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RNA electropherotypes of human rotaviruses from
North and South America*

D. H. DIMITROV,' D. Y. GRAHAM,2 J. LOPEZ,3 G. MUCHINIK,4 G. VELASCO,S
W. A. STENBACK,6 & M. K. ESTES6

Between April 1979 andDecember 1982, viral agents werefound in 231 of695 children
admitted to the Texas Children's Hospital with gastroenteritis. Electron microscopic
analysisshowed that rotaviruses were the most common viral agents, and aseasonalpattern
of rotavirus disease was observed. The migration patterns of the RNA segments of these
rotaviruses on electrophoresis in polyacrylamide gels were compared with those of rota-
viruses collected from other areas of the United States of America andfrom Argentina,
Colombia and Mexico. A number of different RNA electropherotypes were found,
including some patterns not previously reported.

Rotavirus gastroenteritis is a worldwide disease
primarily affecting infants and young children. Rota-
viruses share common antigens, and this antigenic
relatedness, together with the difficulty of cultivating
human strains, has hampered both serological charac-
terization of human virus strains and seroepidemio-
logical surveys of rotavirus disease in man.
The rotavirus genome contains 11 segments of

double-stranded RNA. The RNA segments can easily
be separated by electrophoresis in polyacrylamide
gels. Comparison of the migration patterns of the
RNA segments (the electropherotype) of different
animal and human rotavirus isolates is useful for
identifying virus strains and has potential as an
epidemiological tool. Electropherotyping has been
used to study human rotaviruses in Australia (1-3),
France (4), Mexico (5, 6), New Zealand (7), and
Scotland (8). These studies revealed considerable
genome diversity in human rotaviruses; for example,
19 electropherotypes were distinguished in 188
samples collected in Australia over 7 years, and 29
electropherotypes were found among 110 samples
in France during a single year. Although it remains
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unclear whether rotavirus electropherotypes will
eventually be used to distinguish serotypes, electro-
pherotyping should provide useful information about
rotavirus outbreaks since patterns of disease out-
breaks and transmission can be analysed in terms of
changes in electropherotypes.
The present study summarizes patterns of rotavirus

disease in Houston, Texas, and demonstrates further
diversity of human rotavirus genome patterns. Fur-
ther studies of this type and traditional seroepidemio-
logical studies will be facilitated by the recent success-
ful cultivation of human rotavirus strains (9, 10).

MATERIALS AND METHODS

Virus specimens

Stool specimens from children with diarrhoea
admitted to the Texas Children's Hospital, Houston,
Texas were examined by electron microscopy, follow-
ing extraction with trichlorotrifluoroethane and
pseudoreplication onto 1%o phosphotungstic acid at
pH 7.3 (11). Additional stools containing rotavirus,
detected by enzyme-linked immunosorbent assay
(ELISA), were obtained from various parts of South
America and the USA.

Analysis of the viral genome electropherotypes

A 10% suspension of faeces containing rotavirus
was homogenized twice with an equal volume of tri-
chlorotrifluoroethane and then pelleted at 100 000 g
for 30 minutes, or for 3 hours if larger amounts of
sample were required. In preliminary studies, the
pellets were suspended in electrophoresis sample

4406 -321-



D. H. DIMITROV ET AL.

buffer (containing 5 mmol/litre Tris-HCl, pH 6.8,
80 ml/litre glycerol, 100 ml/litre sodium dodecyl
sulfate (SDS), 50 ml/litre 2-mercaptoethanol, and
0.03 ml/litre phenol red) and boiled for 2 minutes
before loading on to gels. For comparative studies,
duplicate pellets were resuspended in 20 ml/litre
SDS, extracted with phenol, and precipitated over-
night with ethanol at - 20 'C. The purified RNA was
then resuspended in electrophoresis sample buffer
prior to analysis on the gels.

Polyacrylamide gel electrophoresis (PAGE) was
performed in 10/o polyacrylamide slab gels using the
Laemmli discontinuous buffer system. Electrophor-
esis was performed for 18 hours at 10 mA, and the
gels were photographed after staining with 2 mg/l
ethidium bromide. Simian rotavirus SA 11 viral RNA
was grown and purified as described previously (12)
and included in all gels as an internal reference. For
precise comparison of similar electropherotypes,
samples were coelectrophoresed in the same lane.

RESULTS

Epidemiology of viral gastroenteritis in Houston,
Texas

Between 10 April 1979 and 31 December 1982, the
pattern of viral diarrhoeal disease in children ad-
mitted to the Texas Children's Hospital was evalu-
ated. Viral agents were found in 231 (33 /o) of 695
stool samples taken from patients with gastroenteritis

and examined by electron microscopy. The seasonal
variation of disease and the viruses identified are
shown in Table 1. A typical spectrum of viruses was
identified and rotaviruses were found to be the pre-
dominant viral agent associated with gastroenteritis
in these children. Although rotavirus was detected in
all months of the year, there was a typical seasonal
peak in the winter months (October-January), as
reported previously for countries with moderate
climates.

General characterization of the human rotavirus
strains

Human faecal samples were obtained from widely
different parts of North and South America; often the
quantities of virus were insufficient for multiple
analyses to detect minor differences in the mobility of
all the viral RNA segments. Therefore, we report
differences between electropherotypes only when
these were clearly demonstrated in the tests per-
formed.
During this study, we compared two methods of

preparing samples for RNA analysis, one of which
included purification of the RNA from the viral
pellets prior to analysis on the gels. Both methods
yielded identical results with samples collected in
Houston and in Argentina. In contrast, different
results were obtained with samples collected from
Colombia and various parts of the United States of
America other than Texas. Specifically, samples that
were not extracted with phenol exhibited retardation
of some of the RNA segments. While the precise

Table 1. The monthly distribution of viral agents detected by electron microscopy in stool samples from children
hospitalized with gastroenteritis in Houston, Texas'

Detected Total positive

Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec No. %

Rotavirus

Adenovirus

Small round
particles b

Coronavirus

13 3 4 9 3 2 2 3 4 12 45

5 3 7 0 2 1 4 4 3 5 2

1 0 1 1 3 0 0 2 0

0 0 0

59

9

159 68.8

45 19.5

1 3 4 16 6.9
1 0 0 0 0 1 0 0 0 2 <0.9

Multiple agentsc 1d O O O 0 0 0 0 3' 0 4f 1g 9 3.9

No. of samples
positive/No. of 20/45 6/37 12/34 11/37 8/46 3/44 6/31 9/51 11/50 18/63 54/117 73/140 231/695
samples tested

0 The samples were collected over a 43-month period from 10 April 1979 to 31 December 1982.
b Virus particles 25-27 nm in diameter.
cCases with multiple agents are not listed under the individual viruses.
d Adenovirus and small round particles.
'Two cases with rotavirus and adenovirus and one case with adenovirus and small round particles.
f Two cases with rotavirus and small round particles and two cases with adenovirus and small round particles.
'One case with rotavirus and adenovirus.
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Fig. 2. Comparison of human rotavirus RNA electro-
pherotypes of viruses from Texas (1-10), Iowa (3),
Colorado (9), Medellin, Colombia (11-13), Monterrey,
Mexico (10), and SA1 1 reference markers. The figure is
a composite of photographs taken of several polyacryl-
amide gels, each of which contained SAl 1 as an internal
reference marker.
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Fig. 4. Comparison of different electropherotype groups
of rotaviruses by coelectrophoresis. The electrophero-
type numbers are given at the top of the figure.
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Fig. 3. Demonstration of long IVa and IVc electro-
pherotypes by coelectrophoresis. The electropherotype
numbers are given at the top of the figure. Electro-
pherotype 8 was isolated in the USA, and electrophero- _
type 13 in Colombia. The figure is a composite of two
gels containing lanes a and b and lanes c-i, respec-
tively.
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Fig. 5. Demonstration of short IVb and IVd electro-
pherotypes by coelectrophoresis. The electropherotype
numbers are given at the top of the figure. Electrophero-
type 10 was isolated in Monterrey, Mexico, and electro-
pherotype 11 in Colombia. In lane h, segments 10 and
11 of type 11 are indicated by arrows, and those of
SAl 1 by dots. The figure is a composite of three gels
containing lanes a-c, d-f, and g-h.
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reason for the differences remains unknown, this
result emphasizes the importance of purifying the
viral RNA prior to analysis. All the electropherotypes
reported in the present study were confirmed with
purified RNA samples. All the described patterns
were shown to be different by coelectrophoresis of
samples with similar patterns.
We have followed the classification scheme pro-

posed by Lourenqo et al. (4), as modified in Fig. 1,
which divides the 11 RNA segments into 4 groups.

RNA segment bands 1-4 are denoted as group I,

bands 5 and 6 as group II, bands 7-9 as group III, and
bands 10 and 11 as group IV. Differences in the
relative migration of RNA bands within a group are

indicated by a small letter. The electropherotype of an
isolate can be expressed as the combination of its
patterns, e.g., an isolate might demonstrate the
pattern of Ia, Ila, Illa, IVa. This system has the
advantage of allowing rapid classification of an RNA
pattern while avoiding the tedious comparison of the
migration of each RNA segment with each segment of
a standard, such as the simian rotavirus SAl 1.

Acceptance of this classification system should allow
comparisons between isolates from widely separate
regions.
The migration patterns of the genes in group IV

have been described elsewhere as "long" and
"short", with SA 11 having the long pattern. Initially
we analysed our virus strains according to this cri-
terion because of the reported correlations of the long
and short patterns with distinct subgroup antigens
(13, 14). Two patterns were described in the original
classification scheme: group IVa, which has an over-
all migration similar to the pattern of SAl 1, and

a b C d e f

m~~~~I

group IVb, with a slower overall migration. In this
study, we have detected new electropherotypes in this
group, designated as group IVc (Fig. 2, types 12 and
13) in which segment 10 shows a different migration,
and group IVd (Fig. 2, type 11), a short pattern that is
different from the previously described short electro-
pherotype pattern. Comparison of the relative mi-
gration of RNA segments 10 and 11 (group IV) with
the standard SA 11 is particularly useful in describing
the patterns in this group.
The second criterion used to group the human rota-

virus electropherotypes was based on the relative
migration of segments 7, 8, and 9. This criterion was
employed because genetic data suggest that one of the
RNA segments of this complex is the neutralization
gene (15-18).

Characterization ofhuman rotavirus strains obtained
from the USA

The majority of the rotavirus-positive stool
samples from the USA were obtained in Houston,
Texas in 1979-82; a few were collected in 1982 from
various sources elsewhere in the country. Sufficient
virus was obtained to determine the RNA pattern of
114 (72%) of 159 electron microscopy-positive cases
from Houston. In 100 samples, the pattern was
clearly visible and we were able to make valid
comparisons. Comparison of the RNA patterns with
that of SAl1 allowed us to distinguish at least 10
different electropherotypes (Fig. 2). The number and
distribution of cases caused by each of these electro-
pherotypes is shown in Table 2. The data clearly
demonstrate a shift in the predominant electrophero-

SAlI

b c
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Fig. 1 - Classification of different electrophoretic RNA patterns of rotaviruses. The migration patterns in group IV are
readily distinguishable by comparing the migration of the bands with that of bands 1 0 and 1 1 of SA 1 1.
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Table 2. Distribution of RNA electropherotypes of rotaviruses detected in stools obtained from children admitted to
the Texas Children's Hospital between 1979 and 1982

Electropherotype a

Year No. of samples 1 2 3 4 5 6 7 8 9 10

1979 20 0 2 0 0 0 0 2 0 16 0

1980 12 0 0 1 1 0 0 3 1 4 2

1981 18 1 2 4 4 0 0 1 0 6 0

1982 50 0 1 28 8 8 1 3 0 0 1

Total 100 1 5 33 13 8 1 9 1 26 3

a The electropherotype number corresponds to the electrophoretic number in Fig. 2.

type in Houston from type 9 (lb, Ilb, IIIh, IVa) in
1979 to type 3 (lb, Ilb, Illk, IVa) in 1982.
Most of the electropherotypes (types 1-9) of rota-

viruses from the USA were group IVa, i.e., segments
10 and 11 comigrated with segments 10 and 11 of
SAl 1, while type 10 had a group IVb or short pattern.
The long electropherotypes were arranged according
to the pattern of the group III RNA segments, which
showed extensive variability. In electropherotypes 4,
5, and 6, RNA segments 7, 8, and 9 migrated as two
distinct bands, whereas in electropherotypes 7, 8, and
9, these segments migrated as three distinct bands
(Fig. 2). This latter pattern was also characteristic of
the short electropherotype 10. Variability in the
migration patterns of the other gene groups can be
seen from Fig. 2.
The samples from Clinton, IA, and Denver, CO

were long IVa electropherotypes with the same RNA
patterns as electropherotypes 3 and 9 found in
Houston.

Characterization of human rotavirus strains from
Medellin, Colombia

We obtained 50 ELISA-positive stool samples
from patients admitted to the Children's Hospital of
Medellin, Colombia, between November 1979 and
June 1981. A clear RNA pattern was observed in only
9 of the samples, which included three different elec-
tropherotypes (Fig. 2, types 11, 12, and 13). In con-
trast to the samples from the USA, none of these
viruses exhibited the group IVa (long) RNA pattern.
This is clearly demonstrated in Fig. 3 and 4. Electro-
pherotypes 12 and 13 were both group IVc, and the
group III patterns of these electropherotypes were

distinguishable as llIg and IIIh, respectively.
Electropherotype 11 had a short group IV mi-

gration pattern that was different from the short pat-
terns described previously by others (1, 3-5). Segment
10 of this Colombian virus migrated fAster than seg-

ment 10 of the corresponding short types detected in
Houston and in Monterrey, Mexico. A slight differ-
ence in the migration of segment 11 was also demon-
strable by coelectrophoresis of these two short types
with SA 11 (Fig. 5). The distribution of electrophero-
types in the samples from Colombia is shown in
Table 3.

Characterization of human rotavirus strains from
Buenos Aires, Argentina, and Monterrey, Mexico

From two ELISA-positive samples from Buenos
Aires, Argentina, we detected one long IVa electro-
pherotype which was very similar to electropherotype
2 isolated in Houston. From seven ELISA-positive
samples from Monterrey, Mexico, we isolated one
short electropherotype which was identical to electro-
pherotype 10 found in Houston and in McAllen,
Texas (located on the USA-Mexico border).

Table 3. Distribution of RNA electropherotypes of rota-
viruses detected in stools obtained from children ad-
mitted to the Children's Hospital in Medellin, Colombia,
between 1980 and 1982, and from various regions of
North and South America.

Electropherotype'

Origin of sample 2 3 9 10 1 1 12 13

Medellin, Colombia 2 1 6

Monterrey, Mexico 1

McAllen, TX 1

Buenos Aires,
Argentina 1

Clinton, 10 1

Denver, CO 1

a The electropherotype number corresponds to the electro-
phoretic number in Fig. 2.
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DISCUSSION

Several groups have reported evaluations of the
molecular epidemiology of rotavirus outbreaks in a
number of countries, although similar data from the
USA have been limited. Kalica et al. (19) described
three different electrophoretic patterns of RNA from
eight human rotaviruses obtained during four succes-
sive annual rotavirus epidemics occurring in the area
of Washington, DC, from 1974 to 1977. The RNA
patterns of the 1976 and 1977 strains (2 each year)
were identical. Studies in other areas have reported
greater variability of human rotavirus electrophero-
types, including at least 19 different electrophero-
types from Australia (1-3) and 29 from France (4).
Only one previous study compared human rota-
viruses from distant locations (6), and found that the
electrophoretic patterns of viruses from Santiago,
Chile, were similar to the long electrophoretic pattern
found in Mexico City.
The most prevalent electropherotype in Houston

between 1979 and 1982 was type 3, with 33%o of
samples showing this pattern. The second most
common type, type 9, was found in 26% of isolates.
Since 28 of the 33 type 3 viruses were found during
1982 and 16 of the 26 type 9 viruses were isolated in
1979, a clear shift in the predominant electrophero-
type is evident. The difference between the two pre-
dominant electropherotypes is in group III: in type 3,
segments 7, 8 and 9 comigrate, whereas in type 9,
the segments migrate separately. This finding is of
interest since it has been shown that the gene that
codes for the neutralization antigen in human and
animal rotavirus strains is gene 8 or 9 (15-18). Future
serological characterization of these strains will be
important to determine if antigenic shifts are associ-
ated with a change in electropherotype. Our data also
support the study of Rodger et al. (1), who reported
that a single predominating rotavirus electrophero-
type may persist for several years; Kalica et al. (19)
had previously suggested that rotavirus electrophero-
types have a 3-4-year cycle.

It has been suggested that the relative migration of
RNA segments 10 and 11 may be directly related to
the subgroup specificity of the rotaviruses, as deter-
mined by either immune adherence haemagglutin-
ation (IAHA) or ELISA tests, with the short pattern
being associated with subgroup 1 and the long pattern
with subgroup 2 (13, 14). We observed the short
pattern, represented by type 10 (Fig. 2), in specimens
from Houston, in one specimen from McAllen, Texas
(near the USA-Mexico border) and in one specimen
from Monterrey, Mexico. Similar patterns have been
reported from Australia (1), France (4), Mexico (5),
and New Zealand (7). Espejo et al. (5) found the short
pattern in 11% of children hospitalized with rotaviral

diarrhoea in Mexico City during 1977 and in 9007o
during 1978. The short pattern was found in 17% of
the cases seen in the Texas Children's Hospital during
1980 and in 2% during 1982. We did not detect this
pattern during either 1979 or 1981.

In 7 cases from Colombia, we found electrophero-
types in which RNA segment 10 migrated more slowly
than segment 10 from viruses isolated in the USA; this
we designated as pattern IVc. Espejo et al. (6)
reported similar electropherotypes of human rota-
virus and a similar, but. not identical, RNA pattern
has been described in murine rotavirus (20). In one
case from Colombia, we found a short electrophero-
type, in which RNA segments 10 and 11 migrated
differently from segments 10 and 11 of the short elec-
tropherotypes from Houston and Monterrey (Fig. 5).
The subgroup and serotype of the described electro-
pherotypes are as yet undetermined. These electro-
pherotypes should allow us to test the validity of the
hypothesis that subgroup specificity is related to elec-
tropherotype. As far as we know, one of the short
types found in the present study is a previously un-
recognized electropherotype.
We were unable to detect the long IVa electrophero-

type in the samples from the Children's Hospital
in Medellin, Colombia. These patterns have been
detected elsewhere in South America, i.e., in Buenos
Aires, Argentina, in the present study, and previously
in Santiago, Chile (6).
Our study on the epidemiology of rotavirus disease

in Houston contrasts with two previous reports (21,
22) which evaluated enteropathogens in children with
diarrhoea in Houston. Although these earlier studies
focused primarily on bacterial pathogens in out-
patients, the children were also screened for rota-
viruses; the results did not demonstrate a seasonal
pattern of rotaviral diarrhoea. The reason for this
discrepancy is unclear but may be related to the
different populations studied, differences in the
samples analysed, or different detection methods
used to confirm the prevalence of viral gastro-
enteritis.
The number of rotavirus serotypes remains un-

known but the potential for genetic reassortment
suggests that wide antigenic diversity may exist.
Interestingly, in samples from three of our patients,
(one of whom was an immunodeficient child who was
a chronic rotavirus excreter), more than 11 rotavirus
RNA segments were observed (data not shown). This
probably resulted from dual infections with viruses
with differing electropherotypes. Similar observa-
tions have been reported previously by Lourenqo et
al. (7) and Spencer et al. (23). The presence of such
cases supports the possibility of formation of new
strains by reassortment of genes during dual infec-
tions in vivo.
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RESUME

ELECTROPHORETYPES D'ARN DE ROTAVIRUS HUMAINS
PROVENANT D'AMERIQUE DU NORD ET D'AMERIQUE DU SUD

De 1979 a 1982, 695 enfants ont e admis pour gastro-
enterite a 1'Hopital pediatrique de Houston, au Texas
(Etats-Unis d'Amerique). Dans 231 cas (36%) un virus a pu
&re isole. L'analyse au microscope electronique a montre
que le principal agent (68,807o) dans les echantillons
virologiquement positifs etait un rotavirus. On a obserN e
par ailleurs une courbe de distribution saisonniere de la
maladie.
On a etudie les virus ainsi isoles en comparant la migra-

tion des 11 segments d'ARN en gel de polyacrylamide
(electrophoretypes d'ARN). Les isolements provenant de
Houston ont donne dix electrophoretypes differents. Le
profil d'ARN le plus repandu a ete retrouve dans 33 (33%o)
de 100 isolements presentant un profil d'ARN bien visible. 11
y a eu entre 1979 et 1982 un net glissement dans l'electro-
phoretype predominant. A Medellin (Colombie), on a
trouve trois electrophoretypes differents. L'un des criteres
utilises pour le classement des electrophoretypes est la mi-
gration relative des segments 10 et 11. D'autres auteurs ont
avance P'hypothese qu'il existe une association entre ces seg-

ments et la specificite antigenique des sous-groupes des rota-
virus, le profil (<court>> etant associe au sous-groupe I et le
profil <(long>> au sous-groupe 2. Dans sept isolements colom-
biens, on a constate une migration plus lente de la bande 10;
ils ont et designes comme des profils longs (IVc); on a en-
registre egalement un profil court qui n'avait pas et decrit
jusqu'ici dans deux isolements provenant de Colombie.

Les electrophoretypes des virus de cette etude ont e com-
pares avec ceux d'etudes anterieures realisees en Australie,
au Chili, en Ecosse, en France, au Japon, au Mexique et en
Nouvelle-Zelande. S'il ne nous a pas e possible de decou-
vrir d'electrophoretype long IVa parmi les echantillons
provenant de Medellin (Colombie), nous l'avons retrouve a
Buenos Aires (Argentine), et son existence avait deja et
signalee a Santiago du Chili. Le profil court vu a Houston a
e trouve aussi a McAllen (Texas) et A Monterrey
(Mexique). Cet electrophoretype a de grandes similitudes
avec des electrophoretypes decrits par d'autres auteurs en
Australie, en France, au Japon, au Mexique et en Nouvelle-
Zelande.
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