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Background: A publicly funded, group A rotavirus (RVA) vac-
cination program was implemented in Quebec in November 2011.
ObJECTIvES: To evaluate trends in RVA infections and describe 
circulating genotypes before the implementation of a publicly funded 
vaccination program.
METHODS: The Montreal Children’s Hospital (Montreal, Quebec) 
virology laboratory database was reviewed for RVA ELISA performed 
between July 2006 and June 2011. A five-week moving average was used 
to follow the proportion of positive RVA ELISA test results. A season 
was defined as starting with the first two and ending with the final two 
consecutive weeks in which the percentage of specimens testing positive 
for RVA was ≥10%. Duplicate tests were excluded. A random sample of 
39 RVA-positive fecal samples from the final season (2010/2011) was 
genetically characterized: VP4, VP6, VP7 and NSP4 gene segments were 
genotyped using sequence analysis.  
RESuLTS: Of the 3403 nonduplicate tests, 433 were RVA positive: 15.1% 
(2006/2007) to 9.3% (2010/2011) of the samples were positive during the 
study period, with a proportionally larger decrease in the percentage of 
positive tests compared with the decrease in the number of tests performed. 
The most common RVA strain types detected were G9P[8]I1 (n=19) 
and G1P[8]I1 (n=14), followed by G2P[4]I2 (n=4), G3P[6]I1 (n=1) and 
G4P[8]I2 (n=1). Mixed RVA infection was observed in two samples. 
COnCLuSIOn: Before the implementation of the vaccination pro-
gram, the proportion of positive RVA tests had already begun to steadily 
decline. The present study was the first to report the genetic makeup of 
human RVA collected from a Canadian hospital based on the genotyp-
ing of four gene segments. The present study provided a baseline with 
which to monitor the impact of the universal vaccination program. 
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Les rotavirus du groupe A chez les enfants atteints 
de gastroentérite dans un hôpital pédiatrique 
canadien : l’époque qui a précédé le vaccin

HISTORIQuE : En novembre 2011, le Québec a commencé à financer 
un programme de vaccination contre le rotavirus du groupe A (RVA).
ObJECTIFS : Évaluer les tendances des infections par le RVA et décrire 
les génotypes en circulation avant la mise en œuvre d’un programme de 
vaccination financé par le gouvernement.
MÉTHODOLOGIE : Les chercheurs ont analysé la base de données du 
laboratoire de virologie de L’Hôpital de Montréal pour enfants de Montréal, 
au Québec, pour en extraire les tests ELISA du RVA effectués entre juillet 
2006 et juin 2011. Ils ont utilisé une moyenne mobile de cinq semaines 
pour suivre la proportion de résultats de tests ELISA positifs au RVA. Ils 
ont défini une saison comme commençant avec les deux premières 
semaines consécutives au cours desquelles au moins 10 % des échantillons 
étaient positifs au RVA et se terminant avec les deux dernières semaines 
présentant ces caractéristiques. Ils ont exclu les tests dédoublés. Ils ont 
procédé à la caractérisation génétique d’un échantillon aléatoire de 
39 coprocultures positives au RVA de la dernière saison (2010-2011) : ils 
ont génotypé les segments de gène VP4, VP6, VP7 et NSP4 au moyen de 
l’analyse séquentielle.
RÉSuLTATS : Sur les 3 403 tests non dédoublés, 433 étaient positifs au 
RVA : de 15,1 % (2006-2007) à 9,3 % (2010-2011) des échantillons 
étaient positifs pendant la période de l’étude, la diminution étant 
proportionnellement plus importante en matière de pourcentage de tests 
positifs que de nombre de tests effectués. Les types de souches de RVA les 
plus décelés étaient le G9P[8]I1 (n=19) et le G1P[8]I1 (n=14), suivis du 
G2P[4]I2 (n=4), du G3P[6]I1 (n=1) et du G4P[8]I2 (n=1). Dans deux 
échantillons, les chercheurs ont observé une infection à RVA mixte.
COnCLuSIOn : Avant la mise en œuvre du programme de vaccination, 
la proportion de tests positifs au RVA avait déjà commencé à subir une 
baisse constante. La présente étude est la première à avoir rendu compte de 
la constitution génétique du RVA humain prélevé dans un hôpital 
canadien d’après le génotypage de quatre segments de gène. Elle fournit un 
point de départ pour surveiller les répercussions du programme de 
vaccination universelle.
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Group A rotavirus (RVA) infection is the leading cause of severe 
gastroenteritis (GE) in young children and the most common 

pathogen identified in Canadian children who seek health care for 
acute GE (1). The cumulative risk of hospitalization for RVA GE in 
the first five years of life ranges between one in 45 and one in 
106 (2-4), and this risk increases to one in 25 when hospital stays 
<24 h are included (5). This risk translates into 13,600 Canadian 
children younger than five years of age hospitalized each year due to 
RVA GE (6). Health care-associated (HA) RVA infections add to the 
burden of community-acquired illness, with an average incidence of 
0.8 per 1000 patient days in children younger than five years of 
age (7). Immunization is effective for preventing RVA infection and 
decreasing RVA-associated health care use (8-18).

RVAs are genetically highly diverse due to evolutionary mechan-
isms such as point mutations, recombination, and segment reassort-
ment events between homologous and heterologous strains (19,20).

RVA forms an individual genus within the Reoviridae family, the gen-
ome of which consists of 11 double-stranded RNA segments encod-
ing six structural (VP1 to VP4, VP6 and VP7) and six nonstructural 
proteins (NSP1 to NSP6) (19). RVAs are classified antigenically and 
genetically according to a binomial system based on the main anti-
genic determinants; the outer capsid proteins VP7 and VP4, which 
specify the G and P serotypes/genotypes, respectively (19-21). To date, 
27 G and 35 P genotypes have been documented (21,22). Recently, a 
new RVA classification system has been proposed in which all 11 seg-
ments are considered (22,23). Following this classification system, the 
VP6 gene segment (which encodes a protein that constitutes the inner 
capsid layer of the virion) and the NSP4 gene segment (which encodes 
a protein involved in viral replication and also possesses enterotoxic 
activity) have, to date, been classified in 15 I (VP6) and 12 E (NSP4) 
genotypes (21,22). The recent introduction of human RVA vaccines 
in different countries has raised questions of whether vaccination 

oriGinAl ArTiCle

©2013 Pulsus Group Inc. All rights reserved



Chetrit et al

Can J Infect Dis Med Microbiol Vol 24 No 1 Spring 2013e2

could drive the selection of rare or atypical strains, including animal-
human reassortant viruses not currently included in vaccine formula-
tions. Surveillance studies conducted in several countries to monitor 
the effect of vaccination on strain diversity have revealed that the 
most common circulating human genotypes include G1, G2, G3, G4 
and G9 in combination with P[8] and P[4] (24-26). In addition, a 
small percentage of rare genotypes, including reassortant strains, and 
potential zoonotic and human-animal hybrid strains, have also been 
detected in various countries (24-26).

Two RVA vaccines are currently approved and available in 
Canada: a pentavalent vaccine containing a combination of five 
reassortant human-bovine viruses (G1, G2, G3, G4 and P[8]) 
(RotaTeq [RV5], Merck, USA) and a monovalent vaccine containing 
a live-attenuated strain of P[8]G1 (Rotarix [RV1], GlaxoSmithKline, 
United Kingdom). Based on cost-effectiveness analyses, Quebec used 
RV1 for their publicly funded program, which began November 1, 
2011 (27).

Until recently, in Canada, in the absence of a publicly funded RVA 
vaccination program, vaccine coverage remained low (13% of children 
one year of age had received at least a single dose) (28,29). The object-
ives of the present study were to evaluate trends in RVA infections from 
2006 to 2011 and to gather information regarding RVA genotypes circu-
lating in Montreal, Quebec, before the implementation of the publicly 
funded vaccination program. Therefore, complete VP7, VP6, NSP4 and 
partial VP4 gene segments were genotyped using sequence analysis.    

METHODS
Study setting and design
The Montreal Children’s Hospital (MCH, Montreal, Quebec) is a 140-
bed teaching hospital with >75,000 annual visits to its emergency 
department, of which >3000 are for GE. RVA testing is performed, using 
a commercially available ELISA kit according to the manufacturer’s 
instructions (until 2008, Pathfinder Rotavirus EIA Kit, BioRad 
Laboratories Inc, USA; after 2009, Premier Rotaclone, Meridian 
Diagnostics, USA). The MCH virology laboratory does not have any 
restrictions with regard to the seasonality of RVA testing. To determine 
whether there were any trends in the burden of RVA infections at the 
MCH, ELISA testing data from the MCH laboratory from July 2006 to 
June 2011 were retrospectively reviewed. Using the laboratory informa-
tion system, all RVA tests that were performed with medical record 
numbers to enable removal of duplicates were extracted. Seasons were 
defined from July through June of the following year and were compared 
using aggregated weekly data to determine trends in RVA infectivity, 
season peak and timing. 

Definitions
A season was defined to start with the first two consecutive weeks and 
end with the final two consecutive weeks in which the percentage of 
specimens testing positive for RVA was ≥10%. The peak of the season 
was defined as the week with the largest percentage of specimens that 
tested positive for RVA. Duplicate tests, defined as tests ordered within 
48 h of a previous test with the same result, were excluded. The total 
number of tests, the total number of positive tests and the proportion 
of positive tests from July 2006 to June 2011 were aggregated weekly 
and compared from one season to the next. 

Analysis
Due to the small size and the intrinsic variability of the sample, a five-
week unweighted moving average was used to interpret the data. The 
total number of RVA tests and the proportion of positive RVA tests 
were followed over time. Data from the final two weeks of June 2006 
through the first two weeks of July 2011 were collected and included 
in the analysis to enable the use of the moving average.  

Genotyping of RvA strains
A total of 39 anonymized, randomly selected, RVA-positive fecal 
samples from RVA-positive specimens collected during the 

final season (2010/2011) were further genotyped. All samples were 
collected from patients referred to or admitted to the MCH, or from 
specimens sent to the MCH laboratory. Fecal samples were stored at 
−70°C. Twenty per cent fecal suspensions were prepared in Eagle min-
imum essential medium (Invitrogen, Canada) and filtered twice using 
0.45 µm and 0.22 µm filters (Millipore, USA) and stored at −70°C. 
Viral RNA was extracted using a commercially available viral RNA 
mini kit (Qiagen, Canada) following the manufacturer’s protocol.
RvA screening by reverse transcription polymerase chain 
reaction (RT-PCR): All samples were screened for RVA 
using RT-PCR performed with a commercially available 
RT-PCR kit (One-Step RT-PCR, Qiagen) using primers Beg9 
(5'-GGCTTTAAAAGAGAGAATTTCCGTCTGG-3') and End9 
(5'-GGTCACATCATACAATTCTAATCTAAG-3') (30), which 
targeted the complete VP7 gene segment (1062 nucleotides); 
primers Con3 (5'-TGGCTTCGCTCATTATAGACA-3') and Con2 
(5'-ATTTCGGACCATTTATAACC-3') (31), which targeted the 
variable VP8* section of the VP4 gene segment (876 nucleotides); 
and primers GENVP6F (5'-GGCTTTWAAACGAAGTCTTC-3') 
and GENVP6R (5'-GGTCACATCCTCTCACT-3') (22), which tar-
geted the complete VP6 gene segment (1356 nucleotides). A 
total of five selected samples (one of each VP4/VP7 genotype com-
bination) were also screened for the NSP4 segment using the GEN-
NSP4F (5'-GGCTTTTAAAAGTTCTGTTCC-3') and GEN-NSP4R 
(5'-GGWYACRYTAAGACCRTTCC-3') primers (22), which targeted 
the complete segment (751 nucleotides). Viral RNA was heated for 
3 min at 97°C to denature the double-stranded RVA RNA segments and 
were quickly placed back on ice. RT-PCR was performed as described 
by the manufacturer using 0.6 µM of each primer in a 25 µL reaction 
volume. RT was performed at 50°C for 30 min followed by 15 min at 
95°C. DNA amplification was performed for 40 cycles, consisting of 60 s 
at 94°C, 30 s at 45°C and 120 s at 72°C. Amplification products were 
seperated on 1% agarose gels containing SYBR Safe DNA Gel Stain 
(Invitrogen, USA) and visualized using ultraviolet light. Amplicons of 
the expected molecular weight were extracted from the gel and puri-
fied using a commercially available kit (Qiaquick Gel Extraction Kit, 
Qiagen). Resulting RT-PCR amplicons were subjected to sequence 
analysis using the respective PCR primers and a commercially avail-
able kit (BigDye Terminator v3.1 Cycle Sequencing Kit, Invitrogen) 
using a 3730xl instrument (Applied Biosystems, USA). Sequences with 
evidence of mixed populations of amplicons were cloned using a com-
mercially available kit (pGEM-t Easy cloning kit, Promega, Canada); six 
to 12 clones were sequenced as described above. Sequences were analyzed 
and edited using the GENEIOUS software version 5.4 (Biomatters Ltd, 
New Zealand). Sequences were compared with datasets using the Basic 
Local Alignment of Sequences Tool (BLAST; www.ncbi.nlm.nih.gov/) 
with default settings and the RotaC2.0 automated genotyping tool for 
RVA (32) to confirm identities and genotyping. Subsequent detailed 
phylogenetic analyses were conducted using ClustalW alignment and the 
maximum composite likelihood evolutionary model in MEGA version 
5.0 (33), excluding all missing and ambiguous sites. Genbank accession 
numbers of segments characterized in the present study are JX029850 to 
JX029860 (VP7), JX029837 to JX029842 (VP4), JX029843 to JX029849 
(VP6) and JX029831 to JX029836 (NSP4).

RESuLTS
Of the 3585 RVA detection tests performed between July 2006 and 
June 2011, 182 were duplicates. Of the remaining 3403 tests, 433 were 
positive according to ELISA (12.7%). The 2006/2007, 2007/2008 and 
2008/2009 seasons demonstrated bimodal distributions with staggered 
onset and similar peaks (Figure 1). During the 2009/2010 and 
2010/2011 seasons, the pattern of RVA positivity changed. The 
2009/2010 season had a trimodal distribution, whereas the 2010/2011 
season had a unimodal distribution (Figure 1). 

The number of unique detection tests performed during the 
2006/2007, 2007/2008, 2008/2009, 2009/2010 and 2010/2011 seasons 
were 767, 738, 713, 607 and 578, respectively (of a total of 3403 tests 
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performed between July 2006 and June 2011), yielding an overall 
decrease of 24.6% between the 2006/2007 and 2010/2011 seasons. 
The number of RVA-positive tests and the percentage of positive tests 
per season are reported in Table 1, with a total of 433 RVA-positive 
tests and a mean positivity of 12.7% over the five seasons. Compared 
with the 2006/2007 season, the yearly decrease in the percentage of 
RVA-positive ELISA tests was statistically significant for 2009/2010 
and 2010/2011 (P≤0.001). Overall, there was a proportionately larger 
decrease in the percentage of specimens testing positive for RVA com-
pared with the decrease in total RVA tests performed.

RvA genotypes detected 
A total of 39 RVA strains from the MCH collected during the 
2010/2011 season were successfully G (VP7), P (VP4) and I (VP6) 
genotyped using sequence analysis with common primers (Figure 2). In 
addition, selected strains representing five different G/P combinations 
were also E (NSP4) typed. The most common RVA strain types 
detected were G9P[8]I1 (n=19) and G1P[8]I1 (n=14), followed by 
G2P[4]I2 (n=4), G3P[6]I1 (n=1) and G4P[8]I2 (n=1). A total of 
11 VP7 sequences representing five different G genotypes (G1, G2, G3, 
G4 and G9) were selected as representative strains of specific lineages 
or sublineages and were used to build a phylogenetic tree (Figure 3A). 
G1 sequences were found to be heterogeneous and clustered in two 
distinct lineages, G1-I and G1-II. Moreover, G1-I sequences were 
found to be clustered within two sublineages, 1a and 1d. G9 sequences 
were found to be less heterogeneous because they all clustered in a sin-
gle lineage, III-d. G2 strains were found to be clustered tightly in lin-
eage II. Finally, G3 and G4 strains clustered in lineage I and sublineage 
Ib, respectively. The predominant P type among circulating strains dur-
ing the time period of the present study was P[8] (n=34) in association 
with G1, G4 and G9 types. Additional P types detected were P[4] in 
association with G2 type and a single P[6] in association with the G3 
type. One sample was found to be a mixed infection involving a 
G9P[4+8]. All P[8] strains clustered in linage III (Figure 3B). P[4] and 
P[6] strains clustered in lineage V and sublineage Ia, respectively. The 
majority of strains (n=34) harboured the I1 type of VP6 in association 
with G9P[8], G1P[8] and G4P[8] constellations (Figure 4A). G2P[4] 
and G3P[6] strains were found in association with the I2 type of VP6. 
NSP4 segment analysis was performed on five samples, which were 
selected based on their differing G/P genotype combinations. The E1 

TablE 1
Group a rotavirus (RVa) specimens tested, relative to the 
2006/2007 season

Season
Unique tests 
performed, n

RVa+,  
n (%)

Decrease from 2006/2007, %
RVa+ Tests performed

2006/2007 767 116 (15.1) Reference Reference
2007/2008 738 103 (14.0) 7.7 3.8
2008/2009 713 105 (14.7) 2.6 7.0
2009/2010 607* 55 (9.1) 40.1 20.9
2010/2011 578* 54 (9.3) 38.2 24.6
Total 3403 433 (12.7)
*P<0.001 compared with 2006/2007 and 2008/2009. + Positivity 

Figure 1) A superimposed five-week unweighted moving average of the 
percentage of positive group A rotavirus detection tests for the 2006/2007 to 
2010/2011 seasons. CDC Centers for Disease Control and Prevention Figure 2) Circulating genotypes (2010/2011 season)

Figure 3) A Phylogenetic analysis of gene segment VP7 (G genotypes) 
nucleotide sequences. b Phylogenetic analysis of gene segment VP4 (P geno-
types) nucleotide sequences. Alignments and tree reconstruction were performed 
using the Clustal W alignment program and the NJ algorithm in MEGA version 
5.0 (33). Relevant G and P types are shown on the right side of the figures. The 
lineages (roman numerals) and sublineages (letters) are adapted from references 
38 and 40. RVA sequences characterized in the present study are shown with a 
filled circle. Relevant RVA reference sequences are shown with their names, 
country of origin and Genbank accession number. Bootstrap values >80% 
following 1000 replications are shown at the nodes

 J-4692/HUM/JAP/DQ512987

 MCH36/HUM/CAN

 CU308-NR/HUM/THA/GQ996871

 MVD9901/HUM/AF480277

 VN-751/HUM/VIE/DQ512971

 MCH2/HUM/CAN

 Thai-1604/HUM/THA/DQ512981

 Dhaka8-02/HUM/IND/AY631049

 MCH5/HUM/CAN

 G192B/HUM/AUS/AF043678

 96TA2049/HUM/JAP/GU358443

 MCH26/HUM/CAN

 Wa/HUM/USA/GU723327

 Fin-220/HUM/FIN/Z80294

 K54/HUM/USA/U26377

 421/HUM/JAP/D16326

 VA75/HUM/ITA/M86833

 GER173-08/HUM/GER/GU392998

 J-4619/HUM/JAP/DQ904521

 MCH40/HUM/CAN

 NB123/HUM/RSA/AF161821

 ST3/HUM/GBR/EF672616

 Hochi/HUM/JAP/AB039035

 CMH272/THA/AY707790

 SP28-3/HUM/SPA/EU159189

 MCH3/HUM/CAN

 RRV/HUM/USA/AF295303

 HCR3/HUM/USA/L21666

 CIT-254RV/HUM/IRL/AF281044

 F45/HUM/USA/AB180970

 SZ37/HUM/CHI/AF260959

 OM46/HUM/USA/AJ491181

 116E-AG/HUM/USA/FJ361209

 Jp-99-TK2082/HUM/JAP/AB091755

 608VN/HUM/VIE/AB091777

 Mc345/HUM/THA/D38055

 MCH17/HUM/CAN

 UK-651/HUM/UK/AJ401263

 OM526/HUM/USA/AJ491182

 MCH18/HUM/CAN

 410GR-85/HUM/SA/AY261335

 92A/HUM/AUS/U73947

 Dhaka26-06/HUM/IND/EF690795

 MCH25/HUM/CAN

 26-2003/HUM/ITA/DQ172854

 MCH19/HUM/CAN

 MCH39/HUM/CAN
100

98

99

100

100
100

81
99

91
98

100

100

98

97

82

99

100

99

84

100
84

96

88

100

98

85

83

100

0,05

G1 

I 

D 

A 

III 

C 
B 

V 

IV 

II 

G4 

II 

Ib 

Ia 

G3 I 
II 
III 

G9 

I 
IV 
V 
II 
VI 

III 

B 
A 

D 

G2 

I 
III 

II 

A  

III C 

 R386/HUM/IRL/EU033987

 BIA48/HUM/ITA/EF150312

 MCH14/HUM/CAN

 MCH2/HUM/CAN

 Py00464/HUM/PAR/EU045223

 MCH29/HUM/CAN

 MW258/HUM/MAL/AJ302143

 88-49/HUM/JAP/AB039934

 WI61/HUM/USA/EF672619

 DK.V00-2138/HUM/AY509910

 BP785/HUM/HUN/AJ605315

 CIT-H245/HUM/IRL/HM126603

 MW670/HUM/MAL/AJ302146

 R291/HUM/BRA/AY855067

 MW333/HUM/MAL/AJ278256

 L26/HUM/PHI/EF672591

 rj5619/02/HUM/BRA/DQ857927

 HFF10/HUM/BRA/DQ369971

 Rv-5/HUM/AUS/M32559

 DS-1/HUM/USA/DQ141310

 Omsk07-83/HUM/RUS/FJ932740

 MCH25/HUM/CAN

 CU81P4/HUM/THA/DQ235963

 KMR757/HUM/SK/EF077337

 MCH19/HUM/CAN

 Gottfried/POR/USA/M33516

 AU19/HUM/JPN/AB017917

 JP29-6/POR/JPN/AB176688

 221/04-19/POR/ITA/AY955307

 BP1227/02/HUM/HUN/AJ621505

 BP1198/98/HUM/HUN/AY955305

 51/03/POR/ITA/AY955305

 134/04-11/POR/ITA/AY955300

 221/04-7/POR/ITA/AY955303

 MCH3/HUM/CAN

 6342LP/99/HUM/AFR/FJ932740

 CH624/HUM/CHI/AF183868

 1076/HUM/USA/M88480

95

100

100

93

87

100

100

93

100

98

95

86

100

100

100

83

100

100

0,05

B  

P8 

III 

II 

I 

IV 

P4 

II 

IV 
III 

V 

P6 

I 

II 

V 

IV 

III 

I 

Id 
Ic 
Ib 

Ia 



Chetrit et al

Can J Infect Dis Med Microbiol Vol 24 No 1 Spring 2013e4

type was found to be associated with G1P[8], G9P[8], G4P[8] and 
mixed with an E2 genotype in a G2P[4] strain. The E2 genotype was 
found in the single G3P[6] strain of the present study and mixed with 
the E1 genotype in a G2P[4] strain (Figure 4B).

DISCuSSIOn
In the absence of a publicly funded RVA vaccination program and given 
the low vaccination coverage in Quebec (<5% in 2008 [28] and 13% 
in 2010 [29] in children younger than one year of age), the decrease 
in the yearly absolute number of tests performed and the proportion 
of positive RVA specimens, with the exception of the 2008/2009 sea-
son, suggest that there are seasonal variations in the patterns of RVA 
infectivity. The RVA infectivity reported for the first three yearlong 
seasons (2006/2007 to 2008/2009) was similar with regard to the length 
of season and the magnitude of the peaks. During the 2009/2010 and 
2010/2011 seasons, the cumulative duration of the RVA seasons were 
shorter and the peak intensities were weaker than any of the peaks 
seen during the 2006/2007 and 2007/2008 seasons. Compared with 
the reference season of 2006/2007, the following seasons had a smaller 
proportion of positive RVA tests and a reduction in the number of 
RVA tests performed. Tate et al (13) found an association between the 
introduction of the national American RVA vaccination program and 
the sustained decline in positive specimens in the United States (US) 
over the subsequent three seasons compared with the prevaccine era. 
The effect was most significant during the 2009/2010 season, in which 
the a priori threshold of 10% RVA-positive tests for season start was 
never reached. The changes in the distribution, intensity and length 
of the 2009/2010 and 2010/2011 seasons compared with the previous 
three seasons in the present study, in the absence of a similar Canadian 
campaign, suggest that other factors may have contributed to the 
decline. One hypothesis is that Quebec is indirectly benefiting from 
the American RVA vaccination program. However, such an inference 
is difficult to make. One would expect herd immunity to be apparent if 
some proportion of the population was in contact with the immunized 
population, thus, preventing the spread of disease among the unim-
munized. In the present case, RVA was transmitted through contact 
and, therefore, herd immunity based solely on the presence of high 
vaccination rates against RVA in the US is unlikely. 

Furthermore, Tate et al (13) suggested that the proportionately 
greater decline in the percentage of RVA specimens testing positive 
compared with the decline in the number of tests performed was attribut-
able to a decline in RVA-related health care visits in the post-vaccination 
era. RVA vaccine uptake in Quebec increased by more than two-fold 
from 2008 to 2010: 4.6% and 4.0% of children one year of age had 
received at least one dose and all three doses of RVA vaccine, respect-
ively, in 2008 (28) compared with 13% and 12.1%, respectively, in 2010 
(29). However, it is debatable whether this minimal vaccine coverage 
could have an impact similar to what was observed in the US following 
the implementation of their national vaccination program. The decline 
in positive RVA specimens in the US was observed within the first year 
of implementation of the vaccine program. However, vaccination 
coverage in the US increased rapidly, with 50% to 60% of infants 
younger than six years of age receiving vaccination; these proportions 
are much higher than what has been reported for Quebec.

The actual prevalence of RVA infection remains uncertain because it 
is not a reportable infectious disease. In the absence of clinical guidelines, 
the decision whether to test is at the discretion of the treating physician 
and is influenced by institutional and personal practices. For most cases 
of GE – even in hospitalized patients – clinicians do not perform labora-
tory testing, likely because RVA is believed to be a benign childhood 
disease and because there is no specific antiviral treatment for RVA (34). 
Thus, passive surveillance contributes to the hypothetical variation in 
the frequency of specimen testing. To be able to draw conclusions on 
RVA-related health care visits and on the representativeness of the RVA 
testing performed, active prospective surveillance is required. 

During the past few decades, human RVA G and P genotypes, such 
as G1, G2, G3, G4 and G9 in association with P[4] and P[8], have 
represented the most prevalent circulating strain, with G1P[8] standing 
out as the most commonly identified strain in developed countries 
(26). Limited G and P typing data from Canadian centres reveal similar 
trends (35-37). However, although relatively few RVA G/P types, rep-
resent >80% of the circulating strains in all of the countries studied, to 

Figure 4) A Phylogenetic analysis of gene segment VP6 (I genotypes) 
nucleotide sequences. b Phylogenetic analysis of gene segment NSP4 
(E genotypes) nucleotide sequences. Alignments and tree reconstruction were 
performed using the Clustal W alignment program and the NJ algorithm in 
MEGA version 5.0 (33). Relevant I and E types are shown on the right side 
of the figures and are adapted from references 22 and 38. Relevant RVA refer-
ence sequences are shown with their names, country of origin and Genbank 
accession number. Rotavirus sequences characterized in the present study are 
shown with a filled circle, except for the sequences of the mixed strains 37A-E1 
and 37B-E2, which are shown with an open circle. Bootstrap values >80% 
following 1000 replications are shown at the nodes
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date, an impressive diversity of strains with more than 40 G/P type 
combinations have been observed to cocirculate in studied populations 
(25,26,38). Moreover, the occurrence of uncommon and potentially 
emerging human strains, such as G12, the existence of specific ‘regional’ 
strains and strains of potentially zoonotic origins have also been 
reported (26,39,40). Findings from the present work reveal that all but 
one of the strains detected were considered to be typical or common 
human RVA strains (G1P[8], G9P[8], G4P[8] and G2P[4]). Furthermore, 
the VP6 and NSP4 typing results for these strains were in accordance 
with other studies and revealed typical I1 and E1 genotypes associated 
with G1P[8], G9P[8], G4P[8] strains and I2 and E2 genotypes associ-
ated with G2P[4] strains (41,42). On the other hand, G3P[6] strains 
have been detected sporadically in humans and are believed to repre-
sent human-porcine reassortant viruses (25,40,43). The P[6] VP4 
allele, in particular, is believed to have had a complex evolutionary his-
tory involving multiple trans-species transmission events between 
humans and pigs (43). The existence of circulating human-animal reas-
sortant strains emphasizes the need for additional surveillance to mon-
itor the existence and extent of these phenomena. 

Mixed RVA infection was observed in two clinical samples in the 
present study. Mixed infections form the basis for reassortment events of 
segmented viruses, which can lead to novel combinations of segments 
between homologous or heterologous strains. Such atypical strains bear-
ing new segment combinations of either human or human/animal ori-
gin, similar to influenza viruses, can generate immunological shifts and 
quickly spread through an immunologically naive population. 

Although the number of strains genotyped in the present study was 
limited, it nonetheless uncovered the large diversity of RVA strains 
that were cocirculating during the short time period of the present 
study. In addition to five distinct G/P genotype combinations, the 
present study found notable intragenotype variability for all of the 
segments. Overall, these results mirror the situation found in other 
industrialized countries. 

Based on the samples available in the present study, we found that the 
majority of circulating genotypes were currently covered – at least partially 
– by the publicly funded vaccination program that has been implemented. 
Overall, 36% of the strains possessed both serotype antigens that were also 
present in the RV1 vaccine (G1P[8]), an additional 51% of the strains also 
possessed the VP4 antigen that was present in the current vaccine (P[8]). 
However, a total of 13% of the identified strains in the present work that 
possessed both serotype antigens (eg, G2P[4] and G3P[6]) differed from 
the serotype antigens present in the Rotarix vaccine. Furthermore, the 
intragenotypic heterogeneity raised concerns regarding the ability of the 
vaccine to neutralize all circulating variants. The existence of antigenic 
diversity within genotypes has been suggested for both VP4 and VP7 anti-
gens (44-46). Continued monitoring of the genetic diversity of circulating 
RVA strains using nucleotide sequencing is, therefore, warranted. Escape 
mutants of human, human/animal or strictly animal origin could emerge 
and subsequently spread throughout the population. RVA strain surveil-
lance will ensure that vaccines are continuously updated and remain 
efficacious against the ever evolving RVA strains. 

The data collected from the MCH have several limitations. First, 
because the present study was ecological in nature, patient demographics 
and clinical characteristics were not available, which precluded the the 
ability to perform any analyses according to age, vaccination status or 
comorbidities. While it has been estimated that 11% to 32% of RVA 
GE cases are hospital acquired in the developed world (47-51), and that 
31% (52) and 59% (7) of community-acquired and HA RVA infections 
requiring hospitalization, respectively, have underlying comorbidities, the 
level of detail available in the present study was insufficient to identify 
community-acquired versus HA RVA infections. However, the MCH 
has been performing total hospital HA infection surveillance for the past 
25 years. Our HA RVA GE incidence rate has been previously reported 
(53). Between 1998 and 2008, the annual incidence of HA RVA GE 
varied from 0.26 per 1000 patient days to 0.81 per 1000 patient days, with 
no trend toward a change in rate, as tested using Poisson regression. In 
the past three years, the incidence has been 0.46 per 1000 patient days 

(2009), 0.19 per 1000 patient days (2010) and 0.10 per 1000 patient days 
(2011). Two small outbreaks (three patients each) occurred in 2009 in 
the MCH neonatal intensive care unit, thus, we do not believe that HA 
outbreaks impacted the number of tests performed.

The present study used the definitions from studies conducted by 
Tate et al (13,54) to determine RVA season, timing and peaks. 
Although our data were collected from a single university-affiliated 
hospital, the MCH serves approximately 50% of the region’s pediatric 
population, which has an annual birth cohort of 23,260 (55). Our 
results are not necessarily generalizable to Canada; however, given the 
high variability in testing practices for RVA, we opted for a design that 
would allow for good internal validity. The MCH algorithm has not 
changed in recent years and our laboratory does not restrict testing to 
specific patient populations or seasons, which may not be the case in 
other institutions, and could affect the generalizability of these find-
ings to other institutions.

The present study provided a preimplementation picture of pedi-
atric RVA GE in a large, urban, Canadian city and highlighted the 
changing epidemiology of RVA, which began before the introduction 
of the vaccination program. The present study was also the first to 
report the genetic makeup of human RVA from a Canadian hospital 
based on the analysis of four gene segments. Although the present 
study is limited to a local setting and a relatively short time span, it 
revealed remarkable strain heterogeneity and provided a baseline with 
which to monitor the epidemiology of circulating RVA strains. A 
nationwide network for the surveillance of gastrointestinal pathogens, 
with active surveillance to enable improved understanding of passively 
tested patients, should be created to examine rates of infectivity based 
on geographical distribution and to monitor the impact of the imple-
mentation of an RVA-vaccination program in Canada.
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