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In Argentina, the rotavirus disease exhibits seasonal variations, being most prevalent in the fall and
winter months. To deepen the understanding of rotavirus seasonality in our community, the influence of
meteorological factors on the rotavirus load and the genetic diversity in urban raw sewage from Córdoba
city, Argentina were evaluated. Wastewater samples were collected monthly during a three-year study
period and viral particles were concentrated by polyethylene glycol precipitation. RT-nested PCR was
applied for rotavirus detection, and VP7/VP4 characterization and real-time PCR for rotavirus quantifi-
cation. Both molecular techniques showed relatively similar sensitivity rates and revealed rotavirus
presence in urban wastewater in cold and warm seasons, indicating its circulation in the local com-
munity all year round. However, a slight trend for rotavirus circulation was noted by real-time PCR in the
fall and winter seasons, showing a significantly higher peak of rotavirus concentration at mean tem-
peratures lower than 18 °C and also higher, although not statistically different during drier weather. VP7
and VP4 gene characterization showed that G1 and P[8] genotypes were dominant, and temporal var-
iations in genotype distribution were not observed. Rotavirus spread is complex and our results point out
that weather factors alone cannot explain the seasonal quantitative pattern of the rotavirus disease.
Therefore, alternative transmission routes, changes in human behavior and susceptibility, and the sta-
bility and survivability of the virus might all together contribute to the seasonality of rotavirus. The
results obtained here provide evidence regarding the dynamics of rotavirus circulation and maintenance
in Argentina.

& 2015 Elsevier Inc. All rights reserved.
1. Introduction

Rotavirus infections occur repeatedly in humans from birth to
old age. Infections in infants and young children can result in se-
vere diarrhea leading to dehydration, hospitalization and in some
cases death, more commonly in primary infection. The outcome of
rotavirus infection is more serious in developing countries where
an estimated 527,000 (475,000–580,000) rotavirus-associated
deaths occur annually (Parashar et al., 2009). Based on national
data for Argentina, rotavirus causes marked winter seasonal peaks
of gastroenteritis, when up to half of the hospitalized children
with diarrhea are found positive for rotavirus. This data shows that
the rotavirus disease burden in Argentine children is extensive and
. Barril).
seasonal (Bok et al., 2001).
The rotavirus genome consists of 11 double-stranded RNA gene

segments that encode six structural (VP1–VP4, VP6 and VP7) and
six nonstructural (NSP1–NSP6) viral proteins (Estes, 2001). Geno-
types are classified according to a binary system through the
characterization of the two outer capsid proteins that are the
targets of neutralizing antibodies, VP7 (G genotypes) and VP4 (P
genotypes) (Kapikian et al., 2001). Worldwide, the most common
genotypes associated with human infection are G1–G4 and G9,
associated with P[4] and P[8] (Dennehy, 2008; Ursu et al., 2009).

Two safety and efficient rotavirus oral vaccines have been li-
censed in many countries since 2006 (Ruiz-Palacios et al., 2006;
Vesikari et al., 2006). Both vaccines are available in Argentina, and
their incorporation in the National Immunization Program is un-
der consideration for the next years. Thereby, the rotavirus circu-
lation pattern is driven by the natural history of wild type
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rotavirus infection in Argentina.
Seasonal fluctuations in the rotavirus infection are well docu-

mented (Cook et al., 1990; Levy et al., 2009; Jagai et al., 2012).
Rotavirus exhibits distinct seasonality, being considered a winter
disease in some parts of the world. The core of seasonality in in-
fectious diseases is thought to be related to temporal oscillations
in the governing transmission cycles of pathogenic agents and host
susceptibility. Simple transmission models demonstrate that small
seasonal changes in host or pathogen factors may be sufficient to
create large seasonal surges in the disease incidence, which may
be important, particularly in the context of global climate change
(Pitzer et al., 2009).

Despite the growing attention to rotavirus disease seasonality,
a solid theoretical underpinning for rotavirus seasonal peaks is
limited. Observational studies of human rotavirus disease have
suggested that lower temperature, lower relative humidity and
lower levels of rainfall are associated with an increased risk of
rotavirus disease (Jagai et al., 2012; D’Souza et al., 2008). Recently,
the influence of birth rates and transmission routes has also been
suggested to be involved in the seasonality of rotavirus incidence
(Atchison et al., 2009; Pitzer et al., 2011). So far, the intensity of
viral circulation in a community in relationship to the rotavirus
disease pattern has not been studied.

The infected population excretes high numbers of rotavirus
particles in feces which in turn are discharged in sewage, which is
transported to wastewater treatment plants. Thus, raw sewage is
likely to contain pathogenic organisms similar to those in the
original human excreta (Meleg et al., 2008; Kargar et al., 2009;
Mueller et al., 2009; Barril et al., 2010). In that way, the detection
and quantification of the viral load in untreated wastewater could
mirror the intensity and genotype diversity of rotavirus circulating
in the community.

The objective of this study was to determine the influence of
meteorological local factors on the viral load and the genetic di-
versity of human rotaviruses in urban raw sewage in Córdoba city,
Argentina. This new approach can provide evidence regarding the
dynamics of rotavirus circulation and maintenance in our com-
munity as well as to assess if the seasonal intensity of rotavirus
circulation could explain, at least in part, the viral disease pattern
documented for Argentina. This information would be important
for increasing our understanding of the local epidemiology of ro-
tavirus disease.
2. Materials and methods

2.1. Background

Córdoba city (approximately 1,330,023 inhabitants) is the ca-
pital of Córdoba province, located in the central region of Argen-
tina. It has average monthly temperatures of around 23 °C during
November–April and around 14 °C during July–September, and
rainfall peaks during January through April with around 100–
300 mm. The estimated per capita gross domestic product for 2012
in Argentina was 17,917 international dollars, the mortality rate in
children under five years old in 2012 was 14 per thousand live
births, and the total fertility rate in 2011 was 2.2. In the 2010
census, around 5.6 of the population in the province of Córdoba
was reported to be living with unsatisfied basic needs (indicator
based on sanitary and housing conditions, school attendance, and
subsistence capacity), while 97.6% of the population in the city of
Córdoba has access to drinking water. In Córdoba city, it was es-
timated that 1 in every 27 children in the 0–35 month-old cohort/
range is annually hospitalized for a viral gastroenteritis illness. The
major impact on viral diarrhea lies on the rotavirus infection, ac-
counting for 84.0% of the viral diarrheal cases analyzed and for
approximately one third of severe diarrheas requiring hospital
admission in Córdoba city, Argentina.

2.2. Sample collection

Raw sewage water samples (1.5 L each) were collected from the
municipal wastewater treatment plant (WWTP) named Bajo
Grande in Córdoba city, Argentina. The sewerage system has a
population coverage of 61% and no industrial wastewater is trea-
ted in this facility. Treated sewage water is totally discharged in
the Suquía River. Sampling was carried out monthly, from Feb-
ruary 2009 to December 2011, obtaining a total of 35 inflow
samples. A systematic sampling was carried out every Tuesday of
each month between 9 and 11 a.m., in order to minimize the ef-
fects of diurnal variations. Samples were randomly collected from
the same sampling point, which is the inlet channel. Samples were
kept in sterile containers at 4–8 °C until delivered to the labora-
tory, where they were processed within 24 h.

2.3. Meteorological data

Data on weather variables was obtained from the Argentine
National Meteorological Service. Maximum, minimum and mean
environmental temperature (°C) and relative humidity (%) were
daily obtained in the 5-day period up to the wastewater sample
collection. Data of cumulative precipitation (mm) was obtained on
the day of sampling corresponding to the cumulative rainfall of the
last 30 days. Environmental variables were classified in dry season
(DS) corresponding to the period from April to September, and wet
season (WS) corresponding to the period from October to March.

2.4. Sample concentration

Concentration of viruses in sewage specimens was performed
using the method of polyethylene glycol precipitation previously
described by Lewis and Metcalf (1988), Greening et al. (2002) and
modified by Huang et al. (2005). Briefly, the 1.5 L wastewater
samples were concentrated 100-fold to 15 ml by high-speed cen-
trifugation, elution and polyethylene glycol 6000 precipitation.

2.5. Nucleic acids extraction and cDNA synthesis

Viral RNA was extracted from 140 μL of the concentrated
sample using the commercial QIAmp Viral RNA kit (Qiagen Inc.,
Hilden, Germany). The manufacturer’s protocol was followed, and
the purified viral RNA was eluted in 60 μL of elution buffer. Ex-
tracted RNA was reverse-transcribed into cDNA using random
hexamer primers and AMV reverse transcriptase (Invitrogen, CA,
USA).

2.6. Rotavirus G and P genotyping

cDNA products were used as templates for PCR VP7 gene am-
plification with the Beg9/End9 pair of primers (Gouvea et al., 1990)
and VP4 gene amplification with the Con2/Con3 primers (Gentsch
et al., 1992). G and P typing methods were used as described
previously (Gouvea et al., 1990; Gentsch et al., 1992; Iturriza-Go-
mara et al., 2000). Briefly, multiplex nested PCR was carried out
separately for the VP7 and VP4 genes using the amplified products
of the first RT-PCR of VP7 and VP4 genes as templates. For G and P
genotyping G1 to G4, G8, G9 and P[4], P[6], P[8], P[9], P[10]-spe-
cific primers were used in the multiplex nested PCRs, respectively.
The amplicons were analyzed by electrophoresis on 10% poly-
acrylamide gels and visualized after silver staining, as described
elsewhere (Herring et al., 1982), to achieve high resolution of the
products obtained.
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2.7. Quantitative PCR (qPCR)

Wastewater samples were quantified in duplicate by qPCR
using the ABI 7500 Real-Time PCR System (Applied Biosystems,
CA, USA). qPCR was performed as described by Fumian et al.
(2010) using primers designed by Zeng et al. (2008). A standard
curve (106–101 copies per reaction) was generated using tenfold
serial dilutions of pTOPO vectors (Invitrogen, USA) containing the
NSP3 target region. The qPCR reaction was performed in a final
volume of 25 μl by using Environmental PCR Master Mix (Applied
Biosystems, CA, USA). Amplification data was collected and ana-
lyzed using the Sequence Detection Software version 1.0 (Applied
Biosystems, CA, USA). A test result was considered positive if a
sigmoidal amplification curve crossed the threshold before 40
cycles and all positive and negative control reactions gave ex-
pected results. In order to establish the amplification efficiency
and the limit of detection of the real-time PCR assays, ten-fold
dilutions (106–10 copies) of the plasmid NSP3 standard were tes-
ted by duplicate as described above. Assay efficiency (10(�1/slope))
was calculated from the slope of the standard curve which was
generated by plotting the log copy number versus the cycle
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2.8. Statistical analysis

Wilcoxon and Kruskal–Wallis tests were applied for the viral
load analysis. P-values lower than 0.05 indicated significant dif-
ferences for the variables measured. The underlying structure of
the sewage specimens and the meteorological variables dataset
were explored using non-parametric by Spearman’s rank test. To
study the relationship between the rotavirus load in urban raw
sewage and the temperature, the median (50th percentile) of the
mean temperature (18 °C) from the years 2009–2011 was de-
termined and the viral load by month was categorized into two
groups: the first one included viral loads detected at mean tem-
perature lower than or equal to the median temperature, and the
second group included viral loads detected at mean temperature
higher than the median temperature. The group differences were
analyzed by Wilcoxon test. Also, rotavirus genotypes detected
were categorized according to the median (50th percentile) of the
mean temperature and analyzed by Z test for independent pro-
portion. Statistical analyses were performed with InfoStat (Di
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Rienzo et al., 2014).
3. Results

3.1. qPCR sensitivity and detection limits

To validate the real-time PCR assay prior to the application to
environmental samples, the detection limit and amplification ef-
ficiency were determined. Standard curves with 10-fold serial di-
lutions of plasmid NSP3 control (from 106 to 10 copies) were
prepared and assayed in duplicate. The resulting standard curves,
with strong correlation coefficients (R2Z0.978), indicated strong
linear relationships. PCR amplification efficiency was calculated
from the slope of the standard curves and was Z99.85%. A de-
tection limit of 10 copies of target DNA per reaction was de-
termined, indicating high assay sensitivity.

3.2. Quantitative detection of rotavirus

Rotavirus concentration in local wastewater is depicted in
Fig. 1.

The rotavirus genome was detected in 32 out of 35 sewage
samples (91.4%) by qPCR and virus concentrations ranged from
2.2�102 to 4.1�105 genome copies/liter (gc/L) (mean
5�104 gc/L; CI 95% 2�104–8.8�104 gc/L). The statistical analysis
showed significant different wastewater viral concentrations
among the years studied (Kruskal Wallis test, P¼0.0003). How-
ever, the three years displayed a similar annual pattern of rotavirus
load in wastewater, being (for each of the three studied years)
higher but not statistically significant between April and Sep-
tember (autumn and winter seasons, corresponding to the DS) as
compared to the viral load detected between October and March
(spring and summer, corresponding to the WS) (year 2009: April–
September vs. October–March P¼0.71; year 2010: April–Septem-
ber vs. October to March P¼0.07; year 2011: April to September vs.
October to March P¼0.31, Wilcoxon test).

According to the results cited above, the dataset from meteor-
ological variables and rotavirus concentration from each year
studied (2009, 2010 and 2011) was divided in two seasonal groups
based on the records of rainfall for the period studied. The DS
spanned from April to September with 95.2 mm rainfall (mean
rainfall in the 3-year study period), while the WS included the
period from October to March with 538.5 mm rainfall (mean
rainfall in the 3-year study period), matching the months of DS
and WS with those in which different, but not statistically sig-
nificant, rotavirus concentrations in wastewater were detected in
the three years studied. The mean values of the meteorological
Table 1
Mean values and range of confidence intervals (95%) of the meteorological parameter
September) and the wet season (from October to March) for the period 2009–2011.

Variable 2009

Dry season Wet season

Temperature (°C) 16.1 22.5
(95% CI) (10.2–22.0) (20.7–24.2)
Maximum temperature (°C) 22.3 30.5
(95% CI) (18.6–26.0) (27.9–31.1)
Minimum temperature (°C) 6.1 14
(95% CI) (0.7–11.5) (8.2–17.6)
Relative humidity (%) 59.2 55.2
(95% CI) (48.7–69.7) (27.6–83.0)
Cumulative precipitation (mm) 48.8 528.0
Rotavirus concentration (103 gc/L) 4.0 1.1
(minimum–maximum values) (0.2–13.7) (0.2–2.9)
parameters studied with confidence intervals (95%) and rotavirus
load with the reported ranges by DS and WS according to the year
studied (2009, 2010 and 2011) are summarized in Table 1.

There were no significant differences in the maximum, mini-
mum and mean temperatures, neither in relative humidity by DS
nor by WS, among the years studied (P40.05). These results re-
vealed a steady profile of temperatures, cumulative precipitation,
and relative humidity as well as rotavirus concentration pattern in
raw sewage in the three-year period studied.

In order to explain the correlation among the variables: rota-
virus load in wastewater samples vs. the maximum, minimum and
mean temperatures, relative humidity and cumulative precipita-
tion, a Spearman’s rank analysis was performed on a standardized
data set. The correlation among the variables was not significant;
however, a trend of anti-correlation was noted for rotavirus con-
centration and temperature (mean temperature: r¼�0.40,
P¼0.0179; minimum temperature: r¼�0.38, P¼0.0227; max-
imum temperature: r¼�0.40, P¼0.0170) and also with cumula-
tive precipitation (r¼�0.25, P¼0.1530). Relative humidity
(r¼�0.02, P¼0.9311) did not show a relationship with the rota-
virus concentration (Fig. 2).

A significant higher rotavirus concentration in urban sewage
was observed when the mean temperature was lower than or
equal to 18 °C (P¼0.0056), rendering an increase in rotavirus
concentration in urban sewage of 8% (from 1.4�104 gc/L to
1.1�105 gc/L) (Fig. 2).

3.3. Molecular characterization of rotavirus strains

VP7-gene was successfully characterized in 29 out of the 35
sewage samples collected. Many sewage samples showed multiple
genotypes in one sample as a mixture of viruses in sewage. During
the 3-year period, all the common G genotypes were detected in
the sewage, being the G1 (32.2%), G2 (23.7%) and G9 (22%) the
dominant ones (Fig. 1). VP4-gene genotypes were characterized in
a total of 22 (62.8%) sewage samples. The most common P geno-
type all over the study period and also in each particular year was
the P[8] (67.9%), followed by P[4] (32.1%) (Fig. 1).

In order to analyze the impact of the environmental tempera-
ture on the distribution pattern of VP7 and VP4-genotypes de-
tected in the urban raw sewage, the rotavirus G and P-genotypes
that were detected monthly during the period 2009–2011 were
categorized according to the median (50th percentile) of the mean
temperature (18 °C). The results showed that the distribution of
VP7 and VP4-genotypes detected at environmental temperatures
equal to or lower than 18 °C was similar to the genotype dis-
tribution observed at temperatures higher than 18 °C. During the
years 2009–2011, G-genotype frequencies at temperatures lower
s studied and rotavirus concentration according to the dry season (from April to

2010 2011

Dry season Wet season Dry season Wet season

13.0 23.2 16.5 24.0
(7.4–18.1) (20.2–26.2) (14.0–19-0) (20.7–27.4)
20.2 30.5 24.5 31.1
(15.0–25.5) (27.5–33.5) (22.0–26.9) (27.1–35.2)
5.5 16 8.5 16.9
(-0.4–11.4) (11.7–20.3) (5.8–11.3) (14.1–19.7)
65.8 64.2 63.9 64.5
(58.8–73.0) (52.6–76.0) (53.1–74.7) (58.6–70.3)
176.2 534.1 60.6 553.3
57.3 4.2 176.6 25.6
(0.90–148.8) (0.4–14.8) (16.1–405.0) (9.4–39.5)
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Fig. 2. Scatter plots of rotavirus concentration with meteorological factors (mean
temperature, cumulative precipitation and relative humidity) from 2009 to 2011 in
Córdoba, Argentina. Correlation was evaluated using non-parametric Spearman’s
rank test. The median (50th percentile) of the mean temperature (18 °C) is shown
as a vertical dashed gray line. RV concentrations depicted as 0 (zero) were lower
than 5 copies of target DNA per qPCR reaction.
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than or equal to 18 °C were: G1 27.8%, G2 27.8%, G3 13.9%, G4 5.5%
and G9 25%, and P-genotype frequencies were: P[4] 33.3% and P[8]
66.7%; meanwhile, at temperatures higher than 18 °C the follow-
ing detection rates were observed: G1 47.4%, G2 21%, G3 10.5%, G4
5.3%, G8 5.3%, G9 10.5%, P[4] 30.8% and P[8] 69.2% (Z test for in-
dependent proportion 40.05).
4. Discussion

Rotavirus replication within the intestinal tract can result in the
shedding of more than 1010 infectious particles per gram of feces
that are excreted by both symptomatic and asymptomatic in-
dividuals. Thereby, the content of these viruses in sewage mirrors
the infectious status of the population (Myrmel et al., 2006). Thus,
environmental sampling of raw wastewater is a suitable approach
for the study of circulating enteric viruses in a given population.
A quantitative PCR was employed in the present study in order
to determine the rotavirus load in sewage water from Córdoba city.
Also, conventional RT-nested PCR was applied for VP7 and VP4
viral genes characterization. Both techniques showed a relatively
similar sensitivity in the rotavirus detection rate (32/35 rotavirus
positive samples by qPCR and 29/35 by conventional nested PCR).
Similar results in terms of rotavirus detection sensitivity were
observed in wastewater samples from Rio de Janeiro, Brazil, where
no significant statistical differences were found between conven-
tional PCR and qPCR (Prado et al., 2011).

Monthly monitoring of Córdoba wastewater inlet by qualitative
and quantitative PCR revealed the presence of rotavirus in cold
and warm seasons, indicating its continuous circulation in the
local community, and therefore suggesting that transmission oc-
curs all year round. This issue raises the question about the dis-
similar rotavirus disease incidence in Argentina during warm and
cold weather. Probably, the asymptomatic infected individuals
play an important role in the maintenance of the virus circulation
in the summer time.

Higher rotavirus concentrations, although not statistically dif-
ferent, were seen in the DS (April–September) as compared with
the WS (October–March). This seasonal pattern of rotavirus con-
centration in urban sewage was repeatedly observed during the
3-year study period, indicating that our study captured a unique
and stable phenomenon that suggests a potential effect of local
weather on the seasonal pattern of rotavirus circulation.

In order to increase the understanding of the rotavirus con-
centration pattern in local urban sewage, we assembled a local set
of time series from the three consecutive study years and ex-
amined the relationship between the rotavirus concentration in
raw wastewater and the meteorological factors by Spearman’s
correlation analysis. The correlation among the variables was not
significant; however, a trend of negative correlation was noted
between rotavirus concentration in sewage and temperature as
well as with cumulative precipitation. The more detailed analysis
revealed that the charge of rotaviruses in Córdoba sewage was
significantly higher at mean temperatures lower than 18 °C and
also higher, but not statistically different during DS. No association
between rotavirus concentration and relative humidity was noted.

The present study also provided information about rotavirus
VP7 and VP4 genes characterization in raw sewage. During the
3-year study period, genotypes G1 and P[8] were dominant. This
result is in agreement with the epidemiology pattern of rotavirus
that has been observed in the local community since the year 1979
in children with rotavirus gastroenteritis (Barril et al., 2006, 2013),
and also in municipal sewage during the year 2006 (Barril et al.,
2010). The VP7 and VP4 genotypes were distributed homo-
geneously in the two categories of mean temperature that showed
to have an effect on rotavirus concentration (below 18 °C and
equal to or higher than 18 °C). This result is in disagreement with
other investigations were variable seasonal patterns of rotavirus
genotypes were reported, showing an association of some geno-
types with warm and rainy seasons and others with cold and dry
seasons (Rahman et al., 2007; Enweronu-Laryea et al., 2013).
Therefore, it is likely that seasonal patterns cannot be reinforced
by changes in rotavirus genotypes.

Overall, our study shows that colder and drier weather has a
direct effect on the circulation of rotavirus, which is shown as an
increase of the viral load in urban wastewater. The dominance of
rotavirus during these conditions resembles that of viral infections
spread by the respiratory route, such as influenza and measles
(Cook et al., 1990; Haffejee, 1995).

In nosocomial outbreaks of rotavirus gastroenteritis, many pa-
tients show symptoms of upper respiratory tract infection before
the onset of diarrhea, although the rotavirus has not been isolated
from the respiratory tract (Ansari et al., 1991). Bishop proposes
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that the explanation might lie in the airborne spread of aero-
solized particles that are ingested, rather than through respiratory
tract infections (Bishop, 1996). In this way, the airborne compo-
nent of rotavirus transmission might have an important role in
rotavirus seasonality. However, it is important to acknowledge the
limitations of this research. The abundance of rotavirus may
fluctuate daily in raw sewage and the samples analyzed in this
study represent only a single point in time. Anyway, all samples
were collected at the same time range throughout the study per-
iod in order to minimize the effects of diurnal variations. Another
limitation of the study is that the results may have been biased by
artificial virus concentration in drier months, due to lower rainfall
during this season. Meanwhile, during the WS, the same virus
amount might be diluted by higher rainfall. To minimize this issue,
sewage samples were not collected on rainy days or after a rainy
day.

The circulation of rotavirus all year round capture a phenom-
enon of rotavirus spread that is complex and it is unlikely that
weather conditions alone account directly for the broad season-
ality of rotavirus disease in winter. We speculate that the stability
and survivability of the virus, alternative transmission routes, the
virus/host interaction, and also temporal changes in human sus-
ceptibility and behavior, including sanitation and hygiene prac-
tices, and probability of environmental exposures, might all to-
gether be involved in the seasonal pattern of rotavirus disease.
5. Conclusions

Rotavirus circulates in the local community all year round,
which suggests that the transmission occurs throughout the year.
However, a slight trend for rotavirus circulation is noted during
the colder and drier months of the year. Higher rotavirus con-
centrations were associated with a decline in the environmental
mean temperature (especially lower than 18 °C, P¼0.0056) and
cumulative precipitation (although not statistically significant) but
were not related with variations in the ambient relative humidity.
During the period 2009–2011, rotavirus genotypes G1, G2, G9, P[4]
and P[8] were frequently detected in the urban sewage of Córdoba,
Argentina. No association between the VP7 and VP4 genotypes
and the meteorological variables was observed. The results ob-
tained suggest that drawing the attention to local climatic condi-
tions, which in term impact directly in human behavior, will im-
prove our understanding of the transmission and epidemiology of
the rotavirus disease.
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