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e IgG antibody was prepared and purified by using tangential flow filtration method.

o The purified antibody can be used in ELISA and agglutination diagnostic kits.

ABSTRACT

Antibodies are important agents in the laboratory diagnosis of various
Keywords: microorganisms such as Streptococcus pneumoniae. In this study, we prepared
Agglutination and purified IgG antibody against Streptococcus pneumoniae using novel
gil';lsg;n methods to be used in ELISA and agglutination diagnostic kits. First,

Streptococcus pneumoniae was cultured, harvested, and inactivated. Then,
bacteria were injected into four mature New Zealand white rabbits, and antisera
were developed. Afterward, immunoglobulins were purified using ammonium
sulfate precipitation, diafilteration using Tangential Flow Filtration, and ion-
exchange chromatography. The purified antibody was then biotinylated and used
in ELISA. Gel electrophoresis results showed that the antibody was highly pure.
Agglutination test on the primary antigen and clinical samples was four-plus.
ELISA results showed that the sensitivity and specificity of the test were 95%
and 100%, respectively. Results indicated that our fast method was suitable for
anti-Streptococcus pneumoniae 1gG purification. Repetitive qualitative and
quantitative experiments confirmed high purity of the immunoglobulin. Thus, it
could be a suitable candidate to be used in laboratory diagnostic kits.
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Introduction

Streptococcus pneumoniae is an important cause of
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Trappetti, 2019). In addition, it is the second cause of
meningitis in youngsters and adults (Winegarner and
Wittkopp, 2020), and the main cause of bacterial otitis
media and bacteremia with an incidence rate of 1.5%
(Austrian, 1981; Austrian, 1999). In 2000, at least one
million children died because of pneumococcal
infections (Williams et al., 2002). The early diagnosis of
Streptococcus pneumoniae 1is the most important
measure to control and treat it (Paton and Trappetti,
2019). In addition, the correct diagnosis can reduce
antibiotic usage, drug resistance, and mortality rate
(Arbique et al, 2004; CDC, 2015). At present,
sensitivity to optochin and solubility in bile are the most
common methods of pneumococcus laboratory
diagnosis. These methods do not confirm the presence of
the bacteria, and other complementary tests and quality
control measures are required (Williams et al., 2002). In
most countries, Immunoglobin G (IgG) is regularly used
in pneumococcus infection diagnostic kits since it is
precise, rapid, and cost-benefit (Lalitha et al., 1996;
Williams et al., 2002).

Generally, antibodies used in diagnosis, research,
and treatment are divided into 2 groups: polyclonal and
monoclonal (Lipman et al., 2005). Monoclonal antibody
production is limited since it needs specific laboratory
and cell culture equipment. It is also time-consuming
and expensive. In addition, monoclonal antibodies are
extremely sensitive to extreme physical and chemical
conditions, and thus, their storage is difficult
(Hendriksen and Hau, 2002). Mammal’s serum is an
important and economical source of IgG, which is
widely used for detecting diseases (Ostler et al., 2002).
Polyclonal antibodies are obtained from immunized
animals such as rabbits, goats, and sheep. These
polyclonal antibodies include various antibodies against
different antigenic epitopes of immunogens (Hanly et
al., 1995).

In this study, we aimed to prepare IgG against
pneumococcus to be used in diagnostic agglutination
and ELISA kits, as well as, designing an ELISA kit for
detecting Streptococcus pneumoniae. Diafiltration and
Tangential Flow Filtration (TFF) were used to improve
the purity of the antibody.

Materials and Methods

Streptococcus pneumoniae culture

Streptococcus pneumoniae strain IBRC-M 10819 was
purchased from IBRC and cultured in Brain Heart
Infusion medium (Merck, Cat. No. 110493). The
cultures were incubated at 37 °C for 24 h. The bacteria
were then inactivated by heating at 60 °C for one hour in
a shaker water bath. Then, the bacteria were harvested
using phosphate buffer pH 7.2. McFarland 3 standard of
the bacteria was prepared for injection into rabbits.

Animal treatment and blood sampling

Four New Zealand white rabbits were used for injection.
One mL of the antigen including bacterial suspension
(9x10* CFU/mL) was intravenously injected into the
rabbits ear vein, weekly for five weeks. One week after
the last injection, 2 mL blood samples were collected
from the ear vein, repeated for 6 weeks. After each
sampling, the samples were centrifuged at 3000 RPM at
4 °C for 30 min to obtain the sera. The sera were then
stored at —70 °C until use.

Purification and quality assessment of the antibodies

Ammonium sulfate (Merck, Cat. No. 101217) was used
to precipitate the antibodies. Briefly, equal volumes of
the serum and 0.15 M NaCl were mixed and placed on a
stirrer at 200 RPM at 4°C. Then, an equal volume of
saturated ammonium sulfate was added to the mixture
dropwise and stirred for 30 min. The final mixture was
centrifuged at 1500 RPM for 30 min at 4 °C. The
supernatant was discarded and the precipitate was
washed with semi-saturated ammonium sulfate. The
centrifugation step was repeated, and the final
precipitate was resuspended in one-third of the initial
0.15 M cold NaCl. TFF (Labscale TFF system,
Millipore) was used to remove ammonium sulfate and
concentrate the sample. A 100 kDa cut-off filter
(Millipore, Pellicon” XL50 with Biomax® 100 kDa
Membrane, C screen, 50 cm?, Cat. No. PXB100C50)
and PBS 0.07 M (Gibco, Cat. No.18912014) pH 6.3
were used in TFF.

Nesler test was used to confirm ammonium sulfate
removal. Briefly, 150 pL of the purified protein, 20 pL
Nesler reagent, and 25 pL potassium hydroxide (Merck,
Cat. No.105033) were mixed in a 1.5 mL microtube.
The transparency of the mixture indicates ammonium
sulfate removal.

Ion-exchange chromatography was then used to
remove the remaining impurities. The column was
equilibrated using 50 mL PBS pH 7.6. Then, the
samples were applied to the column. Protein was eluted
from the column using the same buffer. The quality and
quantity of the purified antibodies were evaluated using
SDS-PAGE and Bradford assay.

Biotinylation of the purified antibody

One milligram biotin (Sigma, Biotin-NHS, Cat. No.
35013-72-0) was resuspended in 180 pL injection water
and incubated at room temperature for 50 min. The
antibody stock solution (2 mg/mL) was then added to
biotin solution (26.6 uL/mL of antibody), and then, gel
filtration chromatography (Sephadex® G-25 Medium,
Sigma, Cat. No. GE17-0033-01) was used to exchange
the buffer.
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ELISA test

The primary antibody (1, 2, 5, 10 pg/mL) and
bicarbonate coating buffer were added to a 96-well
plate, and the plate was incubated overnight at 4 °C on a
shaker. Then, the solutions in the wells were discarded,
and the wells were washed 3 times with TBST washing
buffer (20 mM Tris-HCI, Merck, Cat. No. 648317 and
150 mM NacCl). Next, 250 pL of blocking buffer and
0.01 g/mL bovine serum albumin (BSA, Sigma, Cat. No.
A2153) was added to each well, and the plate was
incubated at room temperature for 2 h on a shaker. After
washing, 100 pL of inactivated bacteria (the antigen, at
3 McFarland standard concentration) was added to each
well, and the plate was incubated at 37 °C for 1 h. Four
wells were considered for blank and negative control.
The wells were then washed 3 times, the biotinylated
antibody (5, 10, 20, 40, 80 ug/mL) was added, and the
plate was incubated at 37 °C for 30 min. The wells were
then washed 4 times. HRP-streptavidin conjugate
(Sigma, Cat. No. RABHRP3, 600 UL) was then added
to all wells except for the blank, and the plate was
incubated at 37 °C for 30 min. After 5 washing steps,
100 pL of the chromogenic substrate was added, and the
plate was placed in a dark room for 15 min. 50 pL of
stop solution was then added to the wells, and the plate
was read at 450 nm using Hiperion MP*"* ELISA reader
system.

Sensitivity and specificity of the assay

Twenty positive clinical samples of Streptococcus
pneumoniae were used to determine the sensitivity of
the assay. E. coli, Pseudomonas aeruginosa, Neisseria
meningitides, and Staphylococcus aureus were used to
determine the specificity of the assay. All samples were
from the archive of positive and negative samples of
Day Hospital, Tehran, Iran.

Agglutination test

The immunization antigen, positive clinical samples,
and Neisseria meningitides whole-cell antigen were used
as a test, positive control, and negative control,
respectively. A single colony of patients’ sample was
resuspended in one drop of normal saline on a glass
slide, and 30 pL of the antiserum was added. After one
minute, the agglutination was evaluated.

Results and Discussion

According to the WHO report in 2005, nearly 1.6
million individuals died because of pneumococcal
infection, more than 1 million of whom were children
under 5 years old (WHO, 2005). One of the measures

for controlling the disease is the rapid diagnosis of the
patients (CDC, 2018).

Glover and Korschgen evaluated two methods of
antiserum preparation (Glover and Korschgen, 1980).
These methods differed in the injection method. Wolfe
used IV injection (Wolfe, 1935), while Proom used the
IM method (Proom, 1943). In Wolfe method, less time
was needed, the steps of the process were fewer, and
preparation/implementation of the antigen was easier.
We used Wolfe method in this study. We also used the
protocol developed by Leenaars and Hendriksen
(Leenaars and Hendriksen, 2005). The concentration of
the antibody they purified was 25.925 mg/mL, which
indicates standard principles of injection, serum
collection, and purification processes.

Antibody purification and qualification

Non-reducing 10% acrylamide gel electrophoresis was
performed to assess the quality of the antibody.
Electrophoresis was performed after the purification of
the antibody using ion-exchange chromatography and
TFF. The presence of a single 150 kDa band indicates
the high purity of the antibody (Fig. 1).

1% E

100

(]
th

M 1 2

Figure 1. Analysis of the purified antiserum on 12% resolving SDS
PAGE. M: pre-stained molecular ladder (25-165kDa). Lane 1, after
ion-exchange chromatography. Lane 2, after tangential flow filtration,
a single band of 150 kDa was observed.

Parker and his co-workers analyzed the purity of
antibodies against pneumococcal anti-capsular polysac-
charide (CPS) using SDS-PAGE (Parker et al., 2017).
Their results showed that the purity of the anti-capsular
IgG was more than 95%. We used TTF and ion-
exchange chromatography (Diethylaminoethyl Sepharose
Fast Flow) to eliminate impurities. SDS-PAGE analysis
showed a single band of 150 kDa under non-reducing
conditions. This means a highly pure antibody.
Moreover, the color change from orange to clear in the
Nessler test indicates the removal of ammonium sulfate

(Fig. 2).
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Figure 2. Nessler test. In the ammonia test, Nessler reagent (K,Hgl)
reacts with the ammonia present in the sample (under strongly alkaline
conditions) to produce a yellow species. The color change from orange
to colorless after diafiltration indicates the complete removal of
ammonium sulfate from the purified antibody. 1: unprocessed sample,
2-4: after passing 100-800 mL of buffer through the filter.

ELISA test

The ELISA method is an integral part of pneumococcus
diagnosis. To determine the quality of the anti-
pneumococcal immunoglobulins, an ELISA test was
designed. The optimum concentration of the primary
antibody was first determined, and then the absorbance
was measured at 450 nm. The results showed that the
absorbance of the blank and negative control was zero,
and that of the positive samples was proportional to the
different concentrations (Table 1). The highest
absorbance was at 1 pg of the primary antibody and 80
pg of the biotinylated antibody. The optimum
concentration of the primary and biotinylated antibody
was 2.5 and 40 pg, respectively. After the optimization
of the antibody concentration, the assay was used to
evaluate the clinical samples. Table 2 shows the result of
the assay on clinical Streptococcus pneumoniae samples
and some other bacteria. The latter samples were used to
determine the specificity of the assay.

Table 1. Absorbance of primary and biotinylated antibody.

Biotinylated antibody concentration (ng)

Primary antibody
concentration (png)

B: Blank, C™: negative control, R1: repeat one, R2: repeat two.

Table 2. The results of ELISA using the purified antibody and clinical samples. Optical density for the blank and the negative control should be
less than 0.05 and 0.1, respectively. Cut-off value = optical density of the negative control mean +0.15. Cut-off Index (COI) = optical density of
sample/cut-off value (values above 1/1 are positive). All clinical samples (CS) except CS17 sample were positive.

Optical density in 450 nm

CS13 CS14 CS15 CS16 CS17 CS18 CS19 CS20 Men E. coli Seu.ae Staph
R1  0.651 1.761 1.161 0.925 0.017 0.382 0.341 1.230 0.01 0.001 0.007 0.000
R2  0.576 1.521 1.157 0.844 0.011 0.391 0.410 1.344 0.017 0.000 0.010 0.044

Optical density in 450 nm

CS10 CS11 CS12
R1 0 0 0.454 0.361 1.211 0.870 1.47 1.244 0.425 0.871 1.112 1.232 0.411 0.766
R2 0 0 0.481 0.370 1.242 0.844 1.399 1.28 0.468 0.854 1.140 1.430 0.417 0.791

R1: Repeat one, R2: repeat two, B: blank, C™: negative control, CS1-CS20: clinical samples, Men: Meningococcus, Seu.ae: Pseudomonas aeruginosa, Staph:
Staphylococcus aureus
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Agglutination test

Slide agglutination tests have always attracted attention
considering the low price of specific anti-pneumococcal
antiserum and easy handling of agglutination tests.
Agglutination test is highly valuable for pneumococcus
diagnosis. Porter and colleagues in 2014 studied the
precision, time, sample volume, and ease of
agglutination test compared to Quellung test (Porter et
al., 2014). Fig. 3 shows the positive test result for
positive clinical samples and negative results for other
bacterial samples in our study.

a b e d

Figure 3. Agglutination test. The agglutination test using a) E. coli b)
Meningococcal ¢) clinical Pneumococcal sample and d) Pneumococcal
antigen. The test was positive using pneumococcal antigen and
pneumococcal clinical samples (¢ and d), but it was negative using
irrelevant samples (a and b).

Specificity and sensitivity

In this study, the specificity of the assay increased using
the purified antiserum. Nowadays, several methods
are used to eliminate undesirable antibodies against
antigenic determinants and increase the sensitivity/
specificity of IgG. These methods include ammonium
sulfate precipitation, dialysis, and chromatography. In
this study, we performed dialysis using a novel TFF
system with 30 and 100 kDa filters, precipitation by
saturated ammonium sulfate, and followed by ion-
exchange chromatography.

Twenty confirmed positive samples of Streptococcus
pneumoniae were used to examine the sensitivity of the
assay. The assay detected 19 samples, and thus,
the sensitivity of the assay was determined to be 95%.
To determine the specificity of the assay, non-
pneumococcal bacterial samples were used, and no
positive result was obtained. Therefore, the specificity
was determined to be 100%.

The sensitivity and specificity analyses of ELISA
test, which was developed for qualitative evaluation of
prepared antibodies, showed that the developed assay
could detect pneumococcus and had not any cross-
reaction with other bacteria.

Conclusion

According to the qualitative and quantitative tests, the
extracted IgG was highly pure. The results showed that
the assay using prepared antiserum is sensitive and
specific enough. Therefore, it can be a suitable
replacement for commercial pneumococcal ELISA kits
and can be used in research and clinical laboratories.
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