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ABSTRACT

From January/2000 to December/2003, 550 diarrheaf samples from the children and adults wereectdid in
several geographical regions of Parana State, Brakhe enzyme immunoassay showed 120 (21.8%) sample
positive for the group A rotaviruses. One hundred #ourteen samples were genotyped by multipletedd3CR
assay. The highest frequency (77.5%) of the pesstvnples (n=93) was observed in the children ubdgrars old.
Rotavirus diarrhea was more frequent in the cold any seasons of the four evaluated years. The fregent
genotypes were: G1 (50.9%), G4 (9.6%), G9 (7.098),(G7%), G3 (0.9%), P[8] (71.9%), and P[4] (3.5%)he
P[8]G1 (46.5%) and P[8]G4 (9.6%) were the main conations found to P and G genotypes. The mixedtiofes,
characterized by the rotaviruses with more than gerotype G or P, and nontypeable rotavirus werseoked in
8.8, 3.5, and 16.7% of the samples, respectivélg.identification of the G9 genotype in the rotasistrains tested
along the four years of studies ratifies the emeegeof this genotype also in Parana State, Sougforeof Brazil,
as the worldwide.
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INTRODUCTION million clinical visits, two million hospitalizations,
and 352,000 — 592,000 deaths in the children of
The acute infectious diarrhea is the most commoless than five years old worldwide. The children in
cause of morbidity and mortality among the younghe developing countries account for 82% of the
children in the developing countries, accountingotavirus deaths (Parashar et al., 2003).
for almost one billion illnesses and between 2.5he rotaviruses are members of tReoviridae
and 3.2 million deaths annually (Kosek et al.family and the complete virus particle is often
2003). The rotaviruses are the single mostescribed as smooth, measures about 100nm in
important etiological agent of severe diarrheatiameter and possesses a triple-layered icosahedral
ilness of the infants and young childrenprotein capsid composed of an outer layer (VP7
worldwide. Each year, the rotaviruses caus@nd VP4), an intermediate layer (VP6), and an
approximately 111 million episodes of theinner core layer (VP2). The viral genome consists
gastroenteritis requiring only home care, 2%f 11 double-stranded RNA (dsRNA) (Pesavento
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et al., 2003). Group and subgroup specificities arRmMATERIALS AND METHODS
mediated mainly by VP6, which is the major
intermediate capsid protein. To date, seven groupgiinical samples and viral detection

designated as A-G, have been distinguished in therom January 2000 to December 2003 a total of
rotavirus strains from the humans and animalss50 fecal samples were collected from the children
The groups A, B, and C have been described in theéhd adults with acute gastroenteritis in 38 counties
humans and among them the group A is the mogf the Parana State, Brazil. All the fecal specimens
common cause of the acute gastroenteritis in thgere sent to the Public Health Laboratory
young children (Kapikian et al., 2001). (LACEN-PR) for the rotavirus diagnosis. Only one
The two outer capsid proteins, VP7 and VP4, argecal sample was collected per diarrhea episode.
the basis of a binary rotaviruses classificationrhe fecal suspensions were prepared by dilution of
system in the G (glycoprotein) and P (proteasghe fecal samples (10-20% w/v) in phosphate-
sensitive) types, respectively. So far, 15 differenpuffered saline (PBS), pH 7.2 (137 mM NacCl; 3
G and 25 different P genotypes have been reportgfiM KCI: 8 mM NaHPQ,, 15 mM KHPO),
(Rao et al., 2000, Rahman et al., 2005). Becauggllowed by mixing and clarification at 2000 g

the VP4 and VP7 are coded by different RNAfor 10 min at 4°C. The fecal suspensions were
segments, various combinations of the G and Bcreened using an enzyme immunoassay (ELISA)
types can be observed. Most G types wergyr group A rotavirus and adenovirus detection
serologically confirmed as serotypes, but for the RE|ARA) (Pereira et al., 1985), supplied by Bio-
types due to the lack of appropriate antibodyianguinhos, Oswaldo Cruz Fundation, Rio de
reagents, a dual P typing system has been usefineiro, Brazil, the following manufacturer
The G types G1, G2, G3, and G4 constitute moreecommendations. For the PAGE analysis and P/G
than 80% of all the human G genotypes detectegenotypes detection only group A rotavirus

worldwide. In humans, P[8] is the most common Ryositive fecal samples by ELISA test were used.
genotype, followed by P[4] and P[6]. Studies of

the genotyping have indicated that the P[8]G1lRNA Extraction

P[4]G2, P[8]G3, and P[8]G4 genotypes are thehe fecal suspensions (10% wiv) of semi-solid
most frequently observed, followed by the P[8]G%eces or a 50% (v/v) suspension of the liquid feces
and P[6]G9 (Santos and Hoshino, 2005). were prepared in Tris-calcium buffer pH 7.2
While the rates of the morbidity related to the(o.01M Tris-HCI: 0.0015M C?a’) The suspensions
rotavirus diarrhea are similar in both thegre centrifuged for 10 min at 1200gxand the
industrialized and developing = countries, —thés;pernatants were stored at -20°C. Aliquots of 450
disease is often severe and fatal among the infanis of each fecal suspension were treated with SDS
and young children living in the developing 109 for 20 min at 56°C. For the dsRNA extraction
countries, where inadequate sanitation conditiong,e silica/guanidine isothiocyanate method was
and mostly malnutrition may be an additional ;geq (Boom et al., 1990), adapted to the use of one

hazard (Kapikian et al., 2001). The success of @itial step of phenol-chloroform-isoamyl alcohol
prevention program based on the use of thgafsier et al., 2004).

vaccines is dependent of the previous knowledge
of the most frequent rotavirus genotypes found in
the population, particularly in the developingpagg

region; of the V\.'Oﬂd' . The silver-stained polyacrylamide gel
The aim of this study was to characterize th%lectrophoresis (PAGE) was performed as

genotypes P and G of the group A rotavirug eyiously described (Herring et al., 1982, Pereira
identified in the fecal samples from the patientg; 4 1983).

with acute diarrhea in the Parand State, Braazil.

RT-PCR

The reverse transcription (RT) reaction was

performed with 2 to [l of extracted dsRNA and

20 pmol of the consensual primers to the VP4

(4con3 and 4con2) or VP7 (9conl and 9con2)

genes (Gentsch et al., 1992, Das et al., 1994) that
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were denatured at 97°C for 5 min and quicklyAnalysis of RT-PCR and Multiplex Nested PCR
chilled in the ice for 2 min. Subsequently, the RTThe products were analyzed by the electrophoresis
mix containing 1x PCR buffer (20 mM Tris-HCI in a 1.5% (RT-PCR) and 2% (Multiplex Nested
pH 8.4, 50 mM KCI), 5 mM MgG| 0.5 mM of PCR) agarose gel in TBE buffer pH 8.4 (89 mM
each dNTP (Invitrogen, USA), 30 U SuperScript™Tris; 89 mM boric acid; 2 mM EDTA), ethidium

Il RT (Invitrogen, USA) and the ultrapure sterile bromide (0.5ug/ml) stained and visualized under
water to a final volume of 2Ql were added, UV light.

incubated at 42°C for 45 min and then followed by

inactivation at 95°C for 5 min. Statistical analysis

For the PCR reaction, the PCR mix solutiony?test was used to analyze the data obtained to the
containing 20 pmol of each consensual primer tage group and seasonal distribution of the group A
the VP4 or VP7 gene, 0.4 mM of each dNTP, 1xotavirus infection. A value ofp<0.05 was
PCR buffer, 1.25 U of Platinifn Tag DNA considered statistically significant.

polymerase (Invitrogen, USA) and ultrapure sterile

water to a final volume of 2pl was added to the

cDNA tubes. The reaction was performed in

thermocycler (PTC-200, MJ Research Co. Watg}rQ ESULTS

Town, MA, USA). W'th_the following time and A total of 120 (21.8%) diarrheic fecal samples
temperature conditions: one step of 3 mifi/@4 " :
were positive for the group A rotavirus by the
followed by 40 cycles of 45 s/88, 45 s/48C, 1 .
: : . EIARA. Of these, 114 (95.0%) positive samples
min/72C and a final cycle of 10 min/7@. . .
had enough amounts to be used in the genotyping
analysis. According to the age group, it was
observed that rotavirus was detected with
significantly (2= 28.07 p<0.0001) higher
equency in the children up to five years old. The
ositive rates of 27.6 and 30.1% were detected in
hildren with 0-2, and 2-5 years old (Table 1),

Typing by Multiplex Nested PCR

The RT-PCR product (d at dilutions of 1:10,
1:100 or 1:1000) was used as the template for
second amplification round. This product, togethe
with 20 pmol consensual primer 9conl and a pooﬁ
of specifics VP7 primers for the G typing in the

same concentration, or consensual primer 4co respectively.
. ) P e detection rates of the rotavirus varied with the
and a pool of specifics VP4 primers for the P

: : onth of the sample collection throughout the four
typing, were denatured at 97°C for 5 min and" . oS ~
quickly chilled in the ice for 2 min. The specific years (2000-2003) .StUd'ed' A significant? (_
primers used for the G typing were a pool of Gl119.57p< 0.0001) dlffe_rence Was_observed in the
G2, G3, G4 (Das et al., 1994) and G5 (Gouvea (jéequency of the rotavirus detection from July to
al ’19§4b)' a pool of”GS G10 (Gouvea et al eptember showing the rotaviruses seasonality.
1§§4b) Gg’ (Das et al 1é94) and a pool of G'én this study, 114 (95%) of 120 positive samples
and Gil (Gouvea et a-l’ 19945) For the P tyloirzé/ere characterized by the PAGE and showed the
the primers P[], P[6], PIg] and P(9) were used SETTC AR D R T tongand
(Gentsch et al., 1992). For the detection of the P[L] i RNA seament pattern. with the exge tion of
genotype were used a previously described prim 9 P ’ P

: ne strain with a short profile. The rotaviruses
é%gggﬁ?u:r p?ilr.ﬁ elr994a) together with the 400n?rom 85 (74.6%) fecal specimens were typed for at

The N-PCR mix containing 2 mM Mgg10.4 mM least one of the P (VP4) and .G (VP7) types; 10
of each dNTP, 1x PCR buffer, 1.25 U Of(8.8%) samples were genotyping only to P or G
Platinun? Taq DNA polymerase and ultrapure type and 19 (16.7%) samples were nontypable for
sterile water to a final volume of 34 was added both P and G types. The combinations of the G
in each sample. The Nested PCR consisted of nd P types most frequently found were |_3[8]G1
step at 94°C / 3 min: 40 cycles of 94°C / 1 min( 6.5%) and P[8]G4 (9.6%). However, a variety of

. . . the combinations, such as a single P genotype with
55°C /2 min and 72°C / 1 min, followed by a final
step at 72°C / 10 min. two or three G genotypes, and two P genotypes

with one G genotype, were also observed. The
overall results of RT-PCR genotyping are
summarized in Table 2.
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Table 1 - Frequency of the group A rotavirus detected byyee immunoassay in fecal samples from humans
beings with acute diarrhea, distributed accordinthé age group. Parand State, Brazil, 2000-2003.

Age group N° tested N° positives
(years) samples (%)
0<1 101 25 (24.7)
1<2 102 31 (30.4)
2<3 61 20 (32.8)
3<4 43 13 (30.2)
4<5 19 4 (21.0)
5<15 62 13 (21.0)
>15 131 8 (6.1)
ND* 31 6 (19.3)
Total 550 120 (21.8)

*ND (not registered date)

Table 2 - Genotypes G (VP7) and P (VP4) of the group A rotesy identified by multiplex-nested-PCR assay, in
fecal samplesnE114) of children and adults with acute diarrhesraRa State, Brazil, 2000-2003.

N° of specimens (%)

Genotype Total
P[4] P[8] P[4] + P[8] P untypeable

G1 - 53 (46.5) 4 (3.5) 1(0.9) 58 (50.9)
G2 2 (1.7) - - - 2 (1.7)
G3 - 1 (0.9) - - 1(0.9)
G4 - 11 (9.6) - - 11 (9.6)
G9 - 4 (3.5) - 4 (3.5) 8 (7.0)
G1+G4 - 4 (3.5) - - 4 (3.5)
G1+G9 1(0.9) 2(1.7) - - 3 (2.6)
G1+G2+G4 - 1 (0.9) - - 1(0.9)
G1+G4+G9 - 1(0.9) - - 1(0.9)
G4+G9 - 1 (0.9) - - 1(0.9)

G untypeable 1(0.9) 4 (3.5) - 19 (16.7) 24 (21.1)
Total 4 (3.5) 82 (71.9) 4 (3.5) 24 (21.1) 114 (1O0.
DISCUSSION elucidated. The prevalence of the rotavirus

infection in the neonates has not been systemically

The occurrence of the group A rotavirus wasxamined, but high infection rates were
observed, as expected, mainly among the infanffocumented in the newborns in India’s hospital,
and young children up to five years old (77.5%)Where these infections were caused by the unusual
One positive case of the rotavirus was observed #irains of the rotavirus (Cicirello et al., 1994). In
a newborn with six days of age, and in this caséhe adults, one positive case of infection by the
the genotype was nontypeable, remained to b@®tavirus was observed in the elderly. The
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epidemiological studies show that, the group AFor the G genotypes, the G1 was found as
rotavirus infection in the adults are usuallypredominant. This genotype was present as the
subclinical, but occasionally, cause illness in thenly G genotype in 50.9% of the diarrheic fecal
parents of children with the rotavirus diarrhea, andpecimens and as single and mixed infection in
immunocompromised and/or elderly patients58.8% of the analyzed samples. The second most
(Parashar et al., 1998). In this investigation, thérequent G genotype was the G4, present in 15.8%
high number of diarrheic fecal specimens directedf the evaluated samples. Several studies shown
for the diagnosis of the rotavirus in the adultghat the G1, G2, G3, and G4 account for more that
patients, could be attributed to non-group A80% of the global human rotavirus strains. In some
rotavirus or to other pathogens not evaluated. geographical regions, other G types may be of
The pattern of the seasonal distribution of theepidemiological important (Santos and Hoshino,
rotaviruses could detect a major peak of th&005). In Mexico, the G2 serotype was associated
rotaviruses during the coldest and driest months afith 92% of the gastroenteritis in the children
each year, mainly between July and September. (Gonzales-loza et al., 2000). In North region of
the developed countries, the rotaviruses display Brazil, the G1 (50%) and G2 (30%) genotypes
seasonal pattern of the infection, with epidemiavere prevalent in a study carried out between 1983
peaks occurring in the coldest and driest months @ind 1985 (Linhares et al., 1988), and a subsequent
each year. This usual seasonal pattern of th&udy showed the following frequencies: G1
rotavirus infection observed in the countries with(65%), G2 (30%), G3 (1.2%), G4 (4.6%) and G9
the temperate climates does not occur uniformly if1.2%) (Linhares et al., 1996). Extensive study
others (Kapikian et al., 2001). In Brazil, have beemlevelop by Pereira et al. (1993) demonstrated that
different frequencies of the rotavirus detectionthe G1, G2, G3, G4 had frequencies of 42, 24, 16,
due to the range of the climatic factors (Pereira eind 18%, respectively. Worldwide, the G
al., 1993). In several studies, the seasonality of thgenotypes have shown clear floating in the relative
rotavirus cases could be correlated with the lovirequencies to the predominant genotypes, and this
relative atmospheric air humidity (Sattar et al.diversity in different countries confirms the
1984, Coluchi et al., 2002, Cardoso et al., 2003jmportance of continuous monitoring of the human
The Brazilian South region (Paran& State) has welbtavirus strains identified around the world.
defined season and may represent the sanide G9 was the third most frequent genotype and
seasonal pattern observed in the countries wittvas found in many counties of different
temperate climates. geographical regions of Parana State during the
The only rotavirus strain with a short four years (2000-2003) of study. This result
electropherotype profile detected by the PAGE imatified the wide geographical distribution of the
this study showed P[4]G2 genotype. This genotyp&9 genotype detected since 1995 in several
was previously related with the short profile incountries, including Brazil, and reinforced the
other studies (Mascarenhas et al., 1997, Coluchi pbssibility that this genotype could represent a
al., 2002). fifth globally important genotype (Santos and
The rotaviruses are generally species-specific, bitoshino, 2005). Perhaps this genotype is now
cross-species transmission is possible. Severadplacing G5 genotype in Brazil. The occurrence
studies have found the evidence of vivo of the mixed infections to the G types observed in
reassortment between different human rotaviruthe study confirmed the indication that in the
strains and also between the animal and humateveloping countries the scale of the mixed
strains (Cunliffe et al., 1999). The rotavirusinfections was more evident (Leite et al., 1996,
genotypes commonly found in animals, as G3, G5lain et al., 2001).

G6, G8, G9, G10, and P[6], P[9], P[11], P[14], andThe diversity for the P types was less than that
P[19] have been recorded in the human populaticiound for the G genotypes. The predominant
throughout the world (Desselberger, 2000). Thgenotype was the P[8] followed by P[4]. No other
G5 genotype is a common porcine genotype th& genotype was detected in the fecal samples
has been described as the infection agents for tlmcluded in this study. In several studies, the same
humans in several studies, including in Brazilresults have been frequently detected worldwide
(Alfieri et al., 1996, Villena et al., 2003). (Fang et al., 2002, Santos and Hoshino, 2005). The
However, no G5 or other animal genotypes werenost frequent P and G genotypes combinations
observed in this investigation. found in the rotavirus positive fecal samples were
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P[8]G1 and P[8]G4 as single and/or mixedproducing the virus-specific serum neutralizing
infection. In a global scale, these genotypes arantibodies during the natural infection (Matsui et
commonly found in rotaviruses that infect theal., 1989). As several studies have demonstrated,
children world wide (Gentsch et al.,, 1996).increasing rate of the G9 genotype identification,
However, the P[4] and P[8] in combination with highlighted the possibility that new emerging
the G2 genotype in 50 and 28.6% of the rotaviruserotypes would be important for vaccination
positive fecal samples, respectively were the mostrategies.

frequent genotypes found in a survey carried oufthe combination of the genotypes observed in this
with the pediatric patients in Belém, Pard, Norttstudy and in several other studies showed that the
region of Brazil, between 1992-1993rotavirus diversity exhibited not only a
(Mascarenhas et al., 1999). These resultgeographical but also a temporal pattern. The
suggested that, the rotavirus P and G-types seemembnitoring of the rotaviruses worldwide should
to co-circulate within the same country atcontribute to the success of prevention programs,
prevalence rates that could differ significantlymainly in the developing countries, where the
from one region to another. Moreover, it seemedases of the acute gastroenteritis associated with
unlikely that differences in the P-types showed irthe sub-nutrition are frequently responsible for a
these studies could be attributed to the souragreat number of hospitalizations and many deaths.
(community or hospital acquired infection) of the

rotavirus. The P[6] genotype in association with

the G genotypes have been mentioned in severACKNOWLEDGMENTS

studies (Gentsch et al., 1996, Villena et al., 2003),
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the identical G or P types. The rotavirus strainRESUMO

nontypeable for the P and/or G genotypes could be

related to the failure of the genotyping due theyo periodo de janeiro de 2000 a dezembro de
presence of the other genes not investigated in thi§o3  foram colhidas, em varias regides
survey, or with the necessity to use of theeograficas do Estado do Parana, 550 amostras
degenerate primers to improve the results. fecais de criangas e adultos com quadro clinico de
The large-scale adoption of the rotavirusgigrréia aguda. Por meio de  ensaio
vaccination  program ~ would increase  theimynoenzimatico comercial, 120 (21,8%) amostras
importance of the rotavirus strains surveillance iforam positivas para o rotavirus grupo A. Dessas,
the homotypic responses to the G serotypes seq@jtiplexnestedPCR. A maior  fregiiéncia

to predominate, numerous studies involving thg77 5o4) de amostras positivasn=03) foi
humans and other animal models have shown th&§pservada em criangas menores de cinco anos de
1) the heterotypic responses are commonly elicitedgade. A maior concentragdo de casos positivos
even after primary infection, and ii) the maternalyara o rotavirus ocorreu nos meses frios e secos
antibodies are important to protect against seveig,s quatro anos avaliados. Os genotipos de maior
gastroenteritis in the neonates and infants (Ray angtorrancia foram: G1 (50,9%), G4 (9,6%), G9
Kelkar, 2004). Particular attention should be7 0o), G2 (1,7%), G3 (0,9%), P[8] (71,9%) e
focused on the characterization of the P-typesp4] (3,5%). P[8]G1 (46,5%) e P[8]G4 (9,6%)

mainly because the studies supported thgyram as associacdes de genotipos P e G mais
hypothesis that the VP4 could be more effective in
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