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The variability in immunofluorescent viral
capsid antigen antibody tests in population surveys
of Epstein-Barr virus infections*
A. GESER,1 N. E. DAY,5 G. B. de-THt,2 B. K. CHEW,6 R. J. FREUND,3 H. C. KWAN,7
M. F. LAVOUE,4 D. SIMKOVIC,8 & R. SOHIER 9

A comparative study of the extent of Epstein-Barr virus (EBV) infections in
populations that differ with respect to the incidence of tumours associated with this virus is
now in progress in different countries. In these surveys of antibody titres from the various
study populations, it is of critical importance that strict comparability be maintained.
Despite standardization of techniques and reagents in the cooperating laboratories,
considerable variation in the results has remained. The components of the total variability in
the results of the immunofluorescence test for estimating the antibody titres against viral
capsid antigens ( VCA) of the EBV have been investigated. With repeated tests on the same
sera, four sources of variation were measured: the reading of the slides, the performance of
the tests, the use of various batches of the same cell line as antigen, and the use of different
cell lines. The greatest variations were due to the use ofdifferent cell lines and to differences
in performing the test; the reading of the slides caused only minor variations. Both the
systematic and unsystematic variations were measured. The systematic variation was great
in tests between laboratories and when different cell lines were used as antigens. Most of the
systematic variation resulting from the use of different cell batches from the same cell line
could be accountedfor by the differing proportions of brilliant fluorescent cells. Adjustments
are possible to correct the systematic variation whenever this has been measured, but not the
unsystematic " residual" variability, which presents the real obstacle to the comparison of
results obtained in different laboratories or by different observers. To attain full
comparability of VCA antibody tests the sera from the different surveys should all be tested
in the same laboratory.

The herpesvirus-type Epstein-Barr virus (EBV)
has been associated with two human tumours:
Burkitt's lymphoma (BL) (5, 10, 14) and naso-
pharyngeal carcinoma (NPC) (2, 12). Whether EBV
plays an essential role in the etiology of either of
these tumours has still not been established. How-
ever, the strikingly different incidence of these tu-
mours reported in various populations (1, 13) suggests
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that, if EBV were involved in their etiology, this rela-
tionship might be reflected in the epidemiological
behaviour of the virus in such populations (3, 4). To
examine this possibility and to determine the age-
specific incidence and prevalence of EBV infection,
seroepidemiological surveys were initiated in popula-
tions with differing incidences of BL and NPC (i.e. in
Uganda, Singapore (Chinese and Indians), Hong
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Kong, and France). These studies, carried out by
local scientists in cooperation with the International
Agency for Research on Cancer and the National
Cancer Institute, USA, are still in progress.
During the execution of the surveys, the difficulty

of comparing viral capsid antigen (VCA) antibody
tests performed in different laboratories became
increasingly apparent. Even when concerted efforts
were made to standardize the procedures, consider-
able differences remained. The present paper reports
the results of the experiments that were carried out in
the serologic surveys to assess the consistency of the
VCA antibody tests. The results per se of the surveys
will be the subject of subsequent publications.

OBJECTIVES AND METHODOLOGY

The purpose of the comparative tests reported here
was to investigate the variability of the VCA test as
carried out in the laboratories that participated in the
cooperative EBV studies. The specific aims were:
firstly, to identify the factors that contributed most
to the variability; and secondly, to quantify the
degree of variation resulting from each factor and
hence determine the conditions for minimizing this
variation.

Sources of variation investigated
There are two main types of variation: systematic

and unsystematic. The systematic error refers to the
average difference between the results when the same
set of sera is tested under different conditions or by
different persons. The values in this paper for the
systematic variation indicate the lack of comparabil-
ity and the possible bias that would prevail if this
source of error had not been investigated. However,
given that the systematic variation is measured and
hence can be adjusted for, the more fundamental
question is that of how much extra unsystematic
variation is introduced by altering the various factors
involved in the test.
The unsystematic error (otherwise known as the

residual, random, or unexplained variation) is the
component of the lack of repeatability that cannot be
accounted for and corrected for by known factors. It
represents spread in both directions about the true
value, and has no effect on the mean values. The
more it increases, the more will true differences
between the groups be obscured. As the factors
affecting the test results are varied, the unsystematic
error tends to increase. For example, as will be seen
in a later section, if the same set of sera is tested on

two different cell lines, there is less correspondence
between the results than when only one cell line is
used, even after allowing for an average difference in
titre between the results on the two cell lines.
One of the main aims of the present paper is to

identify the factors that have the greatest influence
on this unsystematic error. The number of factors
whose contribution to the variability can be assessed
depends on the magnitude of the experiments per-
formed. We have investigated four factors; all other
component elements of the overall variation are
grouped together as the residual variation.
The four sources of variation investigated were as

follows. (a) In reading the slides, there is unsystem-
atic variation within one observer's repeated reading
of the same slide (within-observer variation), and
both systematic and unsystematic variation between
observers (between-observer variation). However,
genuinely independent re-readings of the same slides
by the same observer appeared difficult to achieve
and for this reason the within-observer unsystematic
variation was not considered. (b) In performing the
test, both within-observer (unsystematic) and be-
tween-observer (systematic and unsystematic) varia-
tions were investigated. (c) The use of different
batches of the same cell line introduced both unsyste-
matic and systematic variations. Both were quanti-
fied, and an attempt was made to relate the system-
atic variation between batches of cells from the same
cell line to the proportion of fluorescent cells in each
batch. (d) The use of different cell lines was also
investigated. Although Jijoye cells were mostly used
as the antigen in the present EBV work, some
experiments were also performed to compare an
NPC-derived line (HK-LY28) with the Jijoye line.
Both the systematic and the unsystematic variations
originating from the use of different cell lines were
measured.

Design of experiments

Only a limited quantity of serum could be ob-
tained from an individual at any one time and this
limit was lower for healthy volunteers, as in seroepi-
demiological surveys, than for persons seeking medi-
cal treatment. For this reason, one comprehensive
multi-factorial experiment, which would have
required huge quantities of serum for each examinee
was not attempted, but rather a series of smaller
experiments, in each of which several different
factors were kept constant. The designs of the
experiments performed are given in Table 1. All tests
were performed " blindly " with coded sera.
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Table 1. Experiments performed in comparative VCA tests giving the experimental design, the source of variation
measured, and the number of tests performed

Experiment ~~~~~~~~No.ofExperiment Design of experiments observa- Source of variation investigated Factors held constant
No. ~~~~~~~~~~~tions

1 slides from 10 sera independ- 40 reading of fluorescent slides cell line; cell line batch; per-
ently read by each of 4 obser- forming the test; the same criteria
vers used for defining positive slides

2 12 sera divided into 40 aliquots; 480 within and between-observer cell line; cell line batch; standar-
5 aliquots of each serum tested variation in performing the test dized protocol used for perform-
by 8 technicians ing the test

3a 12 sera divided into 5 aliquots; 60 a) between-cell batch variation cell line; all tests performed and
one aliquot of each serum tested of cells from the same cell line read by the same technician
on each of 5 batches of Jijoye (0.6-2.7 % fluorescent cells)
cells

3b 20 sera tested on each of 4 bat- 80 b) between-cell batch variation
ches of Jijoye cells (1.7-2.2 % fluorescent cells)

3c 20 sera tested on each of 6 bat- 120 c) between-cell batch variation
ches of Jijoye cells (2.9-6.0 % fluorescent cells)

4 30 sera tested in each of 5 labora- 150 between-laboratory variation; cell line; protocol of test
tories following the same test between-cell batch variation
protocol; each laboratory used
its own batch of Jijoye cells

5 20 sera tested in each of 11 lab- 220 total variation when no factors none
oratories are held constant

6 20 sera tested on both Jijoye and 80 between-cell line and between- protocol of test
HK-LY28 cells in 2 laboratories laboratory variation
with the standardized protocol

7 85 NPC sera, 53 other tumour 394 differential variation between cell the same technician performed
sera, and 69 ' normal ' sera tested lines depending on source of sera all the tests
on both Jijoye and HK-LY28 used
cells in one laboratory by one
technician

MATERIALS AND TECHNIQUES

Standardization of the VCA immunofluorescence test

The indirect immunofluorescence technique, as

described by Henle (9) in 1966, was used with some

modification in all the EBV VCA antibody determi-
nations described in the present study. In an attempt
to achieve consistency in the VCA tests in the four
participating laboratories, detailed instructions to-
gether with standardized reagents were provided to
these laboratories. In addition, uniform equipment
including the same type of fluorescence microscope
was used.

Source ofantigen. The Jijoye cell line is a lympho-
blastoid line (Jijoye) derived from a case of Burkitt's
lymphoma and it was used throughout. The cell line
was maintained in tissue culture medium RPMI

1640. To prepare the cells for the VCA test, iOe cells
per ml were put in the arginine-deficient RPMI
1640 medium and incubated at 33°C for 4 days
before the preparation of the smears.

Antigen preparation. The cell smears were made
with the above described Jijoye cells, which were air-
dried for 3 min without heat. The smears were then
fixed with cold acetone (2-4°C) for 10 min. The fixed
cover slips were stored in air-tight sealed boxes at
-20°C for a period up to 4 weeks. Before titration of
the sera, the smears were tested with a known
positive serum to establish the proportion of immu-
nofluorescent cells.

Dilution and testing of sera
The sera were diluted with an autopipette making

two-fold dilutions starting at 1: 10 and usually going
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up to 2 560. Three types of control sera were used
systematically. One was serum from a patient with
NPC with a high VCA titre, the second was a normal
person's serum with a low VCA titre, and the third
was a normal serum from a normal individual with
no detectable antibody against EBV VCA. These
three control sera were usually used at a dilution of
1: 10.
Performing the test. 0.1 ml of each serum dilution

to be tested was added to each cover slip with the
autopipettes. The cover slips were incubated at 37°C
for 45 min in a moist chamber. After two careful
washings with phosphate buffered saline (PBS) for
10 min, 0.1 ml of 1: 40 diluted fluorescent labelled
anti-human conjugate was added to each cover slip
with the autopipettes. After incubation at room
temperature (20-22°C) for 30 min in a moist cham-
ber, the cover slips were washed twice with PBS for
10 min and dried. Then a drop of mounting medium
was added to the cover slip and an inverted broken
cover slip was placed on the preparation. The
mounting medium was 1 volume of PBS mixed with
9 volumes of glycerol kept at a temperature of
2-4°C; this medium had a pH of 7.6-7.8.

Goat anti-human IgG fluorescein-isothiocyanate
conjugated serum. The conjugate used throughout
was obtained from the National Cancer Institute
(special virus cancer programme) and was made by
Hyland Laboratories in a lyophilized form. All the
collaborating laboratories were provided with the
lyophilized conjugate from fARC. The reconstituted
and undiluted conjugate was kept at 2-4°C for not
more than 4 weeks. For the VCA tests, the conjugate
was diluted with PBS at a dilution of 1: 40 and only
freshly prepared diluted conjugates were used in all
the experiments.

Reading the slide. The reading was made on a
Tiyoda microscope model 200B with a x 20 objec-
tive, an opening of 0.40, and a x 10 ocular. The same
type of microscope was used in all four laboratories.
Only bright green fluorescent cells were counted as
positive, and the criterion for a positive preparation
was 2-5 brightly fluorescent cells in each field. This
was recorded as 1+. In certain experiments, the
following grading was introduced. 3+ for smears
with more than 20 brilliant fluorescent cells in each
field; 2+ for preparations with 6-19 brilliant fluores-
cent cells in each field; 1+ for, as stated above, a
preparation with 2-5 brightly fluorescent cells in
each field; ± for smears with a few doubtful bright
green cytoplasmic immunofluorescent cells. The titre

of each serum was given as the highest dilution at
which 2-5 brightly immunofluorescent cells were
observed in most fields.

Origin of the sera. Most of the sera included in the
present study were collected in Hong Kong and
Singapore and were derived from a normal popula-
tion, predominantly Chinese. Some sera were ob-
tained from patients with NPC and from healthy
control subjects in Europe. All the sera were kept in
liquid nitrogen in the serum bank of IARC.

METHOID OF ANALYSIS AND RESULTS

The emphasis throughout this investigation has
been on quantitative titre values rather than on a
division of titre levels into positive or negative. For
this reason, and with the experiments designed for
this purpose, the analysis of variance, as described
by Fisher (6), was the statistical method of choice.
The purpose of the analysis of variance is to partition
the total variation observed in each experiment into
the variation attributable to each factor allowed to
vary in the experiment (i.e., the systematic error
attributable to each of these factors) and the residual
variation remaining after the systematic errors have
been removed (unsystematic error). The variation
between the sera used in each experiment is of course
a major component of the variation observed, but as
this variation between sera was not a component in
the repeatability of the test, it was ignored in most of
the analyses. The results of the analyses are given in
terms of two-fold dilutions, that is, the logarithm to
base two of the titres; the root mean square errors
(MSE) given in subsequent tables are therefore
measured in terms of two-fold dilutions-e.g., a root
MSE of 0.5 indicates that the standard deviation of
the observation is half of one dilution.
A simple example of this method of analysis is

provided by experiment 1 in Table 1, the analysis of
variance of which is given in Table 2. The slides from
10 sera were read by 4 different observers. The total
sum of squares about the mean value, after adjust-
ment for the mean values obtained for each serum, is
10.709. When the titre values are also corrected for
the mean titre obtained by each observer the sum of
squares is reduced to 6.89. This value is thus the
variation in titre values after allowance for system-
atic differences between sera and between observers,
and so represents the unsystematic error or residual
variation. As this residual variation arises from 40
observations corrected by one overall mean value, by
3 differences between the 4 observers, and by
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Table 2. Experiment 1 with the geometric mean titres
of 4 independent readings of slides prepared from
each of 10 sera together with an analysis of variance
on these results

Reader

1 2 3 4

geometric mean titre 144.2 171.4 113.1 98.5

Analysis of Variance:

Source of Sum of Degrees Mean
variation squares f square F test

fedm error

reader 3.819 3 1.273 5.004 a

residual sum of squares 6.89 27 0.254

a p < 0.01

9 differences between the 10 sera, it could be said that
the sum of squares of 6.89 results from 40-1-3-9 =

27 independent variations or degrees of freedom,
giving a MSE per observation of 0.254 (i.e., 6.89/27).
This corresponds to a root MSE or standard devia-
tion of 0.504 (i.e., 0.254), for each observation,
that is, half of one dilution. The systematic variation
between observers is given by the overall variation of
10.709 less the unsystematic variation of 6.890,
giving 3.819, or a MSE per observer of 1.273 (i.e.,
3.819/3, where 3 is the number of independent
differences between observers). The statistical signifi-
cance of this MSE is obtained by comparing it with
the residual MSE; the result of this division is known
as the F statistic, whose distribution is known once
the degrees of freedom are given of the two MSEs.
The F value of 5.004 shown in Table 2 is highly
significant. The MSE for the between-reader varia-
tion is obtained from the sum of ten observations. It

therefore corresponds to a MSE per observation of
0.127 between readers. The significance of this value
can be appreciated better by direct comparison of the
geometric mean titres (GMT) for each reader, which
vary by nearly one dilution (98.5 to 171.5). If these
geometric mean values were converted to logarithms
to base 2, their variance would be given by 0.127, the
MSE per observation noted above. The standard
deviation of these geometric means is thus 0.36
dilution.
The conclusion to be drawn from this analysis of

variance is that the unsystematic variation in the titre
obtained when different observers read the same
slides has a standard deviation of one half dilution,
and one can expect the systematic differences be-
tween observers to have a standard deviation of 0.36
dilutions.

Summary of analysis
The summary of the analyses of variance presented

in Tables 3-9 can be interpreted in similar terms. The
residual MSE given in each Table corresponds to the
unsystematic variation under the conditions of the
relevant experiment. The systematic error associated
with each factor is indicated by the corresponding
geometric mean titre.

Unsystematic variation

The results of the preceding experiments are
summarized in Table 10, in which the MSE from
each experiment is given together with the relevant
components of variation. There is clearly a discre-
pancy between the differing values of V,+V2 ob-
tained from experiment 2 and those from ex-

periments 3b, 3c, and 4, since the total variation in
experiment 2 is larger than in the other three
experiments where more components are included.
The GMT for each of the eight readers (Table 3)

Table 3. Results of experiment 2 in which 12 sera were each divided into 40 aliquots,
5 of which were then tested by each of 8 different experimentersa

Experimenter

1 2 3 4 5 6 7 8

geometric mean titre b 206.78 338.20 272.74 385.86 109.28 232.64 195.62 186.36

standard deviation b 0.667 0.570 0.713 0.666 0.883 0.512 0.652 1.094

a Mean square within-observer error = 0.548 for 384 degrees of freedom. Experimenter effect and
sera/experimenter interaction are both significant at 0.001 level.

b Geometric mean titres of the 12 sera and standard deviations are expressed in two-fold dilutions
for each experimenter.
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Table 4. Geometric mean titres in experiment 3a in which 12 sera were tested on 5
different batches of Jijoye cellsa

Cell batch (% of fluorescent cells)

1 2 3 4 5
(0.6%) (1.2%) (2.1%) (2.4%) (2.7%)

geometric mean titre 18.3 28.3 56.6 80.0 97.9

a Residual mean square error = 1.76. Cell batch effect significant at 0.001 level. When the two cell
batches with the lowest percentage of fluorescent cells are removed, the residual mean square error reduces
to 0.64 and the cell batch effect is no longer significant (0.05<P<0.10).

Table 5. Geometric mean titres in experiment 3b in
which 20 sera were tested on 4 different batches of
Jijoye cellsa

Batch No. (% of fluorescent cells)

1 (1.7%) 2 (2.0%) 3 (2.2%) 4 (2.0%)

geometric mean titre 56.5 51.8 55.6 49.3

a Residual mean square error = 0.2726. Cell line batch effect
not significant.

shows that this discrepancy is mainly due to the large
difference among the observers. The standard devia-
tion pertaining to the more consistent observers in
Table 3 is of the order of 0.5 and this magnitude is
more in line with the overall values of variations
presented in Table 10 and thus seems to be a more

suitable estimate of Vl+V2.
With the degree of standardization described in

this paper the between-observer variation (V3) is
approximately equal to the within-observer variation
(V1+V2). The standard deviation of tests on the

Table 6. Geometric mean titres in experiment 3c in which 20 sera were tested on 6
batches of Jijoye cellsa

Batch No. (% of fluorescent cells)

7 (4.2 %) 8 (6 %) 9 (3.2 %) 10 (3%) 11 (2.9 %) 12 (4.2%)

geometric mean titre 226.3 273.8 190.3 146.7 174.5 171.5

a Residual mean square error = 0.1297. Cell line batch effect significant at 0.001 level.

Table 7. Geometric mean titres in experiment 4 in which 30 coded sera were tested
for the presence of anti-VCA antibodies in 5 different laboratories by the standardized
protocol a

Laboratory (antigen)

1 (Jijoye) 2 (Jijoye) 3 (EB3) 4 (Jijoye) 5 (Jijoye)

geometric mean titre 57.3 49.8 72.9 25.8 127.0

a Residual mean square error = 0.5647. Laboratory effect significant at 0.001 level.
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Table 8. Geometric mean titres in experiment 5 in which 20 sera were tested in 11 different laboratories without
the standardized protocol a

Laboratory

1 2 3 4 5 6 7 8 9 10 11

Geometric mean titre 77.3 121.3 119.2 74.6 160.0 113.1 177.5 149.3 144.2 130.0 162.8

a Residual mean square error = 0.914. Laboratory effect significant at 0.001 level.

Table 9. Comparison of antibody titres obtained on 20
sera in experiment 6 by immunofluorescence tests with
the Jijoye cell line and the HK-LY28 cell line in 2
different laboratoriesa

JIJOYE HK-LY28
(6% fluorescent (2.5% fluorescent

cells) cells)

Labora- Labora- Labora- Labora-
tory 1 tory 2 tory I tory 2

geometric mean titre 257.7 422.2 76.6 261.47

a Residual mean square error = 1.316. Laboratory effect and
cell line effect significant at 0.001 level; laboratory and cell line
interaction not significant.

Table 10. Summary of the magnitude of
sources of variation

same sera performed by randomly chosen ex-

perimenters following the same protocol is approxi-
mately 0.75 dilutions.
The proportion of fluorescent cells has a marked

effect on the titre obtained. When account is taken of
this proportion, little, if any, extra variation is
introduced by different cell line batches (VO except
when the content of fluorescent cells is very low (less

than 2%) (see Tables 4-6).
The extra variation among laboratories not using

the standardized protocol (V5) nearly doubled the
variation obtained among laboratories using the
described protocol (see Tables 7 and 8). A large extra
variation is introduced by changing the cell line used
(VY) (see Tables 9 and 10).

variation (mean square error) from different

Source of variation a Mean square error deviation egrees Experiment

VI 0.254 0.504 27 1

V2 + VI 0.548 0.740 384 2

V3 0.205 0.452 77 2

VI + V2 + V4 0.273 0.522 57 3b

VI + V2 + V4 0.120 0.346 95 3c

VI +V3+V4+V2 0.565 0.752 116 4

VI +V3+V4+V5+V2 0.914 0.956 190 5

VI +V2+V3+V4+V5 1.316 1.147 57 6

a VI is the between-observer variation in reading the slides.
V2 is the within-observer variation in performing the test.
V3 is the between-observer variation in performing the test with the protocol.
V4 is the between-cell batch variation.
V6 is the between-observer variation in performing the test without a common protocol.
Vs is the between-cell line variation.
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Table 11. The effect of varying the percentage of fluorescent cells on the geometric
mean titres obtained in experiments 3a, 3b, and 3c

Geometric mean titre obtained in experiment:
Fluorescent 3a 3b 3c
cells (%)

observed expected a observed expected a observed expected a

0.6 18.3 17.90

1.2 28.3 32.75

1.7 56.5 46.0

2.0 51.8 54.1

2.0 49.3 54.1

2.1 56.6 62.50

2.2 55.6 59.5

2.4 80.0 71.41

2.7 97.9 80.3

2.9 174.5 147.9

3.0 146.7 153.0

3.2 190.3 163.2

4.2 171.5 214.1

4.2 226.3 214.1

6.0 273.8 305.6

a The expected values were derived by fitting the observed values to an experiment effect and a linear
regression on the logarithm of the percentage of fluorescent cells. The root mean square error between
the observed and expected values is 0.231 dilutions.

Systematic variation

Between cell line batches. Considerable variation
exists between the titres on different batches of cells
obtained from the same cell line. This variation
(systematic component) can be attributed mainly to
the proportion of fluorescent cells in each batch. A
summary of the effect of the proportion of fluores-
cent cells on the titre obtained is given in Table 11,
where a residual variation with standard deviation of
0.231 dilutions per observation remains after fitting a
linear relationship between the titre values and with
the logarithm of the percentage of fluorescent cells.

Between experimenters. In all the experiments
reported here, there is considerable systematic varia-
tion between the experimenters reaching a level of
two dilutions. Unless corrected, such differences
could seriously distort the comparison of results
from large-scale seroepidemiological studies when
the tests are performed in different laboratories.

DISCUSSION

The importance of the inconsistency of the
EBV VCA antibody tests observed in the present
study may be assessed by comparing it with that
found in other antibody tests and, indeed, in other
tests used in medicine. Estimates of the variability of
test results are available from various published
studies. Yerushalmy was one of the first to call
attention to the need to measure the experimental
error inherent in medical examinations. In his
fundamental investigations (17), the lack of con-
sistency in reading chest X-ray films from popu-
lation surveys was pointed out and quantified. He
found that even highly trained X-ray readers dis-
agreed in the classification of films as " normal " or
"4 abnormal " in 74% of all cases that were found to
be abnormal by at least one of two readers.

In the field of skin tests, Guld (8) measured the
various components of the experimental error in
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Table 12. Some details on 4 selected studies for measuring the experimental error in immunological tests

Reference Name of publication Authors and reference Type of repeat testing Remarks
No.

lQuantitative aspects of Guld, J. (8), Table 1, intradermal testing with both testing and reading
the intradermal tuber- p. 235 5TV, injected twice, in carried out by trained
culin test in humans each of 124 examinees research workers

and read by the same
reader

11 WHO collaborative stu- Melnick, J. L. & Hampil, 5 different enterovirus same antigen used in
diesonenterovirusrefer- B. (15), Table 2, p. 764 sera tested blindly in all laboratories
ence antisera 8 different laboratories

Ill WHO collaborative study Rawls,W. E. et al. (16), rubella antibodytitrede- technique and antigen
on the seroepidemiology Table 2, p. 82 termined repeatedly on uniform in all tests
of rubella each of 3 different test

sera in one laboratory

IV Amultipurposeserologi- Geser, A. et al. (7) Blind duplicate Hi test- each serum divided in
cal survey in Kenya ing of 68 sera for 8 dif- 2 parts in field and sent
(results of arbovirus ferent arbovirus anti- to laboratory under code
serological tests) bodies

tuberculin tests by " blind" repetition of the Man-
toux test in the same subjects. In serology, several
studies of the experimental error in antibody tests

have been carried out to measure the variability be-
tween different laboratories and, more particular-
ly, to measure the variability caused by the use of
different antigens. Four studies (7, 8, 15, 16) in which
the experimental error can be calculated from the
published data are listed in Table 12. Table 13
compares the experimental errors in these studies
with that observed in the present VCA tests. It can be
seen that the variability of the VCA test compares

favourably with that of other medical tests. The
unavoidable within-technician variation of the VCA
test has a standard error of about half a dilution,
which is 5% of the mean for the sera tested in
experiment 2. This compares with an 18-29% stan-
dard error in tuberculin tests and a 16% standard
error in arbovirus antibody tests. The degree of
inconsistency inherent in the VCA antibody test thus
conforms with what is found in other test systems

used in the medical field.
When measurements of the systematic errors are

available, it is possible to adjust the results obtained,
for instance, in different laboratories or with dif-
ferent antigens. The effect of varying the proportion
of fluorescent cells in the antigen batches offers a case

in point in the present study. The analysis of the
effect of fluorescent cells in the various antigen
batches (Table 11) shows that the main part (about

90%) of the inter-batch variation can be accounted
for by the difference in the proportion of fluorescent
cells. It is thus possible to adjust the results measured
on different antigen batches if the proportion of
fluorescent cells is known for each batch.

Finally, when the implications of the inconsistency
of a test are discussed, the purpose for which the test

was carried out must be kept in mind. If, for
instance, the test was performed merely to classify a

given number of sera into two groups-one where
the specific antibody was present (the " positives ")
and another (the " negatives ") from which it was

absent-the situation is clearly different from that
where the purpose of the test was to compare the
immune response to a given virus in different
populations.
The differences between the EBV antibody levels

in various populations may be small and it is
therefore essential to design the comparative tests in
such a way that even minor differences will be
detected. It is indeed important in designing such
studies to decide the size of the population difference
that should emerge as significant since the magni-
tude, and thereby the cost, of the studies depend on

that quantity. For the rather exacting comparisons
that are required before it can be ruled out that the
levels of EBV infections vary significantly in different
populations, it is essential to reduce the experimental
error to the very minimum. This is being done in the
current seroepidemiological EBV studies by using
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EPSTEIN-BARR VIRUS INFECTIONS

uniform techniques and by applying antigen from the
same source and, as far as possible, from the same
batch of antigen. Despite these efforts at standardiza-
tion, considerable inter-laboratory and inter-tech-
nician variability remains as illustrated in the present
comparative tests. It would appear that the highest
degree of comparability could be achieved not only
by testing the sera in the same laboratory but, more

particularly, in the same " assembly line " in that
laboratory. This is now being attempted by collecting
samples of sera from different survey areas together
in one pool from which they are allocated randomly
to large-scale laboratory experiments. In this manner
it is ensured that the variations in techniques,
reagents, and reader attitudes will affect the sera
from different areas equally.
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RtSUMt

VARIABILITE DES EPREUVES D'IMMUNOFLUORESCENCE DES ANTICORPS DIRIGES
CONTRE LES ANTIGtNES DE LA CAPSIDE VIRALE DANS LES ENQUETES DE POPULATION

SUR LES INFECTIONS A VIRUS EPSTEIN-BARR

Le virus Epstein-Barr (EBV), de type herpesvirus, a ete
decele dans des cultures tissulaires de deux tumeurs
humaines, le lymphome de Burkitt et le carcinome rhino-
pharyngien; d'autre part, les sujets atteints de ces affec-
tions presentent r6gulierement des titres 6lev6s d'anti-
corps actifs contre le virus EBV. Pour rechercher le r6le
6tiologique eventuel du virus, des enquetes sero-epide-
miologiques sont actuellement en cours en Asie du
Sud-Est, en Afrique orientale et en Europe; elles visent
a determiner si les differences d'incidence de l'infection
par le virus EBV peuvent expliquer les inegalites mani-
festes de l'incidence du lymphome de Burkitt et du car-
cinome rhino-pharyngien dans diverses populations. La
prevalence de l'infection par le virus EBV est recherchee
dans des echantillons de population repr6sentatifs et les
etudes sont basees sur la comparaison des resultats
d'6preuves serologiques portant sur des serums d'origines
tr6s diverses, pratiquees dans plusieurs laboratoires.
Afin d'evaluer la fiabilite des tests et par consequent la
valeur des comparaisons, on a procede dans un certain
nombre de laboratoires a une serie d'essais sur des
serums codes.
Quatre facteurs principaux de variation ont et6 6va-

lu6s: lecture des pr6parations fluorescentes, ex6cution de
l'epreuve, emploi de diff6rents lots d'un meme antigene,
et emploi d'antigenes obtenus a partir de lignees cellu-
laires diftfrentes. On a aussi etudi6 les variations inter-

techniciens et inter-laboratoires dans diverses conditions
d'experience. Les r6sultats ont fait l'objet d'une analyse
de variance pour apprecier l'importance de chaque
facteur par rapport a la variation globale.

On constate que les variations en rapport avec la
lecture des preparations sont relativement faibles au
regard de la variation globale. Les divergences dues a
l'emploi de differents lots d'antigene sont consid6rables,
mais la plupart sont la consequence d'une teneur diff&
rente des lots en cellules fluorescentes et ces ecarts
syst6matiques peuvent etre mesures et corrig6s. Les resul-
tats des 6preuves varient dans une forte mesure d'un
laboratoire a l'autre et d'un technicien a l'autre. Dans
les enquetes en cours, on s'est efforce de reduire ces
variations par l'adoption de techniques similaires dans
tous les laboratoires et l'utilisation d'antigenes derives
des memes lignees cellulaires. En depit de ces tentatives
de standardisation, les discordances marquees entre labo-
ratoires ont persist6.

Selon les auteurs, il conviendrait, pour obtenir un
niveau maximal de comparabilit6, que des serums recueillis
au cours des differentes enquetes soient examines dans
le meme laboratoire de sorte que les variations dans les
techniques, dans les r6actifs et dans les methodes de lec-
ture affectent dans une mesure identique les echantillons
de diverses origines.
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