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    Chapter 3   

 Isolation and Characterization of Enteroviruses 
from Clinical Samples       

     Soile     Blomqvist     and     Merja     Roivainen      

  Abstract 

   Enterovirus infections are common in humans worldwide. Enteroviruses are excreted in feces during infection 
and can be detected from stool specimens by isolation in continuous laboratory cell lines. Characterization of 
enteroviruses is based on their antigenic and/or genetic properties.  
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1       Introduction 

 Four species of enteroviruses ( Human enterovirus A  to  D , genus 
 Enterovirus , family  Picornaviridae ) cause infections in humans. 
They include more than 100 antigenically or genetically defi ned 
serotypes or types [ 1 ]. Clinical manifestations differ from asymp-
tomatic or mild respiratory infections to severe diseases of  central 
nervous system  . Typical enterovirus diseases include hand-foot- 
and-mouth disease and viral meningitis. 

 The golden standard for enterovirus diagnostics is the isolation 
of viruses in cell culture. Most of the enteroviruses multiply rapidly 
in several continuous cell lines routinely used in diagnostic labora-
tories. The obtained virus isolates have high titers (cell culture 
infectious doses, CCID 50 ) and they can be further typed by either 
antigenic (neutralization with serotype-specifi c antisera) or genetic 
properties (capsid protein VP1 sequence identities determine the 
type of the virus). The results of these two typing assays correlate 
well [ 2 ,  3 ] and the choice of the method relies on the facilities 
available in the laboratory. 

 After the molecular typing method became available some 
years ago, it has been used increasingly because it overcomes some 
restrictions of the traditional neutralization  assay  . Type-specifi c 
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antisera are not available for all of the recently described “new” 
enterovirus types. Besides, enteroviruses undergo continuous anti-
genic evolution and the currently circulating viruses may escape 
the neutralization by the antisera produced about 50 years ago. In 
addition, the genetic typing is based on the sequences obtained 
from the VP1 capsid protein coding region and these sequences 
can be used for molecular epidemiological analysis besides to the 
identifi cation of the type of the virus. 

 Enteroviruses multiply in the human intestine and are excreted 
into feces in high concentrations. The stool specimens are consid-
ered the best choice for virus isolation. The number of viruses 
excreted in the feces may vary from day to day during the infection 
and so it is recommended that two samples taken at 1–2 days inter-
val should be analyzed for each patient to increase the sensitivity of 
the assay [ 4 ]. Before inoculation into cell cultures, the stool sam-
ples are treated with  chloroform   in order to inactivate the bacteria 
always present in feces. In addition to the intestine, enteroviruses 
may infect many other organs and the virus isolation can be 
attempted also from other clinical specimens, like spinal fl uid, 
respiratory samples, and swap samples from skin lesions. These 
specimens are collected according to the symptoms of the disease. 

 We describe here the traditional virus isolation from stool spec-
imens [ 4 ], the antigenic typing assay [ 4 ] and the VP1 sequence- 
based type identifi cation [ 5 ]. We assume that the readers have 
already good knowledge on the maintenance of laboratory cell 
lines, on working on the biosafety level 2 laboratories, and on the 
principles of the basic molecular biology methods, such as han-
dling of RNA. In addition, the facilities for DNA sequencing and 
the software for sequence analysis are necessities.  

2     Materials 

       1.    Phosphate buffered saline (PBS) with calcium and magnesium 
ions, pH 7.2–7.4. Store at +4 °C. Supplement the PBS solu-
tion with antibiotics to a fi nal concentration of 100 U/ml of 
penicillin G, 100 μg/ml of streptomycin sulfate, and 50 μg/ml 
of gentamicin. Store the PBS-antibiotics—solution at +4 °C 
for up to 1 week.   

   2.    Ethanol-stabilized  chloroform   (Merck). Store at room tem-
perature, protected from light, in a fume hood.   

   3.    Continuous cell lines that support the growth of enteroviruses 
( see   Note 1 ) seeded and grown in monolayer tube cultures ( see  
 Note 2 ).   

   4.    The maintenance media for cells. The media is cell-dependent; 
for RD(A) mix 100 ml Eagle’s MEM (GIBCO), 2 ml 1 M 
Hepes pH 7.4, 2 ml 1 M MgCl 2 , 2 ml heat-inactivated fetal 
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bovine serum (Integro), 25 U/ml mycostatin, and the same 
antibiotics in the same fi nal concentrations as in the PBS above.      

       1.    Antisera pools for enterovirus typing ( see   Note 3 ). Dilute and 
store the pools according to the supplier’s instructions.   

   2.    The same cell lines and maintenance media used in the entero-
virus isolation (see above). The cells should be seeded and 
grown in cell culture fl asks.   

   3.    PBS without magnesium and calcium ions. Supplement with 
antibiotics to a fi nal concentration of 100 U/ml of penicillin 
G, 100 μg/ml of streptomycin sulfate, and 50 μg/ml of gen-
tamicin. Store the PBS-antibiotics—solution at +4 °C for up to 
1 week.   

   4.    0.05 % trypsin solution. 0.5 g trypsin (DIFCO), 8.0 g NaCl, 
0.4 g KCl, 0.35 g NaHCO 3 , 1.0 g  D (+)-glucose, 0.005 g phe-
nol red sodium salt, 0.2 g EDTA in 1000 ml purifi ed water. 
Store at −20 °C.      

   Store all reagents at room temperature unless indicated otherwise.

    1.    RNeasy™ Mini Kit (Qiagen) for extraction of RNA from the 
virus isolates ( see   Note 4 ). Make the working solutions accord-
ing to the manufacturer’s instructions.   

   2.    Oligonucleotide primers for the RT-PCR and sequencing reac-
tions: 292-sense (5′-MIG CIG YIG ARA CNG G-3′) and 
222-antisense (5′-CIC CIG GIG GIA YRW ACA T-3′) [ 5 ]. 
Store the stock solutions at −20 °C. Dilute to the 25 μM con-
centration for RT-PCR and to the 5 μM concentration for 
sequencing with RNase-free H 2 O (Sigma) and store at −20 °C.   

   3.    10× RT-PCR buffer. 670 ml 1 M Tris–HCl pH 8.8, 170 ml 
1 M (NH 4 ) 2 SO 4 , 0.120 ml 0.5 M EDTA pH 8.0, and 159.88 ml 
H 2 O. Store at −20 °C.   

   4.    Mixture of four dinucleotides (dATP, dCTP, dGTP, and dTTP; 
Roche). Make a solution, which has a 2 mM fi nal concentra-
tion of each of the nucleotides in RNase-free H 2 O (Sigma). 
Store at −20 °C.   

   5.    25 mM MgCl 2  (supplied with the Taq-polymerase, Integro 
BV). Store at −20 °C.   

   6.    Enzymes for RT-PCR reactions: AMV reverse transcriptase, 
20 U/μl (Finnzymes), RNasin Inhibitor-enzyme, 40 U/μl 
(Promega), and Taq polymerase-enzyme, 5 U/μl (Integro 
BV). Store at −20 °C.   

   7.    Agarose powder (Lonza).   
   8.    Ethidium bromide (EtBr; BDH Prolabo). One drop from 

the EtBr bottle into 50 ml of the gel solution gives an EtBr 
concentration of 0.5 μg/ml.   
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   9.    10×TBE-buffer. 61.83 g Tris (Merck), 121.1 g boric acid 
(ICN), and 7.44 g disodium salt (Titriplex III, Merck), adjust 
to 1000 ml with distilled H 2 O. Make the 1:10 (=1 × TBE) 
working solution with distilled water.   

   10.    100 bp DNA size marker ladder (Generuler, BDH Prolabo). 
The product is delivered with 6× loading buffer. Make the 
working dilution of the DNA marker according to the manu-
facturer’s instructions before use. Store at +4 °C.   

   11.    QIAquick Gel Extraction Kit (QIAGEN) ( see   Note 5 ). Add 
200 ml 99.5 % ethanol into 50 ml of Buffer PE before use.   

   12.    PCR thermocycler, for example GeneAmp 9700 (Applied 
Biosystems), and tubes, strips, or 96-well plates for RT-PCR 
reactions, compatible with the PCR thermocycler ( see   Note 6 ).   

   13.    Equipment needed for preparing the agarose gels and for their 
electrophoresis. The ultraviolet light supply connected to a 
camera for viewing and taking pictures of the gel.       

3     Methods 

       1.    Add 10 ml PBS (supplemented with antibiotics), about 1 g 
glass beads (approx. 3 mm in diameter) and 1 ml  chloroform   
to a 15 ml chloroform-resistant centrifuge tube. Transfer 
approximately 2 g of fecal specimen into the tube with a 
wooden spatula. Close the tube carefully and shake vigorously 
for 20 min either manually or using a mechanical shaker. Spin 
for 20 min at 1500 ×  g  in a refrigerated (+4 °C) centrifuge. 
Transfer the supernatant (the stool extract) into a storage tube 
( see   Note 7 ). Store at −20 °C.   

   2.    Use at least RD(A) cells for enterovirus isolation ( see   Note 8 ). 
Examine the cell cultures microscopically to be sure that the 
cells are healthy and the monolayer is confl uent. Use two par-
allel cell monolayer tubes for one specimen. Use one tube of 
each cell type as a negative control. Remove the growth 
medium from the cells and replace it with 1 ml of warm main-
tenance medium (+36 °C). Inoculate each tube (excluding the 
negative control) with 0.2 ml of stool extract, close the caps, 
and incubate in the stationary position at +36 °C.   

   3.    Examine the cultures with a microscope for the appearance of 
cytopathic effect (CPE) at least at every 2–3 days. The charac-
teristic enterovirus CPE (rounded cells, which detach from the 
surface of the tube) develops usually within 2–5 days. When 
75–100 % of the cells are affected, freeze the tube at 
−20 °C. Thaw the tube and do the second passage in order to 
enrich the virus by inoculating 0.2 ml into a tube containing 
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the same cell line that was used in the fi rst inoculation and 1 ml 
of maintenance medium. When 100 % CPE is ready, store the 
tube at −20 °C. Use this second passage virus material for 
typing.   

   4.    If no CPE appears after 7 days of the fi rst inoculation, perform 
a blind passage by inoculating 0.2 ml of the fi rst passage into 
two cell culture tubes and continue examination for a further 7 
days. If no CPE is seen, the specimen is recorded as negative in 
enterovirus isolation ( see   Note 9 ).      

   Each enterovirus isolate is tested in two dilutions against the 
pooled enterovirus antisera. The titer of the virus should be approx. 
100 CCID 50 , which is usually achieved by using 1:100 and 1:1000 
dilutions of the virus. The exact procedure of the typing assay 
depends on the pools used; in principle, equal volumes of diluted 
virus and diluted antisera pools are mixed and incubated for neu-
tralization. The cell suspension is added and the cells are incubated 
and observed microscopically. The specifi c antiserum prevents the 
growth of a given enterovirus and the absence of CPE is recorded 
as a positive result. The interpretation of the typing results is done 
according to the supplier’s instructions.

    1.    Plan the pipetting schedule (antisera, virus dilutions, virus con-
trols, cell controls, and virus titration) and label the 96-well 
fl at-bottomed cell culture microtitre plate accordingly ( see  
 Note 10 ).   

   2.    Add 50 μl diluted antisera to the appropriate wells. Add 50 μl 
maintenance medium to virus control wells. Add 100 μl main-
tenance medium to cell control wells.   

   3.    Prepare 1:100 and 1:1000 dilutions of the unknown virus. 
Add 50 μl of either virus dilution to all wells containing anti-
sera and to the virus control wells. Perform a titration of the 
virus on the same plate ( see   Note 11 ). Cover the plate with the 
lid and incubate for 1 h at +36 °C.   

   4.    Detach the cell monolayer from the cell culture fl ask by using 
the 0.05 % trypsin solution ( see   Note 12 ). Prepare a suspen-
sion of 100,000–200,000 cells per 1 ml maintenance medium. 
Distribute 100 μl cell suspension into all wells of the typing 
plate. Cover the plate with a sealer tape and incubate at +36 °C.   

   5.    Examine daily (or if not possible at 2 or 3 day intervals) by a 
microscope and record the CPE. Continue recording until 
24 h after CPE in the virus control wells reaches 100 %. The 
virus is identifi ed by the pattern of inhibition of CPE (negative 
wells have healthy cell monolayers) by antiserum pools ( see  
 Note 13 ).    

3.2  Enterovirus 
Typing by Pools 
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      See  fi rst  Note 14  for good laboratory techniques.

    1.    Perform RNA extraction according to instructions given by 
the manufacturer of the extraction kit ( see   Note 15 ). If RNEasy 
(Qiagen) is used, elute the RNA into a volume of 40 μl ( see  
 Note 16 ). Store at −20 °C until used and at −70 °C for longer 
time.   

   2.    Prepare the RT-PCR reaction mix in a volume suffi cient for all 
reactions (calculate the number of samples and positive and 
negative controls) by mixing all reagents in one tube on ice. 
For one reaction, use 5 μl 10× RT-PCR-buffer, 5 μl 2 mM 
mixture of dNTPs, 3 μl 25 mM MgCl 2  , 2 μl 25 μM sense 
primer 292, 2 μl 25 μM antisense primer 222, 0.3 μl RNasin 
Inhibitor (40 U/μl), 0.2 μl AMV-reverse transcriptase (20 U/
μl), 0.3 μl Thermoperfect DNA polymerase (5 U/μl), and 
31 μl H 2 O. Mix thoroughly by pipetting up and down. Transfer 
49 μl of the RT- PCR reaction mix into tubes or into wells of 
the PCR strip or plate.   

   3.    Add 1 μl sample RNA, 1 μl positive control RNA, or 1 μl water 
(negative control) into the tubes or wells containing the RT- 
PCR mix. Mix by pipetting several times up and down. Seal the 
caps or cover the plate with a foil.   

   4.    Start the RT-PCR program in the PCR thermocycler (+50 °C 
for 30 min, +94 °C for 3 min, 35 cycles of (+94 °C for 30 s, 
+42 °C for 30 s, and +72 °C for 60 s), +72 °C for 5 min, and 
+4 °C to hold). When the program has reached the fi rst tem-
perature (+50 °C), put the tubes or the strip into the PCR 
machine and let the program run until the fi nal +4 °C tempera-
ture is reached.   

   5.    Visualize the RT-PCR amplicons by using an  agarose gel elec-
trophoresis  . Assemble the gel casting tray and put the sample 
comb into its place. Prepare the agarose gel by mixing 4.0 g 
agarose powder and 200 ml 1× TBE-buffer. Heat in the micro-
wave oven until the solution almost boils. Move it into the 
fume hood and let the solution cool by gently mixing the bot-
tle until the solution is about +60 °C. Add 4 drops of ethidium 
bromide; the fi nal concentration of ethidium bromide should 
be 0.5 μg/ml. Roll the bottle slowly to mix the red EtBr thor-
oughly into the solution. Pour the gel solution into the casting 
tray and let it solidify at room temperature for about 30 min. 
Remove the comb and transfer the gel with its container into 
the electrophoresis chamber, which contains 1× TBE buffer 
( see   Note 16 ).   

   6.    Prepare the samples by mixing 5 μl RT-PCR product and 2 μl 
6× loading buffer. Mix by pipetting or vortexing. Pipet the 
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samples into the wells of the agarose gel carefully, avoiding the 
formation of the air bubbles. Add 7 μl DNA ladder into the 
outermost wells of the gel. Run the gel at 140 mA for 
20–60 min until the fastest color front has moved 3–4 cm from 
the sample wells. Stop the power supply. Remove the gel from 
the chamber and take a photo of the gel under the ultraviolet 
light. The expected size of the RT-PCR amplicon with the 
primers 292 and 222 is about 340 base pairs ( see   Note 17 ).   

   7.    Purify the RT-PCR amplicons before sequencing ( see   Note 
18 ). If only one band with a correct size is visible in the gel, 
use QIAquick PCR purifi cation procedure. If more bands are 
present, the band of a correct size must be sliced from the gel 
using the QIAquick Gel Extraction procedure. Perform the 
purifi cation according to the protocol presented in the manu-
facturer’s handbook. The fi nal volume of water in the DNA 
elution step is 40 μl.   

   8.    Sequencing of the purifi ed DNA amplicons may be performed 
in several ways depending on the facilities available in the labo-
ratory, but, importantly, two sequencing reactions, one with 
the sense primer and one with the antisense primer, should 
always be performed for each of the DNA amplicons. We use 
3 μl purifi ed DNA amplicon and 1.6 μl 5 μM sense primer for 
one reaction and 3 μl DNA and 1.6 μl 5 μM antisense primer 
for the second reaction and add 2.4 μl water into each reaction 
to reach the fi nal volume of 7 μl. The following steps (the 
BigDye terminator cycle sequencing reactions, the purifi cation 
of the amplicons and the analysis of the amplicons on an auto-
mated capillary sequencer) are purchased as a full-service from 
another laboratory.   

   9.    A software package (e.g., Geneious, created by Biomatters and 
available from   www.geneious.com    , or Sequencher from Gene 
Codes Corporation, available from   www.genecodes.com     ) is 
needed for analysis of the sequence fi les. Check carefully the 
quality of the raw sequence data: the chromatograms should 
consist of clearly distinguishable sharp calls for each of the four 
bases. Remove several of the fi rst and the last base calls from 
the sequences; these are usually not of high quality enough. 
Assemble the sense and antisense sequences to a contig, check 
for and edit the ambiguous base calls sometimes seen between 
the two sequences, and, fi nally, save the sequence in a text for-
mat. Compare the sequence to the GenBank nucleotide data 
base with BLAST [ 6 ]. The enterovirus prototype sequence, 
which poses the highest nucleotide identity with the query 
sequence, determines the type of the enterovirus. This identity 
should be more than 75 % at the nucleotide level ( see   Note 19 ).    
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4        Notes 

     1.    Primarily, we use the wide-spectrum rhabdomyosarcoma, 
RD(A), cells and, if needed, increase the sensitivity of the assay 
with other cell lines such as HeLa, green monkey kidney 
(GMK), Vero, and/or CaCo-2. The ICAM-expressing HeLa 
cells are especially good for those species C enteroviruses that 
use ICAM-1 as their cellular receptor.   

   2.    The cells can be seeded, grown, and inoculated also in 6-, 12-, 
or 24-well plates, but be aware of the risk for cross- 
contamination when handling multiple specimens at the same 
time.   

   3.    The laboratories in the  WHO   Polio Laboratory Network use 
pooled horse antisera prepared at the National Institute of 
Public Health and the Environment (RIVM), Bilthoven, The 
Netherlands. This set of enterovirus typing antisera contains 
seven pools for the 20 most common echoviruses and Coxsackie 
virus A9, one pool for six Coxsackie B viruses and one trivalent 
pool for three poliovirus serotypes. Enterovirus typing pools 
are also commercially available. The compositions of antisera 
and thus the capability of typing the different enterovirus sero-
types may vary in different pools. In addition, antisera for sin-
gle enterovirus serotypes are available for example from the 
Swedish Institute for Infectious Disease Control (SMI).   

   4.    There are many other traditional and commercially available 
methods, which can be used for the extraction of viral RNA as 
well. Typically, the virus isolates obtained by propagation in 
cell cultures contain so large amount of viruses that the sensi-
tivity of the RNA extraction method is not a limiting factor in 
the assay.   

   5.    The QIAQuick (Qiagen)-kit is used for purifi cation of the RT- 
PCR products before sequencing. The corresponding meth-
ods are available from many manufacturers. We have good 
experience also on the PCR CheckIT gels from Elchrom 
Scientifi c.   

   6.    Any thermocycler with adjustable temperatures and incubation 
times can be used. Tubes, strips or 96-well plates should be 
compatible with the PCR machine. We use 96-well plates from 
Thermo-Fast and close the plates with foil seals from Abgene.   

   7.    Be careful not to take with the  chloroform   when pipetting the 
supernatant. The  chloroform   is toxic for the cells in the virus 
isolation step. If the supernatant is not clear after the centrifuga-
tion, repeat the  chloroform   treatment and the centrifugation.   

   8.    RD(A) cells support growth of most of the enteroviruses. The 
sensitivity of the  virus isolation assay   can be increased by using 
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simultaneously more cell lines. However, the cell preferences 
of different enterovirus species, types or strains cannot be 
guaranteed. According to our experience, Coxsackie B viruses 
multiply rapidly and effi ciently in HeLa cells, some but not all 
of the Coxsackie A viruses grow better in HeLa than in RD(A) 
cells, echoviruses grow well in RD(A) cells, but also in GMK 
and  Vero cells  , CaCo-2 cells support growth of many echovi-
ruses, and enterovirus 71 multiplies slowly but still induces vis-
ible CPE both in Vero and in RD(A) cells. The L20B cells are 
more specifi c for polioviruses and they are used in the clinical 
(acute fl accid  paralysis  , AFP) surveillance for polioviruses.   

   9.    Some enterovirus strains may need longer incubation times 
than 7 days for the full CPE. For example, enterovirus 71 pro-
duces CPE slowly in  Vero cells   and the CPE should be moni-
tored for up to 10 days. If the 75–100 % CPE is not achieved 
before the cells begin to degenerate due to their age, do the 
third passage in freshly seeded cells. Some enteroviruses do not 
infect/produce visible CPE in the laboratory cell lines. The 
clinical specimen may be positive in diagnostic enterovirus 
PCR while being negative in the virus isolation.   

   10.    You can fi nd an example for the working chart from the Polio 
Laboratory Manual [ 4 ].   

   11.    The titer of the unknown virus should be about 100 CCID 50 /
well. If the titer is lower, the negative result (no CPE) is not 
reliable. If the titer is higher, the amount of antisera may not 
be suffi cient for total neutralization (CPE appears).   

   12.    The trypsinization time depends on the cell line; for RD(A) 
the time is approximately 30 s.   

   13.    Sometimes the typing assay fails to identify the analyzed virus. 
The virus may be newly discovered or new and thus the specifi c 
antiserum for a given virus is not included in the antisera pools. 
Alternatively, the virus may have drifted antigenically and the 
sera fail to identify it. The virus isolate may contain a mixture 
of two or more enterovirus types, which interferes with the 
interpretation of the results. The virus may be in an aggregated 
form which prevents the neutralization by specifi c antisera; in 
this case the isolate can be retested after dissolving the aggre-
gates by the  chloroform   treatment.   

   14.    We use four separate laboratory rooms for the different phases 
of the procedure to avoid contamination. The virus RNA 
extraction is done in the biosafety level 2 laboratory; the 
reagents and mixtures for the RT-PCR are prepared in a clean 
pre-PCR laboratory, the RNA template is added in the third 
laboratory and, fi nally, the RT-PCR products are handled in the 
post-PCR laboratory. All laboratory safety cabins are cleaned 
thoroughly before and after work. The fi lter tips are used in all 
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pipets. The most obvious contaminants are infectious viruses, 
which readily spread via aerosol, and RT-PCR products, which 
contain a lot of DNA and can be spread for example by aerosol 
or contaminated gloves.   

   15.    We always include a negative control (nuclease-free water) in 
the extraction step. This control is analyzed in the RT-PCR 
and it should not give any visible amplicons on an agarose gel.   

   16.    Be careful when extracting and handling RNA, because RNA 
is readily degraded by RNases. Be sure that all the reagents and 
plastic ware are RNase-free.   

   17.    The electrophoresis buffer should rise about 0.5 cm above the 
gel. The buffer should be changed once a week. If the wells 
contain air bubbles, remove them for example with the pipet 
tip.   

   18.    If no enterovirus amplicons (size of approx. 340 base pairs) are 
seen, reproduce the RT-PCR with a second set of pan- 
enterovirus primers, 040, 011, and 012 [ 7 ]. The enterovirus 
amplicon obtained with these primers has a size of approx. 450 
base pairs.   

   19.    Because of the extensive genetic evolution some currently cir-
culating enterovirus strains of species C may have less than 
75 % nucleotide identities with the prototype strains [ 8 ]. In 
these cases, the typing can be based on the most closely match-
ing enterovirus isolate sequences in the GenBank. If the query 
sequence is not closely related to any of the GenBank sequences 
(nucleotide identities <75 % and amino acid identities <85 %), 
you may have succeeded in isolating a new enterovirus not 
characterized before. If you suspect a new enterovirus type, 
please contact the Picornavirus Study Group (  www.picor-
nastudygroup.com    ) for further instructions.         
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