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Analysis of Human Rotavirus Mixed Electropherotypes
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Mixed human rotavirus electropherotypes were detected in stool samples from
patients with acute gastroenteritis in Santiago, Chile. These electropherotypes
accounted for 10% of 149 samples studied. The finding of extra RNA fragments
with respect to the regular 11 genome segments suggests the possibility of
simultaneous or sequential infection by more than one electropherotype in a single
diarrhea event or occurrence of modification in the length of the RNA segments
during an infection. These possibilities arose from gel electrophoretic analysis of
unique and sequential samples of human rotavirus genome RNA.

Human rotavirus has been recognized as a
major cause of acute gastroenteritis in infants
and young children (4, 11, 14). The incidence of
the virus as a diarrheal agent has been estab-
lished in several epidemiological studies with
different diagnostic procedures (8, 18). The
structure of rotavirus particles has been well
defined in terms of morphology, protein, and
nucleic acid content (14, 15). However, immu-
nological characterization of the virus is so far
incomplete, due to a number of reasons such as
the relatedness with other animal rotaviruses.
The recent development of a reliable system for
in vitro growth of human rotavirus will provide a
valuable tool for clarifying this point (21).

Besides electron microscopy, one of the most
widely used methods for rotavirus characteriza-
tion is gel electrophoresis of viral genome RNA
(2, 3, 11). This method takes advantage of the
fact that the rotavirus particle contains 11 seg-
ments of double-stranded RNA as the genome.
The electrophoretic mobility of each segment is
very characteristic and allows unequivocal de-
termination of the presence of rotavirus in stool
samples (2, 4, 11). By means of this technique,
several investigators (2-4, 11, 14) have shown
that human rotavirus does not show a unique
electropherotype or pattern of genome RNA
migration (i.e., of electrophoretic mobility of
individual RNA segments) (5, 17).
On the contrary, gel electrophoresis of

genome RNA obtained from individual stool
samples always shows a well-defined and repro-
ducible pattern of migration for each one of the
11 RNA segments, suggesting that an electro-
pherotype may define an homogeneous popula-
tion of viral particles in terms of their genome
composition.

Several reports have shown that an electro-

pherotype may reflect immunological properties
of the virus. For instance, a relationship has
been reported between the so called short and
long rotavirus electropherotypes and serotypes
1 and 2, respectively (1, 17). Relationships be-
tween changes in viral genome size and changes
of immunological properties have been deter-
mined in other viral systems, such as influenza
virus (7, 16).

In the present report we have analyzed stool
samples obtained from single diarrhea episodes,
finding human rotavirus electropherotypes
which contain extra RNA segments. Some infre-
quent cases of mixed electropherotype have
been previously reported (11). The most inter-
esting feature of these extra RNA segments is
the fact that they seem to correspond to seg-
ments present in human rotavirus genome RNA.
Also, the possibility that the presence of addi-
tional RNA fragments may correspond to se-
quential infection with two or more rotavirus
electropherotypes was studied in three patients
hospitalized at the same time, from whom daily
samples were collected.

MATERIALS AND METHODS

Purification of virus from stools. Stool samples (1 to
2 g) were obtained from June 1979 to November 1981
from ambulatory and hospitalized patients aged 0 to 2
years with acute diarrhea. The sampling covered the
children's hospitals Roberto del Rio and Luis Calvo
Mackenna of the city of Santiago, Chile.
From a follow-up of one ward for infants with acute

diarrhea, stools from three patients shedding rotavirus
were studied. Patient A (see Fig. 3A) arrived at the
hospital first, and rotavirus was detected from the first
stool sample. Patients B and C (see Fig. 3B and C)
were admitted 2 to 4 days later, and they started
shedding rotavirus on day 8 of hospitalization.

Virus was partially purified as previously described
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FIG. 1. Comparison of migration patterns of human rotavirus electropherotypes in 8% polyacrylamide gels.Migration was from top to bottom, and genome segments are numbered in decreasing order of size. Black circlesindicate the presence of extra RNA fragments, as compared with the regular tl that make up viral genome.LONG (lanes A and E) and SHORT (lane H) show the migration pattern of standard long and shortelectropherotypes, respectively. Samples A, B, C, and D were run in the same gel, and samples E, F, G and Hwere run in another gel.

(20). Briefly, stool samples were diluted with 5 vol-
umes of distilled water, and the suspension was mixed
with 1 volume of triflurotrichloroethane and centri-
fuged at 2,000 x g for 10 min. The supernatant was
then precipitated overnight with polyethylene glycol at
4°C and centrifuged at 10,000 x g for 30 min. The
supernatant was discarded, and the pellet was sus-
pended in 2 mM Tris-hydrochloride buffer (pH 7.8).
These fractions were stored at -20°C and used for
RNA gel electrophoresis.

Viral RNA gel electrophoresis. Fractions (25 ul) of
the resuspended polyethylene glycol pellet were mixed
with 100 ,ul of 200 mM Tris-hydrochloride buffer (pH
8.4) containing 40 mM NaCl, 0.5 mM EDTA, and 1%
sodium dodecyl sulfate. This solution was then depro-
teinized by extraction with 1 volume of phenol and
chloroform and ethanol precipitated overnight at
-20°C as previously described (20).
After centrifugation the RNA pellet was suspended

in Laemmli sample buffer and subjected to gel electro-
phoresis. Gel electrophoresis was carried out in 8%
polyacrylamide slab gels with 3% polyacrylamide
stacking gels with the discontinuous buffer system of
Laemmli (10), except that sodium dodecyl sulfate was
omitted in all solutions. The gels were run 14 h at room
temperature at 100 V. After the run the gels were
stained for 3 to 4 h with ethidium bromide (1 ,ug/ml)
and then photographed under UV light. Comparisons
between different virus electropherotypes were done
by mixing equal volumes of viral RNA samples and
subjecting the mixture to gel electrophoresis.

RESULTS
Analysis of mixed electropherotypes. The elec-

tropherotypes of 149 samples were determined

from human rotavirus isolates collected during
the years 1979 through 1981. In 10% of them, the
presence of extra RNA segments, as compared
with the regular electropherotypes, was ob-
served. As shown in Fig. 1, sample B, the
electropherotype contains besides the regular 11
RNA segments, a doublet close to segment 4,
and in the region of segments 5 and 6 there are
two extra RNA segments that seem to corre-
spond to combinations of the electropherotypes
previously described for that particular region
(5, 11). In sample C, there is also a mixture of
segments close to segment 1 as well as close to
segment 4. In the region of segments 5 and 6, the
mixture of RNA segments shows differences in
electrophoretic mobility in relation to sample B:
close to fragment 5 there are two extra seg-
ments, and near 6 there is apparently only one.
Samples A and D also have a mixture of RNA
segments in region 5 and 6, but the situation
seems to differ from those observed in samples
B and C, because the mixture seems to corre-
spond only to fragment 5. Samples A, B, and C
do not show extra RNA fragments in the region
of segments 7, 8, and 9 or segments 10 and 11.
Only sample D seems to contain an extra RNA
segment of higher electrophoretic mobility than
that of segment 9. Sample F appears to be very
similar to sample D, except that there is a
doublet in the region of fragment 2 that is not
clearly present in sample D. The most surprising
result is shown in sample G, in which mixtures
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FIG. 2. Comparison of electrophoretic patterns of human rotaviruses. Conditions and symbols are as in Fig.

1. Samples I, IJ, J, JK, and K were run in the same gel, and samples L and M were run in another gel. Lane IJ
corresponds to the coelectrophoresis of samples I and J, and lane JK corresponds to the same procedure applied
to samples J and K.

ofRNA segments seem to be present in all of the
segments, including the region of fragments 10
and 11. This sample shows that the difference
between the short and long electropherotypes
may not correspond to changes in a single seg-
ment, as has been previously suggested (1).

Furthermore, evidence suggesting the occur-
rence of several, not a unique, long electro-
pherotypes was obtained by coelectrophoresis
of viral RNA samples (Fig. 2, lanes I and J).
Sample I contains extra RNA segments in the
regions of segments 4, 5, and 6, and sample J
contains extra RNA segments in the regions of
segments 4, 5, and 6 in the region of segments 10
and 11. These differences are also shown in the
coelectrophoresis of both samples (lane IJ) in
which a new doublet in fragment 1 is apparent.
The presence of extra RNA segments in region 5
and 6 is also clarified; sample J seems to contain
a triplet in the region offragment 5, but only one
type of fragment 6. No difference seems to exist
between fragments 7, 8, and 9 in both samples.
The characteristics of fragments 10 and 11 make
sample J different from all cases described up to
date for a long electropherotype. In fact, sample
J exhibits a doublet in segment 11, as confirmed
in the mixture of I and J as well as in the
coelectrophoresis of samples J and K. Therefore
sample J seems to contain a mixture of two long
electropherotypes. The mixtures of electropher-

otypes described in Fig. 1 differ from those
present in Fig. 2, lanes L and M, in which
besides the mixture in segments 2, 3, 4, 5, and 6
there are mixtures in the region of fragments 7,
8, and 9. Sample L, for example, shows an extra
segment between fragments 8 and 9, and sample
M shows four RNA segments instead of the
regular three.
The analysis of all of these samples shows that

segments having a very close electrophoretic
mobility seem to be present in different amounts
in some cases, but in very similar amounts in
others (e.g., sample G), as judged by their
fluorescence intensity under UV light. Due to
the characteristics of the nucleic acid stain used,
molar ratios between RNA fragments which
differ largely in molecular weight cannot be
compared directly.
Changes of electropherotypes during diarrheal

events. To detect possible changes in virus elec-
tropherotype during a diarrheal event, daily
stool samples were obtained from three infants
hospitalized at the same ward. Figure 3A, lanes
1 to 6, shows electropherotypes present in daily
samples from one patient. Shedding of rotavirus
was detected between days 1 and 6. All samples
show a mixture of long and short electrophero-
types in the region of segments 10 and 11, as can
be observed by comparison with a standard
short electropherotype (lane ST). These electro-
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pherotypes are very similar until days 5 and 6,
when a doublet appears in the region offragment
5. Figure 3B, corresponding to a second case,
represents a situation similar to the one de-
scribed above, except that a sudden change from

FIG. 3. Comparison of human rotavirus electro-
pherotypes. Each panel shows serial determinations
performed on samples obtained from a single patient.
The numbers at top of the lanes indicate sequential
days in which samples were taken, 1 corresponding to
the day 1 of diarrheal illness in each case.

a long to a short electropherotype takes place
between days 1 and 2. Both electropherotypes
are very similar, except for the regions of seg-
ments 7, 8, and 9 and segments 10 and 11. Apart
from this, no mixture of electropherotypes was
detected by day 2 (Fig. 3B, lane 2). Figure 3C
corresponds to a third patient in whose stools
rotavirus could be determined at days 2 and 3
after hospitalization as a long electropherotype
and at day 7 as a short electropherotype. No
viral RNA could be detected on days 1, 4, or 6,
and neither the long nor the short electrophero-
type had extra RNA fragments.
The RNA patterns present in Fig. 3B and C

seem to be very similar in the case of both long
and short electropherotypes. Analysis of Fig.
3A, B, and C leads us to suspect that the three
short-electropherotype rotaviruses were identi-
cal, suggesting a probably intrahospital contami-
nation. This conclusion is likely because pa-
tients B and C were hospitalized after patient A,
and their stool samples did not contain any
detectable amount of rotavirus in the first 3 or 4
days.

DISCUSSION
In recent years gel electrophoresis of RNA

has been used not only to determine the pres-
ence of rotavirus, but also to classify the virus
according to the electrophoretic mobility of the
genome RNA segments (17, 18). The mobility
pattern, called electropherotype, has oeen cor-
related with some immunological properties of
the virus, e.g., the so-called short and long
electropherotypes have been ascribed to sero-
types 1 and 2, respectively (1, 17).

In this report we have studied the presence of
extra RNA segments in some isolates of human
rotavirus by gel electrophoresis.
An inspection of the electrophoretograms in

Fig. 1 and 2 reveals that extra RNA segments
can be found in rotavirus isolates covering the
whole molecular weight range of standard RNA
segments and varying in number from one to
several for a single sample. Also, Fig. 1 and 2
show that these additional fragments may be
usually correlated with segments that make up
particular standard electropherotypes (11). Fur-
thermore, the results suggest that extra RNA
pieces do not arise from enzymatic cuts, for they
could not explain the occurrence of extra seg-
ments related by size with diverse genome RNA
groups in various samples. Moreover, the find-
ing of supernumerary electropherotypes is a
rather uncommon event among the number of
cases so far analyzed in this laboratory. Alterna-
tively, if nonspecific degradation of genome
RNA segments were taking place, it would be
expected to produce a family offragments with a
wide molecular weight range, rather than a few
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well-defined segments. Apart from this, it has
been shown elsewhere (1, 12, 13, 19) that each
one of the 11 viral RNA segments codes for a
particular polypeptide. Thus, any segment de-
cay, either enzymatic or nonspecific, would be
likely to prevent efficient virus infectivity or
replication (or both).
There are several possible explanations for

the appearance of mixed electropherotypes.
Among them we can cite (i) variations in the
number of RNA genome segments within the
viral particle, (ii) modifications of the size of
RNA segments during infection, (iii) sequential
or simultaneous infection with two or more
similar electropherotypes, and (iv) production of
reassortant viruses.
The first possibility does not seem very likely

if we take into account the morphology of virus
particles (14, 15), which hints at the existence of
a close relation between the amount of protein
and the amount of nucleic acid. Thus, the pres-
ence of more than 11 RNA fragments within
rotavirions is improbable. Large, aberrant viral
particles of cylindrical shape have been reported
(9), in which various arrangements of protein
and nucleic acid may be possible, but these
forms are scarce and they are probably uninfec-
tious.

If modifications of the size of RNA segments
happened during infection, one could expect
finding some evidence thereof when electro-
pherotypes are determined daily during diarrhea
episodes. In contrast, the results in Fig. 3A, B,
and C show that the appearance of extra RNA
segments takes place suddenly, and that they do
not undergo further modification, as detected by
electrophoretic mobility, until they vanish or the
illness is overcome. Nevertheless, the possibili-
ty exists that any unusual mutagenic event, such
as insertion or deletion, may bring about an
altered segment which, in turn, could coexist
with the standard one, giving rise to an heteroge-
neous viral progeny. If altered segments do not
preclude virus infectivity or replication, finally
an heterogenous viral population could arise,
with both electropherotypes being present in
significant amounts and a sample of them show-
ing one extra RNA fragment by gel electropho-
resis assay.
The third possibility is suggested by the se-

quential infection by two very similar electro-
pherotypes (Fig. 3C) in which the mixed electro-
pherotype may correspond to the moment in
which both viruses are being shed. In the case of
Fig. 3C no virus was detected in between.
However, the other results do not agree com-
pletely with this hypothesis. In fact, Fig. 3B
shows a sudden change from one electrophero-
type (long) to another (short), whereas no mixed
electropherotype could be detected. Further-

more, the results in Fig. 3A show an initial
mixture of long and short electropherotypes to
which an extra RNA fragment is added later.
Clearly, a sequential or simultaneous infection
model does not fit these findings thoroughly.

In the last possibility, two viruses may coin-
fect the same cell yielding a reassortant particle,
as has been described for in vitro systems (6).
Different reassortants may be obtained when
reassortants or similar combinations of viruses
reinfect other cells, but this does not account for
the results in Fig. 3A. In that case, the late-
appearing extra band near fragment 5 does not
seem to originate in any of the previous existing
segments of the mixed electropherotype. In ad-
dition, Fig. 3B shows a case of sudden change in
the electrophoretic pattern, from which no reas-
sortant electropherotype could be detected.
From the possibilities analyzed here, it seems

likely that mixed electropherotypes may arise
from sequential or simultaneous infections in
which a more virulent virus having a particular
electropherotype is able to direct the generation
of reassortant viruses. However, the results in
Fig. 3A (lanes 5 and 6) suggest that the appear-
ance of mixed electropherotypes should be due
to an amplification-by a still unknown mecha-
nism-of base sequences in an individual RNA
segment. Hence, variations in segment length
may not be ruled out as an explanation for extra
RNA segments. As a consequence, it should be
kept in mind that particular electropherotypes
with extra RNA segments may come from a set
of causes rather than from a single one. The
consequence of this event may be the appear-
ance of defective interfering particles, especially
from events that produce deletions in the viral
genome.
The results in Figs. 1 and 2 suggest that

electropherotypes may not serve as a valid ap-
proach for human rotavirus classification from
which serological properties may be inferred (1,
17). Suitable characterization of human rota-
virus strains will be attained in the future by
means of virus propagation by in vitro tissue
culture techniques.
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