2937-3820 880 89 KX932039.1 Coxsackievirus A19
Contig_35788 1384-2726 1342 90 KX932039.1 Coxsackievirus A19
Contig_67125 2675-3543 868 90 AB828290.1 Coxsackievirus A19
Contig_89878 2579-3151 575 93 KX932039.1 Coxsackievirus A19
Contig_10091 2936-3225 289 93 KX932039.1 Coxsackievirus A19

contig_19652 836-1711 872 89 AB828290.1 Coxsackievirus A19
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https://www.ncbi.nlm.nih.gov/nucleotide/1191948759?report=genbank&log=ucltop&blast_rank=2&RID=20PD2R56014
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https://www.ncbi.nlm.nih.gov/nucleotide/AY697471.1?report=genbank&log=ucltop&blast_rank=2&RID=8EDSK847014
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Table 4 (continued)

Family Specie % typified contigs ~ Typing region Position Lenght Blast identity (%) Acc. Number Genotype and subtype
contig_81902 1944-2472 528 89 AB828290.1 Coxsackievirus A19
contig_12945 1544-1874 330 88 AB828288.1 Coxsackievirus A19
contig_9842 1933-2395 462 91 AB828290.1 Coxsackievirus A19
Contig_70355 2693-3265 572 89 AB828290.1 Coxsackievirus A19
Contig_65082 910-1443 532 82 KU183495.1 Coxsackievirus A24
contig_39567 1428-2577 1146 80 EF015033.1 Coxsackievirus A24
Contig_79066 2186-2702 519 79 EF015033.1 Coxsackievirus A24
Contig_56057 2850-4002 1152 81 EF555644.1 Enterovirus C99
Contig_66760 2820-3827 1009 83 EF015011.1 Enterovirus C99
contig_34711 1861-2459 595 83 EF555644.1 Enterovirus C99
Contig_38531 2815-3775 963 83 KF129411.1 Enterovirus C99

Hepatovirus A 50% (1/2) VP1 2208-3107 ¥
Contig_99111 3003-3307 305 99 MF175366.1 Hepatovirus genotype IA

Astroviridae

Mamastrovirus 1 23% (14/62) ORF2 4289-6673 !
Contig_92012 6266-6673 456 97 HQ398856.2 Human astrovirus genotype 1
Contig_63238 4450-4696 241 93 HQ398856.2 Human astrovirus genotype 1
Contig_44034 5514-5810 297 99 HQ398856.2 Human astrovirus genotype 1
Contig_4556 4789-5558 724 98 HQ398856.2 Human astrovirus genotype 1
Contig_258 2696-5935 3003 98 HQ398856.2 Human astrovirus genotype 1
Contig_59279 4412-4674 263 98 KX932051.1 Human astrovirus genotype 2
Contig_7859 4649-5169 481 98 JX087964.1 Human astrovirus genotype 2
Contig_97655 5076-5696 606 99 KF668570.1 Human astrovirus genotype 3c
Contig_11722 4237-4553 317 100 KU318561.1 Human astrovirus genotype 4
Contig_31067 4840-5558 640 98 AB025812.1 Human astrovirus genotype 4
Contig_26370 6072-6474 409 96 KF039913.1 Human astrovirus genotype 4
Contig_21700 4425-5056 608 98 AB025806.1 Human astrovirus genotype 4
Contig_31066 4701-4951 243 98 AB025812.1 Human astrovirus genotype 4
Contig_11721 4180-4553 373 99 AF292073.1 Human astrovirus genotype 8

a NC_001454.1; b NC_008189.1; ¢ JX027295.1; d NC_012564.1; e NC_012042.1; f NC_006554.1; g NC_029646.1; h AY697458.1; i NC_001472.1; j NC_002058.3; k NC_001489.1;

NC_030922.1

annealings in the specific typing region determined for its high geno-
mic variability.

Mastadenovirus F contigs located into hexon region were matching
to type 40 and 41, strains associated with acute gastroenteritis and
very common found in sewage matrices (laconelli et al., 2017).

Regarding sequences from Gammapapillomavirus, only one se-
quence could be confirmed as a Human Papilloma type 156. The strain
was first identified in 2010 in Argentina, from a 83-year-old male skin
sample with basal cell carcinoma in the upper lip (Chouhy et al.,
2010). However, the same strain was found in healthy skin subjects so
its role in pathogenesis is still unclear (Chouhy et al., 2013).

Three contigs related to protoparvovirus species were assigned to
Human Bufavirus 1 genotype (BuV1). This genotype has been associ-
ated to gastroenteritis in several studies although many authors suggest
that more studies need to be conducted to better characterise their
pathogenic role in humans (Ayouni et al., 2016; Vdisdnen et al., 2017).
The presence of this genotype has not been reported before in
America, as only BuV3 was reported in a Peruvian study (Phan et al.,
2016).

Primate bocaparvovirus 1 and 3 were assigned to Human
Bocavirus 2 and 3 respectively. This is likely to occur since Human
Bocavirus subtypes 2, 3 are associated to gastrointestinal infections;
therefore they are excreted from the gastrointestinal tract (Salvo
etal., 2018).

Among the Calicivirus detected in samples analysed, Sapporo virus
(SaV) genogrups I, I and V, were detected in Quito according to previ-
ous studies in Latin America (Costa et al.,2017; Sanchez et al., 2018). Re-
garding Norovirus or Norwalk virus (NoV) genotypes, high diversity
was observed in sewage samples, with NoV GL.6 and GII.1, GI.2, GIL.4,
GIL5, GIL.6 and GILp16. Two other studies in Ecuador reported NoV ge-
notype description including GI.3, GII.1, GIL4, GIL6 and G.16 genotypes
(Gastanaduy et al., 2015; Lopman et al.,, 2015).

A great group of Enterovirus C strains were reported, mostly found
in healthy patients (CA1, CA13, CA19, CA24) (Faleye et al., 2016). How-
ever, Enterovirus C99, found in 4 sequences (81-83% identity), seems to

be related with Acute Flacid Paralysis cases in children from West Africa
(Fernandez-Garcia et al., 2017).

From Enterovirus A we identified EV-76 strain, firstly found in
France (1991) from a patient suffering of gastroenteritis (Oberste
etal., 2005) Finally, the unique Enterovirus B strain identified, Echovirus
25 (E-25), has been associated to important clinical symptoms ranging
from minor herpangina, skin rash, hand, foot, and mouth disease
(HFMD), severe acute flaccid paralysis (AFP), and encephalitis to aseptic
meningitis (Li et al,, 2015). Regarding Latin America, E-25 has been only
reported in few cerebrospinal fluid specimens from meningitis cases in
Brazil (dos Santos et al., 2006).

A partial sequence in VP1 from Hepatovirus A matched with IA ge-
notype with an identity of 99%. This is the first evidence of IA genotype
in Ecuador, but it has already been reported as the most abundant geno-
type in Latin America (Prado et al., 2012; Sulbaran et al., 2010).

Human Astrovirus types 1,2,3,4 and 8 were detected in Quito, show-
ing a great diversity among this important gastroenteritis viral specie.
This genotype characterization is firstly described in Ecuador but strains
have been previously detected in other Latin American countries among
clinical specimens in Brazil and Venezuela as well as in environmental
waters from Argentina and Uruguay (Gonzalez et al., 2011; Lizasoain
et al.,, 2015; Masachessi et al., 2018; Resque et al., 2007; Siqueira et al.,
2017).

4. Conclusions

Among the human viral families detected in Quito's urban
streams, important human pathogens have been detected, in-
cluding members of the Parvoviridae, Caliciviridae, Adenoviridae,
Polyomaviridae, Papillomaviridae, Picornaviridae and Astroviridae
families.

The detection of the wide diversity of viral species and genotypes de-
scribed in Quito urban steams is a very useful information to health
practitioners in order to consider more aetiological agents circulating
among patients.
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https://www.ncbi.nlm.nih.gov/nucleotide/15419547?report=genbank&log=ucltop&blast_rank=2&RID=20SKURMD014
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The results obtained describe for the first time the circulation in
Ecuador of a great variety of viral species causing gastroenteritis:
Mastadenovirus F, Human Bocavirus, Human Bufavirus, Cosavirus,
Sappovirus, Aichi Virus and Astrovirus. Other virus newly detected in
Ecuador are associated to important clinical syndromes affecting uri-
nary tract, skin tissues, and meningitis by Human Polyomavirus 1
(BKPyV), Gamapapillomavirus, Parechovirus A and Echovirus 25
respectively.

Moreover, the information produced on the long list of important
viral pathogens and emerging viral strains present in urban rivers of
Ecuador's capital city should contribute to alert local governments and
to establish sanitation measures to prevent viral transmission across
the river basin.

This study provides more evidence on the benefits of the
metagenomics public health surveillance systems based on excreted vi-
ruses in sewage and superficial waters and the viability of developing
data bases of the viruses circulating in different human populations.
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