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Reported are the results of a study of an enterovirus proficiency panel for use in isolation and serotyping and/or the
polymerase chain reaction (PCR) carried out by 12 laboratories in nine European countries. Eleven laboratories
reported results of virus isolation and serotyping. In addition, four laboratories reported results of a PCR for enterovirus
detection. Correct virus isolation results were obtained for 105 of 110 samples (95.5%, four false-negatives, one false-
positive), and correct PCR results for 39 of 40 (97.5%, one false-negative). The highest isolation rate (87.5%) was
observed in primary and tertiary monkey kidney cells; on monkey kidney cell lines, human diploid fibroblasts or human
heteroploid cells the isolation rate varied between 64% and 71.4%. Serotyping results were less satisfactory. Only 63
of 106 (59.4%) isolated viruses were typed correctly. Major problems were seen with samples containing mixtures of
enteroviruses and with enterovirus 71 or echovirus 4, with 9%, 50%, and 55% correct results, respectively. These
results underline the need for improvement of enterovirus typing, especially in view of the poliomyelitis eradication
initiative.

Voir page 221 le reÂ sumeÂ en francËais. En la paÂ gina 222 figura un resumen en espanÄ ol.

Introduction

Acute enterovirus infections are the most common

cause of aseptic meningitis. Early, rapid diagnosis is

important for adequate management of the patient

(1±3). Classically, isolation of the causative (entero)

virus from the cerebrospinal fluid (CSF) is the

diagnostic method of choice (2). However, virus

isolation is laborious, time-consuming, and lacks

sensitivity. Molecular amplification methods such as

the polymerase chain reaction (PCR) offer new

possibilities to improve laboratory diagnosis (4±7).

In the framework of amulticentre evaluation of

a PCR assay for diagnosis of enterovirus infection of

the central nervous system, we sent a proficiency

panel to 12 laboratories. We report on the results of

an external quality assessment of isolation and typing

of enteroviruses in 11 laboratories and of PCR in 4

laboratories.

Materials and methods

Participating centres. A letter was sent to all

participants of the European Union Concerted

Action (EU-CA) on Virus Meningitis and Encepha-

litis explaining the purpose of the external quality

assessment and including a request to report whether

the participant was willing to receive and examine the

proficiency panel.

Proficiency panel. The proficiency panel was

composed of 10 samples with one, two, or no

enteroviruses. Viruses were suspended in 1 mol/l

magnesium chloride solution and titres ranged

between 102 and 104.1 TCID50 per 0.1 ml. Either

prototype strains (polioviruses 1±3; coxsackievirus

A7; echoviruses 4, 6, and 30; enterovirus 71) or

strains isolated in the Netherlands (coxsackievirus

B3, echovirus 11) were used. Further details are given

in Table 1.
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Table 1: Characteristics of the enterovirus proficiency panel

Sample no. Virus Log10
(TCID50/0.1 ml)

Serotypea Strain

1 Ev71 Br-Cr 3.8

2 P1 LS-c,2ab 2.8

E30 Bastianni 4.1

3 CB3 T.v. Dee 2.7

4 CA7 AB IV USSR 3.9

5 E11 60-3590 3.8

6 Neg ± ±

7 Neg ± ±

8 P2 P712, Ch, 2ab 4.1

P3 Leon, 12a1b 2.0

9 E4 Pesasceck 3.8

10 E6 D'Amori 3.4

a CA = coxsackievirus A; CB = coxsackievirus B; Ev = enterovirus; E = echovirus; P = poliovirus.
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The panels were shipped by express mail on

20 February 1995. Most participants responded that

the panels were received in good condition within

1 or 2 days thereafter.

Cells and sera. Participants used cells and

serotyping antisera according to procedures currently

in use in their laboratory (Table 2). Antisera used for
serotyping were obtained from various sources and

included home-made (n = 2) and commercial (n = 2)

antisera, as well as antisera obtained from the Public

Health Laboratory Service (PHLS, Colindale, Eng-

land, n = 2), Statens Serum Institute (Copenhagen,

Denmark, LBM pools, n = 3) or the National

Institute of Public Health and the Environment

(RIVM, Bilthoven, Netherlands, n = 2).

Results

Response. Of the 18 laboratories participating in the

EU-CA, only one laboratory reported that it was

unable to examine the proficiency panel. Therefore
sampleswere shipped to 17 laboratories. Analysis was

carried out on results received up to 21 August 1995.

Results were obtained from a total of 12 laboratories.

Eleven laboratories carried out virus isolation and

serotyping, and four performed a PCR assay on the

complete panel.

Cells, methods, and reagents. Table 2 sum-

marizes the cells, methods, and reagents used by the

different participating laboratories for detection and

typing of enteroviruses in the proficiency panel. A

wide variety of cells was used. With one exception, all

laboratories used at least three types of cells. Monkey

kidney cells (primary, secondary, tertiary) or monkey

kidney cell lines were used in all laboratories. In

addition to these, many laboratories used human cell

lines, particularly RD cells (86) and various human

diploid fibroblast cell lines. One laboratory used La-9

cells, i.e. a mouse cell line into which the human

poliovirus receptor is expressed and that is suscep-

tible to polioviruses only and not to other human

enteroviruses (8, 9).

Serotyping was carried out by neutralization

with (pools of ) type-specific antisera, except in one

laboratory which used a complement-fixation test.

The origin of the (pools of ) neutralizing antisera

varied. Three laboratories used the LBM pools (10),

and two laboratories each used the serum pools from

PHLS, England, from RIVM, Netherlands (11),

commercially available (C) or home-made (H)

antisera. All laboratories that used the PCR method

had chosen PCR primers from the 5'-noncoding

region. Two laboratories used a nested PCR format,

one a single format, and one did not specify the type

of PCR. For detection of amplified viral RNA, all

reporting laboratories used gels stainedwith ethidium

bromide.

Virus isolation and serotyping. Virus isolation

was carried out on a total of 110 samples and a correct

result was obtained for 105 (95.5%, see Table 2 and

Table 3). A false-negative result occurred four times

and a false-positive once (adenovirus type 2). False-

negative results occurred only in laboratories that

used three or fewer cell types for virus isolation.

Three laboratories obtained a false-negative result for

sample 1 (enterovirus 71). The other false-negative

Table 2: Cells, methods and reagents used for examination of the enterovirus proficiency panel and
their results

Lab. Cellsa Typing method PCRc Results (no. correct/total)
no. (source of reagents)b

Isolation Typingd PCR

1 BGM, RD, HF, HEp-2 Neutralization (LBM) ± 10/10 5/10 ±
2 MRC-5, HA, Vero Neutralization (C) ± 10/10 2/10 ±
3 GMK, HA Neutralization (C ± 8/10 6/8 ±
6 MK, RD, Vero Neutralization (PHLS) ± 10/10 4/10 ±
8 ± ± RT-n PCR, 5'NCR, EtBr ± ± 9/10
9 GMK, RD, HF, HeLa Complement fixation (H) ± 10/10 8/10 ±

12 MK(2), HEp-2, G293 Neutralization (PHLS) ± 9/10 5/9 ±
13 MK(1), RD, HL Neutralization (LBM) NRe 9/10 5/9 10/10
14 RD, HEL, HeLa, Vero Neutralization (LBM) RT-n PCR, 5'NCR, EtBr 10/10 5/10 10/10
15 GMK, RD, HL, A549 Neutralization (H) ± 10/10 6/10 ±
16 GMK, RD, HeLa, A549, La-9 Neutralization (RIVM) ± 9/10 9/10 ±
17 MK(3), RD, HF Neutralization (RIVM) RT-PCR, 5'NCR, EtBr 10/10 8/10 10/10

a MK(n) = monkey kidney cells (no. of passages); HA = human amnion cells; HF = human diploid fibroblasts; La-9 = mouse L cells expressing the
human poliovirus receptor.
b C = commercially obtained antisera; H = home-made antisera.
c RT-(n) PCR = reverse transcription (nested) PCR; 5'NCR = 5'-noncoding region; EtBr = ethidium bromide detection on gel.
d Number of correctly typed/total number of strains.
e NR = not reported.

218 Bulletin of the World Health Organization, 1999, 77 (3)

Research



result was for sample 5 (coxsackievirus A7). It is

remarkable that the laboratory that used only two cell

types for (entero)virus isolation had two false-

negative results.

Serotyping was done on all virus isolation-

positive samples (Table 2 and Table 3). Major

difficulties occurred with samples 1, 2, and 8. Sample

1 contained enterovirus 71, which only four of the

eight laboratories serotyped correctly. Samples 2 and

8 contained mixtures of enteroviruses. Only one

laboratory (9%) correctly identified both viruses in

these samples. Most of the other laboratories

serotyped only one of the two viruses from these

mixtures correctly.

Of the possible total of 106 virus strains, only

63 (59.4%) were serotyped correctly (Table 2 and

Table 3). One laboratory correctly identified 9 out of

10 strains; two did so with 8 out of 10 strains. Among

these laboratories were the two that used the RIVM

antiserum pools. The three laboratories using the

LBM pools correctly serotyped half the strains. It

should be noted, however, that enterovirus 71

(sample 1) was not included in the LBM pool and

therefore could not have been typed correctly by

these laboratories. There was no consistent pattern in

the failure to serotype other strains correctly with the

LBM pool.

Susceptibility of cells.Awide range of primary,

diploid or heteroploid cells was used for virus

isolation. Eight laboratories provided complete data

on the cells on which viruses grew from the different

samples; three laboratories submitted partial infor-

mation.

A total of 30 data sets were available for

analysis. Cells were categorized into five groups:

primary and tertiary monkey kidney cells (n = 3),

monkey kidney cell lines (n = 7), human diploid

fibroblasts (n = 8), and human heteroploid cell lines

(n = 5) excluding RD cells which are shown as a

separate group (n = 7). The enterovirus isolation rate

of each sample is shown for each group in Table 4.

Overall, the primary and tertiary monkey kidney cells

were the most susceptible. The isolation rates of the

other groups of cells were considerably lower and

ranged from 64% to 71.4%. The highest isolation

rates per sample (90%) were for the two samples

(nos. 2 and 8) with two enteroviruses, and the lowest

in sample 1 containing enterovirus 71. The tertiary

monkey kidney cells were the only ones in which

virus was isolated from all virus-positive samples.

With few exceptions, the isolation pattern was

not consistent with regard to results per sample or per

cell type. Samples positive by isolation on a given cell

type in one laboratory were sometimes negative on

the same cell type in another laboratory and vice

versa. Consistent results were only obtained on

primary and tertiary monkey kidney cells in five

samples (nos. 3±5, 9, and 10), on monkey kidney cell

lines in three samples (nos. 2, 3, and 8), on human

diploid fibroblasts (n = 8) in two samples (nos. 1 and

10) of which sample 1 (enterovirus 71) was negative

on all cells with this group, and on human heteroploid

cells (n = 5) in three samples (nos. 2, 3, and 8).

PCR. Four laboratories used their home-made

reverse transcription PCR (RT-PCR) on all of the

samples of the proficiency panel. All negative

Table 3: Enterovirus proficiency panel: results of virus isolation and serotyping

Sample numbera Total correct

1 2 3 4 5 6 7 8 9 10 Isolation Typing

Lab. no. Ev 71 E30 + P1 CB3 CA7 E11 ± ± P2 + P3 E4 E6 (n = 10) (n = 10)

1 + E30 + CA7 E5 ± ± P2 E4 E6 10 5
2 + P1 CB3 + P1, 2, 3 ± ± + P2,3 P1, 2, 3 10 2
5 ± P1 CB3 ± E11 ± ± P2 E4 E6 8 6
6 + P3 CB3 CA7 E11 ± ± P2 + + 10 4
9 Ev 71 E30 CB3 CA7 E11 ± ± P3 E4 E6 10 8

12 ± P1 CB3 B6 E11 ± ± P2 + E6 9 5
13 ± E27 CB3 CA7 CB5 ± ± P3 E4 E6 9 5
14 + P1 CB3 CA7 E17 ± ± P2 + E6 10 5
15 Ev 71 E30 CB3 CA7 E11 ± ± CA16 E26, 32 E6 10 6
16 Ev 71 E30, P1 CB3 Ev 69 E11 ± Ad2 P2,3 E4 E6 9 9
17 Ev 71 E30 CB3 CA7 E11 ± ± P2 E4 E6 10 8

Total correct

Isolation 8 11 11 10 11 11 10 11 11 11 105

Typing 4 1 10 7 7 1 6 9 63

a CA = coxsackievirus A; CB = coxsackievirus B; E = echovirus; Ev = enterovirus; P = poliovirus; Ad = adenovirus; + = virus-isolation-positive; strain
not serotyped; ± = virus-isolation-negative.
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samples were identified correctly as negative. A false-

negative result was only obtained in one positive

sample (sample 4, laboratory 8) of the 40 examined.

Thus correct results were obtained in 39 of the 40

examinations (97.5%). Laboratory 1 used a nested

RT-PCR to confirm the presence or absence of

enterovirus in those samples from which they were

unable to isolate or type a virus. Their results were

correctly positive in samples 1 and 4 and negative in

samples 6 and 7.

Discussion

External quality assessment schemes using profi-

ciency panels are increasingly recognized as an

important part of the quality management of

diagnostic laboratories (12). Proficiency panels are

particularly useful to assess the quality of assays

which are difficult to standardize, for example,

because of the use of home-made reagents or the

large number of parameters that may interfere with

the procedure (12±15). Biological amplification of a

virus, such as in virus isolation in cell cultures, and

biochemical amplification of a viral genome such as

in the PCR assay, are examples of such assays. Several

recent studies have reported the problems in

implementing reliable PCR technology for diagnosis

of various virus infections (13,14). The use of

commercially available PCR assays may help to

improve reliability (16,17).

We sent out a panel of enteroviruses for virus

isolation and typing, and for detection by PCR to 17

laboratories participating in the EU-CA on Virus

Meningitis and Encephalitis. Results were obtained

from 12 laboratories (70%) in nine different

European countries. The presence (or absence) of

an enterovirus was correctly identified by virus

isolation in 95.5% of samples examined, and by

PCR in 97.5%. One laboratory failed to isolate an

enterovirus in two samples. This happened to be the

only laboratory that used two cell types for virus

isolation. These high correct isolation and detection

rates may not be very surprising since virus

concentrations in the various samples ranged

between 102 and 104.1 TCID50 per 0.1 ml. Three of

the four false-negative results concerned a sample

with enterovirus 71, confirming the previously

reported difficulties in isolating and typing this virus

(18±20).

No clear-cut pattern was apparent with regard

to the susceptibility of cells to the different viruses.

The primary and tertiary monkey kidney cells were

clearly the most sensitive cell types for isolation. The

tertiary monkey kidney cells were the only cells that

were positive with all enterovirus-positive samples.

In three cases one false-negative result was obtained:

primary monkey kidney cells (16), RD cells (26).

All other cells missed at least two of the enterovirus-

positive samples. Again, sample 1 (enterovirus 71)

was the most difficult, with only 13 positives out of

30 isolations.

Whereas the virus isolation or PCR detection

rates could be considered satisfactory, the typing was

not. None of the participating laboratories identified

all isolates correctly; one had a score of 90% correct

results and two of 80%. Only 63 out of 106 isolates

(59.4%) were typed correctly. Most of the difficulties

arose with samples 2 and 8, which containedmixtures

of enteroviruses, echovirus 30 and poliovirus type 1

(sample 2) and type 2 and type 3 (sample 8). Only one

laboratory was able to type these samples correctly,

probably because it is part of WHO's poliomyelitis

reference laboratory network and used the La-9 cell

line in which the human poliovirus receptor is

expressed and therefore is susceptible to polioviruses

only, and not to the other human enteroviruses (8, 9).

Table 4: Enterovirus isolation rate per group of cells

No. of enterovirus isolates/total number of isolationsa

Monkey kidney Monkey Human diploid Human RD cells Total
cells kidney cell lines fibroblasts heteroploid cells (n = 7)

Sample no. MK(1), MK(3) GMK, BGM, HA, HF, HL, HEL HEp-2, Hela, G293,
(n = 3) Vero (n = 7) MRC-5 (n = 8) A 549 (n = 5)

1 2/3 5/7 0/8 1/5 5/7 13/30
2 2/3 7/7 7/8 5/5 6/7 27/30
3 3/3 7/7 3/8 5/5 1/7 19/30
4 3/3 3/7 6/8 2/5 6/7 20/30
5 3/3 5/7 6/8 4/5 6/7 24/30
8 2/3 7/7 7/8 5/5 6/7 27/30
9 3/3 3/7 4/8 2/5 6/7 28/30

10 3/3 3/7 8/8 4/5 6/7 24/30

Total 21/24 (87.5%) 40/56 (71.4%) 41/64 (64.0%) 28/40 (70.0%) 40/56 (71.4%)

a MK(n) = monkey kidney cells (no. of passages); HA = human amnion cells, HF = human diploid fibroblasts, HL = human lung fibroblasts, HEL
= human fetal lung fibroblasts.
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Five laboratories (45%) did not detect the

poliovirus type 1 in sample 2, and one laboratory
missed both polioviruses in sample 8. This is reason
for some concern. In 1988 the World Health

Assembly adopted a resolution for global eradication
of poliomyelitis (21, 22). Laboratories have a crucial

role in this effort. Correct identification and typing of
polioviruses is of paramount importance. One may

argue that samples 2 and 8 were mixtures of
enteroviruses, which may be rather unusual. Mix-

tures, however, do occur, certainly in environmental
samples, and have even been reported in up to 48%

of clinical samples (23).
Considerable serotyping difficulties also oc-

curred with samples 1 (enterovirus 71) and 9

(echovirus 4). Only four of the eight laboratories
which isolated a virus from sample 1 reported it as

enterovirus 71; the four others reported that they
were unable to type the isolate. This is not surprising

since two of the latter set of laboratories used the
LBM pools which do not include sera for typing of

enterovirus 71 (10). Again, the failure to isolate and
serotype enterovirus 71 is of concern with regard to

poliomyelitis eradication. Enterovirus 71 is a well
known cause of acute flaccid paralysis (AFP),
resembling paralytic poliomyelitis (18, 19). Correct

isolation and serotyping of enterovirus 71 in patients
with AFP due to this virus is important to prevent

such patients from being erroneously classified as
probable poliomyelitis cases (19). Three laboratories

were not able to report a serotype of their isolate from
sample 9 (echovirus 4). The relatively poor perfor-

mance in typing enterovirus 71 and echovirus 4 may
also have been because both these viruses require

chloroform treatment for optimal serotyping (24).
A wide variety of antisera was used for

serotyping. Not more than three laboratories used

antisera from the same source. It is therefore very
difficult to draw firm conclusions about the quality of

these antisera, possibly with the exception of the
difficulties mentioned above. Differences were,

however, seen. Correct typing results with the
antisera from various sources were obtained as

follows: commercial (n = 2), 8 of 18; home-made
(n = 2), 14 of 20; LBM (n = 3), 15 of 30; PHLS

(n = 2), 9 of 19; and RIVM (n = 2), 17 of 20.
It is difficult to explain the other, more varied

incorrect typing results without additional detailed

information on the various typing sera and proce-
dures used. Some observations, however, can be

made. In our experience LBM pools may exhibit

anticell toxicity when used in a microtitration typing

system, making cells less susceptible to virus multi-

plication and leading to discrepant results. For

example, E11 (sample 5) is neutralized by pool E. If

the isolate from sample 5 is not only neutralized by

pool E but also Ð due to the anticell toxicity Ð

appears to be neutralized by pool A and G or by pool

C, it would be erroneously classified as E5 or CB5,

respectively; thismay have happened in laboratories 1

and 13, respectively, which both used the LBMpools.

Although serotyping may in general be of

limited importance for the management of individual

patients with an enterovirus infection, it is essential

for understanding the epidemiology of enterovirus

infections, for monitoring the emergence of new

types or possible changes in virulence, and for

facilitating early, rapid detection of circulating types

during the epidemic season (3, 25, 26). The use of

virus isolation, and thereby the possibility of

serotyping, might therefore be expected to decrease

in favour of the use of PCR for the diagnosis of

enterovirus infections. Particularly for patients with

asepticmeningitis, PCR appears to bemarkedlymore

sensitive than virus isolation, with 30±100% more

positives (4±7). However, this will cause additional

problems, since a molecular typing system does not

(yet) exist and will take a considerable effort to

develop (27). There is thus not only a need to

improve current serotyping but also to start devel-

oping new molecular typing methods if we want to

continue to obtain reliable information on the

epidemiology of enterovirus infection. n
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ReÂ sumeÂ

Recherche et typage des enteÂ rovirus : controÃ le externe de qualiteÂ
Les auteurs rendent compte de l'eÂ tude d'une seÂ rie

d'eÂ chantillons pour controÃ le de bonne exeÂ cution de

l'isolement, du seÂ rotypage ou de l'identification d'enteÂ ro-

virus par amplification geÂ nique (PCR), confieÂ e aÁ 12

laboratoires de 9 pays europeÂ ens. Onze d'entre eux ont

communiqueÂ les reÂ sultats de l'isolement et du seÂ roty-

page des enteÂ rovirus. Quatre ont en outre rendu compte

des reÂ sultats de la recherche du virus par amplification

geÂ nique au moyen de la PCR. En ce qui concerne

l'isolement du virus, les reÂ sultats ont eÂ teÂ corrects pour

105 eÂ chantillons sur 110 (95,5%; quatre faux neÂ gatifs et

un faux positif). Dans le cas de la PCR, les reÂ sultats ont
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eÂ teÂ corrects pour 39 eÂ chantillons sur 40 (97,5%; un faux
neÂ gatif). C'est avec des cellules primaires et tertiaires de
rein de singe que le taux d'isolement a eÂ teÂ le meilleur
(87,5%); sur ligneÂ es de rein de singe, fibroblastes
diploõÈdes humains ou cellules heÂ teÂ roploõÈdes humaines, le
taux se situait entre 64 et 71,4%. Les reÂ sultats du
seÂ rotypage n'ont pas eÂ teÂ aussi satisfaisants puisque
seulement 63 des 106 virus isoleÂ s (59,4%) ont eÂ teÂ typeÂ s
correctement.

C'est avec les eÂ chantillons contenant des meÂ -
langes d'enteÂ rovirus et avec l'enteÂ rovirus 71 et
l'eÂ chovirus 4 que l'on a eu le plus de difficulteÂ s, les
reÂ sultats eÂ tant corrects dans respectivement 9%, 50% et
55% des cas. Ces reÂ sultats montrent qu'il est neÂ cessaire
d'ameÂ liorer le typage des enteÂ rovirus, notamment dans
l'optique de l'initiative pour l'eÂ radication de la polio-
myeÂ lite.

Resumen

EvaluacioÂ n externa de la calidad de la deteccioÂ n y tipificacioÂ n de enterovirus
Se presentan los resultados de un estudio llevado a
cabo entre 12 laboratorios de nueve paõÂses europeos
con un muestrario de control para enterovirus disenÄ ado
con el objeto de evaluar los procesos de aislamiento y
serotipificacioÂ n y/o la reaccioÂ n en cadena de la
polimerasa (PCR). Once laboratorios notificaron los
resultados del aislamiento y serotipificacioÂ n de los
virus. AdemaÂ s, cuatro laboratorios notificaron los
resultados del empleo de una prueba de PCR para la
deteccioÂ n de enterovirus. En lo que respecta al
aislamiento, se obtuvieron resultados correctos para
105 de las 110 muestras (95,5%, cuatro falsos
negativos, un falso positivo), y en el caso de la PCR
se obtuvieron 39 resultados correctos de un total de
40 (97,5%, un falso negativo). La tasa de aislamiento

maÂ xima (87,5%) correspondioÂ a las ceÂ lulas renales de
mono primarias y terciarias; en lõÂneas de ceÂ lulas renales
de mono, fibroblastos diploides humanos o ceÂ lulas
heteroploides humanas la frecuencia de aislamiento
osciloÂ entre el 64% y el 71,4%. Los resultados de la
serotipificacion fueron menos satisfactorios. SoÂ lo 63 de
los 106 (59,4%) virus aislados fueron tipificados
correctamente. Se detectaron problemas importantes
en las muestras que contenõÂan mezclas de enterovirus,
asõÂ como con el enterovirus 71 y el ecovirus 4, con un
9%, 50% y 55% de resultados correctos, respectiva-
mente. Estos resultados subrayan la necesidad de
mejorar la tipificacioÂ n de los enterovirus, maÂ xime
teniendo en cuenta la iniciativa de erradicacioÂ n de la
poliomielitis.
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