European Journal of Biology and Medical Science Research
Vol.3, No.5, pp.30-39, October 2015
Published by European Centre for Research Training and Development UK (www.eajournals.org)

GENOMIC RNA ELECTROPHEROTYPES OF GROUP ROTAVIRUSES
DETECTED IN CHILDREN WITH DIARRHOEA IN PRAMSO, GHANA.

Jones Gyamfi (Msc)

University of Health and Allied Sciences, Department of Medical Laboratory Science, Ho—
Ghana.

Eric Awuah (Bsc)
Kwame Nkrumah University of Science and Technology, Department of Theoretical and
Applied Biology, Kumasi — Ghana.

George Armah (PhD)
University of Ghana, Noguchi Memorial Institute for Medical Research, Department of
Electron Microscopy and Histopathology, Legon — Ghana.

John Aseidu Larbi (PhD)
Kwame Nkrumah University of Science and Technology, Department of Theoretical and
Applied Biology, Kumasi — Ghana.

ABSTRACT: In childhood diarrhoea infections worldwide, rotaviruses have been identified
as the major cause, leading to hospitalizations and about 20% of all associated diarrhoea
death is related to rotaviruses. The rotavirion has a non-enveloped, isocohedrail complex;
triple layered capsid structure that surrounds a genome consisting of 11 segments of double-
stranded RNA which can be separated by Polyacrylamide Gel Electrophoresis (PAGE). In
this study we determined the presence of group A rotavirus by ELISA, and the genomic RNA
electrophoretic pattern of 84 children below 5 years visiting the St. Michael’s Hospital in
Pramso, Ghana with symptoms of diarrhoea. Of the entire specimen examined 24 (28.6%)
tested positive for group A rotavirus by Enzyme Linked Immunosorbent Assay (ELISA) and
subsequently subjected to PAGE to determine the electropherotypes. Rotavirus
electropherotypes were characterized into long ‘L’ electropherotype (40.9%) and short ‘S’
electropherotype (59.1%). Detailed analysis of the two electropherotypes revealed four minor
variants in both the long and short electropherotypes and were classified as La, Lg, Lc, Lbp,
Sa, S, Sc and Sp. The Sp electropherotype was the most common electropherotype in
circulation (27.3%). This study is the first to present information on electropherotypic
distribution of rotavirus strains in Ghana.

KEYWORDS: Diarrhoea, Rotavirus, Enzyme Linked Immunosorbent Assay,
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INTRODUCTION

Diarrhoea is the leading cause of childhood morbidity and mortality worldwide, causing
about three million deaths worldwide (Tropical Medicine and International Health, Volume 8
number 9, pp 840-846, September 2003). Persistent diarrhoea is dangerous to health because
it may be an indication of an underlying infection and means that the body is unable to absorb
some nutrients and water due to a defective or inflamed colon, which when unchecked can
lead to dehydration and even death (Blacklow et al., 1972). It may be due to a myriad of
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infections or non-infectious cause; due to bacteria such as Vibro cholerae, Shigella sp,
Samonella typhi; Protozoan parasites such as Cryptosporidium parvum, Giardia lamblia and
viruses such as caused by noroviruses, adenoviruses, astroviruses, and rotaviruses (Blacklow
etal., 1972).

Of the viral infections leading to diarrhoea, rotaviruses have been identified as the major
cause, leading to hospitalizations and death. Rotavirus was first identified by electron
microscope in 1972 from duodenal biopsies of children with diarrhoea. Rotaviruses belong to
a genus in the family Reoviridae (Fields et al., 2001). The rotavirus structure shows a 60-
80nm wheel-like structure with radiating spikes (the name is derived from the Latin word
Rota meaning Wheel) (Kapikian et al., 1990; Prasad et al., 1988). The rotavirion has a non-
enveloped, isocahedrail complex; triple layered capsid structure that surrounds a genome
consisting of 11 segments of double- stranded RNA which can be separated by
Polyacrylamide Gel Electrophoresis (PAGE) (Clark et al., 1982; Desselberger et al., 1986).
There are six (6) structural proteins and six (6) non-structural proteins that form its complex
capsid structure. There are several structural proteins that make up the viral capsid [4, 5]. The
outer structural proteins are made up of the viral protein seven (VP7) and viral protein four
(VP4). The inner core proteins are the viral protein 1, 2, 3 and 6 thus (vpl, vp2, vp3 and vp6)
(Kapikian et al., 1990; Prasad et al., 1988; Desselberger et al., 1986).

Electrophoresis of the rotavirus RNA genome allows detection and classification of the virus
into two major groups; the long (L) and the short (S) electrophoretic profiles based on the
migration patterns of gene segments 10 and 11 on polyacrylamide gel (Kalica et al., 1981).
Variations in the electrophoretic mobility of the rotavirus RNA allow different rotavirus
strains to be assigned to distinct electrophoretic pattern (Schangal et al., 1981; Brown et al,
1988; Ghosh et al., 1989). This often provides useful information pertaining to the genomic
diversity of rotavirus isolates in a population over a certain period.

This study determined the occurrence of rotavirus infection among young children and the
RNA electropherotype characterization of the rotavirus isolates, to help broaden the
understanding of the molecular epidemiology of the rotavirus infection in Ghana.

MATERIALS AND METHOD:

All samples for the study were faecal specimen collected from diarrhoea children below five
years visiting the St. Michael’s Hospital at Pramso, in the Ashanti Region of Ghana, from
October 2007 to March 2008.

Sample Collection

Stools specimens were obtained from children below five years who sought medical attention
at the hospital with symptoms of diarrhoea. Diarrhoea for the study was defined as the
passage of more than 3 looser than normal stool within an hour. Basic demographic and
clinical information were collected by administered questionnaire after informed consent had
been obtained from mothers or care givers of children. Faecal specimens was collected into
sterile containers and glycerol, and transported on ice to Noguchi Memorial Institute for
Medical Research (NMIMR), Accra — Ghana (a WHO Regional Reference Laboratory for
Rotavirus), where they were stored at -20°C until testing.
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Detection of Group A rotavirus antigen by Enzyme Linked Immunosorbent Assay
(ELISA

Detection of group A rotaviruses was done using a commercially available Dako Rotavirus
ELISA Kit following the manufacturer’s instructions (Dakopatts, Denmark). Briefly 10%
suspension of each faecal specimen was made in supplied sample diluent buffer; 100ul of the
prepared suspension was then dispensed into each well of the break-apart 96 microliter plate
pre-coated with rotavirus specific rabbit polyclonal antibody. The first three wells were
occupied by blank, negative and positive controls and two drops (100ul) of the conjugate
was added to each micro-well. The plate was incubated at room temperature for 60 minutes
and the wells were washed five times using freshly prepared working strength washing buffer
to remove excess specimen and any unbounded enzyme labelled antibody. Two drops
(100ul) of substrate was added to each micro-well and the plates incubated at room
temperature for 10 minutes. Wells were visually read after the second incubation. A stopping
buffer solution was added to each microwell to stop the substrate reaction. The absorbance of
each well was read spectrophotometrically at a wavelength of 450nm.

RNA Electropherotypes of rotavirus by polyacrylamide gel electrophoresis (PAGE)

The specimens that tested positive for group A rotavirus during the ELISA, were subjected to
further analysis by PAGE to determine the electropherotypes, confirm the results from
ELISA and determine non-group A rotavirus.

Viral RNA was extracted by Bender Buffer Extraction Method described by Flook et al.,
(1992), and the electrophoresis of rotaviral RNAs was performed by method described by
Herring et al., (1982) with slight modification for PAGE analysis. Briefly, a 10% suspension
of each stool sample was made by adding 0.1g (the size of peanut) of stool to 1 ml of
Phosphate Buffered Saline (PBS). The suspension was vortexed for at least 1 minute and
centrifuged at 5,000rpm for 3 minutes. Two hundred micro litres (200ul) of the supernatant
was pipetted into a sterile eppendorf tube containing 200u1 of Bender buffer and incubated at
65°C for 30 minutes in a water bath. 60ul of 8M potassium acetate (KAC) solution was then
added, mixed and incubated on ice for 45 minutes to coagulate the viral RNA from other
particles in solution.

The mixture was then centrifuged at 10,000 rpm for 20 minutes and the supernatant was then
transferred into new eppendorf tubes and the pellet discarded. Twice the volume of cold
absolute ethanol (920u1) was added to the supernatant and the mixture was allowed to stand
on ice for 10 minutes. It was then span at 10,000rpm for 20 minutes and the alcohol decanted.
Two hundred micro litres (200u1) of Tris EDTA (TE) buffer was added and then left for 30
minutes at room temperature. 10pl of 5SM sodium chloride (NaCl) and 420ul absolute
ethanol were added to purify and precipitate the viral genomic RNA and incubated at -20° C
for one hour. The mixture was then span at 10,000rpm for 20 minutes and the supernatant
decanted. The pellets were dried under vacuum for 2 hours and re-suspended in 15ul of
loading buffer.

The extracted dsRNA was applied to separate lanes of a 10% polyacrylamide gel slab and
electrophoresed for 18 hours at 100V using the discontinuous buffer system as described by
Laemmli et al., (1970)]. Gels were visualized by silver-nitrate staining technique as described
by Herring et al., (1982)].
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Classification of rotavirus electropherotypes

The 11 genomic RNA of rotaviruses when separated on PAGE shows a characteristic 4-2-3-2
distribution pattern. The RNA segments 1 to 4, are classified as Group I; 5 and 6 as Group II;
7 t0 9 as Group Il and 10 and 11 as Group IV in the 4-2-3-2 migration pattern (Figure 3)
(Gatheru et. al., 1993; Kapikian et al., 2001).

Rotavirus electropherotypes were classified into two major distinctive groups, i.e. long
patterns and short patterns, based on the rate of migration of the 10 andll segment
(Kobayashi et al., 1989; Gatheru et. al., 1993). Rotaviruses with 'long’ RNA profiles due to
the fast migrating RNA segments 10 and I1 and 'short’ RNA profiles due to the slower
migrating segments 10 and were labelled 'L' and 'S’ respectively (Kobayashi et al., 1989;
Gatheru et. al., 1993).

The long and short electropherotypes can be further subdivided using Tam’s classification
method (Tam et al., 1986), into A when all the 11 segments were resolved, B when there is
co-migration of segment 2 and 3, C when there is co-migration of segment 7 and 8 and D
when there is co-migration of segments 8 and 9 (Tam et al., 1986; Zuridah et al., 2004).

When the RNA segments do not conform to any of the migration pattern described above it is
referred to as mixed electropherotypes.

RESULTS AND DISCUSSION
Results:
Sample Collection

During the ELISA process, the presence of specially bound enzyme labelled antibody in the
micro-wells resulted in a colour change, an indicative of a positive result. A total of 84
children were recruited for the study, 24 (28.6%) of the specimen tested positive for group A
rotavirus antigen by ELISA (Table 1). The highest percentage of positive samples was found
in age group 6 to 12 months (54.2%), followed by age group 0 to 6 months (29.2%) and the
least, being the children between 1 to 5 years (16.6%).

Table 1: Distribution of rotavirus by age groups and the number of positives by ELISA

and PAGE.
Age Groups Number of samples | Number of Positives by | Number of positives
ELISA (%) by PAGE (%)
0 — 6 months 37 7 (29.2) 7 (31.8)
6 — 12 months 29 13 (54.2) 11 (50.0)
1 -5 years 18 4 (16.6) 4 (18.2)
Total 84 24 (28.6) 22 (26.2)

The incidence of rotavirus was highest in the dry months of Ghana (December and January)
and all the other months within the study period had relatively low incidence rates on both
years (Table 2; Fig. 1).
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Table 2:  Distribution of rotavirus infection by months and the number of positives
obtained by ELISA and PAGE.
Months Number of | Number of Number of

samples Positives by | Positives by PAGE | Electropherotype

ELISA (%) (%)
October 9 2 (8.4) 2(9.1) 1Llc,1Sp
November 12 3(12.5) 3(13.6) 1lc, 1LaA
December 17 8 (33.3) 7 (31.8) 1Llc,1Lg, 5Sp
January 18 5 (20.8) 5 (22.8) 2Lp,1Le,1Sa 1Sc
February 13 3 (12.5) 3(13.6) 1Lp, 1SAlSe
March 15 3 (12.5) 2(9.1) 1Sg,1Sc
Total 84 24 (28.6) 22 (26.2)

Number of samples

Months

® Number of samples
B Number of Positives by ELISA (%)
® Number of Positives by PAGE (%)

Figure 1: Distribution of total numbers of fecal specimen and numbers of rotavirus-positive
(by ELISA and PAGE) strains by month of samples collection.

Rotavirus Electropherotypes

All specimen testing positive by ELISA, were further analyzed by PAGE to allow for
determination of genomic diversity of the dsSRNA of the strains and to identify non-group A
rotaviruses. Among the 24 stool specimens that tested positive with ELISA, when examined
by PAGE, 22 yielded typical group A rotavirus electropherotic migration profiles while the
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remaining 2 isolates showed no profile indication the false positive result. Only group A
rotavirus were detected and classified as short and long electropherotypes. Using the Tim’s
classification method, there were four variations of long RNA electropherotype occurring in
9 cases and four variations in the short RNA electropherotype occurring in 13 cases (Tables 2
and 3). In general, 8 distinct electrophoretic migration variants were noted. In this hospital-
based study, the short electrophoretic profile was the most prevalent rotaviruses in circulation

(59.1%).

The variants for the long and short electropherotypes obtained were La, Lg, Lc, Lp, Sa, Ss,
Sc and Sp (Figure 2), with Sp being the most predominate subdivision accounting for 27.3%
of all the electropherotypes observed (Table 3). No mixed electropherotypes was observed.

Table 3; Frequency of rotavirus electropherotypes in children from Pramso, Ghana.

ISSN 2053-406X(Print) ISSN 2053-4078(Online)

Pattern of RNA Age groupings
mobility based on
segments 10,11
No.of patients (%) Electropherotype Total (%)
0-6 612 1-5
months | months | years
Long La 0 1 0 1 (4.6%)
9 (40.9%) Ls 2 0 0 2 (9.1%)
Lc 1 2 0 3 (13.6%)
Lp 1 1 1 3 (13.6%)
Short Sa 0 1 1 2 (9.1%)
13(59.1%) Ss 0 2 0 2 (9.1%)
Sc 1 1 1 3 (13.6%)
Sp 2 3 1 6 (27.3%)
Mixed 0 0 0 0 0
0 (0%)
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Figure 3: Polyacrylamide gel electrophoresis of representative strains from rotaviruses
identified in Pramso, Ghana. Lanes 1 and 7 display the long (L) and short (S) RNA profiles,
respectively; long electropherotypes are shown in lanes 1 (Lc), 4 (Lb), 5(La) and short
electropherotypes are shown in 2 (Sa), 3 (Sa), 6 (Sp) and 7 (Sp).

DISCUSSION

Rotavirus strains isolated from diarrhoea stools in this study were all group A viruses, as
determined by ELISA which targeted group A antigens.This was then confirmed by
analyzing the viral dsSRNA genomic profiles as determined by PAGE. Group A rotaviruses
were associated with 28.6% of the diarrheal episodes in children below than five years,
confirming various studies that associate group A rotavirus with most human rotavirus as
causing diarrhoea (WHO, 2004; Armah et al.,1994; Armah et al. 2001).

A comparison between different age ranges in month showed that children from 6-12 months
have the highest number of rotavirus diarrhoea infections (50.0%) of the entire positives
specimen. The comparison showed a sturdy decline in the number of children with infection
as the ages increased. The trend of young children being most infected maybe associated with
the absence of immunity against the virus and them subsequently gaining immunity to the
infection from previous episodes with the virus as they grow. Hence, children from 3 to 5
years may have no incidence of rotavirus since most of the children by this age might have
gained immunity against the virus. This observation strongly conforms to several previous
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studies in Ghana (Armah et al.,1994), India (Das et al., 1994) and other parts of the world
(Velazquez et al., 1996; Rowlands et al., 1985).

Comparing the distribution of rotavirus infection with the various months of the study, the
results point to an all year round incidence of rotavirus infection. The highest incidence of
infection was in December (31.8%) and January (22.8%). This observation is consistent with
various studies that reports high incidence of rotavirus infection during the dry season
(Armah et al. 2001; Bok et al., 2001; Luz et al., 2005; Biritwum et al., 1984].

Comparing the sensitivity and specificity of ELISA to PAGE in the detection of rotavirus
infections, the study shows that ELISA is the most rapid and efficient method for detecting
rotaviruses shed in stools, accurately detecting approximately 22 positives cases.
Nevertheless, it may not serve as the most accurate method of rotavirus detection since it
presented two specimens as false positives. Further analysis by PAGE confirmed those
specimens as negative for rotavirus. Hence, PAGE serves as a confirmatory test for positives
detected by ELISA, and offers a means of detecting other classes of rotaviruses (Group B, C
and D). Analysis by PAGE confirms that all the rotaviruses isolated during the study were
group A viruses since it presented the typical 4-2-3-2 pattern associated with group A
rotaviruses.

Polyacrylamide Gel Electrophoresis offer a rapid and efficient means of detecting non group
A rotaviruses and reliable means of characterizing rotaviruses. Based on the pattern of
separation of the genomic dsRNA it can be used to classify rotaviruses into different groups
if the pattern deviates from the typical 4-2-3-2. However, serotyping of rotaviruses cannot be
achieved by PAGE. The information obtained from analyzing electropherotic pattern
observed by PAGE can assist in epidemiological studies. It gives information the evolution
and spread of rotavirus strains. Information obtained from PAGE analysis by different
laboratories and communities is only meaningful when the same conditions of gel
electrophoresis are used. This is because; different conditions can result in different RNA
migration patterns from the same virus.

The study observed a wide variety of electropherotypes in circulation in the study area. The
commonest electropherotype was the short type (59.1%). This contradicts previous studies
conducted in a different communities in Ghana, that reported the long electropherotype to be
the most common one in circulation (Armah et al.,1994; Armah et al.,2001).

This study further classified the long and short electropherotype into subdivisions by looking
at minor variations in the migrations pattern of the RNA segments (segment 2 and 3, 7 and 8,
and 8 and 9). This method gives a better understanding of the variants (short and long) in
circulation within a given community and helps to classify the variants properly. Using
Tam’s classification method, the study revealed variants of the major electropherotypes (L
and S) in circulation. The study revealed that both the short and long electropherotypes had 4
variants (La, Ls, Lc, Lp, Sa, Se, Sc and Sp), with the predominant sub-classification being Sp
electropherotype (27.3%). The different electropherotypes do not seem to have seasonal
variations. Thus, there was a mixture of both long and short electropherotypes occurring
within the various months. Since this is the first study that focuses on electrophoretic
variation of rotavirus strains in Ghana, reference could not be made to pattern of distribution
of these electropherotypes in Ghana.
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CONCLUSION

This study reports for the first time that both the long and short electropherotypes for
rotaviruses is in circulation in Ghana, with several variants of the long and the short
electropherotypes. The short electropherotype was the predominant electropherotype and the
Sp variant being the most common variant in circulation in Pramso, Ghana. However, several
studies are required to provide a better understanding of the various electropherotypes in
circulation among different communities in Ghana.
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