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Abstract

Rotavirus is recognized worldwide as the main and most important viral pathogen associated with diarrhea in
children while norovirus is considered the second cause of epidemic diarrhea in developed countries. Here, we
present a comparative study on the prevalence of rotavirus and norovirus in two regions of Colombia: Chocd
and Cundinamarca. Five hundred and thirty stool samples were collected; 330 in Cundinamarca and 200 in Chocé.
In the sample set from Chocd, 6 % of the samples presented rotavirus and 8 % norovirus; meanwhile, 9.7 % of
the samples from Bogota presented rotavirus and 9 % norovirus. These results show that, in some regions of
Colombia, the prevalence of norovirus is similar or slightly higher than rotavirus. This is a tendency that should
be examined in other non-developed countries as it suggests that the presence of norovirus should also be under

sutrveillance.
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Introduction

Rotaviruses (RV) are non-enveloped virions, with an
11-segmented dsRNA and a triple layer concentric
protein capsid. Norovirus (NV), meanwhile, is positive
RNA strand, non-enveloped as well and singled capsid
virus (Guerrero et al. 2000, Hardy 2005). Diarrhea
is considered the second leading cause of deaths in
children under 5 years old and enteric viruses are the
most important etiological agents of acute diarrhea
disease (ADD) in children all around the world.
Within these, the Group A of Rotavirus (RV) has been
recognized as the most prevalent, but other viruses
such as astrovirus, enteric adenovirus and norovirus
(NV), have also been reported (Wilhelmi et al. 2003,
Meraabi et al. 2011).
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NV is known to be associated with epidemic
behaviors affecting people in developed countries
dwelling crowded places such as schools, nursing
homes, military centers, but in developing countries the
same virus has been associated with sporadic diarrhea
(Wu et al. 2008, Donaldson et al. 2008, Harris et al.
2010,Wiegering et al. 2011). Therefore, NV has been
considered the most important cause of epidemic
gastroenteritis, the second most important cause of
endemic gastroenteritis in all age groups wotldwide and a
common cause of sporadic nonbacterial gastroenteritis
in individuals of all ages. The overall clinical burden
caused by NV infection is thought to be milder than
the one given by RV (Beersma et al. 2009, Yanga et al.
2010) because RV infections are known to be more
severe and more often associated with a complicated
course (Donaldson et al. 2008, Ciarlet & Schédel 2009,
Lin et al. 2010, Meraabi et al. 2011, Rivera et al. 2011,
Wiegering et al. 2011, Solano-Aguilar et al. 2012)

One of the main reasons of the important
prevalence of those viruses is their route of
infection. The fecal-oral route is the common
route of transmission, typically through food, water
or contaminated surfaces; but person-to-person
transmission, by direct contact or exposure to aerosols
from vomit, are also important (Wilhelmi et al. 2003,
Wu et al. 2008, Ribes & Buesa 2010, Wiegering et al.
2011, Lopman et al. 2012). High concentrations of
these viral agents are introduced into the environment
through the discharge of either treated or untreated
sewage (Lin et al. 2010, Blanco et al. 2012).

In Colombia, our group has performed for over 10
years, two studies looking for viral agents associated
with ADD. In both, prevalence’s of NV were similar
to RVs. In the year 2000, we tested 300 diarrheic stool
samples and found 10 % of NV and 13 % of RV in
children with less than 5 years of age in Facatativa-
Cundinamarca, Colombia (Gutierrez et al. 2000).
Later in 2003, we found 8 % and 10 % for RV and NV
respectively in fecal samples of children coming from
Quibd6, Chocd. Therefore, the prevalence of NV
could outperform the well-known prevalence of RV.
In order to show that NV is associated with sporadic
and endemic diarrhea and exhibits a behavior which
may be even greater than RVs in children, new set
of samples were collected from the same Colombian
regions: Cundinamarca and Chocé.
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The aim of this study was to evaluate the presence
of RV and NV in a new set of samples collected from
the regions already described.

Material and methods

Sample collection

A total of 530 children under 5 years of age from
two Colombian regions (one located in Bogota,
Cundinamarca, capital of Colombia and the other one
in Quibdd, a small city of Chocd, close to the pacific
coast in the northwest area of the country) were
recruited to participate in a prospective, observational
study. For the inclusion of the children in the diarrhea
group the subjects must meet the criteria stated by
the World Health Organization (WHO) for diarrhea
as liquid or reduced consistency of the stool with an
increased frequency of >3 times in 24 h for a period
of less than 2 weeks. Healthy children, from the same
locations, were those without any clinical signs of
diarrhea disease, vomiting or fever and with normal
stool consistency before the beginning of the study.
After obtaining informed parental consent, stool
specimens and demographic information (including
age, gender and RV vaccine) were collected. Fecal
samples were collected, immediately refrigerated at
4 °C and transported to the Virology Laboratory at
the Pontificia Universidad Javeriana. Upon receipt,
samples were separated in two aliquots. One aliquot
was conserved at -80 °C and the other one was used for
the RNA extraction and subsequent viral identification.

Viral detection

RV and NV were detected by conventional RT-PCR.
Initially, viral RNA was extracted from 10 % stool
suspension in PBS by the use of QIAamp® Viral RNA
Mini kit (Qiagen, Courtaboeuf, France) according to
the instructions provided by the manufacturer. Then,
for the retrotranscription step, five microliters of
RNA were mixed with 1 pmol of antisense primer
incubated at 95 °C x 5 min and chilled immediately on
ice. A mixture of Buffer 5x-RT, DTT 0.1 M, dNTP's
(10 mM), Superscript III (Invitrogen,Corporation,
Carlsbad, CA, USA ) and RNase-free water was added
to yield a final volume of 20 pl reaction. The tubes
were incubated to 50 °C for 1 hour and then at 70 °C
for 15 min for enzymatic inactivation.
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For the PCR, specific primers against viral capsid
of NV (Richards et al. 2004) and the structural viral
glycoprotein of RV (Gouvea et al. 1990) previously
reported were used. Positive diluted controls and
unknown samples were included in the RT-PCR with
the conditions previously described.

The PCR products were separated by
electrophoresis in 2 % agarose gel and visualized under
UV lamp after ethidium bromide staining, Neither RV
nor NV was genotyped.

Statistical analysis

Four parameters were considered: diarrhea, age, gender
and vaccination against the RV. Two different statistical
analyses were performed with the SPSS program for
Windows. 1) A descriptive analysis in order to show
the frequency of each virus, and 2) A bivariate analysis
in order to make clear the relationship between virus
and risk factors like age, gender and vaccination. For
this, 2 x 2 tables were built; Odds ratio, p value and
Confidence interval (IC) were obtained. A p value
< 0.05 was considered statistically significant.

Results

A total of 530 stool samples was collected from two
different regions in Colombia, 330 of them came from
Bogota- Cundinamarca and 200 from Chocé. From this,
279 were from boys (180 from Bogota-Cundinamarca
and 99 from Choco) and 251 for girls (151 from
Bogota- Cundinamarca and 100 from Chocd). From
each region, half of the samples (265) were taken from
healthy children and the other half (265) of infants
suffering from diarrhea; it means that 165 children from
Bogota were healthy and 165 ill, while 100 children
from Quibd6 were healthy and 100 were children with
diarrhea. RV and NV were detected in 29 (5.5 %) and 28
(5 %) out of 530 stool specimens collected, respectively.

RV was found in 22/265 (8.3 %) diarrheal samples
and in 7 non-diarrheal samples (2.7 %) NV was found
in 23/265 (8.7 %) diarrheal samples and in 5 (1.9 %)
non-diarrheal samples (Table 1). Co infection between
RV and NV was found in only one boy of 24 months
old from Quibdo.

Related to the age of the children, all of them were
under 5 years old. In diarrheic stool samples from Bogota,
a total of 16 rotavirus positive cases were found, with a
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Table 1. Positive cases/total cases and percentage (%)
of rotavirus and norovirus in children under five years
old in two different regions of Colombia detected by
RT-PCR.

Diarrhea Non diarrhea Total
S Q s Q
o Q ° Q
&0 S &0 S
- -
§ 16/165  6/100 7/165 0/100  29/530
g
é 9.7 %) (6 %) (4.2%) (5.5 %)
g 15/165  8/100 5/165 0/100  28/530
g
2 9 %) (8 %) (3%) (5 %)

greater presence in children between 7 and 48 months. In
Chocd, RV was found in children between 0 to 36 months
with no positive cases in the ages of 37 to 60 months. For
NV in Bogota a total of 15 positive cases were reported
between 7 and 60 months. In Choco, this same pathogen
was found in a total of 8 children from 4-60 months. No
statistical analysis was performed on these data.

In order to compare the prevalence of both viruses
in both regions related to the age of the children,
cumulated frequency table were obtained. Figure 1
shows the cumulated frequency of these viruses in
children with diarrhea.

18

Age

0
03 46 712 13-24 25-36 37-48 49-60

Cumulative Frequencies

Fig. 1. Cumulated frequency of viral infection produced
by RV or NV in children from Bogota and Chocd
between January and December of 2009. Blue line: RV
in Bogota. Red line: NV in Bogota. Purple line: RV in
Chocé. Green line: NV in Chocé. X axis is the age in
months and Y axis is the cumulative frequencies.
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Table 2. Presence of RV in vaccinated and non-vaccinated children against RV.

Vaccine Against Children Without RV Children With RV Children with RV
Rotavirus Diarrhea, Bogota + Diarrhea, Bogota + diarrhea in Chocé +
One dose 12 0 35 1 0 0
Two doses 34 2 20 1 9 0
None 62 2 73 8 69 6
No information 57 3 37 6 22 0
Total 165 7 165 16 100 6

Of the 530 children enrolled, only 110 (20.7 %)
were RV vaccinated. The usefulness of the vaccine

against RV is shown in Table 2. It is important to
remark that 2 children, who were vaccinated twice,

Table 3. Bivariate analysis to clarify the relationship between pathogen and risk factors. OR: Odds ratio, IC: Confidence interval,

p: p value; ind: non defined.

Bogota Bogota Choco Choco
RV NV RV NV
Diarrhea Yes/No OR: 2.42 OR: 3.2 ind ind
1C: 0.96-6.05 IC: 1.13-9.02
p: 0.023 p: 0.037
Age 0-24 OR: 0.7 OR: 0.42 ind OR: 0.22
(months) 25-60 1C: 0.28-1.77 IC: 0.14-1.22 1C: 0.5-0.99
p: 0.61 p: 0.16 p: 0.033
Gender Female/ OR: 0.74 OR: 0.42 OR: 2.08 OR: 1.02
male 1C: 0.32-1.74 IC: 0.16-1.09 1C: 0.37-11 IC: 0.25-4.2
p: 0.04 p: 0.11 p: 0.66 p:l
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had RV but they don’t suffer from diarrhea. Besides,
2 children whom received only one dose of vaccine
and another one who received two doses, also had
RV but they do suffer from diarrhea. From the
vaccinated people, 3.6 % had RV and 1.8 % had
also diarrhea. This study did not intend to evaluate
the efficacy of the vaccine; it just wanted to see
the presence of the virus in those whose said were
vaccinated.

Bivariate analysis was made in order to show if the
relationship between virus, diarrhea, age and gender
had statistical significance. Children with NV has
3, 2 more possibilities to have ADD than children
without NV with p = 0.037. None other result showed
statistical significance (Table 3).

The next bivariate analysis was made in order to
see if vaccination against RV had a protector effect.
The results showed no relation between rotavirus
vaccine and diarrhea (Table 4).

Discusion

According to several studies RV seems to remain
the most prevalent viral pathogen around the
world (Manrique et al. 2000, Ciarlet & Schodel
2009). Surprisingly, in non-developed counttries, the
prevalence of NV could be similar or even greater
than the RV. For instance, in this study both viruses
showed very similar prevalence’s, but if we compare
RV withNVinChocd, their prevalence’s were 6 % for
RV and 8 % for NV. The same behavior was reported
5 years ago when we found prevalence’s of 8 and
10 % for the same viruses in the same type of
population and with the same detection method
at that time, we reported NV as a new finding
(Martinez et al. 2005) but now, we can suppose that
NV is present all the time in our population and
this virus could be more frequent than expected.

In this study, we reported prevalence’s of both
viruses lower than the reported in other places of

Table 4. Bivariate analysis to clarify the effectiveness of the RV vaccine in these populations. Ind: indeterminate. Thete is no
significant statistical correlation between vaccinated subjects and diarrhea or no diarrhea.

Diarrhea Choco Bogota Choco
Non diarrhea Non diarrhea Diarrhea

OR: 1.34 OR: 0.33
Vaccination 1 or 2 doses/ i .
against RV No vaccine 1C:0.18-9.92 fol LELN G ind

p: 0.76 p: 0.15

OR: 1.03 OR: 0.28 OR: 0.46
Vaccination lardores)in

) information or no IC: 0.19-5.52 ind 1C: 0.06-1.30 1C: 0.05-4.16
against RV .
vaccinated
p: 0.96 p: 0.086 p: 0.48
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the wortld, but we found consistent results with
previous reports for RV in Colombia. In Tunisia,
RV and NV were detected in 22.5 % and 17 % of
the fecal samples collected from children with acute
diarrhea (Meraabi et al. 2011), in Saudi Arabia 50 %
of gastroenteritis cases were associated with virus
infection, the RV was more prevalent in patients,
followed by adenovirus, NV and astrovirus (Meraabi
et al. 2011) and in Brazil, RV was associated with
12-42 % of hospitalized acute cases of diarrhea
in children (Strinaa et al. 2012). In Yanga et al.
2010 study, NV was detected in 14.6 % and RV in
20.2 % of all fecal samples. In Colombia, 24.8 %
percent of RV was found in Cartagena and 18.0 %
in Facatativa (Gutierrez et al. 2005).

Even though, some studies show results like
ours. For example in another study in Taiwan,
NV was present in 10.9 % of all specimens tested.
This percentage is similar to that found in previous
studies, in which NV was founded in 6.5-18 % of
all cases of gastroenteritis (Wu et al. 2008). These
results indicated that NV was a major viral pathogen,
after rotavirus, in younger children hospitalized
with acute diarrhea. In Brazil showed the increase
in the incidence of NV infection, from 17.3-29.0
%. This may be because current testing methods
were more sensitive; the incidence of NV detection
nearly doubled when enzyme immunoassays were
combined with the more sensitive RT-PCR, as
previously proposed by Wu et al in 2008 (Yanga et
al. 2010).

It is important to remark that RV is associated
with severe gastroenteritis. Since NV infection
tend to be mild, and the serious gastroenteritis
patients tend to be handled by the specialists
within gastroenterology or infectious diseases, the
high prevalence of NV infection may have been
underestimated (Manrique et al. 2006, Donaldson
et al. 2008, Lin et al. 2010, Ribes & Buesa 2010,
Yanga et al. 2010, Wiegering et al. 2011).

In this study, RV and NV infections do not
seem to show any relation to age and gender even
when most studies consistently demonstrating that
RV mainly affects younger children less than 5
years and the proportion of RV infections among
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younger children was higher than that in the older
age groups (Yanga et al. 2010, Wiegering et al.
2011). The general belief is that NV is a major
pathogen leading to diarrheal outbreaks and causes
symptomatic infections in older children and adults
(Yanga et al. 2010). Our results showed a slightly
different about the time that ADD started. In RV,
the first children with diarrhea had between O to
3 months old and in NV had 4-6 months old.
Then, it seems that NV also has an impact on
children younger than 24 months. There was non-
statistic significance when the age of infections
was compared between 0-24 to 25 -60 months
of age. Comparing the behavior between 0-24 to
25-60 months of age, non-statistic significance was
found. This means that those viruses infect the
same children population from 0 to 24 than for 25
to 60. No gender predisposition was found.

The presence of 4 % and 3 % of RV and
NV in Bogota in children without diarrhea is an
important finding, It is known that RV vaccine do
not avoid the infection, it just seems to decrease the
symptoms, therefore it is possible to find cases with
RV positive, and ADD negative. With NV, there is
not vaccine (Harris et al. 2010), therefore, 3 % of
NV in children without diarrhea it seems that they
can act as healthy carrier.

For rotavirus, research has progressed, and
simple, sensitive, and inexpensive immunoassays
are used as the diagnostic test of choice available
in laboratories around the world. On the basis of
assay results, rotavirus was determined to be the
most common cause of severe diarrhea in children
wortldwide. By contrast, the other enteric viruses,
could not be detected as easy as this virus (Glass
2013).

Timely monitoring of norovirus activity has
remained elusive in part because of the scarcity
of diagnostic testing for patients with suspected
disease. In USA, approximately 90 % of persons
with acute viral gastroenteritis do not seek medical
attention; of those who do, only 6 % submit stool
specimens for diagnostic testing, in part because
testing is often not deemed necessary for self-

limited illness (Rha et al. 2013).
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In our country, it seems similar. Even
though we can find an ELISA kit to test this
virus in stool samples, it is expensive and there
is no awareness of its medical impact in our
population

Conclusion

Our study demonstrated that there is an underestimated
prevalence of Norovirus in Colombia that it has to
be taken into consideration. Even though RV still is
one of the most important viral agents responsible
for ADD, it is important to take a better surveillance
for NV.
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Norovirus, la principal causa de diarrea en dos regiones

de Colombia

Resumen. El rotavirus es conocido como el primer y mas
importante patégeno viral asociado con la diarrea en los nifios
de todo el mundo. Norovirus se ha considerado como otra de
las causas de la diarrea relacionada con su comportamiento
emergente en los paifses desarrollados. En este trabajo
se presenta un estudio comparativo en relaciéon con la
prevalencia de la NV y RV en dos regiones de Colombia:
Chocé y Cundinamarca. Se recogieron 530 muestras de heces,
330 corresponden a la ciudad de Bogota-Cundinamarca y
200 al departamento de Chocé. RV fue encontrado en un 6
% mientras NV en un 8 % en las muestras procedentes de
Choco. En Bogota, RV tuvo una prevalencia ligeramente mas
alta que NV 9.7 % y 9 % respectivamente Este resultado
muestra que en los paises no desarrollados, la prevalencia de
la NV podria ser similar o incluso superior a la RV, por lo
tanto, la presencia de NV debe tener mas vigilancia.

Palabras clave: Norovirus; Rotavirus; diarrea; Choco;
Cundinamarca.
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Norovirus, a principal causa de diarréia viral em duas
regides da Colombia

Resumo. O rotavirus tem sido conhecido como o ptimeiro eo
maisimportante patgeno viral associada com diarréia em criancas
em todo o mundo e. Notrovirus tem sido considerada como
uma outra causa de diarreia relacionada com o comportamento
epidemia em pafses desenvolvidos. Neste artigo vamos mostrar
um estudo comparativo relacionado a prevaléncia de NV e
RV em duas regides da Colombia: Choco e Cundinamarca.
Um total de 530 amostras de fezes foram coletadas, das quais
330 correspondem a partit de Bogota-Cundinamarca e 200 de
Chocé. A RV foi encontrada em 6 % no de amostras de Choco
enquanto NV foi encontrado em 8 % no mesmo conjunto de
amostras. Em Bogota, RV foi menosprezado uphigher de NV,
mostrando prevaleces de 9.7 % para RV e 9 % para a NV. Este
resultado mostra que em paises nao desenvolvidos, a prevaléncia
da NV poderia ser semelhante ou até maior do que a RY,
portanto, a presenca de NV deve ser ter mais vigilancia.

Palavras-chave: Norovitus; Rotavirus; diarréia; Choco;
Cundinamarca.
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