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ABSTRACT
An indirect solid-phase enzyme-linked immunosorbent assay (ELISA) was developed for the quantitation of antidiphtheria
antibodies in human sera on the basis of a calibrated antibody standard. Intra- and inter-assay imprecision was
around 10%. This assay showed an excellent accuracy (97.06% average recovery). Parallelism deviations were below
10%, which were evaluated with dilutions covering the working range of the standard curve. The detection limit of
0.0044 international units per milliliter (IU/mL) was sufficient for determining the immunological protection against
diphtheria. In a preliminary study, a good correlation was found between the ELISA and the neutralization test in
guinea pigs (R2 = 0.992). A wide range of diphtheria antitoxin quantitation made possible to classify 81 adults prior
and four weeks after revaccination against diphtheria as: unprotected subjects (≤ 0.01 U/mL), relatively protected
(> 0.01–0.1 IU/mL), satisfactorily protected (> 0.1–1.0 IU/mL), and long-lasting protected (>1.0 IU/mL).
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RESUMEN
Validación de un ELISA para la cuantificación de anticuerpos antitoxina diftérica en sueros humanos.
Se desarrolló un ensayo inmunoenzimático en fase sólida (ELISA) de tipo indirecto para la cuantificación de
antitoxina diftérica en sueros humanos, con el empleo de un estándar previamente calibrado. Las imprecisiones
intra e interensayo fueron de alrededor de 10%. Este ensayo también mostró una excelente precisión (recobrado
medio de 97,06%). Las desviaciones del paralelismo estuvieron por debajo de 10%, las cuales se evaluaron con
el empleo de diluciones que cubrían el intervalo de trabajo de la curva estándar. El límite de detección de 0,0044
unidades internacionales por mililitro (UI/mL) fue suficiente para determinar el grado de protección inmunológica
contra la difteria. En un estudio preliminar, el ensayo mostró una correlación adecuada con la prueba de
neutralización en conejillos de Indias (R2 = 0,992). Este inmunoensayo ofrece, además, un amplio intervalo de
cuantificación, lo que permitió la clasificación de 81 individuos adultos antes y cuatro semanas después de la
revacunación como: desprotegidos (≤ 0,01 UI/mL), relativamente protegidos (> 0,01-0,1 UI/mL),
satisfactoriamente protegidos (> 0,1-1,0 UI/mL) y protegidos por largo tiempo (> 1,0 UI/mL).
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Introduction
Diphtheria is caused by Corynebacterium diphtheriae.
This infection has become rare in developed coun-
tries. This is mainly due to postnatal vaccination pro-
grams carried out according to expert recommendations
[1]. Coverage of infants in developing countries with
three doses of a diphtheria-pertussis-tetanus (DPT)
combined vaccine rose slowly to 46% in 1985, and to
81% in 1995 [2].

Unexpectedly, since the mid-1980s, there has been a
striking resurgence of diphtheria in regions of Eastern
Europe. The epidemic began in the Newly Indepen-
dent States (NIS) of the former Soviet Union and was
spread to neighboring countries in Europe, the Middle
East, and Asia. Many of the diphtheria cases reported
in 1993–1994 were imported from the NIS into other
European countries (Finland, Germany and Poland).

An immunity gap in adults coupled with the pres-
ence of large numbers of susceptible children and ado-
lescents, creates the potential for an extensive
epidemic, which has led to an increased world-wide
concern about the level of immunity [3].

Diphtheria antitoxin antibody measurements play
an important role in serological surveillance in hu-

mans. Traditionally, biological activity has been mea-
sured through toxin neutralization assays in guinea
pigs or rabbits. However, during the last decades, at-
tempts have been made to replace, when possible,
these labor-intensive assays with cheaper and faster
in vitro methods to reduce the large number of labora-
tory animals required for obtaining statistically valid
results [4].

These assays include hemagglutination assays, en-
zyme-linked immunosorbent assays (ELISA), the
toxin-binding inhibition (ToBI) test, and also a Vero
cell assay.

The hemagglutination test with diphtheria toxin or
toxoid using sensitized erythrocytes is easier to per-
form and low in cost; however, this assay is only
semiquantitative. More precise results might be ob-
tained with an ELISA that defines titers over a con-
tinuous range.

A home-made ELISA for diphtheria antitoxin may
be an alternative method largely used for the rapid
estimation of antitoxin antibodies in diagnostic labo-
ratories, as well as for epidemiological studies [4].
Commercial kits are not advisable for large studies.
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A home-made ELISA was developed to measure  anti-
diphtheria toxin IgG antibodies in human serum.

Materials and Methods
Antigen
In all experiments, a highly-purified diphtheria toxoid
from Finlay Institute, Cuba, was used. It was pre-
pared by treating purified toxin with formaldehyde.
Batch 003/97 of 500-limit flocculation units per milli-
liter (Lf/mL) was used. A coating concentration of
8 Lf/mL showed a high sensitivity and a low back-
ground and, therefore, was used as antigen concentra-
tion in all experiments.

Antitoxin
A human serum pool from 20 normal adults aged
24–53 years was prepared to be used as local refer-
ence sera and substandard in the ELISA test. Adults
were bled one month after revaccination with a teta-
nus-diphtheria (Td) adsorbed vaccine for people of
7 years old and older (CONNAUGHT Lab., Ontario,
Canada, batch 1056-12).

The human serum pool was carefully tested against
local reference serum (batch ADRN 1/95), using in-
tradermal neutralization test on the depilated skin of
guinea pigs [5]. This reference was calibrated against
the international WHO standard for diphtheria anti-
toxin (hyperimmune horse anti-serum containing
10 IU/mL). The human serum pool was diluted to
0.32 IU/mL with 6% (w/v) human serum albumin.

ELISA procedure
Diphtheria antitoxin levels were measured by ELISA
in flat-bottomed polystyrene plates (COSTAR

E.I.A./R.I.A., Cat.N°3590, Costar, USA).
The plates were coated with 100 µL of diphtheria

toxoid diluted in 0.05 M sodium carbonate buffer
(pH 9.6) and left overnight at 4 ºC. All the plates were
then washed four times with sodium phosphate-buff-
ered saline containing Tween 20 (PBST, 0.15 M NaCl,
0.01 M phosphates [pH 7.2], 0.05% Tween 20), and
drained over a filter paper.

Six twofold serial dilutions of the 0.32 IU/mL local
reference serum (substandard) against diphtheria tox-
oid were prepared in PBST with 3% skim milk pow-
der (Merck, Germany, Cat. N° 1.15363) (starting
dilution 1:20). One-hundred microliters of each sub-
standard dilution and of unknown serum samples were
added to the wells of the plates, incubated at 37 ºC for
60 min, and washed four times with PBST. Negative
serum samples in PBST with 3% skim milk powder
were used as zero-standard.

One-hundred microliters of sheep anti-human IgG
(γ-chain-specific)-alkaline phosphatase conjugate
(Sigma A0287, USA), diluted 1:2000 in PBST with
3% skim milk powder, were added to each well, fol-
lowed by incubation at 37 ºC for 60 min and further
washing. One-hundred microliters of the substrate
solution (1 mg/mL p-nitrophenyl-phosphate disodium
[SIGMA 104, USA] in 0.92 M diethanolamine bu-
ffer [pH 9.8]) were added to each well and incubated
for 30 min at room temperature. Absorbance was de-
termined at 405 nm using an ELISA reader (Anthos
Labtec Instruments, Austria).

The absorbance values were transformed to IU/mL
using a public-domain software developed at the Cen-
ter for Disease Control, Atlanta [6]. The four-param-
eter log-logistic function was used for constructing
the reference curve [7]. Validation, quantitation of
diphtheria antitoxin and printout were done using the
ELISA software package [6].

Precision
Intra- and inter-assay studies were performed using
four serum samples of high, medium, and low anti-
toxin levels. The coefficient of variation (CV) was
used in order to express the variations. Intra- and in-
ter-assay experiments were done in replicates of 10
and 3 runs, respectively.

Accuracy (recovery)
Accuracy was studied using a recovery test by the
addition of various amounts of analyte to an analyte-
free specimen. Five serum samples of high, medium,
and low antitoxin levels were diluted 1:2 with negative
serum sample. Therefore, the expected value was de-
fined as the half value of the undiluted positive sample.

Accuracy was expressed as the percentage error
between the obtained value and the expected value
([obtained value/expected value] x 100%) [8].

Dilution test
Parallelism was tested by dilution experiments. Five
serum samples of high, medium, and low antitoxin
levels were assayed at three dilutions, covering the
working range of the standard curve. The CV between
the observed value at three different dilutions was
used to evaluate the precision.

Detection limit
Detection limit was calculated after the zero-standards
were tested 76 times. The mean plus twice the stan-
dard deviation (SD) was taken as an estimate of the
detection limit [8, 9].

Correspondence between the ELISA
and the neutralization test
To establish the correspondence between ELISA titers
and antitoxin units, 20 serum samples were assayed in
both tests [5]. Taking antitoxin units by neutralization
test as reference (independent variable x), a linear re-
gression equation was then adjusted by least squares.

Technical application
Eighty-one normal adults aged 20–58 years were bled
prior (T0) and four weeks (T1) after revaccination with
a Td adsorbed vaccine (CONNAUGHT Laboratories,
Ontario, Canada, batch 1056-12). Sera were stored at –
20 ºC until simultaneous processing. The samples were
carefully tested by an ELISA previously described for
the determination of diphtheria antitoxin levels.

Statistical analysis
The statistical parameters [8, 9] were obtained using
descriptive methods and a linear regression analysis
performed with a statistical software on an IBM-com-
patible computer [10]. Geometric mean and 95% con-
fidence intervals were calculated for diphtheria antitoxin
distribution in T0 and T1 in reimmunized adults.
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Results and Discussion
The neutralization tests in guinea pigs or rabbits are
standard methods for estimating the levels of diphthe-
ria antitoxin [5]. These in vivo methods show the
functional capacity of antibodies to neutralize the
toxin. In contrast, some in vitro tests not only show
the neutralization of the toxin by the antibodies
present in the test serum, but also reactions between
other antigen-antibody systems. Therefore, the in vivo
neutralization test should be used to calibrate and
verify the in vitro tests routinely used in the labora-
tory [11]. Appropriate calibration using a WHO stan-
dard preparation was an important step enabling the
reproducibility of the results.

In vivo methods and in vitro procedures such as
passive hemagglutination and neutralization tests in
tissue culture have the disadvantage of being complex
to handle and standardize, as well as being time-con-
suming. However, an indirect ELISA method is suit-
able for routine laboratory practice [12]. Both small
and large specimen numbers were readily measured.
We developed an indirect ELISA procedure that uses
the diphtheria toxoid as capture antigen.

A human serum pool showed an antitoxin concentra-
tion of 8.829 IU/mL by the intradermal neutralization
test and was adjusted to 0.32 IU/mL with 6% (w/v)
human serum albumin to be used as substandard.

Intra- and inter-assay variations reflecting the pre-
cision of the test are shown in Tables 1 and 2. The
ELISA test was reproducible with coefficients of varia-
tion around 10% within (intra-assay) and between
runs (inter-assay).

A recovery experiment performed to determine the
ability of the assay to measure the expected value re-
vealed an excellent accuracy (Table 3). Accuracy pro-
vides an estimate of systematic errors and acceptable
results are based on specifications for the actual refer-
ence value [9].

For the results of any analytical method to be valid,
it is essential that the analyte in the calibration stan-
dard and in the tested samples shows the same behav-
ior. For this reason, dilution of the samples with an
appropriate diluent should normally have no effect
on the calculated final result (dilution test). The
samples assayed at three dilutions showed a small
deviation in the observed value (CV < 10%) after cor-
rection for dilution (Figure 1).

It has been shown that there is no a sharply defined
level of antitoxin that provides a complete protection
against diphtheria. A certain range of variation must be
accepted; the same level of antitoxin may provide an
unequal degree of protection in different individuals.
Thus, antibody levels between 0.01 and 0.1 IU/mL may
be regarded as giving basic immunity, whereas a higher
antitoxin level might be required for achieving full pro-
tection. In some studies that used in vitro techniques, a
level of 0.1 IU/mL was considered protective [12, 13].

The detection limit was 0.0044 IU/mL, and anti-
toxin levels ranging from 0.01 to 0.32 IU/mL (sample
dilution of 1:20) or from 0.1 to 3.2 IU/mL (sample
dilution of 1:200) could be measured (Figure 2). The
assay covers a wide range of diphtheria antitoxin, which
was found to be sufficient for routine test.

A good correlation between the ELISA and the neu-
tralization test was found in this preliminary study

Table 1. Intra-assay precision of the ELISA test for diphtheria antitoxin quantitation.
Plate No. 1 Plate No. 2 Plate No. 3Sample

n = 10 x (IU/mL) CV (%) x (IU/mL) CV (%) x (IU/mL) CV (%)

1 0.924 7.54 0.958 6.73 0.891 11.00
2 0.530 4.73 0.460 4.87 0.523 10.87
3 0.193 11.07 0.203 9.97 0.214 8.19
4 0.212 6.70 0.206 13.02 0.179 4.49

x, mean value; CV, coefficient of variation.

Table 2. Inter-assay precision of the ELISA test
for diphtheria antitoxin quantitation.
Sample
n = 3 x (IU/mL) SD (IU/mL) CV (%)

1 0.924 3.62
2 0.504 7.62
3 0.203 5.22
4 0.199

0.034
0.038
0.011
0.017 8.59

x, mean value; SD, standard deviation, CV, coefficient of variation.

Table 3. Accuracy of the ELISA test for diphtheria
antitoxin quantitation.

Sample Expected value
(IU/mL)

Obtained value
(IU/mL)

Recovery
(%)

1 1.787 1.683 94.18
2 0.865 0.916 105.90
3 0.467 0.454 97.22
4 0.358 0.337 94.13
5 0.130 0.122 93.85
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Figure 1. Dilution test of the ELISA for diphteria antitoxin
quantitation using five serum samples.
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Figure 2. Dynamic range of the standard curve of the ELISA
test for diphtheria antitoxin quantitation.
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(Figure 3). The determination coefficient (R2) was 0.992
for linear regression. The best-fit equation was, there-
fore, ELISA = 0.9849 neutralization test – 0.1039.
However, antibodies detected by both techniques may


