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Aichi virus (AiV) was first recognized in 1989 as the likely cause of oyster-associated gastroenteritis in Japan. Since then,
this virus has been associated with gastroenteritis in adults and children in different countries. Stool samples were
collected from 960 acute diarrheic individuals (80 samples per month) from May 2008 to April 2009 in the Chinook
Health Region in the province of Alberta, Canada. For each month, the distribution of diarrheic samples was: 20 samples
from individuals between 0 and 16 years of age, 40 samples from individuals between 17 and 60 years of age, and 20
samples from individuals over 60 years of age. In addition, 28 stool samples from healthy individuals (i.e. no recent
evidence of gastroenteritis) were tested as controls. AiV RNA was detected by two different reverse transcriptionpolymerase chain reaction (RT-PCR) systems: a conventional system, and a commercial real-time detection kit. No AiV
RNA was found in the 988 samples tested with the conventional RT-PCR assay while one sample from a diarrheic
individual tested positive for AiV RNA using the commercial real-time RT-PCR detection kit. This result was confirmed
by sequencing. The low incidence (0.1%) of AiV in samples from diarrheic humans indicates that this virus is not a
significant causative agent of gastroenteritis in Southwestern Alberta, Canada.
Keywords Aichi virus, detection, RT-PCR, real-time RT-PCR

1. Introduction
Viral gastroenteritis is a common illness that affects humans of all ages. Norovirus (NoV), rotavirus (RV), sapovirus
(SaV), astrovirus (HAstV) and enteric adenovirus (types 40 and 41) are considered as the main viral agents associated
with gastroenteritis and diarrhea [1]. However, in many gastroenteritis outbreaks, the causative agent remains
unidentified and other viruses were suggested as possible aetiological agents. Aichi virus (AiV) has been proposed as a
novel causative agent of acute gastroenteritis. This virus was first recognized in 1989 as the likely cause of oysterassociated gastroenteritis in Japanese patients [2]. Since then, this virus has been associated with gastroenteritis in
adults and children in several countries in Asia [3-6], Europe [7-12], Northern Africa [13, 14] and South America [7].
AiV is classified in the family Picornaviridae which contains twelve currently recognized genera: Aphthovirus,
Avihepatovirus, Cardiovirus, Enterovirus (which is including Rhinovirus), Erbovirus, Hepatovirus, Kobuvirus,
Parechovirus, Sapelovirus, Senecavirus, Teschovirus and Tremovirus [15]. This small, round and non-enveloped virus
of about 30 nm in diameter [2] belongs to the genus Kobuvirus that also includes a second species, Bovine Kobuvirus
[16, 17]. Recently a third candidate species of Kobuvirus has been described in pigs [18-20]. The AiV genome consists
of a single-stranded positive-sense RNA molecule of approximately 8.3 kb terminated by a poly(A) tail [21]. The viral
RNA contains a single open reading frame translated into a large polyprotein of 2432 amino acids that is cleaved by
encoded viral proteases into capsid (VP0, VP1 and VP3) and non structural proteins (2A, 2B, 2C, 3A, 3B, 3C and 3D).
AiV was first subdivided into two different genotypes (A and B) based on a 519 bp sequence located at the 3C/3D
junction [22]. Recently, a third genotype (C) was proposed. Phylogenetic analysis of 13 AiV strains using a 699 bp
sequence of the VP1 gene showed a good correlation with the 3C/3D classification system and supported the proposed
third genotype [9].
A high prevalence of antibodies against AiV was reported in Japanese (55%) [3], German (76%) [7] and Spanish
(70%) [23] populations. The seroprevalence of antibodies against AiV increases with age but seems to reach a plateau at
the age of 35 years with 83% of positive sera in Japan [3], at the age of 15 years with 86% of positive sera in Germany
[7], at the age of 30 years with 84% of positive sera in France [24], and at the age of 20 years with 85% of positive sera
in Spain [23]. It was suggested that these differences may be due to different patterns in the epidemiology of AiV within
these countries.
Until now, most studies have used conventional reverse transcription-PCR (RT-PCR) for the detection of AiV’s
RNA. RT-PCR primers are designed at the 3C/3D junction of AiV genome and used in conventional RT-PCR
(conRT-PCR) [22]. The primer pair 6261-6779 system produces a 519 bp cDNA fragment that is also used for
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molecular genotyping of the AiV strains. The detection of AiV RNA is also performed using variant systems within this
genomic region by including primer pairs 6309-6488 [7] or C94b-246k [5] in nested RT-PCR assays. Although
conRT-PCR is currently the primary AiV detection method, post-amplification steps, such as gel electrophoresis
combined to DNA probe hybridization or sequencing, are still necessary to confirm the amplification products and to
prevent the misinterpretation of false positive results due to non-specific amplification. Real-time PCR technology
offers the possibility of simultaneously amplifying and detecting the targeted nucleic acids in a single step procedure,
thereby eliminating the need for post-amplification processing steps. The detection step can be performed by the
integration of a specific linear dual-labelled oligoprobe in the amplification mastermix and is achieved during the
exponential phase of the targeted sequence amplification. Therefore, this technology offers many advantages over
conRT-PCR for rapid and specific detection of viral particles, including 1) high sensitivity; 2) as mentioned above, the
possibility of simultaneously amplifying and detecting the targeted nucleic acids in a single step procedure; 3) a wide
dynamic range (> 107 fold) allowing a straightforward comparison between samples containing a large range of viral
RNA concentrations; 4) the possibility of generating quantitative data; and 5) reduced risk of carry-over contamination
through the use of a closed system [25-28]. For these reasons, real-time RT-PCR is now largely used for the detection
of enterically transmitted viruses in food, environmental and clinical samples (for a recent review [29]). For the
detection of AiV, the only real-time RT-PCR system currently available is the proprietary detection kit
“aichi@ceeramTools®.Health” commercialized by the “Centre Européen d’Expertise et de Recherche sur les Agents
Microbiens (CEERAM)” [30].
No data on the presence and the prevalence of AiV are available in Canada. The Chinook Health Region (CHR) is
located in Southwestern Alberta, Canada. This region possesses a high rate of enteritis amongst its human inhabitants
[31]. Similarly to the Hungarian study [11], the CHR is landlocked and seafood, including oysters and shellfish, is not
commonly consumed. However, this region possesses one of the highest densities of livestock in North America [32].
The aim of this study was to determine the incidence and the contribution of Aichi viruses to diarrheal diseases in the
CHR community in the province of Alberta (Canada) over a one year period.

2. Materials and Methods
2.1 Stool samples
A total of 960 stool samples from human exhibiting signs of gastroenteritis and 28 samples from non-diarrheic
individuals (healthy volunteers) as controls were collected over a twelve month period from April 2008 to March 2009.
For each month, 80 samples from three age groups (A, B, and C) were randomly selected. Group A stools were from
individuals ≤ 16 years of age with five samples (20 total) chosen from each of the following age categories: < 1 year; 1
to 5 years; 6 to 10 years; and 11 to 16 years. Group B stools were from individuals between 17 and 60 years of age with
ten samples (40 total) chosen from each of the following age categories: 17 to 30 years; 31 to 40 years; 41 to 50 years;
and 51 to 60 years. Group C stools were obtained from individuals > 60 years of age with samples (20 total) obtained
from individuals in the following age categories: 61 to 70 years (n=5); 71 to 80 years (n=10); and >80 years (n=5).
2.2 Viral RNA isolation from faecal material
Faecal samples were diluted 1:5 (w/v) in sterile PBS, pH 7.2 (Invitrogen, Burlington, ON, CA) before centrifugation of
20 min at 4,000 x g. The stool suspensions were adjusted to reach 1% sodium dodecyl sulphate (Sigma-Aldrich,
Oakville ON, Canada) and 100 µg/mL of Proteinase K (Qiagen, Mississauga, ON, Canada). Mixtures were incubated at
37°C for 1 h. In order to monitor the recovery of viral particles and the RNA extraction process, 3.2 x 103 pfu of the
feline calicivirus (FCV) were added to 140 µl of the resulting suspensions as sample process control (SPC). Viral RNA
was extracted with QIAamp Viral RNA mini (Qiagen) protocols adapted for the QIAcube robotic workstation (Qiagen)
using QIAamp Viral RNA body fluid: manual lysis protocol. In order to protect the extracted RNA from exogenous
RNases, RNase inhibitor (RNaseOut, Invitrogen) was added to the final AVE elution buffer. RNA solutions were stored
at -80°C until use.
2.3 TaqMan real-time RT-PCR assays for the detection of FCV and Aichi virus
The TaqMan assay for the detection of FCV was carried out in 25 µl of a reaction mixture with 2.5 µl of extracted RNA
and 22.5 µl of master mix. Master mix was prepared using the 1-step Brillant II QRT-PCR core reagent™ kit,
(Stratagene, La Jolla, CA, USA) containing 5.0 mM of MgCl2, 300 nM of FCV forward and reverse primers, and
200 nM of TaqMan probe as described previously [33, 34]. Real-time RT-PCR amplifications were performed on a
Stratagene Mx3005P (Stratagene) in a 96-well format under the following conditions: 30 min at 50°C for reverse
transcription, 95°C for 10 min for reverse transcriptase inactivation and initial denaturation, followed by 45 cycles of
95°C for 15 s and 60°C for 1 min.
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Detection of AiV was also performed using the commercial detection kit aichi@ceeramTools®.Health (Ceeram
S.A.S., La Chapelle sur Erdre, France) which includes its own internal amplification control according to the
manufacturer’s instructions [30].
2.4 Conventional RT-PCR
ConRT-PCR reactions were performed in a total volume of 25 µl using the Qiagen One-Step RT-PCR™ kit according
to the manufacturer's recommendations in an Eppendorf Mastercycler gradient system (Brinkman Instruments Canada
Ltd., Mississauga, ON, Canada). Extracted RNA (5 µl) was used as template. The conRT-PCR primers C94b and 246k
at the 3C/3D junction of AiV genome were used at a final concentration of 500 nM each as previously described [22].
Reverse transcription was at 50°C for 30 min, followed by a 15 min denaturation step at 95°C. PCR amplification
consisted of 45 cycles of amplification with denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at
72°C for 1 min followed by a final cycle of incubation at 72°C for 10 min. All the RT-PCR products were resolved in
1.5% (w/v) agarose gel (Invitrogen), and bands were visualized by ethidium bromide staining.
Since no AiV strains were available as positive control for the conRT-PCR assay, an artificial template
corresponding to the sequence of the AiV reference strain A846/88 (GenBank # NC_001918) between nucleotides 6398
and 6663 was synthesized and included in pIDTSMART-KAN vector (IDT, Coralville, IA, USA). Purified plasmids
were then used as positive controls for the conRT-PCR assay.
2.5 Cloning and sequencing
Amplicons were cloned into pCR 2.1 TOPO vector using TOPO TA Cloning kit (Invitrogen) with TOP10
electrocompetent cells in accordance with the manufacturer’s recommendations. To confirm the identity of the
amplicon, sequencing was performed on recombinant plasmids in both directions using a CEQ™ 8000 Genetic
Analysis System (Beckman Coulter, Fullerton, CA, USA) and a CEQ Dye Terminator Cycle sequencing kit (Beckman
Coulter) using M13 forward and reverse primers.

3. Results
As only 15 diarrheic stools were available from individuals under 16 years of age in the month of March 2009, five
randomly selected diarrheic stool samples from individuals in the closest age group (between 17 and 30 years of age)
were added in the study. For each set of 60 RNA extractions, two extractions with sterile PBS were included to confirm
the sterility of the extraction solutions. Each molecular detection assay included a negative control (RNase free water)
and a positive control (cloned artificial template for conRT-PCR, cloned amplicon for real-time RT-PCR detection of
FCV, and the positive control included in the commercial kit for the detection of AiV). Negative controls were
consistently negative in all assays. Positive controls (including the internal control in the AiV commercial detection kit)
were detected in all real-time RT-PCR and conRT-PCR assays. All extracted RNA samples were first individually
tested for FCV. FCV RNA was detected in all samples showing the efficiency of the sample extraction process and that
RT-PCR reactions were not affected by inhibitors (Table 1).
A total of 960 stool samples from human exhibiting signs of gastroenteritis and 28 samples from non-diarrheic
individuals collected over a 12 month period were screened for the presence of AiV. No AiV RNA was detected with
the conRT-PCR assay. However, one sample was positive for AiV RNA using the commercial real-time RT-PCR
detection kit aichi@ceeramTools®.Health (Table 1) representing a 0.1% incidence of infection amongst diarrheic
individuals in the CHR. The one AiV positive sample was obtained from a 35-year-old woman in November 2008.
Despite many attempts, the conRT-PCR assay failed in producing an amplicon. Therefore, the amplicon produced using
the commercial kit was confirmed as AiV (isolate CAN-01) by the nucleotide sequence and was determined to possess
a 95 to 98% nucleotide-sequence similarity with 91 AiV isolates available in GenBank (data not shown).
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Table 1 Detection of Aichi virus by conventional RT-PCR and commercial real-time RT-PCR in 988 human stools
from Southwestern Alberta, Canada.

Sample Process Control
(FCV)

Group A1

Group B2

Group C3

Healthy4

N = 235

N = 485

N = 240

N = 28

235

485

240

28

0

0

0

0

0

1

0

0

Real-time RT-PCR
Aichi virus
conRT-PCR
Aichi virus
Commercial real-time
RT-PCR kit5
1

≤ 16 years of age
17 to 60 years of age
3
> 60 years of age
4
non-diarrheic volunteers
5
commercial detection kit aichi@ceeramTools®.Health (Ceeram)
2

4. Discussion
No AiV RNA was detected in the 28 stool samples obtained from the healthy individuals by both RT-PCR assays. The
conRT-PCR amplification system, based on primers C94b and 246k located at the 3C/3D genomic region did not detect
AIV RNA in the 960 stool samples examined from diarrheic individuals. However, AiV RNA was detected in one
sample at a threshold cycle value (Ct) of 37.5 using the commercial real-time RT-PCR detection kit
aichi@ceeramTools®.Health in the one diarrheic stool. The identity of AiV was confirmed and the amplicon shared a
95 to 98% nucleotide-sequence similarity with 91 AiV isolates available in GenBank, including the reference strain
A846/88 (97%). Since a reliable phylogenetic tree could not be constructed due to the small size of the nucleotide
sequence obtained (TaqMan amplicon of approximately 90 bp), it was not possible to assign a formal genotype to the
Canadian AiV isolate, CAN-01.
The high Ct value observed for the AiV positive sample suggests that the virus was present at a low concentration
(i.e. between 1 and 10 genomic copies). Although 5 µl of extracted RNA was used for RT-PCR (i.e. compared to 2.5 µl
used for the real-time assay), it is possible that the conRT-PCR system failed to detect AiV RNA in the sample because
of the lower sensitivity of RT-PCR relative to real-time RT-PCR assays. Another possible explanation for the inability
of conRT-PCR to detect the AiV may be the result of mismatches in the primer annealing regions of the Canadian AiV
RNA. This is currently under evaluation.
The AiV positive stool sample was collected from a 35-year-old woman in November 2008. This diarrheic sample
was further tested for other viral agents associated with gastroenteritis. No NoV GI, NoV GII, NoV GIV, SaV, RV or
astrovirus RNA was detected within this sample by real-time RT-PCR (data not shown). However, co-infection with a
bacterial pathogen cannot be excluded, and this is currently being determined. In some countries, seroprevalence studies
have shown that up to 80 to 95% of individuals of 30 to 40 years of age produce antibodies against AiV [3, 7, 23, 24].
Although AiV is detected in sporadic cases of gastroenteritis in adults, it is believed that exposure to AiV mainly occurs
during childhood [6, 7]. The low incidence (0.1%; 1/960) of AiV that we observed in diarrheic stools in the current
study is consistent with the low incidence of infection reported in other studies. For example, AiV was detected in 2.3%
(5/222) of children in Pakistan [4], 0.9% of hospitalized children in France [9], 1.5% (1/65) of children in Hungary [11],
0.5% (5/1063) of children in Finland [10], 3.5% (22/632) of children in Tunisia [13], 1.8% (8/445) of children in China
[6], and 3.1% (28/912) of adults and children with diarrhea in Japan, Bangladesh, Thailand and Vietnam [5]. No AiV
was detected in 941 stools obtained from individuals with gastroenteritis during outbreaks over a 10-year period in the
Netherlands [1].
The high seroprevalence of AiV antibodies in the population compared to the low detection rate in cases of
gastroenteritis raises questions about the aetiology, virulence, and pathogenicity of AiV in symptomatic gastroenteritis
[7, 9, 11]. AiV was also identified in the faecal sample of a 3-year-old child suffering from respiratory disease (i.e.
pharyngitis, obstructive bronchitis, rhinitis and, finally, bronchopneumonia) and purulent conjunctivitis in addition to
diarrhea [11]. AiV antigen has also been detected in a non-diarrheic stool from a child suffering from respiratory
disease in Japan [3]. Reuter et al. [11] proposed two possible hypotheses: 1) AiV infection may usually be
asymptomatic; and 2) AiV infection is symptomatic, but is also associated with other symptoms rather than
gastroenteritis. Further studies must be conducted to determine the clinical significance of these viruses.
In conclusion, this study reports the first detection of AiV in Canada. The AiV RNA was detected using a
commercial real-time RT-PCR detection kit in a diarrheic stool sample obtained from a 35-year-old woman exhibiting
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signs of gastroenteritis in November 2008. The low incidence (0.1%) of AiV in the 960 samples obtained from diarrheic
humans indicates that this virus is not a significant causative agent of gastroenteritis in Southwestern Alberta, Canada.
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