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The incidence and distribution of human rotavirus G types among children under 5 years old with acute
gastroenteritis were determined over a 4-year period (1998 to 2002) by using monoclonal antibodies and
reverse transcription-PCR methods. Rotavirus was detected in 1,155 (31%) of 3,760 specimens tested. Rota-
virus was studied in every month of the 48-month survey period. Rotavirus activity occurred mainly (51%) in
the typically cooler months in Spain (November to February). The age distribution of rotavirus-positive cases
showed that 90% of patients (1,038 of 1,155) were under 2 years old. Rotavirus types were determined for 576
of 1,155 patients (50%). G1 was the main genotype detected (53%), and the second most common was G4 (24%).
The G2, G9, and G3 rotavirus types were detected in 14, 6, and 2% of the cases, respectively. Dual infections
were detected in only 0.6%. The seasonal distribution of genotypes showed a significant genotypic shift: whereas
G4 strains predominated (57%) during the 1998 to 2000 seasons, the G1 gradually increased to account for 75%
in the 2000 to 2002 seasons. In addition, the present study reports the first detection of the G9 genotype in
human fecal samples in Spain. Therefore, additional types may be required for vaccine development strategies
that currently target only types G1 to G4.

Group A rotavirus is the most important cause of severe
gastroenteritis in young children worldwide (28). Rotavirus
infections are associated with high rates of morbidity through-
out the world and with high rates of mortality in developing
countries, accounting for more than 800,000 infant deaths per
year (4).

Rotavirus possesses a genome of 11 double-stranded RNA
segment, each encoding one viral protein (19). The outer layer
of rotavirus is composed of two proteins, VP7 and VP4, en-
coded by RNA segment 7, 8, or 9 (depending on the strain)
and segment 4, respectively. These proteins elicit neutralizing
antibody responses and form the basis of the current dual
classification of group A rotavirus into G (standing for glyco-
protein VP7) and P (standing for protease-sensitive protein
VP4) serotypes. As the VP7 and VP4 genes segregate inde-
pendently, various combinations of G and P types have been
detected in natural isolates. At least 14 and 20 different G and
P types have been identified, respectively (19). Of those, at
least 10 G types and 11 P types have been found to infect
humans (18, 25).

Serotyping by ELISA with anti-VP7 serotype-specific mono-
clonal antibodies and genotyping by reverse transcription-PCR
(RT-PCR) have been widely used for typing (18, 19, 21, 32).
The incidence of infection within a particular group A rotavi-
rus type varies between geographical areas and from one sea-
son to the next (28). It is therefore necessary to ascertain the
rotavirus types circulating in different communities over the

course of a number of years. Globally, different surveys indi-
cate that G1P[8], G2P([4], G3P[8]), and G4P[8] are the most
common G and P types (2, 3, 8, 22, 29, 36). However, since the
introduction and wider use of molecular biology-based typing
methods over the last 10 years, other rotavirus types have
increasingly been reported in different parts of world, such as
G5 (30), G8 (16), and G9 (40) strains.

There are few data available about rotavirus type circulation
in Spain (10, 12, 47). It has been estimated that rotavirus
infections accounted for 25% of hospitalizations for gastroen-
teritis in Spain in one year (46), with a seasonal pattern of
incidence during the cooler months of the year. In October
1998, the Viral Gastroenteritis Study Group carried out a pilot
prospective program to undertake the surveillance and char-
acterization of rotavirus strains causing annual epidemics of
severe diarrhea in young children. The program was designed
to monitor the antigenic variation of rotaviruses before release
of a rotavirus vaccine in Spain. The study relied on the design,
cooperation, and participation of the National Microbiology
Center of Spain. We describe the frequency and temporal
distribution of human group A rotavirus types among patients
admitted to a Madrid children’s hospital during a 4-year pe-
riod.

MATERIALS AND METHODS

Patients. Severo Ochoa Hospital is the reference sanitary hospital of Health
Care Area IX in Madrid, serving a population of 350,000 inhabitants. The study
population included children under 5 years old with acute gastroenteritis for
whom stool cultures were requested. Acute diarrhea was defined as three or
more liquid stools over a 24-h period.

Patients were seen during the rotavirus seasons of 1998 to 2002. A rotavirus
season was defined as the 12-month period between 1 October of one year and
30 September of the following year. The date of sample collection, together with
age, sex, and details of patients’ attendance at a general practice or admission to

* Corresponding author. Mailing address: Centro Nacional de Mi-
crobiología, Instituto de Salud Carlos III, Carretera Majadahonda-
Pozuelo, Km. 2, 28220 Madrid, Spain. Phone: 34 91 509 79 01, ext.
3655. Fax: 34 91 509 79 66. E-mail: asanchez@isciii.es.

1609



hospital, were available in all cases. Guardians of the children were asked for
permission to enroll the patients in the study.

Samples. Stool specimens were collected within 24 to 48 h after admission to
the hospital for all patients. Samples were obtained by direct deposition in a
sterile container and were transported the same day to hospital laboratories,
where they were stored at 4°C until processing. Specimens for rotavirus antigen
detection were used on the day of collection. Rotavirus-positive specimens were
prepared as 10% homogenates in phosphate-buffered saline (pH 7.0) and were
stored at �70°C until they were typed (26). Diluted and undiluted samples were
stored at �70°C until further tests were required. Duplicate samples obtained
from the same patient were excluded and not counted; therefore, patients, not
just stool samples, were evaluated.

Detection of rotavirus in fecal samples. A microplate-based solid-phase sand-
wich enzyme immunoassay (IDEIA Rotavirus; Dako Diagnostics, Cambridge,
United Kingdom) was used to detect rotavirus antigen in fecal specimens ac-
cording to the manufacturer’s instructions. It utilizes a polyclonal antibody to
detect specific group A rotavirus proteins, particularly the internal capsid protein
(VP6). Samples with ELISA cutoff values corresponding to �0.25 were consid-
ered positive. This assay is able to detect rotavirus concentrations of as low as
7.8 � 105 viral particles/ml and shows good correlation, sensitivity, and specificity
in comparison with electron microscopy (99.5, 100, and 99.2%, respectively) (20).
Additionally, this assay shows a good correlation with RT-PCR (48).

Rotavirus typing methods. Rotavirus-positive specimens were confirmed and
typed by ELISA and/or RT-PCR methods. To obtain a representative selection
of the epidemic distribution, at least 50% of each week’s rotavirus-positive
samples were randomly selected for type characterization during the 4 years of
the study.

Rotavirus-positive samples were G serotyped by sandwich-type enzyme immu-
noassay with a panel of specific monoclonal antibodies for the common (G1 to
G4) group A human rotavirus according to protocol of the manufacturer (Silenus
Laboratories, Hawthorn, Australia) as previously described (14, 43). This is a
simple, rapid, and suitable assay for serotyping the large numbers of specimens
obtained from epidemiological studies (12). Furthermore, it has been shown to
be applicable to serotyping of human rotaviruses directly in stool specimens (37).
The monoclonal antibodies used were RV4:2 for G1, RV5:3 for G2, RV3:1 for
G3, and ST3:1 for G4. Specimens with an absorbance value of greater than 0.2
were considered positive for that serotype. The sensitivity and specificity of this
method were verified by using different strains of human rotavirus that were
adapted to cell culture.

Rotavirus strains that were not serotypeable by the ELISA technique were
genotyped by the multiplex RT-PCR method. Viral RNA was extracted from
fecal samples by with an RNAID kit (BIO101, Vista, Calif.) (11). Reverse
transcription was used to synthesize the cDNA corresponding to the genomic
segment encoding VP7, and the characterization of G genotypes was performed
with specific oligonucleotide primers according to a previously described system
(17, 40, 41). The cocktail of primers used for typing was the common primer

9con1 and the G type-specific primers G1(9T1-1), G2(9T1-2), G3(9T-3P),
G4(9T-4), and G9(9T-9B). The sizes of the G type-specific PCR products were
110 bp (G9), 158 bp (G1), 244 bp (G2), 403 bp (G4), and 466 bp (G3). As positive
controls the following human reference rotavirus strains Wa (G1), S2 (G2),
107E1B (G3), ST3 (G4), and 116E (G9) were used.

Statistical analysis. Statistical analysis was performed with Epi Info software
(Centers for Disease Control and Prevention, Atlanta, Ga.). Distributions of
rotavirus types were compared by use of the chi-square test. All tests were two
tailed, and P values of �0.05 were considered significant.

RESULTS

Study population and overall rotavirus results. Between
1998 and 2002, a total of 3,760 stool samples from children
under 5 years old with acute gastroenteritis were received for
rotavirus study. Rotavirus antigen was detected in a total of
1,155 patients (31%). The mean age of the patients was 11 �
9 months, and 57% were males and 43% were females (male/
female ratio, 1.3:1). The numbers of children with rotavirus by
year were 269 of 725 (37%) in 1998 to 1999, 244 of 995 (25%)
in 1999 to 2000, 364 of 1,143 (32%) in 2000 to 2001, and 278 of
897 (31%) during 2001 to 2002.

Temporal distribution of rotavirus and incidence by age.
Rotavirus was detected in every month of the 48 months stud-
ied. The peak months of rotavirus activity are shown in Fig. 1.
The monthly distribution varied little from season to season,
with rotavirus activity occurring mainly (51%) in the typically
cooler months in Spain (November to February). However,
during 2000 to 2001 the variations were more marked and the
circulation of rotavirus was irregular, with an epidemic peak
(39%) in warm months (May to July). No statistical differences
were detected in the rotavirus serotypes or ages of the subjects
between this outbreak and previous or subsequent outbreaks
(P � 0.05).

The age distribution of rotavirus-positive cases in 1998 to
2002 is shown in Fig. 2. A total of 90% (1,038 of 1,155) of the
patients were under 2 years old (P � 0.05), and differences
were not observed from season to season (P � 0.05).

FIG. 1. Seasonal peaks of rotavirus-positive reports in children under 5 years with gastroenteritis in Madrid, Spain, from October 1998 to
September 2002 (n � 1,155).
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Distribution of G types. Rotavirus types were determined
for 576 of 1,155 patients (50%), corresponding to 141 of 269
(52%) in 1998 to 1999, 86 of 244 (35%) in 1999 to 2000, 200 of
364 (55%) in 2000 to 2001, and 149 of 278 (52%) in 2001 to
2002. The rotavirus types circulating in Madrid from 1998 to
2002 are shown in Table 1.

Overall, G1 was the main type detected, being responsible
for 53% of the rotavirus infections. G4 was the second most
common and was responsible for 24% of the infections. The
G2, G9, and G3 rotaviruses types were detected in 14, 6, and
2% of the infections, respectively. Mixed G types reflecting
dual infections were detected in only 0.6% of the samples (two
cases were G1 and G2, and two cases were G1 and G4).

The temporal distribution showed that prevalence of rota-
virus types differed from year to year. G4 was the most fre-
quent rotavirus type (57%) during 1998 to 2000, whereas G1
was less common (21%). The number of G4 type strains
dropped to 2% during 2000 to 2002, while G1 types increased
to 75%. Also, the G9 type was mainly detected (26 of 35 cases)
during 1998 to 2000, whereas the G2 type was predominantly
detected (72 of 82 cases) during 2000 to 2002. The G3 type was
almost the only one detected (10 of 11 cases) during 1999 to
2000.

The distribution of rotavirus types by age of the patients
does not show data of significant interest, due to all types being
more frequent in patients under 2 years old. The distribution
of rotavirus types by month also does not show any interesting
patterns (data not shown).

DISCUSSION

In this report we describe the results of a survey in Spain to
determine the importance and epidemiological features of ro-
tavirus infections in a specific geographic area (Madrid) and
well-defined target population (children under 5 years old).
We considered that the true rotavirus prevalence could be
higher than that estimated here (31%), due to the fact that it
represents only moderate or severe cases among Spanish chil-
dren with diarrhea requiring medical attention.

In Spain, rotavirus infections are not subject to specific sur-
veillance. The main indicator for this type of infection is the
information derived from the Microbiological Information Sys-
tem, which consists of a series of laboratories that voluntarily
report cases (46). However, only limited information can be
obtained from this source. As a result of this situation, it has
become necessary to obtain objective information on the epi-
demiology and impact of this infection prior to the introduc-
tion of universal vaccination, which is expected mainly to pro-
tect against severe diarrhea and to reduce the cost of rotavirus
infections (34).

The typical pattern of regular epidemics that appear in
cooler months in other regions of the world (5, 13) is similar to
that observed in our region. However, significant changes were
observed over the 4-year study. In the period from 2000 to
2001, seasonality was not very marked and there were peaks of
activity in warmer months. These variations in the timing of
peak activity have been also reported in other studies (1, 12, 13,
42) and recall the pattern observed in less-developed countries
with a tropical climate, in which seasonality of rotavirus infec-
tion is unclear or nonexistent (5, 13).

To our knowledge, there are insufficient data available on
rotavirus types circulating in Spain. In a previous survey that

FIG. 2. Age distribution of patients with rotavirus gastroenteritis detected in Madrid, Spain, during 1998 to 2002 (n � 1,155).

TABLE 1. Distribution and frequency of rotavirus G types over 4
years (1998 to 2002) in Madrid, Spaina

Rotavirus
type

No. (%) of strains typed in the following rotavirus seasons:

1998–1999 1999–2000 2000–2001 2001–2002 Total

G1 25 (18) 23 (27) 141 (71) 117 (79) 306 (53)
G2 2 (1) 8 (9) 47 (24) 25 (17) 82 (14)
G3 1 (1) 10 (12) 0 (0) 0 (0) 11 (2)
G4 97 (69) 34 (40) 5 (3) 2 (1) 138 (24)
G9 15 (11) 11 (13) 6 (3) 3 (2) 35 (6)
G1 and G2 0 (0) 0 (0) 0 (0) 2 (1) 2 (0.3)
G1 and G4 1 (1) 0 (0) 1 (1) 0 (0) 2 (0.3)

Total 141 86 200 149 576

a The G types of at least 50% of the rotavirus-positive samples obtained each
season were determined.
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we conducted from 1996 to 1997 in Madrid, we found a clear
predominance of type G1 (68%) over G4 (29%) (12, 47).
Others have reported that the main strains detected in Guipuz-
coa (north of Spain) from 1989 to 1995 were also G1 (57%)
and G4 (32%) serotypes. In this 4-year study, the G1 type was
the most prevalent (53%), followed by the G4 type (24%).
These results emphasize the high frequency of the G1 and G4
types circulating in European countries (3, 9, 26, 29, 33, 35, 36).

Although the G1 type was the most prevalent rotavirus type
in Madrid during the sampling period, we have detected an
important genotypic shift from type G4 to G1 over the 4 years
of study. From 1998 to 2000 the G1 and G4 types cocirculated
at high levels but G4 strains predominated (69 and 40%, re-
spectively), while G1 strains were less frequent (18 and 27%,
respectively). In contrast, from 2000 to 2002 the predominant
rotavirus type was G1 (71 and 79%, respectively), and the G4
type was detected in very few cases (3 and 1%, respectively).
Studies on the distribution of rotavirus types in several coun-
tries have identified important regional variations and tempo-
ral changes in G and P types (30, 39, 44). The present study, in
agreement with others (6, 10, 35), shows that major shifts in the
predominant rotavirus types can occur. This could reflect the
dynamics of viral circulation in our region.

When two different rotaviruses of the same group coinfect
one cell, the genomic fragments can undergo reassortments
(24). These reassortants may be responsible for epidemics or
outbreaks of gastroenteritis within a population, as has been
demonstrated by sequence analysis of the VP1 and VP7 genes
(49). On the basis of these findings, it is possible to speculate
that the shift of the predominant genotype from G1 to G4 may
be a consequence of reassortments occurring during the course
of mixed infections of G1 plus G4 under the selective pressure
of neutralizing antibodies or may be the result of progressive
antigenic variation due to selection of viral strains by immu-
nological determinants (10). However, this hypothesis remains
speculative in the absence of supporting evidence.

This surveillance study was also marked by the appearance
of G9 rotaviruses during all periods of study, especially for the
first two seasons. These strains were responsible for 11 and
13% of rotavirus strains analyzed during the 1998 to 1999 and
1999 to 2000 seasons, respectively. G9 rotaviruses have been
also reported in Australia (38), India (27), Bangladesh (44),
Malawi (16), the United States (40), Brazil (41), and the
United Kingdom (15). To our knowledge, this is the first report
of the G9 serotype in clinical fecal samples in Spain. The rapid
emergence of G9 as a major infecting genotype has important
implications for rotavirus vaccine strategies. Current candidate
vaccines target only infections with serotypes G1 to G4 infec-
tions. Ongoing further surveillance is needed to obtain a
clearer picture of the importance of the G9 rotaviruses.

Rotavirus type G2 was also very frequent from 2000 to 2002,
whereas rotavirus type G3 appeared only sporadically. During
1999 to 2000 a coexistence of several rotavirus types was de-
tected, which suggests rapid spread of virus strains across the
country.

In this study we did not test for the possible presence of
serotype G5 in fecal samples, because up to now this type has
been rare among humans, having been found only in Brazilian
(23, 31) and Argentinean (7) children. In Spain, G5 rotavirus
strains have not been detected in human clinical samples. Lo-

cally, in Barcelona, Villena et al. (45) detected only three G5
strains (2%) in 104 sewage samples. One of these samples was
associated with a P[8] type, while the other two could not be
associated with any P type but were closely related to porcine
strains by phylogenetic analysis. Further studies would need to
include G5 strains in the surveillance of rotavirus-positive pa-
tients in order to know if it is a cause of viral infection among
Spanish children.

Our results indicate that the epidemiology of rotavirus types
in Spain is variable, although it is similar to that observed in
other industrialized countries. These data illustrate some im-
portant differences in the distribution of serotypes in Spain and
map the occurrence of new serotypes such as G9, which has
emerged worldwide in the last few years. The factors that
determine the identity of rotavirus strains in circulation among
the human population, as well as their well-known temporal
and periodic variations, deserve more intense investigations
that will allow them to be clarified and better understood.
Ongoing surveillance of seasonal rotavirus serotype patterns is
needed in particular to monitor the spread of new or emerging
serotypes like G9 and G5. Such information could influence
the strategy for development of new generations of rotavirus
vaccines and could show whether the requirements in Spain
differ from those in other parts of the world. Data from con-
tinued comprehensive etiological studies of genetic and anti-
genic variations in rotaviruses that cause severe disease in
young children will serve as baseline data for the study of the
effect of vaccination on the incidence of severe rotavirus dis-
ease and on the emergence of new strains.
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