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Between September 1995 and August 1998, the incidence and diversity of the main human rotavirus geno-
types (G1, G2, G3, and G4 and P[8], P[4], P[6], and P[9]) among Irish children were determined by using
established and adapted reverse transcriptase PCR-based genotyping methods. From a total of 193 rotavirus-
positive specimens collected from nine hospitals we successfully identified the P type in 182 (94%) of the
samples and the G type in 165 (85.5%) of the samples. Only four samples could not be assigned a G or P type.
Two P types existed in Ireland, P[8] (78%) and P[4] (16%), and their relative incidence varied over the 3 years
of this study. No P[6] or P[9] types were detected. G1 was the most predominant G type (55%), and the inci-
dences of G2, G3, and G4 isolates were 15.5, 1, and 11%, respectively. Three percent of the samples tested had
a mixed G type. A P and G type was assigned to 158 (81.8%) of samples. Of the typeable samples, G1 P[8] was
the most prevalent (65%), whereas G2 P[4] (17%), G3 P[8] (1%), G4 P[8] (12%), and mixed types (all G1/ G4
P[8]) (4%) were detected less frequently. In the third year a significant genotypic shift from G1 P[8] to G2 P[4]
and G4 P[8] was observed. During the study, we noticed that the inclusion of random primers during cDNA
synthesis greatly increased the specificity of the PCR typing assays. No correlation was seen between the
contributing hospitals and a specific genotype. In conclusion, the coverage of infection given by the recently li-
censed tetravalent vaccine would be significantly high in Ireland, although future monitoring of genotypic
changes among Irish isolates should be encouraged.

Rotavirus is the single most important cause of infantile
gastroenteritis worldwide, affecting an estimated 130 million
infants and causing 873,000 deaths every year (2). The rota-
virus genome consists of 11 segments of double-stranded RNA
which can be separated by polyacrylamide gel electrophoresis
into a characteristic electrophoretic pattern that is useful for
diagnostic and epidemiological purposes (4). Each genomic
segment codes for at least one protein (3). Two immuno-
genic surface viral proteins (VP), VP4 and VP7, are significant
for serotype classification and are coded for by gene segments
4 and either segments 7, 8, or 9, respectively. To date, 10 VP7
antigenic types (G types) and VP4 types (P types) have been
identified in viruses recovered from humans (10). The nomen-
clature for G genotypes and serotypes are identical (followed
by an open number), whereas a P genotype is denoted by closed
brackets and serotype is indicated by an open number. Only
the genotype pairs G1 P[8], G2 P[4], G3 P[8], and G4 P[8] are
important causes of diarrhea among infants worldwide, ac-
counting for 95.9% of all typeable strains (6). Many techniques
have been developed to determine the serotypes of rotaviruses,
including enzyme immunoassays (20), hybridization techniques
(13), and reverse transcriptase PCR (RT-PCR) (5, 7). These
various techniques have recently been critically evaluated (9).

The genotype of human rotavirus correlates well with sero-
type specificity, and the application of RT-PCR technology has
been instrumental in generating information on the genetic
diversity of rotavirus strains. Amplification of VP4 (5) and VP7
(7) gene fragments by using serotype-specific primers has given

researchers the ability to closely examine genetic and inferred
serotypic differences among isolated viruses (15, 17, 18, 19, 21).

The extremely high morbidity and mortality associated with
rotaviruses emphasizes the need to develop an effective vac-
cine (1, 10). The suitability of a vaccine for a particular popu-
lation can only be evaluated by examining the molecular char-
acteristics of a representative number of circulating strains. To
our knowledge, no such detailed analysis of the prevalence of
rotavirus genotypes in Ireland has been undertaken. The ob-
jective of this research was to carry out a retrospective geno-
typic study on a representative number of rotavirus samples
(193) which may reflect the incidence and diversity of the four
main genotypes in Ireland. The P and G types of rotavirus-
positive specimens obtained from nine contributing hospitals
were determined by using both established and adapted RT-
PCR-based techniques.

MATERIALS AND METHODS

Specimen collection and RNA analysis. A total of 193 rotavirus stool speci-
mens (deemed positive by a latex agglutination assay; Biomerieux, Marcy
l’Etoile, France) were collected from nine Irish hospitals from September 1995
to August 1998 (Table 1) and stored at 220°C until analyzed.

A 10 to 40% (wt/vol) suspension of fecal matter was made in diethyl pyrocar-
bonate-treated sterile distilled water (DEPC water) (14). A 500-ml aliquot was
mixed with an equal volume of Freon (BDH Lab Supplies, Poole, England) and
centrifuged at 12,000 rpm for 10 min in an Eppendorf centrifuge. The clarified
supernatant was mixed with an equal volume of Ultraspec RNA isolation reagent
(Biotecx Laboratories, Houston, Tex.), and 5% chloroform was added; the mix-
ture was then vortexed for 30 s and left on ice for 15 min with intermittent
mixing. The samples were centrifuged for 15 min at 12,000 rpm, and the super-
natant was decanted and mixed with an equal volume of ice-cold isopropanol.
The RNA was left to precipitate at 220°C for at least 15 min, centrifuged,
washed, dried, and resuspended in 50 ml of DEPC water.

RNA samples were routinely run on 1.5% agarose Tris-borate gels at 100 V for
1 h to check for RNA quality and on 10% Tris-borate-EDTA (TBE) polyacryl-
amide gels at 200 V for 6 h to examine electropherotypes. Both gel types were
visualized under UV illumination after ethidium bromide (EtBr) staining.
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VP4 and VP7 cDNA synthesis. A separate reverse transcription (RT) was em-
ployed for VP4 and VP7 analysis based on the previously determined conditions
used by Gentsch et al. and Gouvea et al. (5, 7). Briefly, 5 ml of extracted double-
stranded RNA was denatured with 3.5 ml of dimethylsulfoxide (DMSO) (BDH
Lab Supplies) and boiled for 5 min. The samples were then immediately cooled
on ice and used as template for an RT reaction. Cooled template (8.5 ml) was
added to an RT mix consisting of 4 ml of 53 RT buffer (250 mM Tris-HCl, 200
mM KCl, 25 mM MgCl2, 2.5% Tween 20 [vol/vol], pH 8.3) (Boehringer Mann-
heim, East Sussex, England), 2 ml of 100 mM dithiothreitol, 0.5 ml of a de-
oxynucleoside triphosphate (dNTP) mix (dATP, dCTP, dGTP, and dTTP; each
10 mM), 1 ml of RNasin, and either 100 ng of con3 (VP4 59) primer (5) or 100
ng of Beg9 (VP7 59) primer (7). Finally, 1 ml of Expand RT (Boehringer Mann-
heim) was added, and the 20-ml reaction mixture was incubated at 42°C for 1 h.

Randomly primed cDNA synthesis. More recently, the RT reaction was mod-
ified and improved by adding 200 ng of random hexamer primer p(dN)6 (Boehr-
inger Mannheim) to the RT mix, which facilitates the random priming of all
denatured rotavirus RNA template instead of the con3 and Beg9 primers.

Primers. The primers used in this study were as follows: Beg9, GGCTTTAA
AAGAGAGAATTTCCGTCTGG; End9, GGTCACATCATACAATTCTAAT
CTAAG; G1, aBT1, CAAGTACTCAAATCAATGATGG; G2, aCT2, CAATG
ATATTAACACATTTTCTGTG; G3, aET3, CGTTTGAAGAAGTTGCAAC
AG; and G4, aDT4, CGTTTCTGGTGAGGAGTTG (7); con3, TGGCTTCG
CCATTTTATAGACA; con2, ATTTCGGACCATTTATAACC; P[8], 1-T1,
TCTACTTGGATAACGTGC; P[4], 2-T1, CTATTGTTAGAGGTTAGAGTC;
P[6], 3-T1, TGTTGATTAGTTGGATTCAA; and P[9], 4-T1, TGAGACATGC
AATTGGAC (5).

VP7 genotyping. Determination of the VP7 genotype was based on the system
employed by Gouvea et al. (7). For each sample, approximately 2 ng of cDNA
template was added to a PCR Eppendorf tube containing 5 ml of 103 NH4
reaction buffer [160 mM (NH4)2SO4; 670 mM Tris-HCl, pH 8.8; 0.1% Tween],
1.5 mM Mg, 0.2 mM concentrations of dATP, dCTP, dGTP, and dTTP, 4%
DMSO, 150 ng of Beg9 and 150 ng of End9 primers for full-length products or
else End9 and 100 ng each of G1 to G4 type-specific primers (aBT1, aCT2, aET3,
and aDT4) for direct typing analysis. The reaction mix was brought up to 49.75
ml with H2O, and subsequently 1 U of Taq polymerase was added to each
reaction tube. The tubes were overlaid with mineral oil and placed in a thermo-
cycler for 28 cycles of PCR (94°C for 1 min, 42°C for 2 min, and 72°C for 2 min),
followed by a 5-min incubation at 72°C. A nested PCR with 5 ml of full-length
template in the same reaction buffer with 150 ng of End9 and 100 ng of G1 to G4
primers for 20 cycles was carried out for samples which were difficult to type.
PCR products were analyzed on a 2% TBE agarose gel and viewed under UV
illumination after EtBr staining. To confirm the specificity of the primers, four
random VP7 PCR products were gel purified (Qiagen GmbH, Hilden, Germa-

ny), cloned into pGEMT (Promega, Madison, Wis.), and partially sequenced
(data not shown).

VP4 genotyping. The VP4 genotyping was a modification of the technique used
by Gentsch et al. (5). Briefly, 2 ng of cDNA template from the RT reaction
mixture was added to a similar PCR mix as described above, except that a
different set of primers and amplification conditions was used. A total of 150 ng
of con3 and con2 was used for full-length VP4 synthesis or else 150 ng of the con3
primer and 100 ng of each type-specific primer (1-T1, 2-T1, 3-T1, and 4-T1) (for
direct genotyping analysis) was added to a PCR tube with the same buffer, with
Mg, dNTP, DMSO, and Taq concentrations as described above for the VP7
genotyping. Thirty cycles of PCR were carried out (94°C for 1 min, 50°C for 2
min, and 72°C for 2 min), followed by a 5-min incubation at 72°C. For samples
that were difficult to type, a nested PCR was carried out by using 1 to 5 ml of
full-length template with 150 ng of con3 and 100 ng of 1-T1/4-T1 for 20 cycles.
To confirm the specificity of the primers, five full-length random VP4 PCR
products were gel purified (Qiagen), cloned into pGEMT (Promega), and par-
tially sequenced.

Cell culturing. Four standard rotavirus strains, Wa (G1 P[8]), DS1 (G2 P[4]),
P (G3 P[8]), and ST3 (G4 P[8]), used as controls during these experiments were
propagated in MA104 cells cultured as described previously (9). RNA extraction
and RT-PCR were carried out for these strains as described above.

RESULTS

A total of 193 fecal samples (rotavirus positive by latex
agglutination) were collected from nine Irish hospitals over
a 3-year period. RNA was extracted from these samples and
analyzed for their P and G types by using established (5, 7) and
adapted RT-PCR-based genotyping methods.

Determination of P type. The P type (VP4 associated) was
successfully determined in 182 (94%) of the clinical samples
(Table 2). A P type was assigned after PCR with P[8], P[4],
P[6], and P[9]-specific primers carried out on rotavirus cDNA
template or PCR product. Only two P types were shown to be
prevalent in Ireland: P[8] (78%) and P[4] (16%). Eleven sam-
ples (6%) were untypeable. The incidence of each type was
seen to vary from year to year. P[8] occurred most frequently
during the first 2 years of this study (93 and 98%, respectively),
whereas in year 3 the incidence of the P[4] types increased
(34%) (Table 2). No P[6]- or P[9]-type viruses were detected
during the survey. RNA template from tissue culture-adapted
strains Wa, DS1, P, and ST3 were used as positive controls.

Determination of G type. The G type (VP7 associated) was
successfully determined in 165 (85.5%) of all samples. The
slightly lower efficiency relative to P typing can be partially
attributed to the RNA degradation from some of the earlier
isolates, since the P-typing assays were completed first. The
overall incidence for G typing was G1 (55%), G2 (15.5%), G3
(1%), G4 (11%), and mixed (3%) (Table 2). G1- to G4-type-
specific PCR products from a random selection of clinical iso-
lates over the 3 years are shown with controls in Fig. 1. The
incidences of each type in year 1 were as follows: G1 (44%), G2
(8%), and G4 (4%). Twelve samples (44%) from this early
period remain untypeable. Only G1 (79%), G4 (7.5%), and
G1/G4 mixed types (4%) were detected in the second year,
but a dramatic shift in the incidence and diversity of prevailing
types occurred in year 3. The incidence of G1 types dropped to

TABLE 1. Hospital source and assigned P and G genotypes of
rotaviruses recovered over a 3-year period in Ireland

Source
No. of G and P types (% of total)

G1 [P8] G2 [P4] G3 [P8] G4 [P8] G1/G4 [P8] Total

Ballinasloe 34 (68) 7 (14) 1 (2) 7 (14) 1 (2) 50
Tralee 28 (59) 15 (32) 0 2 (4) 2 (4) 47
Crumlin 20 (71) 0 0 5 (18) 3 (11) 28
Mercy Hospital 12 (63) 5 (26) 0 2 (7) 0 19
Galway 3 (50) 2 (33) 0 1 (17) 0 6
Mullingar 1 (33) 0 0 2 (66) 0 3
Limerick 2 (100) 0 0 0 0 2
Bon Secour 2 (100) 0 0 0 0 2
Dublin 1 (100) 0 0 0 0 1

Total 103 (65) 29 (18) 1 (0.5) 19 (12) 6 (4) 158

TABLE 2. Distribution of rotavirus G and P types over 3 years in Ireland

Yr
No. of G types (%) No. of P types (%)

G1 G2 G3 G4 Mixa NT Total P8 P4 P6 P9 NT Total

Sept. 95–Aug. 96 12 (44) 2 (8) 0 1 (4) 0 12 (44) 27 25 (93) 2 (7) 0 0 0 27
Sept. 96–Aug. 97 63 (79) 0 0 6 (7) 3 (4) 8 (10) 80 78 (98) 0 0 0 2 (2) 80
Sept. 97–Aug. 98 31 (36) 28 (32) 2 (2) 14 (16) 3 (4) 8 (9) 86 48 (56) 29 (34) 0 0 9 (10) 86

Total 106 30 2 21 6 28 193 151 31 0 0 11 193

a Mixed G types G1 and G4; NT, not typeable.
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31 (40%), whereas those of G2 and G4 isolates increased to 28
(32%) and 14 (18%), respectively. G3 isolates (2%) were also
detected for the first time, and mixed types (all G1/G4) oc-
curred in 4% of the samples (Table 2). RNA template from the
tissue culture-adapted strains described above was used as a
positive control during RT-PCR.

Correlation of G and P types. A G and P type was assigned
to 158 (81.8%) of 193 samples by using the procedures out-
lined. More recently, in our laboratory a method which utilizes
random hexamer primers in the RT mix was used in a single-
tube cDNA synthesis reaction. A subsequent PCR performed
by using only con3 and VP4-specific primers amplified a P-
type-specific product from the cDNA template. A second PCR
from the same RT mix performed with End9 and VP7-type-
specific primers amplified a G-type-specific product. By this
method no full-length PCR product is formed or required for
a nested reaction. A comparison between random and conven-
tional RT primers is exhibited in Fig. 2.

During the typing assays it was observed that a specific G
type could always be correlated to a P type; namely, G1, G3,
and G4 always coexisted with P[8], and G2 was always associ-
ated with P[4]. The incidence of each genotype varied consid-
erably for the three years (Fig. 3). Overall, G1 P[8] was re-
corded as the most common (65% of all doubly typed viruses).
The other types, namely, G2 P[4], G3 P[8], G4 P[8], and mixed
types (all G1/G4 P[8]) were less frequent (17, 1, 12, and 4%,

respectively). No bias was observed between hospital and
genotype, and it was noted that with the exception of Mull-
ingar, G1 P[8] was the most predominant type collected from
each of the Irish hospitals (Table 1).

For the winter period of the third year we observed a
marked increase in the number of rotavirus samples sent to our
laboratory. This correlated with a noticeable shift in genotype
from G1 P[8] to G2 P[4] and G4 P[8]. This is confirmed by data
shown in Fig. 3, which shows that 93% of G2 P[4] types and
63% of G4 P[8] types were collected during the third year of
this study.

Electropherotypes. Throughout the study, G1 and G4 rota-
viruses were always associated with “long” electropherotypes
whereas G2 electropherotypes were “shorter” (Fig. 4). During
the study it was noted that the pattern of the electropherotype
suggested but did not confirm a particular genotype, as de-
scribed by Sethi et al. (16).

DISCUSSION

The objective of this study was to ascertain for the first time
the P and G genotypes of circulating rotaviruses isolated from
infected hospitalized children in Ireland. Genotyping is a well
established and recognized epidemiological tool for examining
strain diversity, and the correlation between genotype and se-
rotype is well understood. The significance of determining
serotypes of circulating rotaviruses has become increasingly
recognized (21), and RT-PCR has been shown to be the most
sensitive assay for determining genotypes (9). A rotavirus tet-
ravalent vaccine that has recently been licensed specifically
targets G1 to G4 serotypes, and it is essential to determine the
predicted efficiency of this vaccine for each country before it is
used.

The Republic of Ireland has a population of over 3.5 million
and is served by over 50 medical microbiology laboratories. Six-
teen of these routinely test pediatric patients (1 to 48 months)
for rotavirus, and positive specimens were donated by over one
half of these hospital laboratories. A total of 193 samples were
collected from nine hospitals nationwide. Only four samples
could not be assigned a G or a P type, which suggests that the
incidence of unusual genotypes among Irish isolates is rare.

FIG. 3. Graphic illustration showing the incidence and diversity of rotavirus
genotypes for 3 years in Ireland.

FIG. 1. Composite photograph which shows a representative agarose gel
depicting VP7-positive PCR products from clinical isolates and positive controls
from tissue culture-adapted strains. Lanes: 1 and 13, 100-bp ladder (Boehringer
Mannheim); 2, G1 isolate (Ballinasloe); 3, G1 isolate (Tralee); 4, G2 isolate
(Tralee); 5, G2 isolate (Mercy Hospital); 6, G2 isolate (Galway); 7, G2 isolate
(Ballinasloe); 8, G4 isolate (Crumlin); 9, Wa; 10, DS1; 11, P; 12, ST3.

FIG. 2. Composite photograph showing the PCR products of random primed
(bottom panel) versus conventionally primed (top panel) template during cDNA
synthesis. Note that the gels depicted are representative examples of the two
techniques and are not directly comparable.
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The efficiency of the primers was determined by cloning and
partially sequencing randomly chosen PCR products. As ex-
pected, in all cases the primers amplified the correct sequence
(data not shown). After the P-typing assays it was discovered
that our Irish results match those observed in studies from
seven other countries involving 500 samples (6), in that two
main P types prevail, namely, P[4] and P[8]. It was also ob-
served that their relative incidence over the 3 years varied. P[8]
types were detected almost exclusively for the first 2 years,
whereas a notable shift occurred in year 3, when P[4] became
more prevalent (38%) (Table 2). It is interesting that no P[9]
or P[6] types were observed, even though the incidence of P[6]
in recent American (12), Brazilian (18), and Indian (11) sur-
veys seems to highlight this strain as a significant emerging
genotype.

Of the samples tested, 165 were assigned a G type. As ex-
pected from similar surveys carried out worldwide, G1 was the
most predominant type detected for each of the 3 years in
Ireland, even though G2 emerged as a significant type in the
third year (Table 2). This seems to indicate a notable rela-
tive shift in the prevalence of circulating viruses, which
should be monitored over the coming years. It is interesting
that this bias away from G1 in December 1997 correlated with
a simultaneous marked increase in the number of samples
received by our laboratory (data not shown). This may suggest
a greater susceptibility to emerging genotypes by Irish infants.
Six mixed-type strains (all G1/G4) were recovered from pa-
tients in the last 2 years, and just two G3 isolates were detected
during this survey. It is interesting that non-G1 to G4 geno-
types are prevalent in other countries: G9 was the most pre-
dominant type reported in India (11), and G5 was the third
most reported G type in Brazil (6).

Both G and P genotypes were assigned to 158 (81.8%) of
collected viruses. Consistent with the findings of numerous re-
ports, G1 P[8] was by far the most common type, while G2 P[4]
and G4 P[8] were less prevalent. However, in the third year of
this study the number of G1 P[8] isolates recovered was re-
duced by over 50% and an almost equal number of G1 P[8] and

G2 P[4] viruses coexisted in Ireland (Fig. 3). This would seem
to indicate a significant genotypic shift, which will be of major
importance for future studies carried out in Ireland. Although
noteworthy, this is not an unusual phenomenon, as periodic
changes in prevailing genotypes have previously been reported
(8). Even though a disparity exists between sample numbers
and source, it appears that a correlation did not exist between
the hospital source and a particular genotype. Each genotype
appeared to be evenly distributed among the collection centers
around the country (Table 1).

In conclusion, genotyping by RT-PCR is an extremely sen-
sitive technique (;50,000 times more so than enzyme immu-
noassays) (19) and is adaptable to accommodating new and
emerging types. However, the method is 10 times more expen-
sive than other methods (9), and the RNA used must be of a
reputable quality. We found that the inclusion of random prim-
ers in the RT mix greatly reduced the appearance of nonspe-
cific amplification during PCR and also halved the number of
RT reactions required. This method was introduced in the last
year of the study and, although more efficient, it was not able
to detect previously untypeable samples. The detection of ro-
taviral genotypes for the first time in Irish children and the
indication that the prevalance of certain genotypes may change
over a rotavirus season is significant and mirrors observations
from studies in other temperate climates (8). If the tetravalent
vaccine becomes available in Ireland, it appears that the cov-
erage against infection would be significantly high, although
monitoring of the genotypic changes among circulating viruses
should be encouraged over the coming years.
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