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Abstract

Rotavirus has been known to be the causative agent of some cases of gastroenteritis across the world. A disease
common in infants and young children <5 years of age, mostly in developing countries. This study was aimed at
comparing the effectiveness of the sandwich ELISA and lateral flow method for the detection of rotavirus infection.
The human rotavirus sample (Code Number: BO218) at a concentration of 1x108/ml) was obtained from Dako A/S,
Denmark and subsequently, a 1/4 serial dilution was performed to obtain varying concentrations. The already
confirmed positive rotavirus samples obtained from the Nimi Briggs Hospital of the Rivers State University, Port
Harcourt were used to evaluate and validate the sensitivity of both methods. Data obtained from ELISA methods
were analysed statistically using Microsoft excel and the spearman test to analyse the linear relationship between
the absorbance and concentration of rotavirus expressed in number of rotavirus particles per ml. The evidence-based
results outcome showed that the ELISA approach was more sensitive to detecting the presence of rotavirus in the
samples at the concentration of 381.5 rotavirus particle per ml, while that of LAT detected the presence of rotavirus
at the concentration of 1,562,500 rotavirus particle per ml. The plot of absorbance and rotavirus particles following
the serial dilution was plotted using Microsoft excel and the relationship between concentration and rotavirus was
established. The result of the plot of the mean absorbance values against the rotavirus concentration (number of
rotavirus per ml) showed an exponential increase in the absorbance value until a plateau was established as the
concentration approached 1.0 x 108/ml of rotavirus in the solution. Also, the correlation of the absorbance and
rotavirus concentration and a straight-line graph was plotted showing a correlation value of R2 =0.4505 with an
intercept at 1.4236. However, the ELISA is more robust, though very expensive for monitoring and surveillance of
diarrhoea cases unlike the LAT method which is very cheap, with less expertise required, thus would be
recommended for health care facilities in our remote communities.
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Introduction

Gastroenteritis is one of the diseases that commonly affect humans,
especially infants and young Children <5 years of age [1]. Diarrhoea,
nausea, vomiting, weakness and weight loss are common signs and
symptoms that characterise the disease [2]. Rotavirus has been implicated as
a leading etiologic agent of gastroenteritis [2]. It is a double stranded RNA

virus, belonging to the Reoviridae viral family with a characteristic
Icosahedral protein structure that is not enveloped [3]. Rotaviruses are made
up of nine species (Rotavirus A to Rotavirus 1) based on their different
immunogenic properties expressed through their antigenicity and genetic
makeup [4-5] Species A (RVA) infects mammals and birds, RVI, RVH,
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RVC, RVE and RVB infect mainly domestic mammals while RVG, RVF
and RVD have been identified in birds. However, RVA species have been
known as the most important members of the genus [6].

The disease burden induced by rotavirus called gastroenteritis is highly and
hugely expressed in developing nations [7]. Annually, rotavirus causes over
120 million gastroenteritis cases resulting in over 1.2 million deaths among
infants and young children < Syears of age [8]. Nevertheless, developing
Countries contribute over 82% of the total rotavirus induced death cases [9].
There is thus, the need for a rapid, accurate and precise diagnostics tool. As
a highly contagious viral pathogen, rotavirus unlike most other viral particles
possesses the capacity to survive on hands, exudates, vomits, surfaces for a
longer time. In addition, this virus tends to resist several antiseptic solutions
and infection can result from the inoculation by few rotavirus particles [10].
Bruijning-Verhagen et al. [10] also stated that rotavirus infection can be
transmitted nosocomially in paediatric ward, making this medium a huge
contributor to the increase in morbidity and mortality recorded. Furthermore,
it has been found to also cause diarrhoea in animals such as pigs, goats,
horses, lambs and calves respectively [11].

The analysis of stool samples through microscopic and culture technique for
bacteria and parasites are relevant in the differential diagnosis of
gastroenteritis [12]. However, in the detection of rotavirus and in order to
rule out other possible causes of gastroenteritis, methods such as the
Enzyme-linked Immunosorbent Assay (ELISA), Polyacrylamide Gel
Electrophoresis (PAGE), lateral flow immunoassay, and Immunoradio assay
(RIA) are used and should not be undermined for precise diagnosis and
improvement of the patient’s outcome [12-13]. ELISA is commonly used
and is often done within 2 to 8 hrs [14]. The indirect ELISA is often used in
diagnosis, although other types include the competitive, double antibody,
sandwich and blocking ELISA methods could also be useful [15-14]. The
lateral flow immunoassay on the hand is simple, less expensive, portable and
fast and widely used in environmental, food and biomedical sciences [16]. It
is paper-based and can be done within 3 to 13 minutes and requires a small
amount of sample [17-18]. Samples such as tears, urine, plasma, serum and
whole blood can be used for the assay of rotavirus pathogens

Nonetheless, this study is thus aimed at comparing the effectiveness and
sensitivity of conventional sandwich ELISA and Lateral flow (LAT)
techniques (commonly used in Nigeria) in the diagnosis of rotavirus in a
given samples, and to critically evaluate the two immunological approaches
for rotavirus detection stating the merits and demerits of these techniques in
practical terms, during active surveillance and contact tracing in our remote
communities. The sandwich ELISA and LAT methods are based on the
principle of antigen-antibody reactions. However, the request of rotavirus
screening by clinicians in the case of gastroenteritis in Nigeria is very low,
and there is paucity of awareness on the need for the application of
differential diagnosis to enhance the diagnosis and prognosis of the cases of
gastroenteritis, hence the key focus of diagnosis has been on the stool
microscopy for the detection of Entamoeba histolytica and Giardia labia in
the cases of parasitic evidence, while shigella, E. coli and Salmonella remain
the focus of interest for bacteriological pathogens that causes gastroenteritis
in this part of the globe. Thus, not much attention has been paid to the roles
played by viral particle such as rotavirus in the promotion of gastroenteritis
in children especially in developing communities of the world. Hence, it is
firmly believed that the outcome of this study would promote the need with
strong impetus for differential diagnosis of rotavirus in our health facilities
and also provide reliable and sustainable method of assay for robust
monitoring and surveillance of the pathogen in our region
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Methodology

Experimental Set-Up, Sample Acquisition and other Materials Used

The human rotavirus sample (Code Number: BO218) at a concentration of
1x108/ml) was obtained from Dako A/S, Denmark and subsequently, 1/4
serial dilution was performed to obtain varying concentrations (rotavirus
particle per ml). Also, the already confirmed positive rotavirus samples were
obtained from the sample stored bank of Nimi Briggs Hospital of the Rivers
State University, Port Harcourt which were also used to evaluate and validate
the sensitivity of both methods. Other materials used include Rotavirus
Lateral flow test strips (Bioconcept Rotastrip) from Pall Gelman,
Portsmouth, UK, microfuge tubes, Rotavirus ELISA kits, Varo Skam
Microplate reader (Thermoscientific, USA), micropipettes, and absorbent
towel respectively.

Conventional sandwich Enzyme-Linked Immunosorbent Assay

The methodology for ELISA involves the use of 90 ul of PBS buffer at a pH
of 7.4 (containing 10mM phosphate buffer made up of 2.7mM Potassium
Chloride (KCI) and 137mM of Sodium Chloride (NaCl)). More so, 1 in 4
serial dilutions of the stock solution containing 120l of the neat sample was
performed using the PBS buffered solution to produce varying
concentrations of rotavirus antigens; 100,000,000; 25,000,000; 6,250,000;
1,562,500; 390, 625; 97, 656.25; 24, 414.06; 6103.5; 1,525.88; 381.5; 95.37;
23.85; 5.96; 1.49; 0.37; 0.09; 0.002; and 0.00 concentration per ml.
Following the manufacturer’s instructions, the dilutions were dispensed into
microplate coated with a polyclonal anti-rotavirus antibody from a rabbit
incubated over a period of 24 hours at 4°C, content of microwell washed 4
times using PBS buffer and absorbent towel to remove unbounded antigen,
peroxidise-conjugate anti-rotavirus antibody from rabbit diluted 1 in 250 in
blocking solution (Boehringer) was added to each well and incubated for 50
minutes at 18°C, followed by another washing using PBS buffer and blot-
drying using absorbent towel, followed by the addition of 100ul of
peroxidise substrate to each well, and then incubated for another 10 minutes
at room temperature. The absorbance of the solution was determined using
the VVaro Skam microplate reader (Thermoscientific, USA) at 450nm within
30minutes of adding 100ul of 0.16M of Sulphuric acid (H2SO4) as stop
reagent, obtaining a yellow colouration of the solution (see figure2).

Lateral Flow (LAT) Immunological Approach

In this approach a total of 19 samples were also prepared by ¥4 serial dilution
as seen in the case of the ELISA method. The 1 in 4 serial dilutions of the
stock solution containing 120l of the neat sample was also performed using
the PBS buffered solution to produce varying concentrations of rotavirus
antigens; 100,000,000; 25,000,000; 6,250,000; 1,562,500; 390, 625; 97,
656.25; 24, 414.06; 6103.5; 1,525.88; 381.5; 95.37; 23.85; 5.96; 1.49; 0.37,
0.09; 0.002; and 0.00 rotavirus particles per ml.

After the preparation of the ¥ serial dilutions, 100ul of each dilution from
their respective microfuge tube were transferred into separate caps of
microfuge tubes, and rapid rotavirus test strips was dipped into each
respective sample according to manufacturer’s instruction. The setup was
allowed at 18°C for duration of 15 minutes to obtain results. In interpreting
the result of the test, a single red line at the control region indicated negative,
double red lines at the test and control region indicated positive and if there
was no red line at the control region, the test was reported as invalid. In
addition to this, two control samples (a known positive and negative samples,
labelled A and B respectively) were used to confirm the potency of the lateral
flow assay test strips to detect the presence or absence of rotavirus in two
samples labelled A and B.
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Data Collection and Analysis

Absorbance and corresponding concentrations of rotavirus from the ELISA
were collected read at 450nm while for the lateral flow approach, data were
collected based on visualisation and documentation of the presence or
absence of single or double colour band(s) on the test or control region, and
was used to classify result obtained as negative or positive.

Data obtained from ELISA methods were analysed statistically using
Microsoft excel and the spearman test was used to analyse the linear
relationship between the absorbance and concentration of rotavirus
expressed in number of rotavirus particles per ml. The concentration of
rotavirus was calculated by dividing the initial concentration of rotavirus (1.0
x 108/ml) by 4 to obtain the next concentration and so on until the last
concentration was established.

Results

Conventional Sandwich Enzyme-Linked Immunosorbent Assay

Page 3 of 6
The results of the ELISA technique indicated the presence and concentration
of rotavirus to be 100,000,000; 25,000,000; 6,250,000; 1,562,500; 390, 625;
97, 656.25; 24, 414.06; 6103.5; 1,525.88; and 381.5. However, in the well
with rotavirus concentration of 95.37; 23.85; 5.96; 1.49; 0.37; 0.09; 0.002;
and 0.00 did not indicate the presence of these antigens as indicated by the
reading of the microplate.

The plot of absorbance and rotavirus particles following the serial dilution
was plotted using Microsoft excel and the relationship between
concentration and rotavirus was established (figure 1 and 2). The result of
the plot of the mean absorbance values against the rotavirus concentration
(number of rotavirus per ml) showed an exponential increase in the
absorbance value until a plateau was established as the concentration
approached 1.0 x 108/ml of rotavirus in the solution (Figure 1). In addition,
the correlation of the absorbance and rotavirus concentration, a straight-line
graph was plotted showing a correlation value of R? =0.4505 with an
intercept at 1.4236. The relationship between the absorbance and rotavirus is
given as Y=3.8753x + 1.4236, where Y is the absorbance and X, the rotavirus
concentration (Figure 2).
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Figure 1: Graph showing absorbance against rotavirus concentration
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Figure 2: Graph showing the relationship between the absorbance and rotavirus concentration

Lateral Flow (LAT) Immunological Approach

The results from the lateral flow method using Bioconcept Rotastrip
indicated that only 4 samples were positive for rotavirus while the remaining
14 test stripes were observed to be negative (Table 1). It was further observed

that as the % serial dilution progressed towards the 4™ tube (1,562,500
rotavirus particle per ml), the intensity of the colour (indicating that the test
was positive) became very faint and finally negative result was observed
when the % serial dilution reached 1:256 which indicates 390, 625 rotavirus
particle per ml as seen in Table 1.

Tubes Rotavirus Observation Inference Interpretation
Conc./mL (Result Qualification)

1 100,000,000 Double Lines Strongly Positive Presence of Rotavirus
2 25,000,000 Double Lines Moderately Positive Presence of Rotavirus
3 6,250,000 Double Lines Mildly Positive Presence of Rotavirus
4 1,562,500 Double Lines Very Weak Positive Presence of Rotavirus
5 390,625 Single Line Negative Absence of Rotavirus
6 97,656.25 Single Line Negative Absence of Rotavirus
7 24,414.06 Single Line Negative Absence of Rotavirus
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8 6103.5 Single Line Negative Absence of Rotavirus
9 1,525.88 Single Line Negative Absence of Rotavirus
10 381.5 Single Line Negative Absence of Rotavirus
11 95.37 Single Line Negative Absence of Rotavirus
12 23.85 Single Line Negative Absence of Rotavirus
13 5.96 Single Line Negative Absence of Rotavirus
14 1.49 Single Line Negative Absence of Rotavirus
15 0.37 Single Line Negative Absence of Rotavirus
16 0.09 Single Line Negative Absence of Rotavirus
17 0.002 Single Line Negative Absence of Rotavirus
18 0.00 Single Line Negative Absence of Rotavirus
Sample A (Positive | - Double Lines Positive Presence of Rotavirus
Control)

Sample B (Negative | - Single Line Negative Absence of Rotavirus
Control)

Table 1: Result (Visual) Qualification of the Lateral Flow Test Strips for Varying Dilutions for Rotavirus Particles per ml

Note: The dilutions were done in % serial dilution resulting in 1:4; 1:16; 1:64; 1:256; 1:1024, and so on dilutions Resulting in varying concentration front a

virus particle per ml.
Discussion

The study focused on the comparison between the use of ELISA and the
lateral flow immunoassay methods in the detection of rotavirus in positive
samples, both of which are serological methods used in the detection of
antibodies in blood samples [19]. The LAT method is cheaper, whereas
ELISA is expensive and takes longer time to produce results compared to
LAT. In terms of the test procedure and simplicity, the lateral flow approach
has shown to be simpler to perform and fast in terms of obtaining results
which is basically qualitative. Thus, testing the presence of rotavirus in a
sample using this method may not necessarily require much training and
subsequently a very useful tool in the quick detection of rotavirus and in
outbreaks of gastroenteritis caused by rotavirus in the population in the
remote communities. Although, the conventional sandwich ELISA
technique is more technical to perform, takes more time, and good laboratory
skills are required, even the use of electricity would be needed, which may
pose a very huge strong challenge in the remote areas of the world with no
access to electricity and paucity of fund.

From the result obtained in the ELISA technique it was shown that there is a
linear relationship (R? = 0.4505) between the absorbance and concentration
of rotavirus in the solution. The relationship is positive indicating that the
absorbance increases with a corresponding increase in the rotavirus particle
in the solution and vice versa. However, there was a plateau at the peak of
the plot indicating saturation of the antibody binding sites by the rotavirus
antigen. This also indicates a steady state of antibody—antigen reactions
irrespective of the number of rotavirus antigens present in the solution.

Rotavirus particles from the study were detected and quantified at dilutions
lower than 1: 65,536 with viral particles of 381.5 rotavirus particle per ml
using the ELISA method, while in the lateral flow approach, the antigen was
detected at a maximum dilution of 1:64 with a viral load of 1,562,500
particles/ml. This indicates that the ELISA approach is far more sensitive
and specific to detecting and quantifying rotavirus in a given sample than the
lateral flow approach. Also, it could be said that the LAT approach is limited
with low rotavirus concentration in the sample, which means that there is a
tendency of obtaining false negative results even when rotavirus is present
in the sample (Table 1). This also implies that individuals with gastroenteritis
caused by rotavirus could be misdiagnosed with negative results especially
at the early stage of the disease when the viral load in the individual is quite

low. Consequently, this may not be a good tool for managing children with
signs and symptoms of gastroenteritis with suspicious of rotavirus infection.
However, it could be a good tool for population screening for asymptomatic
carriers in the population following it turnaround time and reproducibility,
especially in the remote communities with lack of electricity and poor
purchasing power to procure ELISA kits and other expensive methods like
PCR.

In order to provide statistical interpretation and extrapolations, the ELISA
approach will be more useful since it involves quantitative analysis, unlike
the lateral flow method which is qualitative. The findings in this study is in
consonance with reports by Mohit et al. [20] who also demonstrated that the
ELISA method was more effective in the detection of other viral infections
like SARS-CoV-2 compared to Rapid test kits. The study by Ha et al. [21]
also affirmed the suitability of the ELISA for quantification and not just
detection of the virus, alone.

Nonetheless, one critical and fundamental challenge reportedly and
obviously facing the use of ELISA kits to strengthen the control and
prevention of infectious disease in the developing communities of the world
has been its high cost and availability as the kits are imported from abroad
with no visible plans of hosting the manufacturing plants in the Nigeria. This
strongly distort the gains of using these kits for differential diagnosis and
improving accuracy and precision during patient’s care and management.
Even, as the use of electricity to power the machine which is very epileptic,
has also remained a huge challenge to drive the process of differential
diagnosis in our region

Conclusion

The use of Lateral flow test kits can result in misdiagnosis of rotavirus due
to their relatively poor sensitivity compared to the conventional sandwich
ELISA technique. The ELISA technique is sensitive enough to pick 381.5
rotavirus particle per ml in a sample unlike LAT which detected the presence
of rotavirus at the concentration of 1,562,500 particles per ml. Furthermore,
the study has also shown that the absorbance is exponentially proportional to
the rotavirus antigen present in the sample until a steady state is attained due
to antibody-antigen saturation. The equation Y=3.8753x + 1.4236 can be
employed to find the unknown concentration of rotavirus antigens when the
absorbance is known.
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