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During the period October to December 1979, rotaviruses were obtained from
infants and young children hospitalized with acute gastroenteritis in Mexico City
and were compared by analysis of the migration of their double-stranded ribo-
nucleic acid (RNA) genome segments in gel electrophoresis. Comparison of the
results of this analysis and of those of similar studies carried out in 1977 and 1978
showed that the two rotavirus electropherotypes designated 2s and 21 have been
continuously present and that the proportion in which these two types have been
found in hospitalized patients has varied greatly year to year. The RNAs from
rotaviruses 2s and 21 differed in the electrophoretic migration of at least eight
genome segments. However, RNAs from virus assigned to the same electropher-
otypes were not necessarily identical: on the basis of small but significant
differences in the migration of segment 7, 8, or 9, isolates of types 2s and 21 could
be assigned to two and three different subtypes, respectively. Human rotaviruses
obtained in a distant geographical region, Santiago, Chile, in July 1979 had RNA
electrophoretic patterns similar to that of electropherotype 21 but different from
it in the migration of one or two of the larger RNA segments.

The genome of rotavirus, one of the most
important etiological agents of infantile gas-
troenteritis, consists of 11 segments of double-
stranded ribonucleic acid (dsRNA), which can
be resolved by polyacrylamide gel electropho-
resis (17). The existence of different types of
rotavirus infecting humans has been shown by
immunological studies (7, 16, 22) and by com-
parison of the viral RNA migration patterns in
polyacrylamide gel electrophoresis (3,9). In both
1977 and 1978, the two electropherotypes desig-
nated 21 and 2s were found in Mexico City by
this last technique (4, 6). Electropherotypes 21
and 2s also differ in the polypeptide composition
of the virions (5); however, their possible anti-
genic differences are not known. The relative
importance of each rotavirus electropherotype
as a cause of hospitalization of infants and young
children was very different in the years 1977 and
1978: viruses of type 2s were found in only 11%
(6 of 52) of the hospitalized children in 1977 (4),
whereas in 1978, 89% (8 of 9) of the patients had
this type (6). At that time it was predicted either
that type 21 would completely disappear or that
a cycle of prevalence exists between the two
electropherotypes (6). In this paper we report
that in 1979 rotavirus type 21 was prevalent,

which suggests that the prevalence of each elec-
tropherotype is cyclic.

It was also previously reported that RNAs
from rotavirus electropherotypes 2s and 21 differ
in the electrophoretic migration of at least seven
segments and that both types are not homoge-
neous since, among members of either type,
small differences could be observed in the mi-
gration of segment 7, 8, or 9 (6). In this paper we
report a previously unnoticed difference in mi-
gration of segment 1 of RNAs from types 2s and
21, and we also attempt to group viruses of the
same type according to the electrophoretic mi-
gration of their dsRNA segments 7, 8, and 9.
Three distinct patterns differing in the elec-

trophoretic migration of one, two, or three seg-
ments have been distinguished among RNAs
from eight human rotaviruses obtained during
four successive epidemics in the Washington,
D.C., area (9). Verly and Cohen reported similar
observations among calf rotaviruses obtained in
France (20) and suggested that some variations
appeared to be related to the geographical origin
of the samples. Extensive diversity was later
observed among bovine rotavirus isolates in Aus-
tralia (15). Altogether, these observations sug-
gest that rotaviruses are very heterogeneous, as
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are reoviruses (12) and orbiviruses of the same
serological groups (10), as demonstrated in each
case by their RNA electrophoretic patterns, and
that the extent of variation in these patterns
may depend on geographical origin and time of
collection, as previously observed for human
reovirus (12).

In this paper we also report that isolates ob-
tained from sick children in Santiago, Chile, in
1979 showed at least two different patterns of
migration of RNA segments in gel electropho-
resis and that both patterns, although similar to
that of electropherotype 21, were different from
those of isolates obtained in Mexico City during
the period 1977 to 1979.

MATERILS AND METHODS
Patients were infants and children less than 3 years

old admitted with gastroenteritis and diarrhea with
duration of 5 days or less to the Hospital de Pediatria,
I.M.S.S., Mexico, D.F, during the period October to
December 1979 or to the Hospital Roberto del Rio,
Santiago, Chile, in July 1979. Amounts of 1 to 3 g of
stool samples were collected and screened for rotavirus
by analysis of the electrophoretic patterns of the
dsRNA segments, upon disruption of the viral particles
which had been obtained by precipitation with poly-
ethylene glycol from a Freon-treated suspension of
stool (3). RNA was extracted either from purified virus
or, if the amount of virus seemed small, from a poly-
ethylene glycol precipitate of a stool suspension
treated with trifluorotrichloroethane (6). For electro-
phoresis of RNA, slab polyacrylamide-bisacrylamide
(5% and 0.125%, wt/vol) gels prepared as described (6)
or 5 to 10% polyacrylamide linear gradient gels were
used. Gradient gels were prepared in a gradient former
using equal volumes of two acrylamide solutions made
in Loening E buffer (14) containing 0.1% (wt/vol)
sodium dodecyl sulfate. The first contained 5% (wt/
vol) acrylamide, 0.125% (wt/vol) bisacrylamide, 0.1%
(vol/vol) NNN',N'-tetramethylethylenediamine, and
0.1% (wt/vol) ammonium persulfate; and the other
contained 10% (wt/vol) acrylamide, 0.25% (wt/vol)
bisacrylamide, 0.05% (vol/vol) N,N,N',N'-tetrameth-
ylethylenediamine, 0.05% (wt/vol) acrylamide, 0.05%
(wt/vol) ammonium persulfate, and 20% (vol/vol)
glycerol. After electrophoresis, gels were stained with
an aqueous solution of ethidium bromide (1 ug/ml)
and photographed (4). Growth and purification of SAll
and extraction of its RNA were as previously described
(5).

RESULTS
Electrophoresis of the RNAs extracted from

rotavirus obtained from October to December
1979 from nine infants or young children hospi-
talized with diarrhea showed that all these pa-
tients were infected with rotavirus electropher-
otype 21. During the same period in 1978, only
one of nine patients (11%) infected with rotavi-
rus excreted virus of type 21; the remainder

excreted type 2s (6). In 1977 during this 3-month
time span, all of the 30 rotavirus-infected pa-
tients excreted rotavirus of type 21 (4). There-
fore, during these 3 months, the proportion of
type 21 found in 1979 (100%) was the same as
that found in 1977, but was significantly different
(P < 0.001) from that found in 1978 (11%). The
probability (P) of obtaining such a difference,
had the proportion of the electropherotypes
been the same, was calculated with the use of
X2 = 18.4, which was obtained with a 2 x 2
contingency table.

Difference in migration of dsRNA genome
segments 2, 3, 5, 10, and 11 from rotavirus 2s and
21 has been previously illustrated (6). However,
when the electrophoresis was run for longer
periods to optimize resolution of the larger
dsRNA segments, differences appeared in the
migration of segment 1 from these two rotavirus
electropherotypes (Fig. 1). Since this difference
was not noticed previously, four isolates of each
electropherotype, taken in different years, were
reexamined as described in Fig. 1 to search for
a possible intratype heterogeneity in dsRNA
segment 1. The results (not shown) did not show
intratype heterogeneity but always showed the
same difference in the electrophoretic migration
of segment 1 between rotaviruses of electropher-
otypes 21 and 2s.

Rotavirus isolates assigned to either electro-
pherotype are not necessarily completely alike:
small but significant differences could be de-
tected in the electrophoretic migration of one or
two of the segments 7, 8, and 9 between some
isolates of the same electropherotype. This in-
tratype heterogeneity was reexamined by elec-
trophoresis on a 5 to 10% polyacrylamide gra-
dient gel, which gave better resolution of the
smaller segments. Figure 2 shows the results
after electrophoresis of five isolates of electro-
pherotype 2s, one of which (track 2) can be
distinguished by the increased electrophoretic
migration of segment 7. Figure 3 shows the three
different electrophoretic patterns of segments 7,
8, and 9 that have been distinguished among
rotaviruses of electropherotype 21.
Polyacrylamide gradient gels were also em-

ployed to examine the differences in segments 7,
8, and 9 between electropherotypes 21 and 2s.
Since these segments are resolved into five
bands after coelectrophoresis of the RNAs from
both electropherotypes (Fig. 4), at least two of
the dsRNA segments in the cluster made by
segments 7, 8, and 9 are different between these
isolates of types 21 and 2s.

Electrophoretic analysis of RNA genome seg-
ments from seven rotavirus isolates obtained
from different patients, among 13 hospitalized
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FIG. 1. Electrophoresis of RNA from human strains of rotavirus (HRV) 2s and 21. Electrophoresis was
performed in 5% polyacrylamide gels, 1.5 mm thick, for 20 h at 40 mA to obtain better resolution of the larger
segments. Tracks: (1) HRV 4185 (21, August 1979), (2) HRV4185 + HRV 186 (2s, December 1978), (3) HRV 186,
(4) HRV 186 + HRV 770 (21, September 1977), (5) HRV 770, (6) HRV 770 + HRV 4185. Strain numbers are the
numbers given to the hospitalized patients, 2s or 21 indicates virus type, and the dates are those ofpatient
admission. Numbers on the left of the photograph are the assigned segment numbers.
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FIG. 2. Electrophoresis ofRNA from different isolates ofhuman rotavirus (HRV) type 2s. Electrophoresis
was performed in 5 to 10% polyacrylamide gradient gels, 0.75 mm thick, for 15 h at 27 mA to optimize
resolution of the smaller segments. Tracks: (1) HRV 9923 (October 1978), (2) HRV 1383 (November 1978), (3)
HRV2017 (November 1978), (4) HRV 186 (December 1978), (5) HRV 5859 (October 1978). Meanings ofnumbers
and dates are explained in Fig. 1.

young children with acute gastroenteritis in San-
tiago, Chile, during July 1979, showed the pres-
ence of two electropherotypes of rotavirus, dis-
tinguishable by the relative electrophoretic mi-
gration of dsRNA segment 2. Figure 5 shows
these two patterns in tracks 5 and 6; the pattern
shown in track 6 was observed in isolates from
two patients, and that in track 5, in isolates from
five patients. Coelectrophoresis of the RNA
from these different isolates showed only the

aforementioned difference in segment 2 (data
not shown). The patterns obtained by coelectro-
phoresis of each of the two distinct human ro-
tavirus RNAs with simian rotavirus (SAl )
RNA are shown in tracks 2 and 4. SA11 RNA
(track 3) is a suitable standard for comparison
of rotavirus RNAs because it is generally avail-
able, a property not shared by human rotavi-
ruses as a consequence of their failure to grow
efficiently in vitro. The difference between hu-
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man rotavirus RNAs can be observed in these
coelectrophoresis: segment 2 ofthe virus electro-
pherotype (track 2) comigrated with segment 2
of SAil RNA, whereas the respective segment
of the other electropherotype (track 4) migrated
slightly slower. Comparison of the patterns ob-
tained by coelectrophoresis of SAl1 RNA with
RNA extracted from human rotaviruses ob-
tained in Santiago, Chile (Fig. 5), and human
rotaviruses obtained in Mexico City (Fig. 6),
shows that the RNAs from human rotavirus
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FIG. 3. Electrophoresis ofRNA from different iso-
lates of human rotavirus (HRV) type 21. Tracks: (1)
HRV 8451 (July 1977); (2) HRV 770 (September 1977),
(3) HRV 4185 (August 1979), (4) HRV3222 (November
1978). Meanings ofnumbers and dates are explained
in Fig. 1. Conditions of electrophoresis were as in
Fig. 2.
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obtained in Santiago, Chile, were very similar to
that of the rotaviruses electropherotype 21 ob-
tained in Mexico City (Fig. 6, track 4). Coelec-
trophoresis ofthe RNAs from rotavirus obtained
in Santiago and from rotavirus type 21 obtained
in Mexico City suggested only small differences
in the migration of some of the larger segments.
These differences were more clearly shown when
the electrophoresis was performed for a longer
time, to optimize resolution of the larger seg-
ments (Fig. 7). The patterns in Fig. 7 were
obtained by coelectrophoresis of Mexican type
21 rotavirus (track 1) with either of the Chilean
isolate electropherotypes (tracks 3 and 5) and
show differences in the migration of either seg-
ment 4 (track 4) or segments 2 and 4 (track 2).
The difference in dsRNA segment 2 between the
isolates obtained in Santiago, Chile, is illustrated
better in Fig. 7 (track 6). Small differences also
seem to exist between the migration ofsegments
1 and 3 ofthe RNAs ofrotaviruses from Santiago
and that of the rotavirus type 21 from Mexico
City because the bands corresponding to these
segments were broader after coelectrophoresis
and, in some cases, barely resolved into two
(tracks 2 and 4).

DISCUSSION
Two electropherotypes of rotavirus desig-

nated 2s and 21 have been found in infected
infants and young children in Mexico City dur-
ing the period December 1976 to December 1979,
and the proportion in which these two types
have been found has varied greatly from year to
year (4, 6, this paper). The persistence of these
two types for at least the 3 years of this study
suggests that the appearance of new rotavirus

4 5 6 7

FIG. 4. Electrophoresis ofRNA from different isolates ofhuman rotavirus (HRV) types 2s and 21. Tracks:
(1) HRV 2017 (2s, November 1978), (2) HRV 2017 + HRV 4185 (21, August 1979), (3) HRV 5859 (2s, October
1978), (4) HRV 5859 + HRV4185, (5) HRV 1383 (2s, November 1978), (6) HRV 1383 + HRV4185, (7) HRV 4185.
Meanings ofnumbers and dates are explained in Fig. 1. Conditions of electrophoresis were as in Fig. 2.
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FIG. 5. Electrophoresis ofhuman rotavirus (HRV) RNA from Santiago, Chile, with simian rotavirus (SAil)
RNA used as standard. Tracks: (1) HRV23 (July 1979), (2) HRV23 + SAil, (3) SAII, (4) HRV28 + SAll, (5)
HRV28 (July 1979) and (6) HRV 23. Meanings ofnumbers and dates are explained in Fig. 1. Electrophoresis
was run at 20 mA for 20 h.

4 rotavirus epidemics occurring from 1974 through
1977 in the Washington, D.C., area. Interest-
ingly, the RNA patterns of both 1974 and both

2e n - N - 1977 strains were identical. However, epidemio-
4e logical studies of the two serotypes of rotavirus

4 __ (1 and 2), which are distinguishable by enzyme-
linked immunosorbent assay, did not suggest a
cyclic variation in the type of rotavirus found in

6 the Washington, D.C., area (21). In that study,
from 1974 to 1978, an ever-increasing percentage
of pediatric patients infected with type 1 was

lop9 observed, whereas the percentage of patients
infected with rotavirus type 2 constantly de-
creased. We do not know, at present, if there is

ID any relation between serotypes 1 and 2 deter-
mined by enzyme-linked immunosorbent assay
and electropherotypes 21 and 2s.
Abrupt changes in the occurrence of type 21

or 2s observed each year in Mexico City have no
FIG. 6. Electrophoresis of RNA from human ro- simple explanation. It is possible that the prev-

tavirus (HRV) isolated in Mexico City, types 2s and alence of each type is cyclic although confirma-
21, using SAII RNA as standard. Tracks: (1) HRV tion of a cycle requires surveillance for the next
0454 (2s, November 1978) + SAII,(2) HRV 0 (3) few years. Cyclical epidemics have been ob-
HRaV 3222 (21, November 1978) + SAl, (4) HRV3222, served with other viruses and probably have(5) SAll. Electrophoresis was run at 20 mA for 20 h.
Meanings ofdates and numbers are explained in Fig. been best defined mn measles (1). The important
1. parameters used to describe the cycles are the

number of persons susceptible and the number
electropherotypes is not very frequent. Kalica et of persons infected and capable of spreading the
al. (8) found three different electrophoretic pat- disease. According to Bartlett's equation (2), the
terns of RNA from eight human rotaviruses, average interval between epidemics will become
obtained from each of four successive annual shorter with increasing community size. It is
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FIG. 7. Electrophoresis of human rotavirus (HRV) RNA from both Santiago, Chile, and Mexico City to
resolve the larger RNA segments. Tracks: (1) HRV 3222 (Mexico City November 1978) (2) HRV 3222 + HRV
23 (Santiago July 1979), (3) HRV23, (4) HRV 3222 + HRV28 (Santiago July 1979), (5) HRV 28, (6) HRV23
+ HRV 28. Electrophoresis was run for 20 h at 40 mA. Meanings of dates and numbers are explained in Fig.
1.

possible that these parameters and perhaps oth-
ers, such as hygiene, may determine a cycle, in
Mexico City, between these two rotavirus elec-
tropherotypes, should there be no cross-protec-
tion between electropherotypes 21 and 2s.
The remarkable difference in the RNA of

rotavirus types 2s and 21 in polyacrylamide gel
electrophoresis is shown in the migration of their
genome segments 1, 2, 3, 5, 10, and 11, and
usually in two segments of the cluster made by
segments 7, 8, and 9. Although these two elec-
tropherotypes apparently infect the same pop-
ulation, we have not detected the appearance of
new types that might arise from "segment reas-
sortment." "Segment reassortment" has been
shown to occur at high frequency in mixed in-
fections in vitro with different serotypes of reo-
virus (18) or orbivirus (11), which also contain a
segmented dsRNA genome. Segment exchange
has been postulated to occur in nature for influ-
enza virus (13). Exchange of the dsRNA segment
2, 5, 10, or 11 between rotavirus 2s and 21 would
have been readily detected in polyacrylamide
gel electrophoresis.

Differences observed in one or two of the
segments of the cluster made by 7, 8, and 9 may
have significance in the antigenic properties of
rotavirus, especially if they code for some of the
outer layer polypeptides. On the basis of the
electrophoretic migration of these segments, ro-
taviruses of electropherotypes 21 and 2s were

assigned to two or three subtypes, respectively
(Table 1). Table 1 demonstrates that viruses oi

the same subtype have been present in different
years.
The RNA patterns of the rotavirus isolates

TABLE 1. Rotavirus assigned to indicated type and
group'

Type Group
2s a 1383 (November 1978)

b 9923 (October 1978), 2017 (November
1978), 186 (December 1978), 5859
(October 1978), 4M4b (November 1978),
154047b (March 1977)

21 a 3222 (November 1978)
b 4185 (August 1979), 2332b (August 1979),

770 (September 1977), 480b (November
1979), 1514b (November 1979), 1751b
(November 1979), 4435 (November
1979)

c 1116 (November 1977), 8451 (July, 1977),
166872 (December 1977), 5614
(November 1979)

"'Group assignments were made on the basis of the
electrophoretic migration of dsRNA segments 7, 8,
and 9. The patterns of each subgroup are shown in the
figures: 2sa in track 2, Fig. 2; 2sb in tracks 1, 3, 4, and
5, Fig. 2; 21a in track 4, Fig. 3; 21b in tracks 2 and 3,
Fig. 3; and 21c in track 1, Fig. 3.

h Subtypes reexamined (electrophoretic data not
shown).

obtained in 1979, in Santiago, Chile, could be
assigned to two types on the basis of the migra-
tion of segment 2. Even though both patterns
were very similar to that of Mexican rotavirus
21, one of these electropherotypes differed in the
migration of both segments 2 and 4, whereas the

ier differed only in that of segment 4. They
might also differ from rotavirus 21 in the migra-
tion of dsRNA segments 1 and 3; however, fur-
ther attempts to establish more clearly these
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possible differences failed and exhausted the
sample RNAs from the rotaviruses obtained in
Chile.
These results are in agreement with a previous

observation with reovirus (12) that samples iso-
lated from widely different geographical origins
showed different patterns, whereas samples from
the same area over a period oftime showed more
limited variations. Although the consequence of
dsRNA genome segment variation is not known,
these observations should be considered in de-
signing a strategy to develop a possible vaccine
that would be effective worldwide. Extensive
variability in the RNA patterns has been found
among all three serotypes of reovirus (12) and in
some serological groups of orbivirus (10). The
observations to date suggest a similar situation
among rotaviruses (6,8, 15,20). Variation among
human rotaviruses, however, may be less exten-
sive than that observed with reovirus, since the
rotavirus isolates subjected to analysis have
been only those infecting infants and capable of
causing a diarrhea serious enough to justify hos-
pitalization.
The significance of the different electropho-

retic migration of RNA segments has yet to be
established, but it seems likely that the variation
observed in the RNA genome is translated into
the viral polypeptides. Extensive variation has
been observed in the electrophoretic patterns of
viral polypeptides from cells infected with rota-
virus found in different species (19), and it has
been observed that human rotaviruses with dif-
ferent RNA electrophoretic patterns are also
distinguishable by the electrophoretic patterns
of their polypeptides (5). The study of the rela-
tionship between RNA pattern and antigenic
properties seems difficult at present as a conse-
quence of the inability to apply serological tech-
niques such as neutralization and. hemaggluti-
nation inhibition to human rotavirus.
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