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SUMMARY

Between 1980 and 1994 the virological laboratory of the Institute of Hygiene and
Epidemiology was responsible for the typing of enteroviruses, isolated by other, mainly
university, hospital laboratories. Altogether 3333 strains of entero non-polio (EnP) were typed.
The number and the most common types of EnP virus isolations varied from year to year.
Each year two to three predominant types determined the main character of the EnP

associated illness seen.

INTRODUCTION

Enteroviruses are a group of 65 different agents
causing illnesses that range from mild, non-specific
manifestations to syndromes as severe as aseptic
meningitis and permanent paralysis. A large propor-
tion of enterovirus infection is subclinical and does not
reach the attention of the physician. A single enterovirus
serotype may produce a variety of syndromes, and a
particular syndrome may be produced by a number of
different enteroviruses as well as by members of other
virus groups. For these reasons, clinical symptoms are
not a satisfactory basis for diagnosis [1], and isolation
and typing of viruses are important as an aid in the
diagnosis and therapy of these illnesses.

For 15 years the virological laboratory of the
‘Instituut voor Hygiéne en Epidemiologie’ of the
Ministry of Public Health in Belgium was a reference
centre for the typing of enteroviruses, isolated by
other, mainly university, laboratories. This report
presents the enterovirus-typing and clinical features.

MATERIALS AND METHODS
Viruses

Virus strains were isolated by several laboratories,
receiving samples from all over the country. Most

* Author for correspondence.

https://doi.org/10.1017/50950268897007656 Published online by Cambridge University Press

strains were isolated from faeces, but we also received
strains isolated from nasopharyngeal swabs, cerebro-
spinal fluids (CSF) and several other body fluids.

The following four cell types were used for
propagation of the virus strains: RD (human
rhabdomyosarcoma), MRC-5 (human diploid lung),
HEp-2 (human epidermoid larynx carcinoma) and
Vero (African green monkey kidney). All cultures
were examined daily. RD and HEp-2 cultures were
kept for 7 days after inoculation and, if no cytopathic
effect (CPE) occurred, they were freeze-thawed and
passaged on fresh cells. MRC-5 and Vero cells were
kept for 14 days after inoculation. When CPE was
90-100 %, the infected cells were harvested and kept
frozen (—20 °C) until typing.

Typing procedure

The isolates of enteroviruses were typed by semi-
micro seroneutralization using intersecting antiserum
pools. Two sets of these enterovirus typing antiserum
pools were used: (a) the Lim Benyesh-Melnick (LBM)
antiserum pools, supplied by the WHO Reference
Laboratory in Copenhagen; (b) the ‘Horse serum for
typing of Enteroviruses’ made by J. G. Kapsenberg at
the RIVM (Bilthoven, The Netherlands).

With these two sets of antiserum pools 18 types of
coxsackie A viruses [2], the 6 types of coxsackie B
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Table 1. Patients with entero non-polio virus (EnP) isolation (n=333) and
meningitis patients (n="790) by type of virus

EnP Meningitis

EnP Meningitis

Virus type n n % Virus type n n %
Coxsackie A2 12 1 Echo 1 24 1
Coxsackie A3 2 Echo 2 4 2
Coxsackie A4 23 1 Echo 3 108 5 4-6
Coxsackie A5 6 Echo 4 54 34 63-0
Coxsackie A6 9 Echo 5 72 21 292
Coxsackie A7 1 Echo 6 225 33 147
Coxsackie A8 6 Echo 7 175 32 183
Coxsackie A9 93 24 25-8 Echo 9 73 41 562
Coxsackie A10 19 Echo 11 282 56 199
Coxsackie Al1 6 Echo 12 7 1
Coxsackie A13 8 3 Echo 13 35 4
Coxsackie A14 5 Echo 14 64 4 63
Coxsackie A15 14 1 Echo 15 22 3
Coxsackie A16 43 1 2:3 Echo 16 15 3
Coxsackie A17 3 Echo 17 30 6
Coxsackie A18 3 Echo 18 51 8 157
Coxsackie A20 6 Echo 19 16 1
Coxsackie A21 9 1 Echo 20 103 28 272

Echo 21 71 13 183
Total 268 32 119 Echo 22 169 7 4-1

Echo 23 5

Echo 24 30 10
Coxsackie B 1 127 15 11-8 Echo 25 122 12 9-8
Coxsackie B 2 133 16 12-0 Echo 27 4 2
Coxsackie B 3 165 10 61 Echo 29 8
Coxsackie B 4 120 16 13-3 Echo 30 389 220 566
Coxsackie B 5 199 36 18-1 Echo 31 7 3
Coxsackie B 6 1 Echo 32 1

Echo 33 154 115 74-7
Total 745 93 12-5

Total 2320 665 287

viruses and 29 types of echovirus can be differentiated
[3], all of them growing in the cell cultures mentioned
above. Some typings were verified by neutralization
with monospecific antisera from the American Type
Culture Collection.

Patients with stated symptoms of meningitis and
the patients with EnP virus isolation from CSF were
considered as meningitis patients. Infections occurring
during the first 2 months of life were considered as
early infant infections.

RESULTS

Echoviruses represented 69:6% of EnP virus isola-
tions (Table 1), with, in decreasing order, echo 30,
echo 11, echo 6, echo 7 and echo 22 as the most
frequently isolated virus types. Coxsackie B viruses
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(mainly types 5 and 3) accounted for 22:4% of
isolations. Fight per cent of EnP virus isolations
belonged to the coxsackie A group (mainly types 9
and 16).

Fifteen of 53 EnP virus types identified using the
antiserum pools represented 76:9 % of all isolations
(between 554 and 92:4% each year) (Table 2).
Echovirus type 30 was the most frequently isolated
EnP virus during these 15 years, with peaks in 1980,
1988 and 1992. Coxsackie BS virus was isolated in
more than 10% of the EnP isolations every 3 years.
Echovirus type 22 had two peak years: 1990 and 1991.
Most striking, however, was the echovirus type 33
epidemic of 1982: it represented 57-6 % of the virus
isolations during that year. Each year 18-38 different
types of EnP virus were isolated (mean 29), with 2 or
3 predominant types determining the main character
of the EnP associated illness seen.
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Table 2. The 15 most common types of EnP viruses isolated in Belgium (1980—94). Percentage of total patients with

EnP virus by year

Echo 30
Echo 11
Echo 6
Coxsackie B5
Echo 7

Echo 22
Coxsackie B3
Echo 33
Coxsackie B2
Coxsackie Bl
Echo 25
Coxsackie B4
Echo 3

Echo 20
Coxsackie A

Total no. of EnP patients n 111
No. of meningitis patients

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Total
B87] 58 17 34 40 29 14 91313 55 09 48[41d 67 25 117
36 [129] 34 [149] 94 39 [136] 84 [13:0] 25 51 25 38 85
81 [14-8] 30 61 94 20 52 53 1.8 32 [117] 97 6-8
117 90 3:0 13 78 56 25 09 13 60
55 13 27 09 17 28 89 [167] 13 25 47 13 53

13 08 27 09 59 70 35 28 46 65 54 06 51

36 06 47 18 [122] 05 [154] 08 69 17 04 5-0
13 07 09 07 10 30 46

54 19 13 07 98 09 07 80 12 60 70 54 87 06 40
13 34 31 05 03 10-4] (194 04 34 38 38
27 04 47 13 93 80 07 15 64 23 43 04 13 37
45 32 30 14 09 39 47 28 23 74 14 74 18 &1 19 36
09 30 09 68 61 14 38 04 04 [10-1 32
19 0-4 10 73 34 09 26 31

27 26 17 47 18 15 47 07 25 25 74 09 32 70 28
82:0 74-8 814 601 554 732 681 706 84:5 755 829 774 884 832 924 769
155 236 148 224 205 213 286 400 326 216 230 277 149 157 3333

27 27 134 43 41 32 47 39 111 51 23 39 118 32 26 790

EI More than 20% of patients infected with this virus type.

[ Between 10 and 20% of patients infected with this virus type.

Year of meningitis epidemic.
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Fig. 1. Monthly distribution of entero non-polio virus (EnP)
isolations (%).

Coxsackie A viruses were present throughout the
year, showing small peaks in June and October (Fig.
1). Coxsackie B viruses peaked in June. Echoviruses
showed two peak periods: June—July and September—
October.

Coxsackie A and B viruses were isolated mainly
from children aged 1-4 years (A: 56:3% and B:
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Fig. 2. Distribution of patients with Coxsackie A virus
isolation according to age and sex. n =243. W, Male
(61:3%); [, female (387 %).

52:1 %) with a male:female ratio of about 2:1 (Figs.
2, 3). Echovirus were isolated mainly from children
under 1 year (Fig. 4).

Meningitis

Three meningitis epidemics were observed during
these 15 years of EnP typing: in 1982, 1988 and 1992
with 134, 111 and 118 cases (Table 2, Fig. 5). They all
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Fig. 3. Distribution of patients with Coxsackie B virus
isolation according to age and sex. n = 678. W, Male
(61-4%); [, female (386 %).
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Fig. 4. Distribution of patients with echovirus isolation
according to age and sex. n = 2116. W, Male (59-7%); [,
female (40-3 %).
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Fig. 5. Distribution of patients with meningitis and patients

with echovirus types 30 and 33 isolation per period of 4
months (1980-94).
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Fig. 6. Distribution of patients with EnP virus isolation,
without meningitis patients, according to age and sex. n =
2320. W, Male (59-4%); [, female (40:6 %).
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Fig. 7. Distribution of meningitis patients according to age
and sex. n = 717. B, Male (62:9%); [, (37-1%).

occurred during the sumer months (June and July).
The peak in 1982 was due to echovirus type 33, and
the peaks of 1988 and 1992 to echo 30 virus.

Certain echovirus types appear to be associated
more often with symptoms of meningitis (Table 1):
echo 9 (56-2 %), echo 30 (56:6 %), echo 4 (63-0 %) and
echo 33 virus (747 %).

The age and sex of patients with EnP virus isolation,
who did not have meningitis (n = 2543, 2320 with
data about age and sex), are shown in Figure 6. Most
(873 %) of the isolations occurred in children under
the age of 5 years. By contrast, in the group with
meningitis, there was a shift to the higher age groups
(Fig. 7). Two-thirds of all meningitis patients were
boys.
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Early infant infections

On average, 10-2% (between 6-8 and 12:9%) of the
EnP virus isolations were from this group. Echo 22,
coxsackie B1 and echo 25 viruses were the virus types
most frequently found.

DISCUSSION

Enteroviruses and adenoviruses are often present in
faeces of normal children under 5 years of age [4], so
that the results of routine laboratory investigations
have to be interpreted cautiously [5].

In the Northern hemisphere, infections of all EnP
virus types are least common during winter and spring
months. Incidence increases rapidly in summer,
although in the larger outbreaks reported cases
continued to occur in winter [5-8]. Our survey
confirms this pattern of incidence, but draws attention
to the difference between coxsackie A viruses, with
two peak months, June and October, coxsackie B
viruses with only one peak month, June, and
echoviruses, which were predominant from June until
October. The prevalence of EnP virus in surveys
conducted since 1967 (see Table 3) has shifted:
coxsackieviruses (A + B) are less common and echo-
viruses more common. This can partly be explained
by differences in the cell cultures used and the
diminishing use of new-born mice for isolation. The
introduction of RD cells however has increased the
isolation rates of coxsackie A and echoviruses
[8, 12, 13].

Studies in Glasgow [5] showed the cyclic recurrence
of eight virus types over 20 years of observation.
Although in any one year 25 or more different
echovirus types were isolated in the Regional Virus
Laboratory, some virus types showed a tendency to
recurrence at intervals of 4 years (e.g. echovirus 9) or
longer (echovirus 4, 30). In our survey different
patterns in the presence of virus types became evident ;
echo 30, echo 11, echo 6 (until 1992), coxsackie B3,
coxsackie B5 with outbreaks every 3 years; coxsackie
B2, coxsackie B4, coxsackie A9, were endemic and did
not cause outbreaks; echo 33, and echo 20 occurred
only in outbreaks.

Moore [7] found that most reported cases of
enteroviral disease in the US occurred in young
children: 56 % were under 10 years of age and 26 %
were under 1 year. Adults 20 years of age and older
accounted for 16-20% of all the patients with non-
polio enteroviral isolates. In our study children
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represented 91% of the total. Coxsackie A and B
infections were most frequent in the 1-4 age group
and echoviruses in the < 1 year age group.

Reported isolations of enteroviruses were con-
sistently more common from males than from females.
The reason remains unclear. We can confirm the
statement of Moore [7] that the predominance of male
patients is seen even among children under 1 year of
age, when social behaviour and handling by parents
are likely to be similar for males and females. There
were large differences in the age distribution of
different virus types.

During the 15 years of observation, comparable
epidemics of viral meningitis occurred in the sur-
rounding countries: in France in 1982 with echo 33
virus, which was demonstrated by virus isolations and
detection of specific ELISA IgM [14, 15], and in The
Netherlands in 1982 (with echovirus type 6 and 33)
and in 1988 with many proven echovirus type 30
infections [16].

Serious neonatal infection is associated with specific
echovirus serotypes (especially echovirus 11), male
seX, prematurity, and prepartum maternal illness. Our
study confirms the importance of echovirus in early
infancy [17]; 73-6 % of neonatal infections were related
to echoviruses and 22:6% to coxsackie B viruses.
Several types of echovirus are involved: type 4 in
febrile illnesses, type 9 in fatal or mild infections, type
11 in outbreaks of fever, meningitis, respiratory or
gastrointestinal illnesses [l,5]. Neonatal fatalities
caused by echoviruses have been reported, mainly
involving echovirus 11, but also the serotypes 6, 7, 12,
19, 21 and 31 [18]. Our results support the importance
of echo 11 virus, but also echo 22 virus and coxsackie
B1, in neonatal infections, followed by echo 6, echo 25
and coxsackie BS5.

During 15 years we have noted two outbreaks of
coxsackie B virus infection in a maternity unit [19], in
1988 (coxsackie B2 virus), and 1989 (coxsackie Bl
virus) and one outbreak of echovirus type 20 in 1994
(unpublished results). In each of the three outbreaks
the isolated virus types were the most prevalent
serotypes in the general population. During the
outbreak of 1994 echovirus type 20 was isolated from
different samples of six neonates, all of them males,
born in different towns (Gent (1), Brussels (1),
Antwerpen (4)). Two of them died. Our conclusion is
that when outbreaks of EnP viruses occur in the
general population, neonates are specially at risk.
Epidemiological data can therefore become important
in attempting to minimize the risk of neonatal
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Table 3. Distribution of the EnP virus isolations over the three groups (%) and enumeration of the most
frequently isolated types: comparison of data from different authors

Coxsackie A Coxsackie B Echo

Author Population Period n % Types % Types (%) Types
Assaad and Cockburn (6) Worldwide 1967-70 16,465 136 9,16 341 3,2 523 9,6, 30

WHO data
Grist et al. (5) Worldwide 1967-74 41,540 127 9,16 319 5,3 554 9,6, 11, 30

WHO data
Moore (7) USA 1970-79 18,152 89 9 267 5,2,4,3 644 9 11,4,6,7,3
Strikas (9) USA 1970-83 23,481 — 9 — 5,2,4,3 — 11,9, 30, 4, 6, 3
Grist and Reid (10) Worldwide 1975-83 58,912 98 9 254 4,23 648 —

WHO data
Weber (11) Canada 198088 — 9 — 5,4 — 7,9, 11, 22
Present data Belgium 1980-94 3,333 80 9,16 224 5,3 69-6 30,11,6,7, 22
infections, by following the guidelines for preventive REFERENCES

measures of enteroviral infections at delivery, as
described by Magnus [18].

The epidemiological features of type 22 echovirus
infections differed from most enterovirus infections
with regard to age and seasonal distribution, con-
tagiousness and relative lack of protection by
neutralizing antibodies. Most virus isolations were
made from children under 1 year of age (88:3%),
associated in neonates with respiratory (14:6%) and
diarrhoeal (562 %) illness. The seasonal distribution
also showed a difference from the other EnP viruses,
with the presence of the echo 22 virus during the
winter period (from August until March) and a
decline in the month of June. Our data confirm the
data of Ehrnst & Eriksson [20], which lend support to
the conclusion that echovirus 22 belongs to a separate
subgroup of picornaviruses.
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