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Abstract

In order to verify the microbial quality of the influents and effluents of one STP from southern Brazil, an eight-month 
survey was conducted to examine the presence of total and fecal coliforms and of adenovirus (HAdV), enterovirus 
(EV), genogroup A rotaviruses (GARV) and Torque teno virus (TTV), in treated effluent samples from São João/
Navegantes STP, Porto Alegre (Brazil). A total of 16 samples were collected, eight of influent (raw sewage, prior to 
treatment), and the other eight of the effluent (post-treatment sewage). Total and fecal coliform levels ranging from 
3.6 × 104 to 4.4 × 107 MPN/100 mL and 2.9 × 103 to 1.7 × 107 MPN/100 mL, were detected in all samples. In raw 
sewage, HAdV (25%) and GARV (28.6%) viral genomes were detected. The analysis of effluent samples revealed 
the presence of HAdV (50%), EV (37.5%), and TTV (12.5%) genomic fragments. All samples, regardless of the 
month analysed, presented detection of a least one virus genus, except for in April. Higher virus detection rates were 
observed in treated sewage samples (62.5%), and in 80% of them (effluent positive samples) HAdV was detected. 
Results showed that improvements in sewage monitoring and treatment processes are necessary to reduce the viral and 
bacterial load on the environment in southern Brazil. To the knowledge of the authors, this is the first study showing 
the monitoring of viral genomes in influent and effluent samples from a STP located in Porto Alegre (Rio Grande do 
Sul, Brazil), southern Brazil.

Keywords: sewage treatment plant, wastewater, microbial analysis of sewage, enteric viruses, coliforms.

Avaliação de vírus entéricos em uma estação de tratamento  
de esgoto localizada em Porto Alegre, sul do Brasil

Resumo

Com o intuito de verificar a qualidade microbiológica de afluentes e efluentes de uma estação de tratamento de esgoto 
(ETE), um monitoramento de oito meses foi realizado para examinar a presença de coliformes totais e fecais, e de 
adenovírus (HAdV), enterovírus (EV), rotavírus do genogrupo A (GARV) e torque teno vírus (TTV), em amostras de 
esgoto tratado da ETE São João/Navegantes, em Porto Alegre-RS, Brasil. Um total de 16 amostras foi coletado, sendo 
oito de afluente (esgoto bruto, anterior ao tratamento) e oito de efluente (esgoto tratado). Os níveis de coliformes totais 
e fecais variaram entre 3,6 × 104 e 4,4 × 107 MPN/100 mL e 2,9 × 103 e 1,7 × 107 MPN/100 mL, respectivamente, tendo 
sido estes detectados em todas as amostras. No esgoto bruto, foram detectados os genomas virais de HAdV (25%) e 
GARV (28,6%). A análise das amostras de efluente revelou a presença de fragmentos genômicos de HAdV (50%), 
EV (37,5%) e TTV (12,5%). Todas as amostras, independentemente do mês analisado, possibilitaram a detecção de 
pelo menos um gênero viral, exceto no mês de abril. Altas taxas de detecção viral foram observadas em amostras de 
esgoto tratado (62,5%), sendo que o HAdV foi detectado em 80% dessas amostras de efluente positivas. Os resultados 
mostram que aprimoramentos no processo de tratamento e monitoramento do esgoto são necessários para reduzir a 
carga viral e bacteriológica no ambiente do Sul do Brasil. Ao conhecimento dos autores, este é o primeiro estudo de 
monitoramento de genomas virais em amostras de afluente e efluente de uma ETE localizada em Porto Alegre-Rio 
Grande do Sul, Brasil.

Palavras-chave: estação de tratamento de esgoto, efluente, análise microbiológica do esgoto, vírus entéricos, coliformes.
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1. Introduction

Most treated wastewater, as well as untreated sewage, 
flow into the environmental water bodies and harbors the 
potential to impact agricultural, recreational and drinking 
related water uses. Currently, bacterial indicators, such 
as total and fecal coliforms (Escherichia coli), are still 
commonly employed as the only bioindicator to verify 
the microbial quality of water (WHO, 2008), specially in 
South America. These pathogens are relatively easy and 
inexpensive to monitor; however, their absence does not 
exclude putative fecal contamination with different viruses 
excreted in feces from both ill and healthy individuals 
(Goyal et al., 1984; Jiang and Chu, 2004; Fong et al., 2005).

Human enteric viruses are causative agents of many 
non-bacterial gastrointestinal and respiratory tract infections, 
as well as other clinical syndromes, including conjunctivitis, 
hepatitis and other diseases with high morbidity and 
mortality in immunocompromised individuals such as 
aseptic meningitis, encephalitis, myocardits and acute 
flaccid paralysis (Kapikian et al., 2001; Pallansch and Roos, 
2001; Carter, 2005; Lenaerts et al., 2008; Okoh et al., 2010). 
These agents infect and replicate in the gastrointestinal 
tract of their hosts and are released in large quantities in 
the stools of infected individuals, about 105 to 1011 virus 
particles per gramme of stool (Bosch, 1998).

The majority of these viruses are non-enveloped, which 
makes them highly resistant in the water environment, as 
well as more resistant to decontamination processes used 
in both drinking and wastewater treatment (Rose et al., 
1991; Gerba et al., 2002; Sobsey and Meschke, 2003; 
Bosh et al., 2006; Bofill-Mas et al., 2006). Many studies 
have found that, despite the treatment applied, enteric 
viruses may persist in high levels in wastewaters (He 
and Jiang, 2005; Villar et al., 2007; Carducci et al., 2008; 
Fong et al., 2010; Kokkinos et al., 2010; La Rosa et al., 
2010a, b; Prado et al., 2011), proposing the use of a viral 
indicator of treated sewage contamination.

The most commonly studied species of enteric viruses 
are adenovirus (HAdV), enterovirus (EV), genogroup A 
rotaviruses (GARV), hepatitis A and E viruses and more 
recently, norovirus (Leclerc et al., 2002; Fong and Lipp, 
2005; Abdel-Moety et al., 2008; Gibson et al., 2011). 
Similarly to the enteric viruses, Torque teno virus (TTV), 
an emerging virus discovered from hepatitis patients and 
healthy persons as well, exhibits similar behaviour: it is 
relatively resistant to heat inactivation and also excreted 
by the fecal route. However, its role as a pathogenic agent 
remains unclear (Wilhelmi et al., 2003).

AdV are members of Adenoviridae family, which 
comprises non-enveloped viruses with linear double-
stranded DNA, with a diameter of 80-110 nm (ICTV, 
2006). Enteroviruses are positive-sense RNA viruses, 
22-30 nm in diameter (Rajtar et al., 2008), belonging to 
the Enterovirus genus of the Picornaviridae family, order 
Picornavirales (ICTV, 2009). Rotaviruses are members 
of the Reoviridae family, genus Rotavirus (ICTV, 2009), 
possessing a non-enveloped particle measuring 80 nm 

of diameter which contain a genome consisting of 11 
segments of double-stranded RNA (ICTV, 2006). TTV 
are non-enveloped viruses with a single-stranded circular 
(negative-sense) DNA genome, measuring 30-32 nm (ICTV, 
2006; Biagini, 2009). Currently, TTV is classified within 
the Anelloviridae family (ICTV, 2009).

The monitoring of sewage treatment plants (STPs) may 
prove a suitable approach for the study of circulating viruses 
and the persistence of such viruses in treated effluent. In 
Brazil, some studies have been carried out for this purpose 
(Villar et al., 2007; Barrella et al., 2009; Victoria et al., 
2010; Prado et al., 2011), nevertheless, to the knowledge 
of the authors, none of them was performed in the state 
of Rio Grande do Sul. Porto Alegre, the capital of the 
state (Figure 1), is covered by twelve STPs (Porto Alegre, 
2011). STP called São João/Navegantes receives urban 
sewage from eleven neighbourhoods of the north region 
of the city and assists approximately 150,000 inhabitants 
(Porto Alegre, 2011). This STP was installed by DMAE 
(Municipal Department of Water and Sewage) at the 
end of 2000 and has a nominal capacity of 444 litres per 
second (Porto Alegre, 2011). The sewage treatment is 
performed by a conventional activated sludge treatment 
process, and the treated effluents are discharged near the 
Gravataí river mouth. Thus, to enrich the existing data on 
the virological quality of the influents and effluents of STP 
in southern Brazil, and specially in the larger city of Rio 
Grande do Sul, an eight-month survey was conducted to 
examine the presence of HAdV, EV, GARV and TTV in 
treated effluent samples from São João/Navegantes STP.

2. Material and Methods

2.1. Water samples

Water samples (500 mL each) were collected aseptically 
in the sewage treatment plant (STP) called São João/
Navegantes, DMAE, Porto Alegre, Brazil. Influent and 

Figure 1. Location of the city of Porto Alegre.
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effluent sampling were carried out monthly from March 
to October, 2009. A total of 16 samples were collected, 
eight of influent (raw sewage, prior to treatment), and the 
other eight of the effluent (post-treatment sewage) taken 
directly from São João/Navegantes STP, in sterilised glass 
bottles previously acclimatised with the water system. 
The samples were transported to the laboratory under 
refrigeration (4°C), and were kept under these conditions 
until sample concentration.

2.2. Sample concentration

Putative viruses present in the samples were concentrated 
using an adsorption-elution method with negatively charged 
membranes (HA, Millipore, USA), as previously described 
by Katayama et al. (2002), with minor modifications. 
Briefly, 0.6 g of MgCl2.6H2O was mixed with 500 mL 
of each water sample and pH was adjusted to 5.0 using a 
solution of 10% HCl. Subsequently, the resulting mixture 
was vacuum filtered through a negatively sterile membrane 
(type HA, 0.45 µm pore size; 47 mm diameter). The 
membrane was rinsed with 87.5 mL of a 0.5 mM H2SO4 
(pH 3.0) followed by elution of viral particles adsorbed 
to the membrane with 2.5 mL of 1 mM NaOH (pH 10.5). 
The filtrate was then neutralised with 12.5 µL of 50 mM 
H2SO4 and 12.5 µL in 100X Tris-EDTA (TE) buffer. The 
resulting mixture was aliquoted and stored at –80 °C until 
further processing.

2.3. Viral nucleic acid extraction

The commercial kit RTP DNA/RNA Virus Mini Kit 
(Invitek, Berlin, Germany) was employed for extraction 
of viral nucleic acids (DNA, HAdV and TTV; RNA, EV 
and GARV), according to the manufacturer’s instructions. 
The viral DNA or RNA obtained was stored in a freezer 
at –80 °C for later processing.

2.4. Polymerase chain reaction

In order to achieve amplification of EV and GARV 
genomes, an additional step was carried out before 

amplification, i.e. cDNA synthesis, which was obtained 
with High Capacity cDNA Reverse Transcription commercial 
kit (Applied Biosciences, USA), with the aid of random 
primers, following the manufacturer’s instructions.

PCR conditions were optimised and reactions were 
standardised as follows: (a) HAdV and GARV: 50 µL 
reaction mixtures consisting 25 µL of GoTaq® Green Master 
Mix (Promega, USA), 18 µL of nuclease-free water, 1 µL 
of each primer (20 pM) and 5 µL of nucleic acid; (b) EV: 
25 µL final volume containing 12,5 µL of 2x PCR Master 
Mixtm (LGCbio, Brazil), 7.5 µL of nuclease-free water, 1 
µL of each primer (20 pM) and 3 µL of cDNA product; (c) 
TTV: final volume of 50 µL containing 25 µL of 2× PCR 
Master Mixtm (LGCbio, Brazil), 22.5 µL of nuclease-free 
water, 0.5 µL of each primer (20 pM) and 1.0 µL of extracted 
DNA. DNase/RNase free water was used as a negative 
control during all PCR assays. The positive controls used 
in amplifications were Poliovirus-1 (Sabin strain), kindly 
provided by Dr. Carlos Nozawa; HAdV types 2 and 5, 
kindly provided by Dr. Célia Barardi; Human-GARV (VP6 
I-2 Genotype), isolated from a clinical sample collected in 
the municipality of Porto Alegre, and a 100-fold diluted 
solution containing a TTSV (Torque Teno Sus Virus) 
cloned genome, provided by Dr. Paulo Michel Roehe. 
The sequences of the primers and their location in the 
virus genomes are given in Table 1 (Vecchia et al., 2012).

Amplification of the target genomic fragments was 
performed using a thermal cycler (MultiGene, Labnet 
International, USA). The PCR conditions were optimised 
for each virus group and were as follows: (a) HAdV: 98 °C 
for 7 minutes, 40 cycles of 94 °C for 1 minute, 55 °C for 
1 minute, 72 °C for 1 minute; (b) EV: 98 °C for 5 minutes, 
35 cycles of 94 °C for 1 minute, 56 °C for 1 minute, 72 °C 
for 1 minute; (c) GARV: 94 °C for 5 minutes, 40 cycles 
of 94 °C for 1 minute, 54 °C for 1 minute (which was 
decreased by 0.5 °C at each of the 39 subsequent cycles), 
72 °C for 1 minute; (d) TTV: 94 °C for 2 minutes, 40 cycles 
of 94 °C for 1 minute, 59 °C for 30 seconds, 72 °C for 
30 seconds. After cycles all reactions were left at 72 °C 
for 7 minutes for final elongation.

Table 1. Primers and conditions used for amplification of HAdV, EV, GARV and TTV in PCR (according to Vecchia et al., 
2012). 

Viruses
Target 
Gene

Primer
Position

Annealing 
temperature

Amplicon 
lengthName Sequence Polarity

AdV Hexon VTB2-HAdVCf 5’-GAGACGTACTTCAGCCTGAAT-3’ Sense 106-126A 55 °C 101 bp

VTB2-HAdVCr 5’-GATGAACCGCAGCGTCAA-3’ Reverse 190-207A

EV 5’UTR ENT-F1 5’-CCTCCGGCCCCTGAATG-3’ Sense 443-459B 56 °C 116 bp

ENT-R2 5’-ACACGGACACCCAAAGTAG-3’ Reverse 541-559C

GARV VP6 ROTAFEEVALE-FW 5’-GATGTCCTGTACTCCTTGT-3’ Sense 7-25D 54 °CF 160 bp

ROTAFEEVALE-REV 5’-GGTAGATTACCAATTCCTCC-3’ Reverse 148-167D

TTV ORF2 F1 5’-GGGAGCTCAAGTCCTCATTTG-3’ Sense 221-241E 59 °C 102 bp

F2 5’-GGGCCWGAAGTCCTCATTAG-3’ Sense 170-189E

Rev 5’-GCGGCATAAACTCAGCCATTC-3’ Reverse 252-272E

APrimers sequences reported by Wolf et al. (2010); BPrimers sequences reported by Tsai et al. (1993); CThis work, Genome 
position of primers based on GenBank accession number FJ859064; DThis work, Genome position of primers based on GenBank 
accession number HM348746; EThis work, Genome position of primers based on GenBank accession number FN687866; 
FInitial annealing temperature, which was decreased by 0.5 °C at each of the 39 subsequent cycles (Touchdown-PCR).
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To determine the analytical sensitivity of the assays, 
10-fold serial dilutions of each DNA/RNA standard were 
employed. EV-PCR has shown to detect a minimum of 0.316 
tissue culture infective doses (TCID50) of experimentally 
contaminated water, to HAdV-PCR the value was 0.562 
TCID50. On the specific case of GARV, the amount of 
DNA used for amplification was measured by comparison 
with Low Mass DNA ladder (Invitrogen, USA) and the 
detection limit determined as 200 ng per sample. To 
determine the TTV-PCR sensibility an additional step 
was required before serial dilution, i. e. plasmid cloning. 
The assay was able to detect a minimal 10 DNA plasmid 
copies diluted in 500 mL water samples.

After the reactions, PCR products were stained with 
nontoxic fluorescent dye Blue Green (LGCBio, Brazil), 
analysed by electrophoresis on 2% (w/v) agarose gel and 
visualised under ultraviolet (UV) light.

2.5. Coliform detection

Coliform detection and counting was performed through 
Colilert® commercial kit (Idexx Laboratories Inc., USA), 
according to the manufacturer’s instructions.

3. Results

Water samples were taken monthly from March to 
October 2009, in the STP São João/Navegantes. Eight 
samples of influent (raw sewage, prior to treatment) and 
eight samples of effluent (post-treatment sewage) were 
analysed by conventional PCR for the presence of HAdV, 
EV, GARV and TTV, and by Colilert® commercial kit 
(Idexx Laboratories Inc., USA) for coliform presence.

AdV was detected in two out of eight (25%) influent 
samples and four out of eight (50%) effluent samples. EV 
was not detected in influent samples and it was detected in 
three out of eight (37.5%) effluent samples. GARV was 
detected in two out of seven (28.6%) influent samples 
analysed and it was not detected in effluent samples. TTV 
was not detected in influent samples and it was detected 
in one out of eight (12.5%) effluent samples analysed. 
Results are summarised in Table 2. All sampling months 
presented detection of a least one group of virus, except for 

April. Higher virus detection rate was observed in treated 
sewage samples (62.5%), and in 80% of them (effluent 
positive samples) HAdV genomes were found.

All samples presented both total and fecal coliforms. For 
raw sewage samples, total coliforms yielded a population 
density from 9.9 × 106 to 4.4 × 107 most probable number 
(MPN)/100 mL, the density of fecal coliforms ranged from 
1.6 × 106 to 1.7 × 107 MPN/100 mL. For effluent samples, 
total coliform concentration ranged from 3.6 × 104 to 
6.1 × 105 MPN/100 mL, and fecal coliform concentration 
ranged from 2.9 × 103 to 6.1 × 104 MPN/100 mL. Results 
are summarised in Table 2.

4. Discussion

Microbial monitoring was performed monthly during 
eight months in a STP in Porto Alegre city, Brazil. The 
presence of total and fecal coliforms, as well as HAdV, 
EV, GARV and TTV was evaluated. A total of 16 samples 
were collected: eight of influent (raw sewage) and eight of 
effluent (treated sewage). In this study, the highest viral 
detection rate was observed in effluent samples (62.5%), 
different of Victoria et al. (2010), who found the highest 
viral detection rate (norovirus, not assayed in the present 
study) in influent samples of a STP in Rio de Janeiro (Brazil). 
The detection of highest rates for viral detection in treated 
sewage samples has been previously reported by other 
authors, such as Fong et al. (2010), He and Jiang (2005), 
which could be caused by the presence of a higher level 
of PCR inhibitory substances in raw sewage. However, 
the PCR inhibitor assays applied to all samples (including 
negative and positive samples) showed only one influent 
sample, in which the presence of PCR inhibitors could 
affect the result (data not shown).

The presence of at least one group of virus was 
detected in all sampling occasions, except for April, being 
HAdV the main virus group detected. The highest HAdV 
prevalence agrees with the findings of Myrmel et al. (2006), 
Carducci et al. (2008, 2009), Symonds et al. (2009) and 
La Rosa et al. (2010a), which suggest that HAdV could 
be a useful indicator of fecal contamination. According 

Table 2. Detection of HAdV, EV, GARV and TTV genomes, and coliform quantification, in influent and effluent samples 
collected from São João/Navegantes STP, Porto Alegre, Brazil.

Microbiological parameters

AdV EV GARV TTV
Total coliform counting 

(MPN/100 mL)
Fecal coliform counting 

(MPN/100 mL)
Collection 
Date

Mar./09 –/– –/+ NT/– –/– 4.2 × 107/6.1 × 105 1.7 × 107/1.2 × 105

Apr./09 –/– –/– –/– –/– 4.4 × 107/4.4 × 104 8.7 × 106/1.1 × 104

May/09 –/+ –/+ –/– –/– 1.3 × 107/1.1 × 105 3.1 × 106/1.8 × 104

June/09 –/+ –/+ –/NT –/– 2.0 × 107/5.2 × 105 6.5 × 106/5.8 × 104

July/09 +/– –/– –/– –/– 1.6 × 107/1.2 × 105 1.6 × 107/6.1 × 104

Aug./09 –/+ –/– +/– –/– 1.7 × 107/1.2 × 105 3.1 × 106/2.5 × 104

Sept./09 –/+ –/– –/– –/+ 9.9 × 106/3.6 × 104 1.6 × 106/2.5 × 104

Oct./09 +/– –/– +/– –/– 1.4 × 107/5.1 × 104 2.4 × 106/2.9 × 103

Results are showed as influent/effluent; + and –, detected and not detected, respectively; N/T, not tested.
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to these authors, the highest HAdV detection rate may be 
related to its high stability in the environment. Besides, 
adenoviruses are known for their high resistance to UV 
light when compared to other enteric viruses (Gerba et al., 
2002), a fact that must be considered for the application of 
UV disinfection technologies used in wastewater treatments.

Bofill-Mas et al. (2006) quantified and evaluated the 
stability of adenovirus and polyomavirus JCPyV in a 
wastewater treatment plant in Barcelona (Spain). Results 
showed high stability for both viruses in urban sewage, 
which were found in high quantities in sewage and effluent, 
as well as sludge and biosolid samples.

A similar study conducted by Kokkinos et al. (2010) 
evaluated the presence of EV, HAdV and hepatitis A virus 
(HAV) in influent and effluents samples from a primary 
treatment wastewater plant in Greece, in a period of 8 
months. Both EV and HAdV were detected in 40% (10/25) 
of raw sewage, which were simultaneously present in 15% 
of the samples. HAdV was more prevalent, as observed for 
treated sewage, being present on 44% (11/25) of effluent 
samples, while EV reached 12% (3/25). The prevalence of 
HAV was low, with no positive results for treated sewage/
effluent samples.

Dubois et al. (1997) has monitored influent and effluent 
samples in western France during one year for the presence 
of rotaviruses. The results showed 42% of positivity in 
raw sewage and 67% in treated effluent samples. In this 
study, HAdV (25%) and GARV (28.6%) were detected in 
influent, which were simultaneously present in 12.5% of 
the samples. In the present study, GARV was not detected 
in treated sewage.

The analysis of effluent samples revealed the presence 
of HAdV (50%), EV (37.5%), and TTV (12.5%), being 
detected simultaneously HAdV and EV in 25% of the 
assayed samples and HAdV and TTV, in 12.5%. The HAdV 
and EV rates in treated sewage samples were higher than 
those found by Kokkinos et al. (2010) in Greece, but lower 
than those found by La Rosa et al. (2010a) in Italy, who 
detected HAdV in 96% of influent samples and in 76% 
of effluent samples, and EV in 96% and 84% in influents 
and effluents, respectively.

The evaluation of TTV presence on STP influents 
and effluents was performed by Vaidya et al. (2002) in 
India, and Haramoto et al. (2005) in Japan. The first study 
detected TTV in 14.5% of raw sewage samples and 2% of 
these remained positive after treatment. In Japan, however, 
TTV detection rates were higher (Haramoto et al., 2005). 
The authors found TTV in 97%, 18% and 24% of influent, 
secondary effluent samples (before chlorination) and final 
effluent samples (after chlorination), respectively.

The evaluation of HAdV, EV, GARV, TTV and HAV 
presence was also performed by Carducci et al. (2009) in 
Italy. The authors detected HAdV in 100% of the samples 
collected at both raw and treated sewage, TTV in 72% 
and 62% of raw and treated sewage samples and GARV 
in 100% and 33% of tested influent and effluent samples, 
respectively. These viral detection rates were higher than 

those observed in the present study. EV and HAV were 
not found in assayed samples by Carducci et al. (2009).

The low rates for detection of GARV genomes may 
be associated to the methodology used for concentration 
of the samples, since other methods were used in the 
past for this purpose (Berthiaume et al., 1981; Smith and 
Gerba, 1982). Nevertheless, a number of recent reports 
described the use of adsorption-elution protocol for the 
detection of GARV in water and sewage samples (Li et al., 
2011; Rigotto et al., 2010), although low percentages of 
rotavirus genomes were reported.

Another possible pitfall of the present analysis may 
be associated to the volume of the samples collected, 
since many studies used more than 500 mL; other studies 
reported the detection of viral genomes on samples with 
smaller volumes of crude water or sludge (Symonds et al., 
2009; Schvoerer et al., 2001); however, this might be a 
limitation for some types of water samples.

To the knowledge of the authors, this is the first study 
showing the monitoring of viral genomes in influent and 
effluent samples from a STP in Porto Alegre, which is 
by far the largest city in the southernmost state of Brazil 
(Rio Grande do Sul). These results confirm the frequent 
occurrence of enteric viral genomes in sewage effluents, 
suggesting that treated sewage may represent a source 
of environmental contamination which may potentially 
harbor enteric viruses. Despite of the lack of information 
on virus infectivity necessary for the evaluation of an 
effective viral deterioration of the process, the levels 
of viral contamination observed in the effluent should 
induce precautions for its discharge. The high prevalence 
of adenoviruses found in effluent samples in the present 
study and also reported by other authors suggests that 
HAdV could be a useful indicator of fecal contamination 
in sewage treatment plants.

As mentioned before, the results of the present study 
should be viewed with caution specially for the presence 
of GARV and TTV, with respect to: i) the initial volume 
used for the viral concentration, since there are studies that 
use more than 500 mL and viruses may have been diluted 
when discharged into water bodies; ii) the methodology 
used for the concentration of GARV, as there are studies 
(Berthiaume et al., 1981; Smith and Gerba, 1982) which 
show that the use of positively charged membranes are 
more efficient for GARV recovery from water samples 
and iii) the limited analytical sensibility of conventional 
PCR when compared to Real-Time PCR. Taking this into 
consideration, the low number of samples positive for 
GARV may have due to the adsorption-elution protocol 
used for viral concentration, as well as the volume used in 
this process. For further studies, testing other concentration 
protocols should be required in order to evaluate the 
methodology that better fits this type of analysis. Another 
goal for further studies is the quantification of viral 
genomes using quantitative real-time PCRs, aiming to 
evaluate the efficiency of virus removal obtained during 
the treatment using activated sludge and other systems 
commonly used in Brazil.
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