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An immunoperoxidase assay for the detection of
specific IgA antibody in Epstein-Barr virus infections
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SUMMARY A technique using indirect immunoperoxidase antibody was developed for the detec-
tion of specific serum IgA antibody to Epstein-Barr virus capsid antigen and early antigen. The
IgA technique was compared with an immunofluorescence antibody method. Epstein-Barr virus
IgA antibody against viral capsid antigen was detected in all nine patients with Epstein-Barr virus
associated undifferentiated nasopharyngeal carcinoma, in 13 (72.2%) of 18 patients with infec-
tious mononucleosis, in 21 (28 3%) of 74 patients with acute lymphoblastic leukaemia, and in six
(20%) of 30 patients who had recently had kidney transplants. Epstein-Barr virus IgA antibody
against viral capsid antigen was also detected in four (10%) of 40 healthy subjects, but it was not
found in any of 20 cord blood samples. Epstein-Barr virus IgA antibody to early antigen was
detected in six (66 6%) patients with nasopharyngeal carcinoma and in two (2- 7%) patients with
acute lymphoblastic leukaemia. The immunoperoxidase assay for Epstein-Barr virus specific IgA
was simple, reliable, and rapid and cor-related well (r = 0.94) with the immunofluorescence
antibody technique.

The Epstein-Barr virus, which is the cause of infec-
tious mononucleosis' and possibly of
nasopharyngeal carcinoma and Birkitt's lymphoma,2
is one of the commonest infectious agents in man, as
suggested by many serological studies. In infancy
and childhood, however, Epstein-Barr virus infec-
tions are usually subclinical.
The immunofluorescence assay, which determines

titres of antibody to several virus specific antigens
and their immunoglobulin class, is the most widely
used technique for the specific diagnosis of
Epstein-Barr virus infections.3 Recently, other
methods such as enzyme immunoassay,4 and
immune adherence haemagglutination techniques5
have been developed, aiming to replace
immunofluorescence. However, a considerable
degree of purity of test antigens is required to avoid
interaction of non-specific antibodies and to dif-
ferentiate between the various Epstein-Barr virus
specific antigens. The immunoperoxidase technique
has proved to be a useful alternative to
immunofluorescence for detecting specific
Epstein-Barr virus IgG.6

In the present study a simple immunoperoxidase
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assay was developed for the detection of specific
Epstein-Barr virus IgA to viral capsid antigen and
early antigen. The immunoperoxidase technique for
specific Epstein-Barr virus IgA was compared with
the immunofluorescence technique with respect to
its sensitivity and specificity.

Material and methods

PATIENTS AND SERA
Nine sera from patients with anaplastic
nasopharyngeal carcinoma were studied. Six sera
were kindly supplied by Professor I Sarov, Beer
She-va, Israel, and three sera were from patients
recently diagnosed at S Orsola Hospital, Bologna.

Eighteen patients with infectious mononucleosis
were also studied. The diagnosis was based on the
clinical picture, heterophile antibody test, and
Epstein-Barr virus serological profile. Serum sam-
ples for IgA detection were taken in the second
week of illness from all patients. Further serum
samples were obtained from nine patients six weeks
after the onset of illness.

Seventy four children (age 3-12 years) with acute
lymphoblastic leukaemia and 30 patients who had
recently had kidney transplants7 were also studied.
Twenty healthy children (age 3-12 years), 20
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healthy adults, and 20 cord blood samples were

studied for control purposes.

DETECTION OF ANTIBODY TO EPSTEIN-BARR
VIRUS
Immunofluorescence
Class specific IgG and IgM to Epstein-Barr virus
viral capsid antigen were detected by an indirect
immunofluorescence test as described by Edwards
and McSwiggan8 using P3HR,-K cells (a clone of the
P3J line). Sera positive for IgM to Epstein-Barr virus
viral capsid antigen were tested for rheumatoid fac-
tor using the Rheuma Wellco test (Wellcome
Research Laboratories, Beckenham, England).
Antibodies to Epstein-Barr virus early antigen (dif-
fuse component) were detected using Epstein-Barr
virus superinfected Raji cells fixed in methanol.
Fluorescein conjugated antibodies to human IgG or
IgM (Dako, Copenhagen, Denmark) at a dilution of
1/40 or 1/10 respectively were used. We have
described these procedures previously.9
The assay for IgA antibodies to Epstein-Barr

virus viral capsid antigen and early antigen was simi-
lar to the IgG antibody test, but the conjugate used
was rabbit antihuman IgA (Dako) at a dilution of
1/10.

Immunoperoxidase assay

Stored slides were thawed, washed in phosphate
buffered saline, and covered with test serum or con-
trol serum. After incubation at 37°C for 30 min fol-
lowed by 15 min in PBS, the slides were incubated
for 30 min with antihuman IgA or IgG peroxidase
conjugate (Dako, Copenhagen, Denmark) diluted
1/10 or 1/40 respectively. The slides were then
washed and the enzymatic activity was measured
using a modification of the method of Graham and
Karnowsky.""'
The freshly prepared substrate solution was made

of 4 mg benzidine (Fluka AG, Buchs, Switzerland)
dissolved in 0-5 ml acetone, 9-5 ml PBS, and 10 ,ul
hydrogen peroxide from 33% stock solution. The
substrate was added for 5 min at room temperature,
and this was followed by washing with PBS.

Results

Endogenous peroxidase activity did not interfere
with the test, and it was therefore not necessary to
destroy any endogenous peroxidase before perform-
ing the immunoperoxidase assay. About 5% of
P3HR,-K cells and 5-10% of superinfected Raji
cells produced the typical cell staining given by the
peroxidase reaction when they were incubated with
sera containing IgA antibody to viral capsid antigen
or early antigen. The staining intensity changed
from a dark blue to pale brown. Crystals were often
present at the cell surface.
The Table shows th-e percentages and the

geometric mean titres of IgG and IgA antibody to
viral capsid antigen and early antigen (diffuse com-

ponent) detected by the immunoperoxidase assay in
patients grouped according to disease. As expected,
patients with nasopharyngeal carcinoma showed the
highest mean titres of IgA and IgG antibodies to
viral capsid antigen. IgA antibody to viral capsid
antigen was found in 13 patients with infectious
mononucleosis (72.2%). Six weeks after the onset of
symptoms four (44-4%) of nine patients with infec-
tious mononucleosis from whom a further serum
sample was obtained were still viral capsid antigen
IgA positive at titres >8. Six (20%) of 30 kidney
transplant patients had IgA to viral capsid antigen as
well as 21 (28.3%) of 74 patients with acute lym-
phoblastic leukaemia. IgA antibody to early antigen
was found in six (66.6%) patients with
nasopharyngeal carcinoma and in two (2-7%)
patients with acute lymphoblastic leukaemia.

Epstein-Barr virus IgA antibody specific to viral
capsid antigen was found in one (5%) serum sample
from 20 healthy adults and in three (15%) of 20
serum samples from healthy children; in these chil-
dren the viral capsid antigen IgA titre was 16 and
the viral capsid antigen IgG titres were 512, 1024,
and 1024. All three children were negative for viral
capsid antigen IgM but positive for IgG to early
antigen, with titres ranging between 16 and 64.
Epstein-Barr virus IgA antibody specific to viral
capsid antigen was not found in any of 20 cord blood

Incidence and geometric mean titres (GMT) ofIgG and IgA antibody to Epstein-Barr virus capsid antigen and early antigen
in different groups ofpatients detected by the immunoperoxidase technique

Patients No Antibody to viral capsid antigen Antibody to early antigen
tested

IgG IgA IgG IgA

No positive GMT No positive GMT No positive GMT No positive GMT
(%) (%) (%) (%)

Nasopharyngeal carcinoma 9 9 (100) 1445-4 9 (100) 57-5 7 (77.8) 223-8 6 (66.6) 44-7
Infectious mononucleosis 18 18 (100) 288-4 13 (72.2) 15-8 14 (77.7) 41-7 0 (-)
Kidney transplant 30 30(100) 102-3 6(20.0) 11-7 14 (46-6) 174 0(-)
Acute lymphoblastic leukaemia 74 63 (85-1) 77-6 21 (28 3) 13-7 28 (37-8) 42-6 2 (2-7) 22-3
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Correlation between antibody titres obtained in patients
whose sera were positive for specific IgA antbody to
Epstein-Barr virus capsid antigen (a) and early antigen ( o)
by the immunoperoxidase and immunofiuorescence
techniques (n = 57; y = 0-92 x + 0-08; r = 0-94).

samples randomly collected at delivery.
The immunoperoxidase and immunofluorescence

titres of the positive sera from patients tested for
Epstein-Barr virus specific IgA antibody to viral
capsid antigen and early antigen are compared in the
Figure.

Discussion

The presence of Epstein-Barr virus specific IgA
antibody in serum is a characteristic feature of
nasopharyngeal carcinoma. 12 13 Epstein-Barr virus
specific serum IgA has also been reported with vary-
ing frequency in patients with infectious mononuc-
leosis.'4-16 In our study Epstein-Barr virus specific
IgA antibody as well as IgG antibody to viral capsid
antigen were present in all patients with
nasopharyngeal carcinoma, who had the highest
mean titres: 57-5 and 1445-4 for IgA and IgG
respectively.
IgA antibody to viral capsid antigen (mean titre =

15-8) was also found in 13 (72.2%) of 18 patients
with infectious mononucleosis during the second
week after the onset of symptoms. Four (44.4%) of
nine patients from whom a further serum sample
was collected were still viral capsid antigen IgA posi-
tive six weeks after the onset of symptoms.
Twenty per cent of kidney transplant patients and

28-3% of patients with acute lymphoblastic
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leukaemia were also positive for viral capsid antigen
IgA, with geometric mean titres of 11-7 and 13.7
respectively. It has already been established that
transplant patients'" as well as patients with neoplas-
tic diseases, including leukaemia,'8 often reactivate
Epstein-Barr virus. The patients with acute lym-
phoblastic leukaemia and the kidney transplant
patients whom we studied did not have a primary
Epstein-Barr virus infection, but probably had a
reactivation of an endogenous virus or an exogenous
reinfection. In fact, the patients with acute lympho-
blastic leukaemia and the kidney transplant patients
who were positive for IgA to viral capsid antigen
were also early antigen IgG and viral capsid antigen
IgG positive. On the other hand they did not have
viral capsid antigen IgM or heterophile antibody in
their serum (unpublished data). This means that an
endogenous reactivated Epstein-Barr virus or an
exogenous reinfection or both, in cases other than
nasopharyngeal carcinoma, may stimulate the pro-
duction of IgA antibody to viral capsid antigen.
Among healthy Epstein-Barr virus seropositive
children, 15% had IgA antibody to viral capsid anti-
gen in association with IgG to early antigen. The
presence of IgA to viral capsid antigen may reflect,
in these cases, a reactivated Epstein-Barr virus
infection, since the children were viral capsid anti-
gen IgM negative. IgA antibody to early antigen was
detected in 66-6% of patients with nasopharyngeal
carcinoma, in agreement with data previously
reported by others'9 using immunofluorescence, and
in only two (2 7%) patients with acute lymphoblas-
tic leukaemia.
The results obtained in this study using the

immunoperoxidase technique confirm that the
detection of IgA antibody to viral capsid antigen
may be used as a test in the serology of infectious
mononucleosis, since 72-86% of the patients with
the disease have IgA to viral capsid antigen. In addi-
tion, IgA antibody to viral capsid antigen may be, to
some extent, a marker of an active Epstein-Barr
virus infection, either primary (that is, infectious
mononucleosis) or reactivated, as seen in patients
with acute lymphoblastic leukaemia and in kidney
transplant patients.
The immunoperoxidase assay technique for

Epstein-Barr virus IgA antibody to viral capsid anti-
gen and early antigen was simple and rapid to per-
form, and correlated well with the immunofluores-
cence assay (r = 0 94). Antigen can be stored frozen
for long periods, which makes it easily available for
diagnostic laboratories. Some advantages of the
immunoperoxidase technique over immunofluores-
cence are that permanent slides are produced and
expensive fluorescence microscopes are not
required.
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