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RESUMEN 

Con el fin de detenninar los patrones electroforéticos del RNA de rotavirus aislados de muestras diarreicas, se 
analizaron 328 heces de las cuales 56 fueron positivas para rotavirus. Por análisis electroferotípico, las muestras 
positivas fueron agrupadas en cuatro diferentes patrones de acuerdo a la mqvilidad de los segmentos del RNA. Las 
diferencias entre Jos grupos radicaron principalmente en cambios en la movilidad de los fragmentos 7, 8 y 9, que 
confonnan las bandas del grupo III. Todos los rotavirus presentaron características compatibles con rotavirus del 
grupo A, y todos presentaron patrón corto. Los resultados sugieren una moderada variación entre las cepas de 
rotavirus que afectan a la población infantil. 

ABSTRACT 

An analysis of RNA electropherotypes was carried out on rotavirus isolates from diarrheic samples. Of the 328 
samples analyzed, 56 were positive forrotaviral RNA and thesecould beclassifiedinto fourdifferentelectropherotypes, 
according to the electrophoretic mobilities of thejr various RNA segments. The differences among the various 
electrophoretic pattems were basically due to changes in the mobilities of the genomic segments 7, 8 and 9 which 
make up group III. However, all electropherotypes were compatible with the pattems considered to be characteristic 
for group A rotavirus, and were likewise classified as short pattems. The findings suggest a moderate genetic 
variation among the rotavirus strains affecting the infant population studied. 

PALABRAS CLAVE: Diarrea, Electroferotipos de RNA, Humanos, Rotavirus grupo A 

INTRODUCTION 

Viral gastroenteritis is one of the principal cau
ses of morbo-mortality for infants in developing 
countries (Blacklow & Cukor 1981 ). According 
to WHO, diarrhea is responsible for a large 
percentage of deaths in this age group, and 
rotavirus is considered to be the majar viral 
etiological a gen t. It is interesting to point out that 
similar findings ha ve been reported for neonates 
in many mammalian and avian species (Bridger 
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et al. 1982, Estes et al. 1984, Kang et al. 1988, 
Nicolas et al. 1984). 

Taxonomically, rotaviruses are classified as 
membersoftheReoviridaefamily. Underelectron 
microscopy they show a characteristic spoked
wheel morphology with a diameter of 
approximately 70 nm. They contain 11 segments 
of double stranded RNA packed inside an inner 
layer of protein, which is in turn packed inside 
the inner and outer capsids which both display a 
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T= 13 icosahedral lattice syrnrnetry. · The 
innerrnost protein laye~. which is sornetirnes 
called the core (Espejo et al. 1980, Gorziglia et 
al. 1990, Labbe et al. 1991, Ni colas et al. 1984, 
Yeager et al. 1994), consists rnostly ofthe protein 
VP2, with sorne VP1 and VP3. The inner 
icosahedral capsid has the protein VP6, which is 
the site of the "group" antigens (and sub-group 
antigens, wherethatisrelevant). Theoutercapsid 
contains the proteins VP7 and VP4, which are 
referred to as the neutralizing antigens, since 
they both induce neutralizing antibodies which 
protect at Jeast partially against disease (Matsui 
et al. 1989). 

The rotaviruses are also classified in groups 
according to the cross-reactivity of the group 
antigen located on VP6. Since rnost of the 
rotaviruses found in hurnans belong to group A, 
they have often been referred to as "typical" 
rotaviruses, and they are often found in anirnals 
as well. Rotaviruses that do not share this antigen 
ha ve been called "atypical" and belong to other 
groups (B,C,D,E,F,G). The last four only infect 
anirnals, as far as is known (Di Matteo et al. 
1989, Eiden et al. 1994, Flewett 1978). 

The rotavirus genorne of eleven segrnents of 
double-stranded RNA (dsRNA) can be separated 
by electrophoresis in po1yacrylarnide gels, thus 
gtvmg reproducible patterns called 
electropherotypes (Kapikian & Chanock 1990, 
Paul & Stevenson 1992), which can be used in 
the characterization of specific viral isolates. 

The study of the genornic dsRNA pattems l)as. 
shown that "typical" Group A strains, which 
affect hurnans more frequently, ha ve a 
characteristicrnigration pattem ofthe 11 segrnents 
in four distinct regions: segrnents 1 ,2,3 and 4 in 
region I; segrnents 5 and 6 in region II, segrnents 
7,8,and9inregioniii;and !Oand 11 iniV.Also, 
according to rnigration differences in the viral 
genorne segrnents 10 and 11, electrophoretic 
páttems ha ve been described as long, short and 
super-short. (Bingan et al. 1991, Estes et al. 
1984, Fijtrnan et al. 1987). In "atypical" 
rotáviruses belonging to different groups, the 
assignrnent of segrnents to rnigration regions is 
different. 

72 

Changes in electropherotype distribution areoften 
seen to occur in the course of a season or epidernic 
(Konno et al. 1984) often with an increase of 
pattem diversity. Electrophoretic diversity arnong 
rotavirus has been assurned to be caused by 
sequential point rnutations and other genetic 
changes due to replication errors, with possible 
selection of neutralization "escape"rnutants. 
These can cause slight changes in size as well as 
in the secondary and tertiary structures of the 
segrnents. Although there is a lack of carefully 
docurnented support for the process, it has been 
shown (Dunn et al. 1993) that a single nucleotide 
substitution can cause changes in the rnigration 
of a gene segrnent, but does not necessarily do so, 
and there can be two substitutions without a 
change in rnobility; the rnain issue is probably 
whether these cause changes in secondary 
structure. 

Thus, this approach, using RNA isolation and 
electropherotype analysis, has often been u sed in 
studies to detectrotavirus asan etiologic agent of 
acute gastroenteritis and to monitor its 
epiderniologic behavior. In this study, variations 
in the electrophoretic profiles of the rotavirus 
isolates found in the population of infants with 
diarrhea in different pediatric centers in Bogotá 
were deterrnined. 

METHODS 

Samples and reference strains 

A total of 328 diarrhea sarnples frorn children 
between the ages of six rnonths and five years 
were obtained during the seven rnonth period, 
May-Novernber, 1994. Sarnples carne frorn four 
pediatric centers in Bogotá (Hospital Lor!!ncita 
Villegas de Santos- 168 sarnples, Clínica David 
Res trepo- 60, Clínica del Niño del Seguro Social 
- 45, Hospital de Soacha- 30) and frorn one in 
Pereira (Clínica del Seguro social- 25). This last 
group of sarnples also included sorne taken frorn 
adults. Sarnples were stored at -20°C until 
processed in the laboratory. 

Tworeference strains were used as electrophoretic 
standards: 1) The Control bovine strain obtained 
frorn the Central Veterinary Laboratory of 
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Weibridge, England, and 2) the Bohl type 
porcine strain obtained from the Central 
Veterinary Laboratory, Ames, Iowa, U.S.A. Both 
strains were grown in the cell Iine MA-104 
(Urasawa et al. 1981) obtained from the N ational 
Institute of Health, Bogotá. 

Virus purification 

The monolayer cell cultures were infected 
according to standard procedures. First, the viral 
innoculum was pre-treated with trypsin (one mi 
of 20 ug/ml trypsin in MEM combined with 1 mi 
ofvirus preparation; i.e., clarified, frozen-thawed 
tissue culture fluid, and incubated for30 minutes 
in a 37°C water bath (Albert et al. 1987). Then the 
typsin-treated innoculum was added to the cell 
monolayer and incubated at 37°C for one hour; 
next the inoculum was discarded, and 10 mi of 
cell growth medium MEM- Eagle suplemented 
with 10% fetal calf serum, 1% HEPES medium, 
2% L-glutamine, 1% non esseñtial amino acids, 
penicillin (100 units/ml), and streptomycyn (1 00 
ug/ml), was added and the cell cultures wete 
again incubated at 37°C in a co2 incubator and 
observed at 24 hourintervals until the appearance 
of cytopathic effects. (Estes et al. 1984). · 

Once the cytopathic effects were observed, the 
cells were freeze-thawed three times in arder to 
Iyse the cells and Iiberate the virus. 

Electrophoresis of ds RNA 

The Chomczynski method (Chomczynski & 
Sacchi 1987) was used, with the following 
modifications: 2 g of a fecal sample was 
homogenized with 1 mi of denaturing solution 
(25 g ofGuanidine thiocyanate dissolved in 29.3 
mi of water with DEPC, 1.76 mi of 25 mM 
SodiumCitrate pH7.0,2.64mloflO% Sarcosyl 
and 0.24 mi of 0.1 M 2-mercaptoethanol). Next, 
0.5 mi of a solution containing 1M Iithium 
chloride, 20 mM EDTA pH 7.8 was added and 
the combination mixed with a vortex for 20 
seconds. 

Then, 1.5 mi of a mixture of phenol-chloroform
isoamyl alcohol (24:26: 1) was added, then mixed 
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by vortex for 20 seconds. The final suspension 
was placed on ice for 15 minutes. lt was 
centrifuged at 10,000 x g for 20 minutes at 4°C. 
The phenol phase was discarded and the aqueous 
phase, containing the RNA, was transferred toa 
Corex tube. It was mixed with 1 mi isopropanol 
and allowed to stand at -200C for one hour. The 
RNA precipitate was pelleted by centrifugation 
at 10,000 x g. The supematant was discarded and 
the pellet was resuspendend in 0.5 mi of 
denaturing solution, transferred toan Eppendorf 
tu be with one volumeofisopropanol and allowed 
to stand for one hour at -20°C. The suspension 
was then centrifuged at 14,000 x gfor 15 minutes 
at 4~C, the supematant was discarded and the 
pe!Íet was washed with 70% ethanol. The pellet 
was then dried at 37°C and solubi!ized in. 50 u! 
distilled water treated with DEPC (Diethyl 
pyrcarbonate). (Es tes et al. 1984, Wallace 1987). 

For electrophoretic analysis of the viral RNA, 
unidimensional polyacrylamide gel 
electrophoresis (gel size 25 x 14 cm) was used. 
The discontinuous Laemmli system was used 
under non-denaturing conditions (without SDS) 
(Laemmli 1970). After the run, the gel was 
stained with silvernitrate according to Herring et 
al. (1982) and it was then photographed with 
black and white film, ASA 400 (Caetano & 
Gresshoff 1993). 

RESULTS 

Of the 328 samples examined, 56 (17%) were 
found to be positive for rotavirus RNA. In our 
comparison ofthe e!ectrophoretic pattems ofthe 
isolates obtained from the samples analyzed, 
those collected from each medica! center were 
compared with each other, and then with isolates 
taken from other centers. This was to determine 
whether the degree of genome variation would 
be fairly uniform throughout, or whether there 
seemed to be a "clustering" of different 
electropherotypes, according to the various 
geographic areas represented by the clinics. 

When the electrophoretic pattems of the positive 
samples were examined and compared to one 
another, it was possible to identify four different 
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electropherotypes, all of which were compatible 
with the types of patt.erns described as 
characteristic of group A. These were also found 
to be positive when tested by an ELISA specific 
for group A antigen. Furthermore, they were all 
classified as short pattems, in accordance with 
the mobilities ofthe genomic segments 1 O and 11 
in region IV. These electropherotypes were 
differentiated solely by the genomic variations 
found among the segments that made up group 
III. On the basis ofthesedifferences, we arbitrarily 
designated these electropherotypes as W,X,Y, 
and Z. (Figures 1 to 5). 

Electropherotype W (59% ofourisolates), which 
was characterized by a migration ofthe triplet of 
segments where segment number 8 migrated 
slowly and thus was Iocated closer to segment 7 
than to segment 9. This electropherotype was 
found in all the pediatric centers investigated. 
(Figure 2, Lane 2). 

In the electrophoretic pro file of X (30.3% of our 
isolates) , the segments of group III migrated as 

1 2 3 4 

1 1 

111 -

IV-

Ce X X w 

a duplex, where segment 8 was apparently very 
close to 7, so 7 and 8 constituted the duplex. This 
profile was also found in all of the pediatric 
centers investigated. (Figure 3, Lane 1). 

In Electropherotype Y (9% of our isolates) , 
although the segments of group m also migrated 
as a duplex, their migration was slower than that 
described above where segment 8 was probably 

'nearerto 9, ratherto 7, so that 8 and 9 constituted 
the duplex. Moreover, it was found only in 
samples from ClinicaDavidRestrepo. (Figure3, 
Lane 3). 

The electropherotype profile Z (1.7% of our 
isolates) was characterized by the migration of 
the segmehts of group III as a triplet, but with the 
difference that segment number 8 migrated with 
a greater velocity and was located closer to 
segment 9 than to segment 7. This pattem was 
found only in samples from Clínica del Niño del 
Seguro Social. (Figura 4, Lane 1). No rotavirus 
genomic segments were found in any of the 
samples collected at the Social Security Clinic in 
Pereira. 

5 6 7 8 9 

X w y w X 

Figure l. Comparison of the electropherotypes W, X and Y. Ce: Control bovine strain. 
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DISCUSSION 

RNA electropherotyping has often been used in 
epidemiologic studies of rotavirus infection, since 
this method makes it possible to determine genetic 
differences at the molecular level among the 
viral isolates, and gives criteria for classifying 
them into their respective groups, and thus is 
useful for obtaining epidemiologic information 
conceming the origin of the isolates, since each 
strain has its characteristic pattem. 

The present study demonstrates that fourdistinct 
electropherotypes were circulating at the same 
time, all of which had pattems consistent with 
that described as characteristic of group A (Noel 
et al. 1991, Unicom & Bishop 1989, Yap et al. 
1992) . These e1ectropherotypes remained 
constantduring theentire period of se ven months 
while the study was being carried out. This 
finding appears to be similar to the observations 
of Konno et al. (1984) who concluded that it is 
possib1e that a dominant strain of rotavirus is 

1 2 

1-

11-

Ill-

IV-

introduced toa susceptible community, causing 
infectious outbreaks, and persisting with apparent 
genomic stability for long periods oftime (Konno 
et al. 1984). 

All electropherotypes found were classified as 
short patterns, in accordance with the mobilities 
of segments 1 O and 11, and their variations in 
electrophoretic mobility were strictly confined 
to the genomic segments that make up group III. 
In constrast, Rasool et al. ( 1989), during a seven 
year study in Malaysia, found long patterns 
predominating, with only occasional samples 
showing a short pattern (!bid.). Our results also 
differ from sorne previous studies in Latin 
America done in Mexico and Chile where long 
forms were more predominant . However, since 
these studies are 15 years old, time might be as 
important as geography (Lebaron et al. 1990). 

According to Bishop's propasa! (Bishop 1994), 
rotaviruses with shortpattems belongto serotypes 
G2 and 08, and since G2 has the greater 

3· 4 5 

Figure 2. Lanes 1,2 Electropherotype W. Segment 8 is near to segment 7. Ce: Control bovinestrain. CB: Bohl 
type porcine strain. 
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1 

u 
111 

IV 

Figure 3. Lanes 1,2 Electropherotype X. The segments of group m migra te as a duplex. Electropherotype 
Y. (Lane 3) The segments of group m also migra te as a duplex but their migration is slower than that of 
Electropherotype X. 

1 2 3 

1-

11 

111 

IV-

Figure 4. Lane 1 Electropherotype Z. The segments of group m migrate as a triplet. Segment number 8 
migrates with a greater velocity and is closer to segment 9 than to segment 7. 
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prevalence in human diarrhea, we can suppose 
that the rotaviruses found here are G2. Since this 
is a preliminary study in which serotyping was 
not done, the above situation makes it very clear 
why it is necessary to include this type of 
classification in our subsequent studies. When 
the gel pattems of our samples are compared 
with tbose ofknown G2 rotaviruses, such as DS-
1, a great resemblance is found, especially with 
our Y pattem dueto the location of bands 8 and 
9 (Gema et al. 1992, Goueva et al. 1 990). 

However, furtber support of ourratherunexpected 
findings was provided by Guerrero et al. ( 1994) 
who reported that their samples, which were 
collected in Bogotá during pait of the same time 
period as ours, also showed only short pattems, 
with one super-short pattern, though theirresults 
showed electrophoretic variatíons in the migration 
of all genomic segments in all of the regions (1, 
II, III, IV), all of which suggest a great deal of 
genomic variability (Gema et al. 1 992) (more 
than ourfindings do). The three hundred samples 
that they analyzed yielded an electropherotype 
isolation incidence of slightly less than 15%. 
These samples were collected only during the 

w X 

1 
2 

1 3 
4 

5 
II 6 

7 --
III 8 

9 

10 
IV 

ll 

months of April and M ay in 1994, from children 
with diarrhea in three hospitals, two of which, 
Cliníca del Niño del Seguro Social and Lorenci ta 
Villegas, were the same as in our study. 

Since there was a considerable overlap of both 
time and place in this study with ours, a closer 
comparison of our respective results could be 
use fu! to enhance the significanceofboth studies 
and gi ve a broader scope through which we could 
view tbe rota virus ele¡::tropherotype distribution 
in the cíty of Bogotá in 1994. Both studies 
collected a similar number of samples; ours was 
over a Jonger period of time and a broader 
geographic area, theirs was more in-depth, in a 
shorterperiod and smallerarea. Sin ce both studies 
used the Laemmli system for electropherotype 
gels, the pH conditions were identical and the 
acrylamide concentrations were very el ose, ( 4.5 
vs 5% forthe stacking gel and JO vs 8% for the 
separating gel), it is possible to compare the 
results of the two studies to the point of seeing 
whether the electropherotypes are similar or no t. 
They used minigels which were shorter than 
ours, and since longer gels resolve smaller 
differences than shorter, their finding of greater 
genetíc díversity seems to be genuine. 

y z Cb Ce 

Figure 5. Schematic representation of electropherotypes W, X, Y anci Z and controls (Cb and Ce). 
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In comparing the results, we can indeed see a 
great resemblance, inasmuch as our incidence of 
positive isolates was 17% here, and theirs was 
15%. In addition, the electrophoretic patterns 
resembled each other in 86.6% of the total 
samples, since theirelectropherotype, designated 
S 1, with a prevalence of 33.3%, could be our W 
(prevalence 59%). Their S2 with a prevalence of 
43% reseinbles ourZ, except that in region III the 
bands of the triplet are equidistant from each 
other, instead of segment 8 mi grating el o ser to 9, 
making ita sort oftransition between ourpatterns 
W (with 8 closerto 7) and Z. These both could be 
modifications produced by relatively few 
sequence changes in the clearly widespread "W
S 1" electropherotype. Al so their S4, with 10%, 
could easily be our electropherotype, X or Y 
since both ha ve a doublet in region III. Since the 
only difference between X and Y is the relative 
níigration speeds of the doublet, the only way to 
determine whether S4 is X or Y would be co
electrophoresis, which has not been done. About 
13.4% of their samples are not similar to ours, 
since they had variations in regions 1, 11 and IV. 
Also, they were all low incidence 
eletropherotypes, which our study would be 
statistically less likely to catch. Thése also could 
be emerging strains, candidates for replacement 
ot W -S 1 as the dominant strain in the future 
(Konno et al. 1984). 

Our results would tend to give an indication of 
broad trends o ver time, whereas theirs would be 
more likely to detect the less common 
electropherotypes circulating at the same time 
the samples were taken, and therefore might well 
show greater genetic diversity. Perhaps if both 
groups had processed more samples, the 
differences between their findings would be 
smaller. In any case, the results ofthe two studies 
combined do suggest a great deal of genetic 
variability with an unusual predominance of 
short electropherotypes. 

Another important point that needs to be 
discussed, besides the behavior of the 
electropherotypes. is the fact that only 56 ofthe 
328 diarrhea samples were positive for rota virus 
by this technique. This gives an incidence of 
17%, which is low compared to other studies 
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(Matsui et al. 1989), where it reached 40% in 
winter and dropped to 8% in the summer. There 
E. coli was the principal cause of diarrhea, and 
rotavirus the second. However, the very high 
percentages (56-66%) ocurred for the winter 
months in the north, with summeriso1ation rat¡;s 
of 0-5.6% for the same years. Therefore, an 
isolation rate of 17% is not that unexpected for 
the tropics, where the viruses circulate all year 
round without all that much seasonal variation 
(Kapikian & Chanock 1990). 

In addition, the composition of the populations 
sampled can affect the isolation rates 
considerably. For instance, since the rate of 
infection drops rapidly after the age oftwo, until 
the age ol' five, after which it usual! y becomes 
negligible, studies which sampled only children 
and babies two years old and under would a1so 
show higher isolation rates. Therefore, the 
samples from adults included would artificially 
drop the percentage, and doing a separate 
percentage for children two and under would 
probably raise it. The percentages are also affected 
when only fatal, or potentially fatal cases are 
analyzed, since rotavirus is up to 14 times more 
likely to be involved in severely dehydrating 
diarrhea (Wyatt et al. 1979). For example, one 
study in Egypt which analyzed only fatal or 
potentially fatal illnesses in infants under 18 
months of age found that 34% of the cases were 
rotavirus positive, with the enterogenic E. coli 
ranking second (Shukry et al. 1986). In 
conclusion, many factors are involved in the 
activation and dissemination of this virus, and 
the experimental design can affect the apparent 
findings. 
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