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Abstract
Human Hookworm Infection, a neglected tropical disease infects more than 600
million people around the world. Hookworms ingest hemoglobin containing
erythrocytes and Necator americanus Aspartic Protease-1 wild type (Na-APR1wt) a hemoglobinase cleaves hemoglobin to form Heme and Globin. Globin is
further digested by other gut enzymes and the nutritional end products are
absorbed by the hookworm’s gut wall. Also, Heme which is toxic to hookworm is
detoxified by the Necator americanus Glutathione Transferase-1 (Na-GST-1); a
detoxification enzyme secreted by the gut of the hookworm. Necator
americanus Aspartic Protease-1 M74 (Na-APR-1 M74) is a new vaccine which is
currently under pre-clinical development. This vaccine is an Alhydrogel®
adjuvanted vaccine containing the mutant form of Na-APR-1wt. Potent
antibodies (IgG) will neutralizing Na-APR-1wt and will block the initiation of the
hemoglobin digestion cascade and starve the hookworms from essential
nutrition, leading to their death. Here, we report the results of the neutralizing
capacity of antibodies and potency (immunogenicity) of Na-APR-1 M74 vaccine
in BALB/c mice.
Na-APR-1 Hookworm Vaccine
Necator americanus Aspartic Protease-1 (Na-APR-1) is a 45-kDa hemoglobinase
from N. americanus. The recombinant polypeptide monomeric Na-APR-1 M74
was expressed in Nicotiana benthamiana. Na-APR-1 M74 (Na-APR-1 M74)
Hookworm Vaccine Drug Product was formulated at 0.1 mg/ml of Na-APR-1 with
0.8 mg/ml of Alhydrogel® in 150 mM NaCl/10mM imidazole/0.3% Empigen BB.
The cGMP manufactured vaccine was stored at 4° C.
Methods
Standard Reference Serum
Standard Reference Serum was generated by vaccinating sixty Balb/c mice with
9.33µg Na-APR-1 + 76.64µg Alhydrogel® subcutaneously using the following
vaccination and bleed schedule.
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The terminal sera was pooled and total IgG was purified from this standard
pooled serum using the Protein G Sepharose affinity chromatography. Antibodies
(IgG) were concentrated using the Millipore® Nanosep Filter. Concentration of the
IgG in the purified sample were estimated using a Spectrophotometer.
Neutralizing Antibody Assay (NAbA) 1
Na-APR-1wt was produce in Pichia pastoris using pGAP expression system. The
enzymatic activity of Na-APR-1wt was estimated using Cathepsin D Substrate, 7methoxycoumarin-4-acetyl-GKPILFFRLK(dinitrophenyl)-d-Arg-amide (below).
7-methoxycoumarin-4-acetyl-GKPILFFRLK(dinitrophenyl)-d-Arg-amide
(quencher)
(fluorophor)

Cleavage site

The reaction mixture containing 50 mM Sodium Acetate (pH 5.5), 250ng NaAPR-1wt and Cathepsin D Substrate (1µM) were incubated at 37°C for 30 Min
and fluorescence (330 nm Excitation and 390nm Emission) was measured by a
Fluorometer. To determine the neutralizing activity of the IgG, purified IgG from
the standard reference serum was incubated with the remaining component of
the assay and the %inhibition of the fluorescence was calculated. Commercial
mouse IgG was used as a Negative control. Figure 1, shows the steps to
demonstrate the neutralizing capacity of antibodies against the enzymatic
activity of Na-APR-1wt.

Methods
Figure 1. Neutralization of Enzymatic Activity of Na-APR-1wt (NAbA)
(Mode of Detection = Fluorescence)
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For NAbA, two operators performed two runs individually using 5 µg of IgG
with 250 ng of Na-APR-1wt. Also, 1, 2, 4 and 8 µg of IgG with 250 ng of NaAPR-1wt was used to generate a dose response (% inhibition vs IgG (µg)).

Figure 4. Response Threshold (Global Standard Calibration Curve)
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Table 3. ED502 and Relative Potency2
Months post
manufacture

Table 2. Neutralizing capacity of 5µg of purified IgG.
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Na-APR-1wt

IgG
Potency testing was performed using Female Balb/c mice. This assay utilizes a
quantal response or the achievement of a threshold of murine IgG against NaAPR-1 M74 above which we could assign an individual serum as being ‘positive’.
The response threshold was obtained using the standard reference serum. The
standard reference serum (SRS) was assayed on each ELISA plate. Also a Fourparameter logistic log (4-PL) fit of the standard calibration curve (SCC) data
generated by serial dilution of standard reference serum on ELISA plate were
plotted on a logistic-log scale. A global standard reference curve with the 95% CI
was generated using these curves2. A response threshold was estimated using
the above global curve 2.
For the potency assay the Na-APR-1 M74 drug product was fractionated by
groups to generate the following doses.
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*RFU of Standard reference serum IgG compared to RFU of Negative IgG (commercial mouse IgG).

Figure 2. Percent inhibition at four different levels of IgG*

The above Figure 4,Panel A shows the Global Standard Calibration Curve
(GSCC) and Panel B shows the magnified lower asymptote of the GSCC2. The
response threshold (RT) of 5 AU and limit of quantitation (LOQ) of 3.5 AU
were estimated using the lower asymptote as per the method describe
elsewhere2.
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Figure 3. Standard Calibration Curves using SRS
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The above potency animal study was performed at 1 and 7 months post
manufacturing. The probit transformation of the percentage of responders on
day 28 in each dose group were plotted against the log10-transformed dose of
Na-APR-1 M74. ED50 (Effective Dose 50) was obtained using the graphical
interpolation as well as using the methods described in European
pharmacopeia3. Similarly, relative potency was calculated using the methods
described in European pharmacopeia3. Here, the relative potency compare the
potency (immunogenicity) of Na-APR-1 vaccine at time 7 months post
manufacture to that of its potency at time 1 month (time of release).
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For Potency Assay, One operators performed 22 Anti Na-ARP-1 M74 ELISA
plates. The following Figure 3 shows the 22 standard calibration curve from
the 22 ELISA plates.
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 Five microgram of purified IgG from BALB/c mice vaccinated with 9.33µg
Na-APR-1 + 76.64µg Alhydrogel® subcutaneously neutralized 51.06% of
the enzymatic activity of 250 ng of Na-APR-1wt.
 An excellent dose response (% inhibition vs IgG) was observed.
 The standard reference serum generated an excellent standard calibration
curves (SCC) as well as an excellent global standard calibration curve
(GSCC) using an Anti-Na-APR-1 IgG ELISA.
 Na-APR-1 M74 vaccine generated an potent immune response in Balb/c as
evident by the generation of ED50 at time 1 and 7 month post
manufacture.
 Na-APR-1 M74 vaccine became 1.23 times more potent at time 7 month
when compared to time 1 month post manufacture.

*RFU of Standard reference serum IgG compared to RFU of Negative IgG (commercial mouse IgG).

One hundred mice were divided into 10 groups. Mice were vaccinated
subcutaneously using the above doses and the following bleed and vaccination
schedule.
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ED50 of the Na-APR-1 M74 vaccine was found to be 14.15 µg and 11.46 µg
at 1 and 7 months post manufacture respectively (Figure 5, Table 3).
Relative potency of Na-APR-1 M74 vaccine was found to be 1.230 at 7
months post manufacture respectively (Figure 7, Table 2).
The upper 95% fiducial limits of the estimated relative potency at 1 and 7
months post manufacture was found to be 1.488 and 1.917 respectively.

Figure 5. ED50 using probit transformed percent responders.

Table 1. Study Design

Na-APR-1 M74
(µg)

1

Figure 6. Relative Potency3

MS, et al. Neutralizing antibodies to the hookworm hemoglobinase
Na-APR-1: implications for a multivalent vaccine against hookworm infection
and schistosomiasis. The Journal of infectious diseases, 201(10), 1561–9.
doi:10.1086/651953
2Jariwala AR, et al. Potency testing for the experimental Na-APR-1
hookworm vaccine. Expert Rev Vaccines 2010;9:1219–1230.
3European Pharmacopoeia Commission. Statistical analysis of results of
biological assays and tests. In: European Pharmacopoeia, 6th edition.
Council of Europe, Strasbourg, France, 571–600 (2008).
Acknowledgments
The authors wish to acknowledge Bruce J Meade and Jane Halpern for their
inspiration, advice and guidance for the development of potency assay for a
neglected tropical disease vaccine.
This project is supported by the Sabin Vaccine Institute through funding
from the Bill and Melinda Gates Foundation and the Dutch Government. The
authors have no other relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with the
subject matter or materials discussed in this Poster apart from those
disclosed.

