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and José Paulo G. Leite1*
Laboratory of Comparative Virology, Oswaldo Cruz Institute, Rio de Janeiro,1 and Biodiversity in Health, Leônidas and
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To assess the presence of the four main viruses responsible for human acute gastroenteritis in a hydro-
graphic network impacted by a disordered urbanization process, a 1-year study was performed involving water
sample collection from streams in the hydrographic basin surrounding the city of Manaus, Amazonas, Brazil.
Thirteen surface water sample collection sites, including different areas of human settlement characterized as
urban, rural, and primary forest, located in the Tarumã-Açu, São Raimundo, Educandos, and Puraquequara
microbasins, were defined with a global positioning system. At least one virus was detected in 59.6% (31/52) of
the water samples analyzed, and rotavirus was the most frequent (44.2%), followed by human adenovirus
(30.8%), human astrovirus (15.4%), and norovirus (5.8%). The viral contamination observed mainly in the
urban streams reflected the presence of a local high-density population and indicated the gastroenteritis
burden from pathogenic viruses in the water, principally due to recreational activities such as bathing. The
presence of viral genomes in areas where fecal contamination was not demonstrated by bacterial indicators
suggests prolonged virus persistence in aquatic environments and emphasizes the enteric virus group as the
most reliable for environmental monitoring.

Although water is recognized as the most precious natural
resource on our planet, human activities disregard this fact by
continually polluting freshwater bodies. Increasing worldwide
awareness of the poor quality of potable water has occurred
mainly due to the significant increase in human morbidity and
mortality. More than 2.2 million people die every year from
diseases associated with poor quality water and sanitary con-
ditions, mostly in developing countries. The presence of patho-
genic enteric microorganisms in aquatic environments reveals
how human health can be affected by contamination from
sewage discharge into surface waters. It is estimated that nearly
a quarter of all hospital beds in the world are occupied by
patients presenting complications arising from infections
caused by enteric microorganisms (53, 56).

Water sanitary quality is usually determined by the concen-
tration of fecal indicator bacteria and occasionally by bacterio-
phages (8, 17). However, numerous investigations have shown
that achieving minimum fecal coliform standards does not pre-
dict viral contamination (8, 47). Enteric viruses are highly
stable in the environment, maintaining their infectivity even
after exposure to treatment processes, and are often the most
diluted pathogens in water, thus requiring concentration meth-
ods for their detection (2, 8, 42, 53).

After replication in the gastrointestinal tract, human enteric
pathogenic viruses are excreted in high concentrations in the

feces (105 to 1011/g feces) and can enter the environment
through the discharge of waste materials from symptomatic or
asymptomatic carriers and therefore may be dispersed in en-
vironmental waters (2). Difficulties in obtaining viruses from
environmental samples have been overcome through the asso-
ciation of virus concentration methods with the use of molec-
ular techniques, such as PCR, which provide rapid, sensitive,
and specific detection (2, 15, 16, 32, 35, 46, 48, 54).

Although the presence of viruses in water is underestimated,
mainly due to the difficulties associated with the detection of
such agents in different matrices, enteric viruses have been
implicated in waterborne outbreaks in different countries every
year (2, 36, 38, 53). Among these, rotaviruses (RV), norovi-
ruses (NoV), human astroviruses (HAstV), and human adeno-
viruses (HAdV) are recognized as the most important etiologic
agents of acute gastroenteritis and have been considered for
environmental monitoring (11, 29, 55).

Diarrhea, a water-related disease, is a global public health
problem and is ranked third among the causes of death affect-
ing children under 5 years old, accounting for 17% of all
deaths. It is estimated that 1.5 billion episodes occur each year,
mostly in developing countries. It is recognized that a signifi-
cant proportion of diarrhea cases caused by waterborne trans-
mission in such countries is related to water quality. Levels of
diarrhea disease differ between communities due to socioeco-
nomic factors such as water availability and hygienic behavior
(9, 45).

Despite a significant decrease in diarrhea-related mortality
in developed and some developing countries, such as Brazil,
diarrhea is still an important cause of morbidity in these coun-

* Corresponding author. Mailing address: Laboratório de Virologia
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tries (37). In the Northern region of Brazil, the city of Manaus
reported an increase of 90.5% in the number of diarrhea cases
between 1998 and 2000, from 8,878 cases to 16,914 (4).

The goal of this study was to assess viral contamination by
the four main viruses responsible for acute gastroenteritis (RV,
HAdV, HAstV, and NoV) in the hydrographic network that
surrounds Manaus. Investigation and determination of the vi-
ruses that are dumped into streams from domestic sewage
without prior treatment, as occurs in Manaus, could reveal how
rapid population growth associated with a disordered urban-
ization process represents a threat to human health caused by
the increased risk of disease transmission.

MATERIALS AND METHODS

Study area. The city of Manaus (3°S, 60°W) is the capital of Amazonas, which
is the largest Brazilian state located in the northern region of the country. The
city has an area of 11,458.5 km2, corresponding to 0.73% of the territory of the
State of Amazonas (1,577,820.2 km2). The city of 1,403,796 inhabitants is located
900 miles (1,450 km) inland from the Atlantic coast, in the heart of the Amazon
rain forest. It is surrounded by a dense hydrographic network composed by the
Tarumã-Açu basin, which is partially situated within the urban area; the
Puraquequara basin, which is located in the forest area; and the São Raimundo
and Educandos microbasins of the Negro River basin, within the urban area of
Manaus.

Thirteen precisely positioned sites located in these different basins were de-
fined with a global positioning system (TREX Legend; Garmin Ltd., Olathe,
KS). These sites were chosen for water sample collection and were positioned in
different areas of human settlement; three control sites were represented by
streams located in primary forest with intact vegetation and free of domestic
sewage (sites 11 to 13); two sites were located at decamped areas, where the
streams are also not affected by domestic sewage (sites 9 and 10); and eight sites
were situated in regions of variable human settlement (sites 1 to 8). The São
Raimundo and Educandos basins are characterized as urban areas with the
presence of squatter slums without basic services such as sewage and a water
supply. Some urban streams present different levels of water degradation pro-
cesses, caused mainly by the complete or partial removal of riparian vegetation
and by pollution from domestic sewage that is dumped into these streams
without prior treatment (18).

Sampling schedule. The 1-year environmental surveillance was based on four
sample collections at each site, conducted between August 2004 and June 2005,
according to the annual fluctuation level of the Negro River, which usually shows
a peak flood in June during the wet season. A total of 52 samples were obtained
from collections performed in August (beginning of the dry season) and Novem-
ber (dry season), 2004, and in February (beginning of the wet season) and June
(wet season), 2005.

Three-liter samples of surface water were collected in sterile bottles and
transferred to the laboratory, where they were immediately stored at 4°C for viral
and bacteria investigations, while the physicochemical parameters were mea-
sured in locum.

Physicochemical parameters. Temperature (°C), conductivity (�S), dissolved
oxygen (DO; mg/liter), and pH were measured at the moment of collection with
a YSI model 85 handheld salinity, conductivity, DO, and temperature system
(YSI, Incorporated, Yellow Springs, OH) and a portable potentiometer (pH
tester 2, waterproof, double junction).

Bacteriology. Standard multiple-tube fermentation and the membrane filtra-
tion technique for determining total and fecal coliforms were performed accord-
ing to previously described protocols (17).

Virus concentration. The viral particles present in the samples were concen-
trated by the adsorption-elution method, with negatively charged membranes
with the insertion of an acid rinse step for the removal of cations, as described
previously (35). Briefly, the samples were prefiltered through an AP20 mem-
brane (Millipore), and prior to process filtration, 1.2 g of MgCl2 was added to 2
liters of water and the pH was adjusted to 5. The samples were filtered in a type
HA negatively charged membrane (Millipore) with a 0.45-�m pore size with a
vacuum pump system. The membrane was rinsed with 350 ml of 0.5 mM H2SO4

(pH 3.0), after which 15 ml of 1 mM NaOH (pH 10.8) was used to release the
virus from the membrane. To neutralize the solution, 50 �l of 50 mM H2SO4 and
100� TE buffer (pH 8.0) was added. The eluate was filtered by using a Cen-
triprep Concentrator 50 (Millipore) and centrifuged at 1,500 � g for 10 min at

4°C to obtain a final volume of 2 ml. The system was soaked briefly in a 10%
bleach solution and rinsed in deionized H2O prior to each use.

RNA and DNA extraction. Nucleic acid extraction was processed with the
QIAamp viral RNA and QIAamp viral DNA kits (Qiagen, Inc., Valencia, CA)
according to the manufacturer’s instructions.

Reverse transcription (RT) reaction. cDNA synthesis was carried out by RT
with a random primer (PdN6; 50 A260 units; Amersham Biosciences, Chalfont St
Giles, Buckinghamshire, United Kingdom) for three groups of enteric viruses,
i.e., RV, HAstV, and NoV. Briefly, 2 �l of dimethyl sulfoxide (Sigma, St. Louis,
MO) and 10 �l of RNA were mixed, heated at 97°C for 7 min, and chilled on ice
for 2 min. The components of the mixture and their final concentrations for a
50-�l RT reaction were as follows: 2.5 mM each deoxynucleoside triphosphate
(GIBCO BRL, Life Technologies, Inc., Grand Island, NY), 1.5 mM MgCl2, 200
U of Superscript II reverse transcriptase (Invitrogen), and 1 �l of PdN6. The RT
reaction mixture was incubated in a thermal cycler (PTC-100 Programmable
Thermal Controller; MJ Research, Inc., Watertown, MA) at 42°C for 60 min and
95°C for 10 min.

Primers and PCR protocols for virus detection. Primer characteristics and
references for the amplification conditions of different PCR and nested PCR
protocols used for nucleic acid detection of RV, NoV, HAstV, and HAdV were
all described previously (3, 20, 24, 28, 43). To avoid false-positive results, quality
control measures were followed as recommended and for each set of amplifica-
tions, negative and positive control samples were included. All methodologies
were standardized with reference strains of each virus, and for the present study,
previously characterized virus strains obtained from fecal samples were used as
positive controls. The PCR products were resolved on 1.0% electrophoresis
grade agarose gel (GIBCO BRL, Life Technologies, Inc., Grand Island, NY),
followed by ethidium bromide staining (0.5 �g/ml), and images were obtained
with the image capture system (BioImaging Systems) with the Labworks 4.0
software program.

Molecular characterization of RVs. Molecular characterization of RV was
performed with specific primers routinely used for the binary classification of
group A RV into G (VP7) and P (VP4) types, where G stands for glycoprotein
and P stands for protease-sensitive protein. All procedures were performed with
previously described primers and amplification conditions (20, 28).

Nucleotide sequencing of HAstVs, NoVs, and HAdVs. The amplicons of
HAstV and NoV and the first round of HAdV (primers hex1deg and hex2deg)
obtained in the PCR were sequenced to confirm the correct PCR products. The
amplicons were purified with the QIAquick gel extraction kit (Qiagen) according
to the manufacturer’s instructions and quantified by 1% agarose gel electro-
phoresis with the Low DNA Mass Ladder (Invitrogen) as a molecular pattern.
The PCR amplicons were sequenced with an ABI Prism 3100 genetic analyzer
and Big Dye Terminator cycle sequencing kit v. 3.1 (PE Applied Biosystems,
Foster City, CA) in both directions, with the same primers used in the amplifi-
cation reactions. CentriSep columns (Princeton Separations, Inc., Adelphia, NJ)
were used to purify the sequencing reaction products, according to the manu-
facturer’s recommendations.

Strain characterization and phylogenetic analysis. Nucleotide sequences were
edited and aligned with the BioEdit sequence alignment editor (http://www.mbio
.ncsu.edu/BioEdit/bioedit.html). The sequences were compared with their re-
spective prototypes and to other sequences available in the GenBank database
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?DB�pubmed). Rooted phy-
logenetic trees were constructed with the MEGA 2 software (http://www
.megasoftware.net/) by the neighbor-joining method, with genetic distance cor-
rected by the Kimura two-parameter model with 1,000 pseudoreplicas.

Statistical analysis. Statistical results were produced by the software Epi Info,
version 3.3, from the Centers for Disease Control and Prevention (http://www
.cdc.gov/epiinfo/).

Nucleotide sequence accession numbers. The GenBank accession numbers for
the sequences obtained in this study are DQ464891 to DQ464895 (HAdV),
EF100670 (HAstV), and EF107526 (NoV).

RESULTS

Fifty-two river water concentrates were analyzed by PCR
assay during this study, and at least one virus was detected in
31 (59.6%) of these. The number of viruses detected in water
samples from different sites was variable (Table 1), totaling 50
virus strains, with RV (23 to 44.2%) verified as the most prev-
alent detected, followed by HAdV (16 to 30.8%), HAstV (8 to
15.4%), and NoV (3 to 5.8%). The different distributions of

376 MIAGOSTOVICH ET AL. APPL. ENVIRON. MICROBIOL.



these viruses according to the collection area revealed that RV,
HAstV, and HAdV were detected at sites located in the pri-
mary forest and rural areas (Table 2). The urban streams
located at the Educandos (sites 7 and 8) and São Raimundo
(sites 3 to 6) basins presented a high level of viral contamina-
tion, as revealed by the percentages of virus detection per site
of 100.0% (8/8) and 81.3% (13/16), respectively. In these ba-
sins, all four groups of viruses investigated were detected, with
HAdV and RV being the most frequent viruses present in the
Educandos basin. Site 4, located in São Raimundo, presented
the highest number of viral types detected and the highest
variability of virus strains belonging to the four groups tested.
This site is an urban stream presenting intact vegetation; how-
ever, it routinely receives contamination from sewage dis-
charge originating from the surrounding houses.

The microbiological analysis results showed that the total
and fecal coliform values in the samples exceeded those estab-
lished by the standard methods used for the examination of
water and wastewater guideline for recreational water (most-
probable numbers [MPN], 5,000 and 1,000/100 ml) by 67.3%
(35/52) and 73.1% (38/52), respectively. Sites that were positive
for the presence of fecal coliforms included 6 of the 20 sites
located in primary forest and rural areas, 4 out of 8 in the
Tarumã-Açu microbasin, and all 14 sites located in the São

Raimundo and Educandos microbasins. Only two sites (site 1,
the Tarumã-Açu estuary, and site 12, the Ducke Forest Re-
serve) were negative for fecal contamination in the four water
samples obtained during this study. However viruses were de-
tected in the strains obtained from the estuary (Fig. 1). The
Tarumã-Açu estuary (site 1) is perpendicular to the Negro
River and has a few floating houses. The water is clear, besides
being naturally dark and regularly used for recreational
bathing.

The frequency of sites where the presence of fecal coliforms
exceeded an MPN of 1,000/ml and where virus detection was
positive characterized significant microbiological contamina-
tion in the urban water streams and revealed that HAdV is the
most significant marker of human presence (Table 2). Enteric
virus detection in samples positive and negative for fecal coli-
forms was 63.2% (24/38) and 50.0% (7/14), respectively (P �
0.29), showing no correlation between these findings.

Global analysis for the presence of viruses and fecal coli-
forms by using recreational water parameters (MPN, 1,000/ml)
according to the collection period demonstrated a slight in-
crease in the number of strains detected during wet-season
rainfall, although the number of positive sites for virus detec-
tion remained almost unaltered (data not shown).

The median values for the physicochemical parameters, in-
cluding temperature, pH, DO, and conductivity, obtained at
each site during the four sample collections are shown in Fig.
2. Observation revealed that the pH, DO, and conductivity
generally followed two different patterns, characterizing the
two distinct areas studied, i.e., areas with zero or minimal
human settlement and areas where human activity clearly af-
fected the local natural conditions. The former areas were
characterized by acidic water presenting low electrical conduc-
tivity and high DO content. The urban areas (São Raimundo
and Educandos) presented higher pH and conductivity values
and low DO contents. The temperature of the water samples
was the most stable parameter, ranging from 24.5°C to 30.6°C
and from 24.0°C to 32.8°C in the respective areas.

TABLE 1. Sample collection site characteristics and virus groups detected in 52 surface water samples obtained during four collection periods

Human settlement level/
area type Basin Site no./stream

Virus(es) collected

August 2004 November 2004 February 2005 June 2005

Low/rural Tarumã-Açú 1/estuary HAstV HAstV, RV RV
2/medium RV RV

High/urban São Raimundo 3/estuary HAdV, RV RV RV HAdV, HAstV, RV
4/medium HAstV, AdV HAdV, HAstV,

NoV
HAdV, HAstV,

RV, NoV
HAdV, HAstV, RV

5/medium HAdV, RV HAdV, HAstV, RV HAdV
6/medium RV RV

High/urban Educandos 7/estuary HAdV HAdV NoV, RV HAdV, RV
8/medium HAdV, RV HAdV HAdV, RV RV

Low/rural Puraquequara 9/decamped in
2001

RV

Tarumã-Açú 10/decamped in
2002

Very low/primary forest Puraquequara 11/Mainã Grande RV
Tarumã-Açú 12/Reserva Ducke RV RV

13/Reserva Ducke HAdV

TABLE 2. Frequencies of the viruses investigated and fecal
coliforms detected in the areas studied

Pathogen

No. (%) found in:
Chi

square P valueUrban area
(n � 24)

Rural and forest
areas (n � 28)

Any enteric virus 21 (87.5) 10 (35.7) 14.4 �0.001
RV 15 (62.5) 8 (28.6) 6.0 0.014
NoV 3 (12.5) 3.7 0.09
HAstV 6 (25.0) 2 (7.1) 3.2 0.08
HAdV 15 (62.5) 1 (3.6) 21.1 �0.001
Fecal coliforms 24 (100.0) 14 (50.0) 16.4 �0.001
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Molecular characterization. Genotyping of VP4 of group A
RV demonstrated that 13 samples were P[8], 1 was a coinfec-
tion of P[8] and P[4], and 1 was untypeable. Regarding VP7, 10
samples were characterized as G1 and 1 was untypeable. Only
three samples were characterized for both VP4 and VP7 genes,
and all of these were P[8],G1. Most of the positive samples
were obtained from polluted streams; however, three were
collected in rural and forest areas.

For HAdV, HAstV, and NoV genotyping, phylogenetic
analysis was performed by comparing the nucleotide sequences
obtained with their respective genotypes and with other strains
available in the GenBank database representing different
countries worldwide. For HAstV, the sequence analysis was
performed based on a region of 348 nucleotides in open read-
ing frame 2 of the HAstV genome, which clustered this strain
with the HAstV Oxford type 1 prototype (nucleotide identity
of 97.4%). Phylogenetic analysis performed to correlate the
HAstV sequence with other isolates from different countries
worldwide revealed a cluster including strains from Argentina,
Colombia, and Brazil. Among the Brazilian strains, the envi-

ronmental sequence displayed identities varying from 90.2% to
98.9%.

Partial sequencing of one strain was performed with region
B primers to determine the NoV genogroups. Phylogenetic
analysis revealed that this strain clustered within GII; however,
we were unable to determine its genotype with this set of
primers. Molecular characterization of HAdV was performed
by sequencing 5 out of 16 detected strains. The sequence anal-
ysis corresponded to the 253 nucleotides between positions 47
and 299 within the hexon gene. The data generated were com-
pared with the GenBank database and used to construct a
phylogenetic tree, which, according to the nucleotide sequence
identities (data not shown), showed that all of the strains be-
longed to species F; two of them were HAdV-40, and three
were HAdV-41.

DISCUSSION

According to the Brazilian Institute of Geography and Sta-
tistics, Brazil has surface water resources of 168,870 m3/s, rep-

FIG. 1. Microbiological results obtained with water samples collected at 13 sites from streams of the Amazon hydrographic network according
to the collection period.
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resenting 50% and 11% of all the water available in Latin
America and in the world, respectively. Seventy percent of
Brazilian freshwater resources are located in the northern re-
gion of the country, in the Amazon hydrographic basin, where
only 7% of the Brazilian population lives. Although this is a
favorable situation, water quality is declining in most regions of
the country, mainly due to rapid population growth without
corresponding planning control. Similar to other Brazilian cit-
ies, Manaus has undergone rapid population growth in the last
3 decades, exhibiting growth from 300,000 inhabitants in the
1970s to 1,403,796 in the year 2000. Today, the urban popula-
tion represents 99.4% of the total population (4, 39). This
increase is the result of a large population influx to the city due
to federal government policies that provide incentives for man-
ufacturing activities initiated during the 1960s (12).

Urban development along the streams has led to a loss of
biodiversity and to a decrease in water quality in these ecosys-
tems, due to a series of adverse effects on these water bodies,
including the discharge of untreated sewage directly into
streams (12, 18, 41). The presence of the four main viruses
responsible for acute gastroenteritis observed in the water of
urban streams provides evidence that these viruses circulate at
relatively high frequencies among the population of Manaus,
while also reflecting the effects of increased population densi-
ties and anthropogenic activities on freshwater resources. In
addition, this information could provide an assessment of the
risk of human disease associated with sewage disposal into the
streams of Manaus. These findings indicate the gastroenteritis
burden of pathogenic viruses present in the water, due to the
use of river water for drinking or due to other routes of trans-
mission, such as poor hygiene, lack of sanitation, or even con-
tamination due to recreational activities such as bathing in
these areas. Studies showing viral diarrheal illness due to
waterborne transmission related to poor water quality have

been documented, including the ingestion of contaminated
water during body contact recreation (22, 26, 31, 38, 52). In
addition, the detection and characterization of HAdV, RV,
HAstV, and NoV in environmental water samples may provide
potentially useful data for epidemiological studies. The diver-
sity of viruses detected in the water was variable and depends
on factors like population density and infection prevalence
within a given community, such that the amount of viruses
dumped directly into river water in untreated discharge could
explain the prevalence and distribution of such viruses.

In the present study, RV was the most prevalent virus de-
tected, with P[8],G1 the only genotype characterized by a semi-
nested, typing-specific PCR, a reflection within the environ-
ment concerning the impact of these viruses on the population.
RV has been described as the most important virus in cases of
acute gastroenteritis, since it is responsible for a third of these
cases and RV P[8],G1 has been described as the most common
genotype circulating worldwide (44, 49). In a study performed
in Germany (47), RV RNA was detected and confirmed in 3 to
24% of the effluent and surface water samples tested.

The high percentage of RV detection in the present samples
indicates that this virus should be considered for use as a
potential indicator of fecal environmental contamination in
developing countries, where their circulation in the environ-
ment appears to be higher than HAdVs, which are already
considered a molecular index of human virus presence in the
environment (7, 13, 46). Recently, an epidemiological surveil-
lance of human enteric viruses of different environmental ma-
trices detected the same viral strain in feces of gastroenteritis
cases and in water and suggested both RV and HAdV as
reference viruses for risk assessment (11). The stability of RV
in environmental waters has been previously described, and its
resistance to physiochemical treatment processes used by sew-
age treatment plants may facilitate its transmission (5).

FIG. 2. Means of the physicochemical data obtained from the 52 surface water samples collected during the study period according to the
collection sites.
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Single-stranded RNA (ssRNA) virus detection rates were
lower, especially for NoV. We believed that the protocol used
could affect this result, and it is probable that the percentage of
NoV detected would have been higher if a nested (or semin-
ested) PCR assay had been used. The high sensitivity of the
nested PCR has been described and for RV could detect dou-
ble-stranded RNA from as few as 10 to 100 particles (28).
Despite the low levels of NoV detected, the emergence of
these viruses resulting in outbreaks of gastroenteritis is notable
(6, 10, 33). To date, no reliable data regarding the frequency of
NoV in Manaus are available and therefore the impact of these
infections could not be measured. HAstVs have been recog-
nized as important etiologic agents of viral gastroenteritis, con-
tributing to 2 to 26% of the gastroenteritis cases in developing
countries (19, 29, 55). The current rate of HAstV detection in
this study is within the 6 to 50% range of surface water, as
previously described (15, 29, 47).

The present results, based on direct molecular detection of
viruses in river water, were confirmed by direct sequencing of
PCR amplicons of one HAstV strain, one NoV strain, and six
HAdV strains to ensure detection specificity. Nucleotide se-
quence analysis revealed the presence of HAstV-1 and NoV
genogroup II strains, confirming the wide distribution of these
viruses, as previously described (10, 14, 23, 25, 27, 33, 51). The
fact that the HAdV detected belongs to species F, serotypes 40
and 41, was also verified. The different types of HAdV de-
tected confirm that the quality control measures adopted
throughout these procedures were sufficient to ensure these
results. In addition, a study of hepatitis A virus (HAV) carried
out with the same samples (21) corroborated these results.

The present study also evaluated the potential of the virus
concentration method by negatively charged membrane filtra-
tion associated with different PCR protocols routinely used for
stool samples. The detection of ssRNA, double-stranded
RNA, and DNA viruses revealed that the association of the
methods described here is a feasible approach for detecting the
main waterborne enteric viruses responsible for gastroenteritis
in environmental water samples collected from different grades
of pollution. The lower virus detection rate in polluted water
samples during the dry season could be explained by the con-
centration of inhibitors throughout this period. It has been
demonstrated that the presence of organic compounds such as
humic, fulvic, and tannic acids, proteins, and inorganic com-
pounds such as metals present in the environment is a major
obstacle to the routine detection of enteric viruses from envi-
ronmental waters by PCR (1, 32, 50). In this study, 21 water
samples were negative for the presence of HAdV, HAstV,
NoV, and RV; however, considering that Torque teno virus
and HAV were also investigated in the same water samples
(results published elsewhere; 21; L. Diniz-Mendes, unpub-
lished data), the number of water samples negative for all
viruses was reduced to 11. Unfortunately, the presence of com-
pounds that could inhibit RT-PCR/PCR was not evaluated.
Previously, this method showed average recovery yields of
spiked poliovirus of 62% from 1 liter of artificial seawater (35).

Recently, environmental virological studies have emerged
worldwide and procedures for concentrating virus in water
samples associated with different detection methodologies
have been described (13, 30, 40, 48). In this study, we at-
tempted to gain an initial insight into NoV, HAstV, RV, and

HAdV occurrence within surface water samples of the Ama-
zon basin. Thus, the PCR approach was useful as an alternative
to overcome the limitations of conventional techniques, such
as cell culture, since NoV cannot be grown in cell culture and
RV, HAstV, HAdV-40, and HAdV-41 are fastidious agents (8,
15, 34). In fact, the characteristics of these viruses were deter-
mining factors when selecting the association of a membrane
negative charged method with certain PCR methods, since
conventional virus concentration procedures that use positive
membrane and beef extract as an eluate are known to present
certain inhibitory effects on PCR detection for viruses (1,
15, 46).

Although the method used for detecting enteric viruses can-
not distinguish between infectious and noninfectious virions,
the detection of an ssRNA genome in the environment sug-
gests the presence of an infective virus since this molecule is
not very stable under environmental conditions (40). Further
studies concerning virus viability in these water samples should
be performed by cell culture or cell culture associated with
PCR, as previously described (15, 47).

The presence of viral genomes in areas showing low levels of
fecal contamination by bacterial indicators suggests the pro-
longed persistence of these viruses in the environment and
indicates that the enteric virus group is more reliable for en-
vironmental monitoring than bacterial indicators. It has been
recognized that these viruses are more stable than bacteria in
water and sewage, constituting not only a potential hazard but
also good indicators of fecal pollution, as well as the potential
presence of other viruses (8).

The anthropogenic influence on streams within the urban
area of the municipality of Manaus was also notable due to the
high quantities of total and fecal coliforms present in the water
samples and the physicochemical analyses that corroborated
previous findings, characterizing the São Raimundo and Edu-
candos microbasins with an increased pH, high conductivity,
and a low DO content (41). Monitoring of these streams re-
vealed that viral contamination could be derived from infected
residents of the São Raimundo and Educandos microbasins
and reinforces the need to make improvements in water sup-
ply, sewage disposal, garbage collection, and urban drainage
services, as suggested in previous reports (12, 41). The flooding
events that occur annually in these areas may increase the
number of waterborne disease exposure scenarios (4). Addi-
tionally, a previous study performed in the city of Manaus by
using macroinvertebrates as bioindicators demonstrated that
80% of the streams within the urban area are impacted, such
that their abiotic characteristics have been modified by defor-
estation and water pollution (18).

In Brazil, a lack of studies regarding viral contamination
monitoring in surface water exists, and to the best of our
knowledge, no investigation to date has evaluated the presence
of viruses in river water of the hydrographic basin of Amazo-
nas. Data concerning HAV obtained in the same study were
published elsewhere (21). The viral contamination detected in
this study provides a better assessment of human disease risk
associated with sewage disposal into river water, increases our
knowledge regarding this subject, and assists in the develop-
ment of more efficient public health actions. The possibility of
detecting human enteric viruses in a given water source will
facilitate the provision of appropriate advice to public and
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responsible authorities regarding the use and treatment of
water. Continuous viral contamination monitoring is useful for
preventing waterborne disease outbreaks and for understand-
ing the impact caused by human occupation and the use of
territories that contain freshwater resources.
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