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Abstract
AIM: To develop a rapid detection method of
enteroviruses and Hepatitis A virus (HAV).

METHODS: A one-step, single-tube consensus primers
multiplex RT-PCR was developed to simultaneously
detect Poliovirus, Coxsackie virus, Echovirus and HAV.
A general upstream primer and a HAV primer and four
different sets of primers (5 primers) specific for
Poliovirus, Coxsacki evirus, Echovirus and HAV cDNA
were mixed in the PCR mixture to reverse transcript
and amplify the target DNA. Four distinct amplified DNA
segments representing Poliovirus, Coxsackie virus,
Echovi rus  and HAV were  ident i f ied  by  ge l
electrophoresis as 589-,671-, 1084-, and 1128bp
sequences, respectively. Semi-nested PCR was used to
confirm the amplified products for each enterovirus and
HAV.

RESULTS: All four kinds of viral genome RNA were
detected, and producing four bands which could be
differentiated by the band size on the gel.To confirm
the specificity of the multiplex PCR products, semi-
nested PCR was performed. For all the four strains
tested gave positive results .The detection sensitivity
of multiplex PCR was similar to that of monoplex RT-
PCR which was 24 PFU for Poliovrus,21 PFU for
Coxsackie virus,60 PFU for Echovirus and 105 TCID50

for HAV. The minimum amount of enteric viral RNA
detected by semi-nested PCR was equivalent to 2.4 PFU
for Poliovrus, 2.1 PFU for Coxsackie virus, 6.0 PFU for
Echovirus and 10.5 TCID50 for HAV.

CONCLUSION: The consensus primers multiplex RT-PCR
has more advantages over monoplex RT-PCR for enteric
viruses detection, namely, the rapid turnaround time
and cost effectiveness.
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INTRODUCTION
Enteroviruses include Poliovirus, Coxsackie virus and Echo
virus. Enterovuses and HAV can bring about many diseases[1].

The enteroviruses and HAV transmit through water or foods
and constitute a risk to public health, even when their
concentrations are very low. Therefore, to establish a set of
fast and dependable technique for detecting enteroviruses and
HAV in water is of great importance for preventing outbreak
of virus diseases through water and, at the same time laying a
foundation for working out virology sanitation standards for
drinking water.
      The traditional technique for detecting viruses at present
is cell culture[2] and it is characterized by its large water volume
treated and high sensitivity. Normally viruses can be cultured
and reproduced even if there is only one infectious virus
existing in water. But the technique also has some
shortcomings: (1) it needs great efforts and is time-consuming.
There are high technical demands on cell culture and its result
is unstable. It takes more than 3 days from inoculating virus to
the time when visible pathological cell change effect (PCE)
appears. For HAV, there is no pathological cell change effect
and it takes 6-8 weeks to carry out the test. (2) it is poor in
specificity. It is impossible to draw a clear identification among
enteroviruses on the basis of pathological cell changes.
      In recent years, PCR has been adopted extensively in
detecting enterovirus or HAV in environment owing to its high
specificity and simpler operation[1,3-5]. But it also has its
shortcomings. Firstly, the sensitivity is low. Although PCR
itself possesses high sensitivity and it can pick out even there
is only one virus, its sensitivity still does not come up to the
standards for testing virus in water because the size of added
samples is extremely small (about 10 ml). Even the viruses in
the water are concentrated, the volume is still too large for
PCR. Secondly, the testing capability is inconsistent with
infectivity of the virus. It is unable to decide whether the virus
is infectious even if the result is positive. Besides, conventional
PCR can only detect one type of virus at one time. There are
many types of viruses in water so it can’t meet the needs of
practical application. Tsai et al[6] used multiplex-PCR to detect
poliovirus, hepatitis A virus and rotavirus at one time. Their
technique requires more primers and these primers interfere
with each other, making it more difficult to test the viruses
over three types. Zoll et al[7] employed general primer PCR to
detect enterovirus but their method can only show whether
there is existence of enterovirus or not. It can not distinguish
the types of viruses.
      The combination of the cell culture with PCR technique is
implemented organically in our study for the purpose of setting
up a set of fast and dependable methods for testing viruses in
water. This method can either preserve the advantages of the
cell culture and PCR technique or overcome the shortcomings
of each technique. Our technique is basically divided into three
steps: first, to make collection and recovery of viruses in water;
second, to make short-term cultivation of viruses; and third, to
detect viral nucleic acid using multiplex-PCR and identified
by semi-nested PCR.
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MATERIALS AND METHODS

Viruses and viruses assays
Plaque-purified Poliovirus type 1, strain LSc, Cox B1,3 and 4
or Echo 7,9,11,12 virus were used as the model for the
enteroviruses that may be present in the water. These viruses
were grown and assayed by using African green monkey
kidney (Vero) cells as previously described[1]. The viruses were
titrated by the plaque method and expressed as plaque-forming
units (PFU). The NJ-3  strain of HAV ( Institute of Military
Medical Research of Nanjing) was adopted to the human
hepatoma cell line PLC/PRF/5 by serial passages. The HAV
antigen was detected by ELISA method .

Virus seeding
A virus mixture containing 1.0 105 PFU of Poliovirus type
1, strain LSc, Cox B3 or Echo 9 virus, and 1.0 105 TCID50 of
HAV was seeded into 10 liters of water samples. The seeded
and unseeded samples were concentrated by electropositive
filter media particle as described previously by Jun-Wen Li,
and the recovery of seeded viruses was 88.7 % [8]. The final
concentrates were 1.0 ml ,If needed, which was cultured for
three days for HAV or one day for other enterovirues. The
sensitivities of RT-PCR were evaluated with the ten-fold
dilutions of HAV or other enteroviruses which were made with
HPLC grade water.

RNA extraction and purification
Viral genome RNA was extracted and purified by the TRIzol
Reagent kit (Life Technologies ) according to the
manufacturer’s recommendation,and the RNA was stored at -
20  for future analysis.

Primers
The consensus primer of enteroviruses was from the 5’non-
coding region  because of their presence in many enteroviruses
serotypes[7,9]; the specific primers for enteric viruses, including
HAV, were selected from the 5’coding region; and the semi-
nested PCR primers were designed within the fragment of the
first PCR products. The information of primers was
summarized in Table 1.

Table 1   Nucleotide sequences and positions of primers

Primers           Sequence(5’-3’)                                         Position   band sizes (bp)

  CE(+)      ATTGGATTGGCCATCCGGTG          620-639

  P(-)1        TCCACCACCACCCTCTCGACTC    1169-1190          571

  P(-)2        GCATTACACTGTACGTGCAC          1271-1290         671

  C(-)1        CACCAACACCCATACCTGCA        1470-1489          870

  C(-)2        GCGCACATTGGCGCAATTGTG       1683-1703       1084

  E(-)1        CGCACCCCATCTCAGCTTCA           1330-1349         730

  E(-)2        TTCATTGTCGGCAAACCTTGA         1727-1747       1128

  H(-)          CCAATCTTCCTGATCCAAAGC       1557-1577

  H(+)1       AACCCTACACCTTTCCAACA          1146-1165         432

  H(+)2       GATTCATTCTGCAGATTGGC           989-1008           589

+; upstream primer, -; downsream primer, 1: semi-nested
primer; 2: the first PCR primer,  CE; general primer, P: primers
of Polioviruses; C: primers of Coxsackie viruses; E: primers
 of Echoviruses; H: primers of HAV

One-step, single-tube multiplex PCR
2-10 µl of prified viral RNAs were added in a final 100 µl
containing 1×PCR buffer with 1.5 mM MgCl2, 0.2mM each
of dNTP, 0.2 µM each of the primers, 10 U Rnase inhibitor,
5mM of DTT, 1 µl of mixture of reverse trancriptase and DNA
polymerase. RT was carried out at 50  for 30 min. This was
followed by an initial denaturation at 94  for 3 min, and 30
PCR cycles of denaturation at 94  for 0.5 min, annealing at
60  for 0.5 min and extension at 68  for 1 min with a fixed
ramp time of 3 seconds for each cycle[10].

Semi-nested PCR
The semi-nested PCR was carried out on a final 50 µl
containing 1 PCR buffer with 2.5 mM MgCl2, 0.2 mM each
of dNTP, 0.2 µM each of primers, 1 µl of the first PCR product
and 2.5U of Taq polymerase. This was followed by an initial
denaturation at 94  for 3 min, and 30 PCR cycles of
denaturation at 94  for 0.5 min, annealing at 60  for 0.5
min and extension at 68  for 1 min[12,13].

Analysis of PCR products
10 µl of each amplified product was electrophoresed on a 1.5 %
agarose gel in 1 TBE buffer containing 0.5 µg/ml ethidium
bromide. The amplified bands were directly visualized under
UV light[7,14].

RESULTS

Specificities of the primers
First, only one kind of viral RNA extracted from cell culture
was tested in the multiplex PCR with all the primers. It is shown
that only one amplicon was yielded, which was in agreement
with the information on the designed primers (results not
shown).
      Secondly, two kinds of viral RNA were added to the
multiplex PCR, it is expected that there were two PCR products
on the gel which were conformed to the theoretical results
(Figure1).

    M       A             B            C              D          E           F

Figure1   PCR products of two types of viruses
M:DNA ladder,A: HAV and PV, B: HAV and CV,C: HAV and
EV; D: PV and CV, E: PV and EV,F: CV and EV

      Thirdly, three kinds of viral RNA were tested in the
multiplex PCR, and given similar results (Figure2).
      Fourthly, all four kinds of viral genome RNA were
detected, and produced four bands which could be
differentiated by the band size on the gel (Figure 3).
         To confirm the specificity of the multiplex PCR products,
semi-nested PCR was performed. For all the four strains tested
gave positive results (Figure 4).
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                   M    A            B     C             D

M:DNA ladder,A: HAV,PV and CV; B: HAV,CV and EV;
C: HAV,PV and EV;D: PV,CV and EV
Figure2  PCR products of three types of viruses

                               M      A

Figure3  PCR products of four types of viruses
M:DNA ladder,A: poliovirus 1(671bp), Coxsackie virus B3
(1084bp), Echo virus 9(1128bp),and HAV(589bp)

                 M  A           B                C                D

Figure4  Semi-nested PCR products of four types of viruses
M:DNA ladder,A: HAV(589,432bp) ,B: Poliovirus 1(671,571bp),
C: Coxsackie virus B3(1084,870bp), D: Echo virus 9(1128,730bp)

Sensitivity of PCR
The detection sensitivity of multiplex PCR was similar to that
of monoplex RT-PCR which was 24 PFU for Poliovrus,21 PFU
for Coxsackie virus,60 PFU for Echovirus and 105 TCID50 for
HAV. The minimum amount of enteric viral RNA detected by
semi-nested PCR was equivalent to 2.4 PFU for Poliovrus, 2.1
PFU for Coxsackie virus, 6.0 PFU for Echovirus and 10.5
TCID50 for HAV (Table 2). The method achieved a 10 folds
higher sensitivity than that of multiplex PCR.

Detection of viral genome after concentration
A tap water with and without seeding enteroviruses were
collected for testing. Viruses added in the 10 liters of water
which were not concentrated in primary could not be detected by

the multiplex PCR or semi-nested PCR, even when 200-1 000 PFU
or TCID50 of viruses were seeded. However, viruses seeded in
the waters which were concentrated with electropositive filter
media could be detected by multiplex PCR and semi-nested
PCR and obtained the similar sensitivity with that from cell
cultures.
      50 liters of tap water, or river water, or 5 liters of sewage,
or 10 liters of ocean water were concentrated with
electropositive filter media, and the virus RNAs were extracted
from the concentrates. The multiplex PCR and semi-nested
PCR were used to amplify the enteric viruses RNA. It is found
that only Poliovirus RNA could be detected from the
concentrate from 50 liters river water, other enteroviruses were
not detected .

Table 2   Sensitivity of semi-nested-PCR for different viruses

                                                  Virus concentration   (PFU)

Viruses                                     103       102       101     100     10-1

     Poliovirus                             +          +          +      +(2.4)         -

     Coxsackie virus B3             +           +          +      +(2.1)         -

     Echovirus 9                          +           +          +      +(6.0)        -

     Three viruses                       +           +     +(10.5)      -            -

DISCUSSION
In our studies, cell culture and PCR are combined together to
improve the detection sensitivity and specificity . For the cell
culture method, it has the advantages of large volume of testing
water and high sensitivity. Viable viruses can be fostered and
reproduced even if there is existence of only one type. But it is
poor in specificity[15]. Types of virus can’t be distinguished
according to pathological changes cell and immunology
method is needed to make further identifications. So it is heavy,
complicated and time consuming (at least 3 days; it will take
6-8 weeks to identify hepatitis A virus) to implement the test.
As for PCR, it has the advantages of high specificity and simpler
operation. But its sensitivity can’t come up to the testing
standards owing to its small testing size, and the same positive
results are obtained no matter the virus is infectious or not so
long as nucleic acid is complete. The improved cell culturing-
PCR technique combines the high sensitivity of cell culture
with the high specificity of PCR together ,and avoids the
shortcomings of low specificity and long testing period of cell
culture, only two or four days are needed to detect Poliovirus,
Coxsackie virus, Echovirus or HAV (cell culture for one or
three days),  thus two thirds testing time of cell culture is saved.
Furthermore, cell culture dilutes the substances which play
inhibiting effect on PCR in water, which further improves the
sensitivity of PCR. In addition, this technique is only used to
test the infectious viruses in water, hence inconsistency of PCR
results with actual infectivity can be avoided [16].
      The accuracy and  reliability are ensured by using semi-
nested PCR to identify PCR products. The techniques used at
present to determine PCR products are Southern hybridization,
PCR- depended DNA fingerprint pattern, nucleic acid
sequencing and nested PCR, etc.[3,4,6]. Southern blot is poor in
sensitivity and very complicated to handle [17-24]. It is generally
taken as tool enzyme in molecule cloning and demands enzyme
chip points existing in the expanded segment; DNA fingerprint
pattern is poor in specificity with unstable results; nucleic acid
sequencing is complicated, costly and low in efficiency; while
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nested PCR has many strong points. It is not only good in
specificity and sensitivity but also easy to handle and is low in
price[4,25]; semi-nested PCR has similar principles and functions
as that of nested PCR. It further cuts down the cost by saving
a strip of primer.
     The general primer multiplex-PCR is established for
detection of four kinds of enteroviruses in our studies. There
were many shortcomings in the researches prior to ours, such
as, only one virus can be detected at one time using
conventional PCR so it can’t meet the needs of practical
application; Tsai et al[6] used multiplex-PCR to detect
Poliovirus, Hepatitis A virus and Rotavirus at one time. Their
technique required more primers and these primers interfere
with each other, making it more difficult to test viruses for
three types or more; Zoll et al[7]  employed general primer
PCR technique to detect Poliovirus, Coxsackie virus, Echo
virus and new enterovirus. But their method can only show
whether there is existence of enterovirus or not. It can not
distinguish the types of virus and is impossible to detect
hepatitis A virus. Namely, general primer multiplex-PCR
combines the general primer with multiplex PCR, giving
consideration to the strong points of the two techniques and
overcoming the weak points of each. Six primers are used in
one reacting tube and four types of enteroviruses can be
detected in one reaction while in conventional PCR, eight strips
of primer are required.
      The incidence of Poliovirus in developing countries is 4
while in developed countries, the infection of Poliovirus is of
less clinical significance but it is generally used as an indicating
virus in water[25,11]. Coxsackie virus and Echo virus can lead to
diseases such as aseptic meningitis, viral myocarditis, diarrhea
etc. Because group A Coxsackie virus is hard to culture and
the virus source is very difficult to ensure, it is not tested hereon.
To sum up, the technique can be used to detect Poliovirus,
group B Coxsackie virus, Echo virus and Hepatitis A virus.
Nearly all viruses can be detected among enteroviruses except
group A Coxsackie virus.
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