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Ninety children, most under 6 years of age, 73 of whom were suffering
from a disease suspect of infectious mononucleosis, were examined serologi-
cally for EBV infection. Acute EBV infection was demonstrated in 40 cases.
These children were followed up until the end of the second year by exami-
ning serum samples taken every month to every third month for anti-
VCA-IgM, anti-VCA-IgG, anti-VCA-IgA, anti-EBNA, and for the specific
antibodies to the components D and R of the early antigen. Heterophil
antibodies were examined by agglutination of sheep and horse erythrocytes.
The temporal course of the antibody response was similar to those reported
in adults while anti-EA-D and heterophil antibodies were demonstrated less

frequently.

Primary Epstein—Barr virus (EBV)
infection in adolescents and adults
gives rise to the clinical picture of
infectious mononucleosis (IM) [6, 9],
but in children it is often symptom-
less, or atypical in course [1, 14].
This atypical course may explain why
only few EBV infections of children
have been analysed clinically [5, 7,
12, 13, 16, 18, 19] and why no serolo-
gical follow-up studies of acutely
infected children have been published.

Material and Methods

Ninety children were examined for
EBY infection serologically. Of these, 41
showed the typical clinical picture of IM,
32 appeared to be suspect of IM, and in 17

cases the EBV test was performed for some
other cause. A case was regarded as typical
IM if at least four of the five symptoms of
IM, viz. fever, pharyngeal changes, lyrnpha-
denopatliy, hepatomegaly and splenomega-
ly, were observed, ono or more of them in a
very pronounced form (fever lasting for a
week or longer; confluent tonsillitis; gener-
alized lymphadenopathy; hepato- or sple-
nomegaly exceeding 2 cm). The case was
suspect if the symptoms were mild, or few-
er than four symptoms were present.
Serological tests. Anti-EB-VCA IgG,
IgM and IgA antibodies were examined by
the indirect immunofluorescence (IF)
method. The marmoset cell line B96-8 [11]
was used as antigen. Anti-EBNA was de-
termined by the anti-complement IF
(ACIF) test, using an antigen prepared
from Raji cells [3]. The early EBV antigens
were induced with IUdR in Raji cells as
described by Simonovaet al. [17]. The IgG
preparations against components D and R
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of the early antigen (EA-D and EA-R)
were assessed by indirect IF. In the anti-
EA-D assay, methanol-treated preparations
were used, whereas a positive reaction
with acetone-treated cells parallel with a
negative methanol-treated preparation was
indicative of the presence of anti-EA-R
[17]. Heterophil antibodies were demons-
trated by the Paul—Bunnell—Davidsohn
(P—B—D) test and the MITEST slide
reaction, the latter being a horse-erythro-
cyte agglutination test.

A serological test was regarded as posi-
tive if its titre was 1:10 or higher. If,
however, anti-EBNA had been absent in
the acute phase, a subsequent positive
reaction even in the 1:2 serum dilution
was accepted as positive. The P—B—D
reaction was regarded as positive at a titre
of 1 :64 of more.

The 90 cases under study were divided
into four serological groups. Those positive
for anti-VCA-IgM were regarded as acute
EBY infections (40 cases), those positive
for anti-EBNA as old EBV infections (20
cases). If neither of these antibodies was
present while any other EBV antibody
could be demonstrated, the EBV infection
was designated as not old (14 cases). In the
EBV-negative group (16 cases) EBV-speci-
fic antibodies could not he demonstrated.

The children suffering from acute EBV
infection were followed up for 24 months
except those who did not present at the
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given time. In the first six-month period,
a serum sample was examined in every
month to every second month. Several
samples were not examined for anti-VCA-
IgA and/or anti-EA, due to technical diffi-
culties. From the 7th month on, only those
children were followed up by examining
a serum sample every second or third
month, whose last reaction pattern did not
agree with the pattern characteristic of an
old EBYV infection.

Results

In Table 1, the results of the first
virus-serological tests are compared
to the actual clinical symptoms.
Distribution by age is shown in
Table I1, and the frequencies of virus-
specific and heterophil antibodies in
acute EBV are shown in Table I1I.
Serological follow-up of the same cases
is shown in Table IV.

The following serological changes
were registered during the 24-month
observation period.

Anti-VCA-1gG. Each case remained
seropositive throughout the whole
period. The titre was /> 1:160 in 32

Tablei

Clinical picture of cases grouped according to the phase of EBV infection (90 children)

EBVinfection®

Clinical picture
acute notold
Typical IM 35 6
Suspect of IM 5 5
Not IM
Totals 40 14
1 Acute:
Not old:
Old:

. Totals
old EBV-negative
0 0 41
15 7 32
5 9 17
20 16 90

anti-VCA-IgM positive, anti-VCA-IgG positive, anti-EBNA negative
anti-VCA-IgM negative, anti-VCA-IgG positive, anti-EBNA negative
anti-VCA-IgM negative, anti-VCA-IgG positive, anti-EBNA positive
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Table ii

EBYV infectedness and age distribution of 72 children with clinically typical, or suspect of IM

EBV infection

Age EBV-nega- Altogether
acute notold old tive

10 23 months 0 4 5 3 12

2 years 6 4 3 0 13
3 5 years 17 3 3 4 27
6— 9years 10 0 4 0 14
12— 14 years 7 0 0 0 7
10 months — 14 years 40 11 15 7 73
E Explanation see footnote to Table |

Table iii

Demonstrability of EBV-specific and heterophil antibodies (HA) in acute EBV infection

(40 cases)

No. of children found positive/examined in age
Antibodies groups (Years) Totals

2 35 6—9 1214
anti-VCA-1gG 6/6 17/17 10/10 717 40/40
anti-VCA-IgM 6/6 17/17 10/10 717 40/40
anti-VCA-rgA* 2/4 8/16 6/8 5/6 21/34
anti-EA-D* 0/4 6/16 3/8 3/6 12/34
anti-EA-K (exclusively)* 1/4 1/16 0/8 0/6 2/34
anti-EBNA 0/6 0/17 0/10 0/7 0/40
HAP B—D 0/6 2/17 4/10 6/7 12/40
HA MITEST 1/6 9/17 7110 717 24140

*six cases have not been tested

cases in the first serum samples al-
ready. A four-fold rise in titre occurred
in 8 cases, usually after the acute
symptoms had disappeared. High
serum titres tended to decline 6
months after onset of the illness,
hut in 50% of the cases the titre did
not fall below 1:160 by the end of the
first year, and values less than 1:40

were never observed at the end of the
observation period.

Anti-VCA-IgM. In the first two-
week period a titre of 1:40 or higher
was measured in 32 cases. In further
8 cases, the titre was lower, 1:10 or
1:20. Sixteen to 45 days after the
appearance of the first symptoms, the
reaction was already negative. In 7
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Table iv
Course of serological response after EBY infection of children
No. of children found positive/examinec at indicated time (months) after onset ofillness
Antibodies 1 2 3 4 5 6 7—9*  10—12*  13—18*

anti-V CA-IgG 40/40 34/34 28/28  30/30  26/26 24/24 18/18 14/14 m
anti-VCA-IgM 40/40 6/34 0/28 0/30 0/26 0/24 nt. nt. nt.
anti-VCA-IgA 21/34 1/23 0/17 0/16 0/22 0/24 nt. nt. nt.
anti-EA-D 12/34 10/23 3/17 2/16 1/22 0/24 0/18 0/14 0/7
anti-EA-R

(exclusively) 2/34 7123 10/17 10/16 15/22 18/24 10/18 6/14 37
anti-EBNA 0/40 4/34 5/28 12/30 15/26 14/24 13/18 12/14 6/7
HAP -B—D 12/40 1/34 0/28 0/30 0/26 0/24 nt. nt. nt.
HA MITEST 24/40 17/34 3/28 3/30 2/26 2/24 1/18 1/14 0/7

* selected patients, distorted numerical data

lit. = not tested

cases, the first serum sample taken
after clinical recovery was still positive
while in 5 cases the serum became
negative in spite of the protracted
course.

Anti-VCA-1gA. Both the frequency
and the titres were lower than for
anti-VCA-IgM. The two curves ran
nearly parallel.

Anti-EA-D. In the acute stage,
35% of the cases showed titres of
1> 1:15. Anti-EA-D, however, was
demonstrated in no case under 3
years of age. In the second month
after onset of illness, four previously
negative children developed anti-EA-
D, i.e. 45% of the cases under study
were positive in this period. Subse-
guently, the frequency curve dropped
abruptly, but in one case anti-EA-D
was still present even in the 5th
month.

Anti-EA-R. Two children under six
years of age showed an antibody

response to component R but not to
component D. Later, when the major-
ity of the samples had become nega-
tive for anti-EA-D, more and more of
the patients developed an anti-EA-R
response. In months 5—7, positive
results were obtained in 60—70% of
the cases. From the 8th month on, this
antibody, too, tended to disappear,
and only a single serum sample was
positive 2 years after the end of the
acute phase.

Anti-EBNA. This antibody was
absent in every acute-phase serum
sample. In the second month, it appear-
ed with titres not exceeding 1:5.
Later, the titres increased up to 1:20
or even higher. The frequency of posi-
tive serum samples increased slowly,
reaching 50% in the 5th or 6th month
and 90% in the 10th month. In two ca-
ses even the 15-month sample was ne-
gative; in one, anti-EBNA appeared in
the 16th month while in the other the
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reaction remained negative through-
out the observation period.

Heterophil antibodies (HA). The
P—B —D reaction reached a titre
of  1:64 during the acute phase of
IM. The MITEST reaction, on the
other hand, often remained positive
during convalescence, in one case
until the 15th month.

Discussion

It is known that in children most of
the primary EBV infections manifest
themselves with a mild disease or
remain symptomless; typical IM oc-
curs rarely [1, 18].

According to the present observa-
tions, typical IM may be caused by
EBYV also in childhood. The probabil-
ity of an EBV aetiology is the higher
the older the child. In accordance
with observations reported from other
countries [2, 4], we have failed to find
acute infections showing the typical
clinical picture of IM under 2 years
of age. In children between 12 and
14 years, on the other hand, all of
our suspect patients proved to be
suffering from acute EBV infection.

The immune response to EBV seems
to be age-dependent. Besides the pres-
ence of anti-VCA-IgM, anti-VCA-IgG
and anti-VCA-IgA and the absence
of anti-EBNA, the appearance of
anti-EA-D is thought to be character-
istic of an acute EBV infection [10].
We have, however, failed to find even
a single anti-EA-D-positive patient
among those of the 2 to 3 year age
group, whereas the result was positive
for 50% of the adolescent patients.

Fleischer et al [4] called attention
to their experience suggesting that
under two years of age instead of
anti-EA-D, the presence of anti-EA-R
was characteristic of acute EBV in-
fections; older children have not been
examined in this respect. According
to our experience, not only the anti-
EA-D response, but also theanti-VCA-
IgA response seems to be to some ex-
tent age-dependent, although the
number of our cases prevents us from
drawing conclusions. The P—B—D
test for heterophil antibodies was
consistently negative under 3 years
of age, and it was rarely positive
between 3 and 6 years. Similar obser-
vations were published by Schmitz et
al [16].

MITEST, aslide test based on horse
erythrocyte agglutination, proved to
be more sensitive than the P—B —D
reaction, though the frequency of the
positive MITEST reaction was diagnos-
tically utilizable only above 6 years.
In an earlier study [5], the incidence
of heterophil antibody responses in
children with IM was studied compar-
atively by using various reactions.
Most of the patients were more than
6 years old. With the rapid slide
test, positive results were obtained in
79%.

According to the present results,
the course of the specific anti-EBV
response in children resembles those
reported in adults [10]. The anti-VCA-
IgG reaction was positive in all of our
patients even two years after recovery
from acute IM. The presence of anti-
VCA-IgM is characteristic of the acute
phase of IM. A negative result of this
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test does not, however, exclude an
EBV infection contracted 2 to 3 weeks
earlier and being still active. The pre-
sence of anti-EA-D is of short dura-
tion. In our experience, it is present
most frequently, in the present study
in 45% of the children, near the end
of the acute phase. The anti-EA-R
antibody appeared later, mostly in
the 5th to 7th month after onset of the
illness, in about 230of our patients.

The presence of anti-EBNA exclud-
es a recent EBV infection. The fact
that anti-EBNA had not appeared
by the end of the second year after
recovery suggests that if anti-EBNA
is absent in the presence of anti-VCA-
-1gG, the time of infection may vary
between broad limits.

A positive P—B —D reaction for
heterophil antibodies is suggestive of
an acute EBV infection. The MITEST
reaction should be evaluated cau-
tiously because it may occasionally re-
main positive for months. Similar
experiences have been published for
other methods based on horse eythro-
cyte agglutination [1].
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