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Abstract: The application of bioengineering to study the molecular epidemiology of viral diseases should
facilitate rapid detection of an active infection. The surge of new techniques in cellular immunology and
molecular biology has made possible the development of rapid, sensitive, specific and inexpensive assays for
detection of RNA viruses using nucleic acid amplification. Because of the Ribonucleic acid (RNA) nature of
the virus genome, a Reverse Transcription (RT) step involving synthesiz of complementary DNA (cDNA) from
RNA template would be necessary, before cyclic amplification with PCR. 1In this study, we evaluated the
diagnostic potential of the Reverse Transcriptase (RT) polymerase chain reaction (RT-PCR)-based assays,
recently developed in our laboratory, for rapid detection of viral infections in cell culture and clinical samples.
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INTRODUCTION

Diagnostic methods currently applied for detection
of RNA viruses include serology and virus isolation.
Serology is useful in epidemiologic studies to identify
previous infection™. The Agar Gel Immunodiffusion
(AGID) test, currently used as standard serologic test, is
complicated by cross reactions between closzely related
gerogroup of viruzses. The problems associated with the
use of AGID test have been solved by using Monoclonal
Antibodies (MAb) in competitive ELISA (cELISA)
technique. However, this technique iz applicable only to
blood (serum) and requires at least 1-2 weeks post
infection for the production of specific antibodies by the
susceptible host™. Conventional virus isolation is
tedious, time consuming, labor intensive and
expensive®™.  To address these problems, specific
complementary RNA probes derived from different genes
have been developed®™. The use of RNA or cDNA probes
in hybridization assay"” was also proved useful for
detection of RNA vimses. However, one of the
disadvantages of hybridization assay is that the

technique is incapable of direct detection of viral RNA in

clinical samples from infected patients™. Hence, a prior
amplification step by PCR technology deemed necessary.
For the last twelve years, the major thrust of present
research was directed towards the improvement of the
existing techniques used for diagnosis of viral diseases.
Recently, we have reported on application of Reverse
Transcriptase (RT) Polymerase Chain Reaction (RT-PCR)-

based assays for detection of viral RNA in cell cultures
and clinical samples. These RT-PCR assays proved
highly sensitive and specific method for detection of viral
RNA. [6,?,9-18]_

The development of a rapid, sensitive, specific and
inexpensive method for diagnosis of the viral diseases
would greatly facilitate clinical dizease investigations
epidemiological investigation and would enhance
vaccination and control programs®©,

Polymerase Chain Reaction (PCR): Application of
proliferated
reliability,

the Polymerase Chain Reaction (PCR) has
rapidity,

because of itz simplicity,

200 bp

Fig. 1: The specific 240 bp-PCR product from 1.0 pg
RNA of different vaccine strains of RVFV. Lane
MW: molecular weight marker; Lane 1-4: 1.0 pg
RNA extracted from RVFV Vaccine strains, Lane
5: Vero cell total nucleic acid extractdescribed
different protocols for detection of RNA
viruges in cell culture and a variety of clinical

samples in previous studies ™57,
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reproducibility, sensitivity and specificity for monitoring
of microorganisms (Fig. 1). PCR proved satisfactory to
replace the immunological and DNA hybridization
methods using DNA probes. In our Laboratory, we have

Reverse Transcriptase (RT- PCR) : RT-PCR has been
successfully applied for detection of RNA viruses by
addition of a complementary DNA (cDNA) synthesis step
using Reverse Transcriptase (RT) enzyme, before cyclic
amplification by PCR. RT- PCR-based assay for detection
of viral RNA in cell culture and clinical samples, using
primers derived from conserved genes sequence analysis
of EHDV-2 Alberta strain, was described™

RT-PCR was compared with different Virus Isolation
(VD) procedures from a variety of tissue samples. The
results indicated that the sensitivity of RT-PCR assay is
comparable or even more sensitive than VI method in cell
cultures or Embryonated Chicken Egg (ECE). In addition,
the RT-PCR aszay could provide a superior diagnostic
alternative to replace the current cumbersome and time-
consuming virus isolation procedures®™1

Detection of serogroup-specific PCR-based assay
could be done using well-characterized serogroup-specific
primers derived from a conserve gene among cognates of
different serotypes® ™. The serogroup-specific PCR
products are usually visualized on ethidium bromide-
stained agarose gel or detected with chemilumiescent
hybridization. The RT-PCR assay provides an atfractive
diagnostic alternative to the lengthy and cumbersome
conventional virug isolation procedures. Probe derived
from conserve genes hybridized with cognates of different
serotypes of the same serogroup %!

Sserotype-specific identification, in cell culture or
tissue samples, was described using RT-PCR-based assay
U, similar study was conducted to demonstrate specific
identification of in cell culture and clinical samples®™.
Thezse RT-PCR assays were based on nucleotide
sequences of genes, which are associated with serotype
gpecificity or neufralizing antibodies. The nucleotide
gequences of these genes were found to be variable
among cognate genes of different serotypes of serogroup.
Widespread application of the molecular biological
techniques described in this study should facilitate rapid
detection and epidemiological investigation of outbreaks
of viral diseases among susceptible humans or animal
populations.

Nested Polymerase Chain Reaction : In the nested PCR,
two pairs of oligonucleotides primers are required. The
PCR reaction iz carried out in 2 amplification
steps. The first pair of primers (outer primers) isused
to amplify specific PCR product. The second pair of
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Fig. 2: Nested Amplifcation of the nested 520- bp
specific-BTV PCR product on ethidium-bromide-
stained agarose gel from 1.0 pg of RN A of eight
different BTV fieldisolates. Lane MW: molecular
weight marker (100 bp ladder); Lane 1-5: North
American BTV serotypes 2, 10, 11, 13 and 17;
Lane 6-9: Sudanese BTV serotypel, 2, 4 and 16
fieldisolate; Lanes 10: BTV-4 from Senegal; Lane
11: BTV-4 from South Africa; Lane 12: non-

infected Vero cells total nucleic acid extract
MW 1 2 3 4 5 6
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Fig. 3: A: Chemiluminescence hybridization of the
gpecific 518 bp PCR product from epizootic
hemorrhagic disease wvirugs A: Lane MW:
molecular weight marker; Lane 1-6: 1 ng; 100
pg; 1.0; 100 fg; 10 fo; 1 fg RNA extracted from
EHDV

nested primers (internal primers) is designed internal to
the annealing sites of the outer primers to amplify specific
PCR product, which iz shorter than that produced by the
first pair of primers { Fig. 2).

The second amplification step using the nested
primers ig necessary to confirm the specificity of the first
amplified product and to increase the sensitivity of the
PCR-based assay.

The use of nested PCR removes the hazardous and
cumbersome radioacti ve laboratory procedures of working
with 2P or “P™! (Fig. 3b).
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Fig.3:B: Chemiluminescence hybridization of the above gel

Multiplex Polymerase Chain Reaction: In this type of
PCR, different primer pairs derived from different
serotypes of the same serogroup, are used in a single-
tube PCR amplification. A multiplex RT-PCR for
simultaneous serogroup-specific detection and serotype-
gpecific identification could be developed. A multiplex
RT-PCR-based assay, for simultaneous detection and
differentfiation of closely related serotypes of the same
serogroup, in cell culture was also described™. The
multiplex RT-PCR assay is a simple procedure that utilized
a single-tube PCR amplification in which different primers
for 2 or more viruses were used simultaneousty™.,

Simultaneous detection and differentiation of RNA
viruses will simplify the asszay, save time and above all
gave on cost, because each clinical sample will be tested
once instead of testing the suspected samples
individually. Because of itz rapidity, sensitivity and
gpecificity, the multiplex RT-PCR assay would be
advantageous in a variety of circumstances including
epidemiological investigations. In addition, multiplex RT-
PCR could also be used to determine the prevalence and
frequency of viral infections in susceptible human or
animal populations. More over multiplex RT-PCR could
alzo be used for evidence of viral incursion in a particular
geographical region.

The multiplex RT-PCR assay could be used for export
regulation to certify animals free of infectious diseases.
(Fig. 4). A definitive diagnosis of infected clinical sample
using the RT- PCR-based detection assay with
chemiluminescent hybridization could be obtained within
2-3 days!”? and within the same working day using a
nested PCR-based assay™*=]

In general, the RT-PCR-bazed detection assay is an
extremely sensitive procedure and hence PCR-positive
and virus izolation-negative results from the same clinical
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Fig.4: A Multiplex RT-PCR for simultameous

detection and differentiation of orbiviruses

sample are not surprising. This is because PCR positive
results could be obtained from clinical samples containing
incomplete virions or viral nucleic acid as well as
infectious virus. Therefore, the biological significance of
a PCR- positive result has to be interpreted with caution
in light of presence of viral nucleic acid and absence of
infectious  wvirus. PCR-positive, but virus isolation-
negative blood samples, may not be infectious either to
the invertebrate vector or susceptible humans or animal
populations. It is probably that individuals whose blood
samples test PCR-positive, but virus isolation-negative,
are unimportant in the epidemiology of insect-transmitted
RNA virusez including viral hemorrhagic fevers. The RT-
PCR-based detection assays, will continue to be important
diagnostic tools for rapid detection and differentiation of
viral infections during epizoofics of the disease, where at
least 2-4 weeks are required for conventional isolation and
identification of the virus in a susceptible cell line (Fig.
3a).

It is worth mentioning that conventional virus
izolation procedures will remain important for recovery of
an infectious virion and detection of genetic diversity of
different strains of the same serogroup of viruses.
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