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Evaluation of ELISA Kit for Detection of

Pertussis—associated 1gG Antibodies

Kenji Okada
National Hospital Organization Fukuoka National Hospital

Abstract
We had an opportunity to test a kit manufactured by Denka Seiken Co., Ltd. that
measures anti-PT and anti-FHA antibodies (hereinafter referred to as “this product”)
and evaluate its fundamental performance. This product was an ELISA reagent with a 96~
well microplate and we found that it was versatile and easy-to-handle, and had a high
reproducibility of data. We also observed a high correlation of measured values between
an in vitro diagnostic using a bead-based ELISA test and this product.

Introduction

Although pertussis is a vaccine-preventable disease, it may become severe in some unvaccinated
infants. Meanwhile, if adults are infected, their symptoms are not always typical coughs and it is
difficult to diagnose. Furthermore, adult pertussis patients are sources of infection in unvaccinated
infants."™

In 1981, Japan lead the world in the introduction of diphtheria pertussis tetanus vaccine (DTaP)
including the acellular pertussis vaccine, which mainly consisted of PT (pertussis toxin) and FHA
(filamentous hemagglutinin), and the number of reported pertussis patients decreased significantly,
but in recent years, the number of adult pertussis patients has relatively increased.” It has been
considered that they replace DT routine vaccination of period II with DTaP to discourage this
tendency.? 1gG antibodies against PT and FHA must be measured to evaluate the vaccine effect,
and these have been used to diagnose pertussis.”? In regards to the measurement of serum
antibodies, although the measurement of agglutination titers by bacterial aggregation is more
widespread in routine clinical practice in Japan, care should be taken in the interpretation of most
agglutinin titers because some of the DTaP vaccines include agglutinin”. It has been difficult to
compare data of agglutination titers with that of Western countries because the ELISA test is
usually used to measure anti-PT antibodies in the West.

In this study, we tested a kit manufactured by Denka Seiken Co., Ltd. that measures anti-PT and
anti-FHA antibodies and evaluated its fundamental performance.

I. Materials and Methods

1. Measurement Kit
The reagents used in this study were included in an ELISA kit newly developed by Denka Seiken
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Co., Ltd. that measures serum anti-PT and anti-FHA IgG antibodies. This product consisted of the
following reagents : D A PT immobilized plate, a freeze-dried plate, @ A FHA immobilized plate, a
freeze—dried plate, ® Buffer solution, liquid form, ® Enzyme-labeled antibodies (for PT), liquid
form, ® Enzyme-labeled antibodies (for FHA), liquid form, ® Substrate solution, liquid form, @
Concentrated washing solution, liquid form, (® Stop solution, liquid form

2. Measurement Principle and Procedure for this product

The measurement principle for this product is a general ELISA test. The following is the practical
procedure provided by Denka Seiken Co., Ltd.

< Preparation of Reagents>

Dilute the concentrated washing solution ten times with purified water depending on the number
of samples, and use as a washing solution. Other redgents should be used without dilution.

<Preparation of Pre~diluted Samples>

Add 2 mL of buffer solution into some small test tubes according to the number of samples. Then
distribute 10 pL of each sample into each test tube and mix well. Use these solutions as pre-diluted
samples. :

< Procedure >

Use control for PT or FHA provided separately to prepare a calibration curve. Pull out PT or FHA
immobilized plates from aluminum bags according to the number of samples and set in the plate
holder. Prepare a well for each blank, pre-diluted sample and each antibody titer (0, 5, 10, 20, 40, 80
and 160 EU/mL) of the control for PT or FHA. ,

<Step 1 (The Primary Reaction) > Instillations of Pre-diluted Samples and Controls

1) Add 100 gL of corresponding control or pre-diluted sample to PT or FHA immobilized plates
in a certain order and at regular intervals. No sample or control should be added to the wells of the
blank.

2) Mix for a few seconds with a microplate mixer. Cover with plastic wrap, etc., and make them
stand still for 1 hour at 20-30C.

<Step 2 (The Secondary Reaction) > Instillations of Solutions of Enzyme-labeled Antibodies

1) Remove the reaction solution in each well by aspiration in the same order and at the same
intervals as in <Step 1>.

2) Add approximately 200 ¢L of washing solution to each well and mix for a few seconds with a
microplate mixer. Remove the solution again by aspiration. Repeat these washing procedures twice
more. Flip the plates upside down and beat them on some clean paper towels to remove the residual
washing solution completely.

3) Add 100 yL of solutions of enzyme-labeled antibodies (for PT or for FHA) to each well in the
same order and at the same intervals as in <Step 1> and mix for a few seconds with a microplate
mixer. Cover with plastic wrap, etc,, and make them stand still for 1 hour at 20-30C. No solutions of
enzyme-labeled antibodies should be added to the wells of the blank.

~<Step 3 (Enzyme Reaction) > Instillations of Substrate Solution

1) Remove the reaction solution in each well by aspiration in the same order and at the same
intervals as in <Step 1>.

2) Add approximately 200 uL of washing solution to each well and mix for a few seconds with a
microplate mixer. Remove the solution again by aspiration. Repeat these washing procedures four
more times. Flip the plates upside down and beat them on some clean paper towels to remove the
residual washing solution completely.

3) Add 100 uL of substrate solution to each well in the same order and at the same intervals as in
<Step 1> and mix for a few seconds with a microplate mixer. Cover with plastic wrap, etc., and
make them stand still for 1 hour at 20-30C under protection from light. In addition, add 100 xL of
the substrate solution to the wells of the blank.
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<Step 4> Instillations of Stop Solution and Measurement

1) Add 100 pL of stop solution to each well in the same order and at the same intervals as in <
Step 1>>. In addition, add 100 pL of the stop solution to the wells of the blank.

2) Measure with an automatic reader (dominant wavelength : 450 nm, reference wavelengths :
600~700 nm) within 30 minutes using the well of the blank as a control. ‘

<Evaluation of Measurement Results>

1) Subtract the absorbance of the blank from that of each control.

2) Confirm that each value obtained by subtracting the absorbance of the blank from that of 10
EU/mL of antibody titer in each control is within 0. 15-0. 60.

3) Define the value obtained by subtracting the absorbance of the blank from that of sample as
a

4) Plot antibody titers (EU) of each control on the horizontal axis and values obtained in 1) on
the vertical axis to prepare calibration curves.

5) Based on these calibration curves, calculate the antibody titer corresponding to the
absorbance of each sample (a) and display. The obtained values should be rounded down to whole
numbers.

3. Serum Sample

We used serum samples from 158 patients who had visited National Hospital Organization
Fukuoka National Hospital from 2005 to 2010 and had been suspected of pertussis infection.

4. Standard Substance

We dissolved the standard serum JNIH-10 (PT : 250 EU/vial, FHA : 400 EU/vial) obtained from
the National Institute of Infectious Diseases in Japan into 1 mL of purified water and used this as a
standard substance.

5. International Standard Serum’
We dissolved the international standard serum 06/140 (PT : 335 IU/vial, FHA : 130 IU/vial)
obtained from the National Institute for Biological Standards and Control (NIBSC, U.K.) into 1 mL

of purified water and used this as an international standard serum.

6. Measurement of Serum Samples, the Standard Substance and the International Standard

Serum ‘

We measured a twofold dilution series of the standard substance JNIH-10 in accordance with the
above procedure and evaluated the range of absorbance and the effects by dilution. We then
measured a dilution series of the international standard serum 06/140 as well and compared it with
the results in JNIH-10 to evaluate the correlation between the standard unit in Japan (EU) and the
international standard unit (IU).

All the serum samples were evaluated by JNIH-10. Antibody titers (EU/mL) were calculated
using calibration curves prepared by controls for PT or FHA provided separately.

7. Evaluation of Changes in Measured Values by Repeated Measurement of the Same

Sample

We measured two samples of known anti-PT and FHA antibody titers, a total of four samples, four
times and calculated the coefficient of variation (CV, %) to evaluate within—run reproducibility of
this product. We used two types of samples of known antibody titers, 20 and 80 EU/mL.

8. Correlativity with the Contrel Product

We used Reagent Wako for Measurement of Pertussis Bacteria Antibody Titer (Wako Pure
Chemical Industries, Ltd.) as a control product and evaluated correlativity with this product. Since
the measurement range of this product was 1~160 EU/mL and that of the control product was 1~
100 EU/mL, if the antibody titer of the sample showed as out of the range for both or either of them,
the sample was excluded. We calculated the slopes of regression lines and correlation coefficients for
137 samples of anti-PT antibody titers and 145 samples of anti-FHA antibody titers.

)10)
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Fig.2 Comparison between the standard unit in Japan (EU) and the international unit (IU)

II. Results

1. Changes of Absorbance in a Dilution Series of JNIH-10

We prepared a twofold dilution series of JNIH-10 and measured absorbance in accordance with
the above procedure (Fig.1). As a result, the absorbance obtained from the pre-diluted sample of
the undiluted solution of JNTH-10 (diluted to 201-fold with the buffer solution) showed around 20D
in both anti-PT and FHA antibodies. In the lots of reagents shown in Fig. 1, the absorbance of anti-
PT antibodies was usually slightly higher than that of anti-FHA antibodies in the same EU values,
but their absorbance was considered to be practically equivalent. It can be considered that increases
of absorbance of anti-PT and anti-FHA antibodies slow down as increases of antibody titers and the
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Table 1 Simultaneous reproducibility

PT 1 1.3 2.9 2.1
(20 EU/mL) 2 3.6 2.7 4.1
3 2.8 2.0 5.5
- 1 4.5 3.9 1.0
(80 EU/mL) 2 2.6 3.9 3.2
3 2.4 0.5 1.9
FHA 1 2.2 2.1 2.9
(20 EU/mL) 2 2.4 1.1 1.4
3 2.0 2.7 2.4
FHA 1 2.0 2.4 2.9
(80 EU/mL) 2 0.9 1.9 1.6
3 2.5 1.2 1.3
Anti-PT antibody titers Anti- FHA antibody titers
120+ - 120
PT FHA ®
n=137 n =145
y = 0.96x + 1.42 y == 0.96x + 2.13 ®
r=0.95 r=0.93 @
o B
5 3
i~ el
g 2
A a,
o [
1 1
120 120
The control product The control product

Fig.3 Correlation with the control product

dilution curves reach plateau. This is a common phenomenon in the plate ELISA test.

2. Comparison between the Standard Unit in Japan (EU) and the International Unit (IU)

We simultaneously measured (seven times per lot) the dilution series of JNTH-10 (Fig. 2, x—axis)
and the international standard serum 06/140 (Fig. 2, y-axis) using this product to compare them.
The results showed a good correlation, y=0. 77x (r=0.996) in PT and y=0. 79x (r=0.999) in FHA.

3. 'Evaluation of Changes in Measurement Values by Repeated Measurement of the Same

Sample

As shown in Table 1, the coefficient of variation (CV, %) obtained with a four-time measurement
of two types of samples with known antibody titers were 0. 5~5. 5% in anti~-PT antibody titers and
0.9~2.9% in anti-FHA antibody titers. These results showed a good reproducibility in all evaluated
lots of reagents.
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4. Correlation with the Control Product
As shown in Fig. 3, the linear regression formula of PT (n=137) wasy=0.96x+1.42 (r=0.95)
and that of FHA (n=145) was y=0. 96x+2. 13 (r=0. 93), and both of them showed high correlations.

II. Discussion

Since this product adopts a general 96-well microplate, it is considered to have good versatility
and can easily conform to automation in sites such as testing centers, which treat many samples.
From the results of fundamental performance in this study, this product is a stable reagent with a
good reproducibility and is expected to enable the comparison of data with that by Reagent Wako
ELISA test due to a high correlation with that test, which is currently the only reagent used to
measure anti-PT and anti-FHA antibodies in Japan. Furthermore, this product is also considered to
allow the possibility of comparing data with anti-PT antibody titers obtained in IU in other
countries™?. We believe that this product can be widely used in support of clinical diagnosis of
pertussis, as well as in the evaluation of vaccine effects, epidemiological studies and for other
purposes.

However, the results of this study were insufficient to calculate a conversion factor between EU
and IU. The purities of antigens, purification methods, strains, compositions of buffer solutions, etc.,
used in the test differ for every manufacturer of reagents, which affects the reactivity of reference
and standard substances. Since serum antibodies are polyclonal, the composition rates of recognition
epitopes may differ in every serum. In view of the fact that a certain tendency is expected to be
present in the products by the same manufacturer, we estimated that the IU value was
approximately 70~-80% of the EU value in this product.
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ARTICLE INFO ABSTRACT
Arfid}? history: Background: Cytokines and chemokines induced by human herpesvirus 6 (HHV-6) infection may play an
Received 7 July 2010 important role in the observed HHV-6-associated clinical complications. However, basic data for cytokine
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and chemokine synthesis in primary HHV-6 infected patient without complication is lacking.

Objective: Aim of this study was to elucidate basic kinetic data for expressions of cytokines and
chemokines in patients with primary HHV-6 infection without complication.

Study design: Twenty-six patients suffering from fever were enrolled in this study. Fourteen biomark-

fie]_};\';v_ %rdS: ers were measured in 74 serially collected sera samples from 26 patients. Additionally, serum samples
Exanthem subitum obtained from 14 healthy children were used for control.

Primary infection Results: Twenty of the 26 patients were diagnosed with primary HHV-6 infection based on viral isola-
Cytokine tion and serological analysis. The mean age (P=0.1289) and proportion of males to females (P=0.9999)
Chemokine between the patients with and without primary HHV-6 infection were not statistically different. At the

acute phase of the disease, three cytokines (IFN-y; P=0.0046, IL-2; P=0.0366, and IL-4; P=0.0255) and
one chemokine (MCP-1; P=0.0019) were significantly higher in patients with primary HHV-6 infection
compared to those without infection. Interleukin-5 levels during the convalescent period were signif-
icantly higher in patients with HHV-6 infection (P=0.0205). By 1 month post-infection, cytokine and
chemokine expression had returned to almost basal levels.
Conclusion: As suggested by the previous in vitro studies, present in vivo analysis also suggests that HHV-6
has potency for induction of cytokines and chemokines.

© 2010 Elsevier B.V. All rights reserved.

1. Background over, in vitro studies demonstrated that HHV-6 can modulate host
immunity by several mechanisms, including killing lymphocytes

Primary human herpesvirus 6 (HHV-6) infection can cause  and controlling cytokine synthesis.3-12 Thus, the cytokines and
exanthem subitum in infants and young children.! Although the chemokines induced by HHV-6 infection may play an important

disease is generally a benign febrile illness with self-limiting clin-  yole in the observed HHV-6-associated clinical manifestations.
ical course,? several severe complications, such as encephalitis,

have been reported. It has been suggested that several cytokines 2. Objective
might be involved in causing HHV-6 encephalitis.# Additionally,
our recent studies suggested that several inflammatory cytokines
were upregulated by HHV-6 reactivation and these may contribute
to the associated clinical manifestations in transplant recipients>®
and patients with drug induced hypersensitivity syndrome.” More-

Aim of this study was to elucidate basic kinetic data for expres-
sions of cytokines and chemokines in patients with primary HHV-6
infection without complication.

3. Study design

Abbreviations: HHV-6, human herpesvirus 6; IL, interleukin; IFN, interferon; 3.1. Patients and sample collection
TNF, tumor necrosis factor; MCP, monocyte chemotactic protein.
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