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Abstract: A partial sequence of an human coronavirus (HCoV)-OC43 S2 subunit that cross-
reacts with the S2 subunit of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was fused with a nasal immuno-inducible sequence (NAIS), and the resulting complex
was used for intranasal immunization of rabbits. Crude serum from rabbits immunized
with three doses showed an IgG titer > 1000 against the S2 subunits of HCoV-OC43 and
SARS-CoV-2 and inhibited OC43 viral replication as a neutralizing antibody in vitro.
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1. Introduction
Intranasal vaccination is an effective method for preventing invasion and colonization

of pathogens by eliciting secretory IgA (sIgA). Because live-attenuated vaccines are gen-
erally used as antigens for intranasal vaccination, immunization restrictions are imposed
for safety reasons. However, the use of inactivated vaccines as antigens can improve
vaccine safety and the range of vaccination targets can be expanded [1]. Since adjuvants or
immunomodulators inoculated along with antigens play important roles during intranasal
vaccination of an inactivated candidate, we developed an immunomodulatory collagen-
binding protein MP3, derived from bacteria, with low cytotoxicity and extracellular matrix
adhesion properties [2,3]. A further developed polypeptide sequence termed as a nasal
immuno-inducible sequence (NAIS) elicited antigen-specific serum IgG and sIgA response
after three or more intranasal vaccinations in a mouse study; therefore, the NAIS fused
with antigens could be applied as an immunomodulator [3].

The receptor-binding domain (RBD) of the S protein is mainly targeted to develop
vaccines for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to prevent
infection and pathophysiology. Elicitation of antibody (Ab) response targeting the RBD
prevents viral attachment to their receptor, angiotensin-converting enzyme 2 (ACE2) [4];
therefore, the RBD is an effective antigenic target to inactivate invading viruses. Consider-
ing the situation of changing variants, conducting experiments with different antigenic and
vaccine designs is necessary. For human coronaviruses (HCoVs), neutralizing Abs (nAbs)
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against the S protein inhibits viral attachment by binding to the S1 subunit and virus–cell
membrane fusion by binding to the S2 subunit, therefore, preventing the entry and trans-
mission of HCoVs [5]. The S2 subunit is a potential target of nAbs that interferes with the
structural rearrangement of the S protein and virus–host membrane fusion [6]. Therefore,
nAbs against the S2 subunit may prevent viral membrane fusion to further inhibit viral
replication. Furthermore, the C-terminus of the S2 subunit is relatively conserved between
SARS-CoV-2 and seasonal HCoVs.

In this study, we fused the S2 subunit of HCoV with modified MP3 termed as the
nasal immuno-inducible sequence (NAIS) and examined the effect of crude sera obtained
by intranasal immunization of this complex on viral replication in vitro and studied its
cross-reactivity with the S2 subunit of SARS-CoV-2.

2. Materials and Methods
2.1. Vaccine Design for Intranasal Immunization

Prior to designing NAIS and vaccine antigens, potential major histocompatibility com-
plex (MHC)-I and -II binding site predictions were generated using the Immune Epitope
Database (IEDB) [7]. For NAIS, potential antigenic sites were removed from MP3 while
still preserving the collagen-binding ability as a following section [3]; for the S2 subunit
antigen, the sites with concentrated epitope predictions were targeted and fused to the
C-terminus of NAIS using L-arabinose-inducible pBAD vector [2]. In brief, the E. coli strain
BL21-AI [2] harboring the expression vector was incubated at 37 ◦C for 2 h and then incubated
at room temperature overnight after the addition of 0.02% L-arabinose (final concentration).
Thereafter, the E. coli cells were collected by centrifugation (5000× g, 10 min) and sonicated.
Six histidine tag fusion recombinant proteins were separated according to the manufac-
turer’s instructions using Dynabeads His-Tag Isolation & Pulldown (Thermo Fisher Scientific,
Waltham, MA, USA). The separated proteins were then buffer-substituted in a solution of
50 mM Tris and 150 mM NaCl using a dialysis membrane and used for experiments.

2.2. Intranasal Immunization

Animal studies were conducted at Eurofins Genomics (Tokyo, Japan) in accordance
with the recommendations of the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health. The protocol was approved by the Institutional Animal
Care and Use Committee (IACUC) of Eurofins Genomics under accession no. OA-2112023-
00002. A 100 µL aliquot of 0.2 mg/mL NAIS-fused S2 antigen (NAIS-ag) was intranasally
administered to single rabbit thrice at 1-week intervals for three weeks. At week 4, whole
blood was collected, and the serum was separated and used as the test crude serum.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA) and Western Blotting (WB)

ELISA was used to determine the collagen-binding ability and Ab titers. To determine
the collagen-binding ability, a collagen type IV-coated 96-well plate (Corning, Bedford,
MA, USA) was used for sandwich ELISA. Stepwise diluted OC43-S2 and NAIS-ag proteins
were reacted on the plate for 2 h at room temperature, followed by five rigorous washes
and detection using HRP-conjugated HisProbe (Thermo Fisher Scientific) and EzElisa TMB
(Atto, Tokyo, Japan), according to the manufacturers’ instructions. For Ab titers, The
HCoV-OC43 spike S2 (Sino biological, Beijing, China) and SARS-CoV-2 S2 (Raybiotech,
Peachtree Corners, GA, USA) subunits were coated on 96-well plates overnight at 4 ◦C,
followed by blocking with protein-free blocking buffer (Thermo Fisher Scientific), then
reacted with diluted rabbit crude serum (2–1024) for 1 h at room temperature, followed by
5 washes, then reacted with HRP-conjugated anti-rabbit IgG (1: 5000, Promega, Madison,
WI, USA) and anti-rabbit IgA pAb (1: 3000, Abcam, Cambridge, UK) and measured by
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EzElisa TMB. WB was used to determine the cross-reactivity between the vaccine antigen
and immunized serum, using anti-OC43 spike glycoprotein polyclonal Ab (pAb, 1: 3000;
Epigentek, Farmingdale, NY, USA) and anti-SARS-CoV-2 spike pAb (1: 300, Genetex, Alton
Pkwy Irvine, CA, USA) as the primary antibodies. HRP-conjugated anti-rabbit IgG (1: 5000,
Promega) and anti-rabbit IgA pAb (1: 3000, Abcam) were used as the secondary antibodies.
When rabbit crude serum was used for WB, it was diluted 1:5000. The HCoV-OC43 spike
S2 (Sino biological, Beijing, China) and SARS-CoV-2 S2 (Raybiotech, Peachtree Corners,
GA, USA) subunits were used for comparative analyses. Although the molecular weight
of the S2 subunit of both HCoV-OC43 and SARS-CoV-2 is predicted to be approximately
60 kDa, upon expression in eukaryotic cells, it may contain a membrane fusion component
and show a molecular weight > 60 kDa. HCoV-OC43 S2 subunit was confirmed by LC-ESI-
MS/MS analysis using a Thermo Fisher Scientific LXQ mass spectrometer with nano-liquid
chromatography (AMR Inc., Tokyo, Japan)

2.4. Neutralization Assay of HCoV–OC43 Virus

HCT-8 cells were cultured at 2 × 105 cells/well (200 µL media) density in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum in 96-well
flat plate. OC43 virus at 1 × 104 pfu/100 µL was mixed with 100 µL of unimmunized
or immunized serum for 1 h at 37 ◦C. HCT-8 cells were then washed with DMEM and
incubated with 100 µL of the virus mixture for 1 h at 37 ◦C. Cells were then washed thrice
with DMEM and cultured for three weeks at 33 ◦C. Cytopathic effects and viral titers in
the supernatants were estimated by the methods of Vijgen et al. [8] using a LightCycler
480 system (Roche diagnostics, Basel, Switzerland) in 5 replicates, following extraction of
viral RNA using a MagMAX Viral RNA Isolation Kit (Thermo Fisher Scientific).

2.5. Statistical Analysis

Statistical analyses were performed using Microsoft Excel 8.0. Statistical comparisons
were performed using an unpaired Student’s t-test. The values are presented as the
mean ± standard deviation (SD). The p values < 0.05 were considered significant.

3. Results
The 1035–1195 amino acid (aa) residues of the S2 subunit were fused to the NAIS to

generate the vaccine NAIS-ag (Figure 1a). The MP3 and NAIS are characterized by their
adhesiveness to collagen [3], and the NAIS-ag showed significantly higher adherence at low
concentrations (≤0.6 µg/mL, p < 0.05) compared with the S2 subunit alone that showed
adherence only at high concentrations (Figure 1b). The cross-reactivity of the NAIS-ag
against the S proteins of HCoV-OC43 and SARS-CoV-2 was confirmed by Western blot
analysis (Figure 1c).

Serum IgG titers obtained after three intranasal immunizations in rabbit against the
S2 subunits of both HCoV-OC43 and SARS-CoV-2 were more than 1024 (Log10, 3.01),
whereas those of serum IgA were 256 (2.41) and 64 (1.81) for HCoV-OC43 and SARS-CoV-2,
respectively (Figure 2).
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Figure 1. Characterization of the intranasal vaccine antigen derived from HCoV-OC43 S2 subunit. 
(a) 17 kDa fragment of the S2 subunit spanning 1035–1195 amino acid residues that contain many 
MHC-I and -II binding peptides predicted in the IEDB database. (b) Comparison of collagen type 
IV binding ability between the S2 subunit and NAIS-ag (NAIS fused with the 17 kDa fragment of 
the S2 subunit) at different concentrations. The S2 subunit showed significant binding only at 5 
µg/mL concentration, whereas NAIS-ag showed significant binding at concentrations < 0.6 µg/mL 
(* p < 0.05). (c) Cross-reactivity of NAIS-ag against S proteins of both HCoV-OC43 and SARS-CoV-
2. Lane 1 shows sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) analysis 
of NAIS-ag, and lanes 2 and 3 show the results of WB using anti-HCoV-OC43 and anti-SARS-CoV-
2 S protein pAb, respectively. 

Serum IgG titers obtained after three intranasal immunizations in rabbit against the 
S2 subunits of both HCoV-OC43 and SARS-CoV-2 were more than 1024 (Log10, 3.01), 
whereas those of serum IgA were 256 (2.41) and 64 (1.81) for HCoV-OC43 and SARS-CoV-
2, respectively (Figure 2). 

 

Figure 2. Antibody titers toward S2 subunits of both HCoV-OC43 and SARS-CoV-2. Results are 
shown in logarithm, and the maximum value was measured as 1024 (3.01 in log10). 

WB analysis revealed the cross-reactivity of serum IgG, but not IgA, with the S2 sub-
units of HCoV-OC43 and SARS-CoV-2 (Figure 3a,b). Neutralization assays revealed that 

Figure 1. Characterization of the intranasal vaccine antigen derived from HCoV-OC43 S2 subunit.
(a) 17 kDa fragment of the S2 subunit spanning 1035–1195 amino acid residues that contain many
MHC-I and -II binding peptides predicted in the IEDB database. (b) Comparison of collagen type
IV binding ability between the S2 subunit and NAIS-ag (NAIS fused with the 17 kDa fragment
of the S2 subunit) at different concentrations. The S2 subunit showed significant binding only at
5 µg/mL concentration, whereas NAIS-ag showed significant binding at concentrations < 0.6 µg/mL
(* p < 0.05). (c) Cross-reactivity of NAIS-ag against S proteins of both HCoV-OC43 and SARS-CoV-2.
Lane 1 shows sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) analysis of
NAIS-ag, and lanes 2 and 3 show the results of WB using anti-HCoV-OC43 and anti-SARS-CoV-2 S
protein pAb, respectively.
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Figure 2. Antibody titers toward S2 subunits of both HCoV-OC43 and SARS-CoV-2. Results are
shown in logarithm, and the maximum value was measured as 1024 (3.01 in log10).

WB analysis revealed the cross-reactivity of serum IgG, but not IgA, with the S2
subunits of HCoV-OC43 and SARS-CoV-2 (Figure 3a,b). Neutralization assays revealed
that OC43 viral replication in HCT-8 cells was significantly inhibited by immunized serum
(p < 0.05, Figure 3c). The intranasal immunization induced the production of nAbs that
inhibited OC43 viral replication, further suggesting that it may be potentially effective
against SARS-CoV-2.
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Figure 3. Characterization of crude serum obtained after three doses of intranasal immunization of
NAIS-ag in a rabbit. (a) SDS-PAGE and WB analysis of HCoV-OC43 S2 subunit using crude serum as
a primary antibody. Lanes 1 and 2 show immunized and unimmunized crude sera as primary Abs,
respectively, detected with anti-rabbit IgG pAb. Lanes 3 and 4 show immunized and unimmunized
crude sera as primary Abs, respectively, detected with anti-rabbit IgA pAb. (b) SDS-PAGE of SARS-
CoV-2 S2 subunit and WB analysis using crude serum as a primary Ab and anti-rabbit IgG pAb as
secondary antibody. The corresponding band was not confirmed using a secondary anti-rabbit IgA
pAb. Arrows indicate the band position of the target protein. (c) Neutralization assay of HCoV-OC43
viral replication in HCT-8 cells using unimmunized (1) and immunized (2) crude sera. The viral titer
test was performed in 5 replicates on a 96-well plate on a 200 µL scale. * p < 0.05.

4. Discussion
In this study, pAbs produced by rabbit were analyzed for coronavirus cross-activity.

Rabbits have been reported to perform diverse genetic modifications with IgG [9]. In partic-
ular, changes in the Ig repertoire may be related to the greatest diversification compared to
other animals [9]. The high IgG antibody titers observed with intranasal immunization may
be a rabbit-specific immune response. Therefore, antibody titers may have been higher for
IgG than for IgA. For collagen-binding capacity, it was observed that at low concentrations,
the full-length S2 protein was higher than the NAIS-ag (Figure 1b). The full-length S2
used in this study contains a membrane-binding domain that is used during membrane
fusion [10] and may have exhibited adhesion to collagen at high concentrations.

While using RBD as a vaccine target may be one effective means, the shortcomings
caused by this vaccine design have also been hypothesized. The downregulation of Ab pro-
duction against the viral RBD that binds to ACE2 may generate ACE2-binding complexes,
therefore, resulting in adverse reactions after vaccination [11,12]. Furthermore, variants
with several point mutations in the ORF1ab, N protein, and S1 subunit of S protein exist
with previously reported variants [13], suggesting that the C-terminus of the S2 subunit is
highly conserved among variants. Immunization with N-glycan shielded the S2 subunit
from membrane fusion and may lead to less immune recognition and immunogenicity
than that with the S1 subunit, and elicitation of nAbs following immunization with the S2
subunit is lower than that with the S1 subunit or RBD [14,15]. However, the C-terminus of
the S2 subunit induces structural changes during membrane fusion, suggesting that it may
be highly conserved and effective as a vaccine against SARS-CoV-2 variants and HCoVs.

Although bacterial toxins such as Escherichia coli heat-labile toxins and cholera toxins
have been developed experimentally as immunomodulator adjuvants [16], the mechanism
of these B subunits has been elucidated and it is understood that they are non-toxic and act
as immunomodulatory proteins [17]. For the NAIS, parent MP3 is derived from a rodent
opportunistic bacterial protein and is considered safe for humans due to delete the cytotoxic
moiety [2]. Designing an intranasal vaccine containing the NAIS-ag to induce sIgA needs
further clarification.



Curr. Issues Mol. Biol. 2025, 47, 355 6 of 7

Author Contributions: Conceptualization, H.S., H.I. and Y.S.; methodology, H.S., H.I. and A.S.;
validation, Y.S. and M.I.; writing—original draft preparation, H.S. and H.I.; writing—review and
editing, Y.S. and M.I.; supervision, Y.S. and M.I.; funding acquisition, H.S. and H.I. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported in part by JSPS KAKENHI, grant numbers 20K08846 and
22K11786. This work was also supported by the Research Encouragement Program of Juntendo
University, Faculty of Health and Sports Science.

Institutional Review Board Statement: The animal protocol was approved by the Institutional Animal
Care and Use Committee (IACUC) of Eurofins Genomics (OA-2112023-00002) on 10 June 2022.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article; further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sano, K.; Ainai, A.; Suzuki, T.; Hasegawa, H. Intranasal inactivated influenza vaccines for the prevention of seasonal influenza

epidemics. Expert Rev. Vaccines 2018, 17, 687–696. [CrossRef] [PubMed]
2. Sasaki, H.; Ishikawa, H.; Kojima, K.; Itoh, M.; Matsumoto, T.; Itoh, T.; Hosomi, O.; Kawamoto, E. Intranasal immunization with a

non-adjuvanted adhesive protein descended from Pasteurella pneumotropica and its preventive efficacy against opportunistic
infection in mice. Vaccine 2013, 31, 5729–5735. [CrossRef] [PubMed]

3. Sasaki, H.; Suzuki, Y.; Morimoto, K.; Takeda, K.; Uchida, K.; Iyoda, M.; Ishikawa, H. Intranasal Immunization with Nasal
Immuno-Inducible Sequence-Fused Antigens Elicits Antigen-Specific Antibody Production. Int. J. Mol. Sci. 2024, 25, 12828.
[CrossRef] [PubMed]

4. Dong, Y.; Dai, T.; Wei, Y.; Zhang, L.; Zheng, M.; Zhou, F. A systematic review of SARS-CoV-2 vaccine candidates. Signal Transduct.
Target. Ther. 2020, 5, 237. [CrossRef] [PubMed]

5. Jiang, S.; Hillyer, C.; Du, L. Neutralizing Antibodies against SARS-CoV-2 and Other Human Coronaviruses. Trends Immunol. 2020,
41, 355–359. [CrossRef] [PubMed]

6. Chi, X.; Yan, R.; Zhang, J.; Zhang, G.; Zhang, Y.; Hao, M.; Zhang, Z.; Fan, P.; Dong, Y.; Yang, Y.; et al. A neutralizing human
antibody binds to the N-terminal domain of the Spike protein of SARS-CoV-2. Science 2020, 369, 650–655. [CrossRef] [PubMed]

7. Vita, R.; Mahajan, S.; Overton, J.A.; Dhanda, S.K.; Martini, S.; Cantrell, J.R.; Wheeler, D.K.; Sette, A.; Peters, B. The Immune
Epitope Database (IEDB): 2018 update. Nucleic Acids Res. 2019, 47, D339–D343. [CrossRef] [PubMed]

8. Vijgen, L.; Keyaerts, E.; Moës, E.; Maes, P.; Duson, G.; Van Ranst, M. Development of One-Step, Real-Time, Quantitative Reverse
Transcriptase PCR Assays for Absolute Quantitation of Human Coronaviruses OC43 and 229E. J. Clin. Microbiol. 2005, 43,
5452–5456. [CrossRef] [PubMed]

9. Lavinder, J.J.; Hoi, K.H.; Reddy, S.T.; Wine, Y.; Georgiou, G. Systematic Characterization and Comparative Analysis of the Rabbit
Immunoglobulin Repertoire. PLoS ONE 2014, 9, e101322. [CrossRef] [PubMed]

10. Tang, T.; Bidon, M.; Jaimes, J.A.; Whittaker, G.R.; Daniel, S. Coronavirus membrane fusion mechanism offers a potential target for
antiviral development. Antivir. Res. 2020, 178, 104792. [CrossRef] [PubMed]

11. Murphy, W.J.; Longo, D.L. A Possible Role for Anti-idiotype Antibodies in SARS-CoV-2 Infection and Vaccination. N. Engl. J. Med.
2022, 386, 394–396. [CrossRef] [PubMed]

12. Trougakos, I.P.; Terpos, E.; Alexopoulos, H.; Politou, M.; Paraskevis, D.; Scorilas, A.; Kastritis, E.; Andreakos, E.; Dimopoulos,
M.A. Adverse effects of COVID-19 mRNA vaccines: The spike hypothesis. Trends Mol. Med. 2022, 28, 542–554. [CrossRef]
[PubMed]

13. Tzou, P.L.; Tao, K.; Pond, S.L.K.; Shafer, R.W. Coronavirus Resistance Database (CoV-RDB): SARS-CoV-2 susceptibility to
monoclonal antibodies, convalescent plasma, and plasma from vaccinated persons. PLoS ONE 2022, 17, e0261045. [CrossRef]
[PubMed]

14. Ravichandran, S.; Coyle, E.M.; Klenow, L.; Tang, J.; Grubbs, G.; Liu, S.; Wang, T.; Golding, H.; Khurana, S. Antibody signature
induced by SARS-CoV-2 spike protein immunogens in rabbits. Sci. Transl. Med. 2020, 12, eabc3539. [CrossRef] [PubMed]

15. Wec, A.Z.; Wrapp, D.; Herbert, A.S.; Maurer, D.P.; Haslwanter, D.; Sakharkar, M.; Jangra, R.K.; Dieterle, M.E.; Lilov, A.; Huang,
D.; et al. Broad neutralization of SARS-related viruses by human monoclonal antibodies. Science 2020, 369, 731–736. [CrossRef]
[PubMed]

https://doi.org/10.1080/14760584.2018.1507743
https://www.ncbi.nlm.nih.gov/pubmed/30092690
https://doi.org/10.1016/j.vaccine.2013.09.033
https://www.ncbi.nlm.nih.gov/pubmed/24091313
https://doi.org/10.3390/ijms252312828
https://www.ncbi.nlm.nih.gov/pubmed/39684539
https://doi.org/10.1038/s41392-020-00352-y
https://www.ncbi.nlm.nih.gov/pubmed/33051445
https://doi.org/10.1016/j.it.2020.03.007
https://www.ncbi.nlm.nih.gov/pubmed/32249063
https://doi.org/10.1126/science.abc6952
https://www.ncbi.nlm.nih.gov/pubmed/32571838
https://doi.org/10.1093/nar/gky1006
https://www.ncbi.nlm.nih.gov/pubmed/30357391
https://doi.org/10.1128/JCM.43.11.5452-5456.2005
https://www.ncbi.nlm.nih.gov/pubmed/16272469
https://doi.org/10.1371/journal.pone.0101322
https://www.ncbi.nlm.nih.gov/pubmed/24978027
https://doi.org/10.1016/j.antiviral.2020.104792
https://www.ncbi.nlm.nih.gov/pubmed/32272173
https://doi.org/10.1056/NEJMcibr2113694
https://www.ncbi.nlm.nih.gov/pubmed/34818473
https://doi.org/10.1016/j.molmed.2022.04.007
https://www.ncbi.nlm.nih.gov/pubmed/35537987
https://doi.org/10.1371/journal.pone.0261045
https://www.ncbi.nlm.nih.gov/pubmed/35263335
https://doi.org/10.1126/scitranslmed.abc3539
https://www.ncbi.nlm.nih.gov/pubmed/32513867
https://doi.org/10.1126/science.abc7424
https://www.ncbi.nlm.nih.gov/pubmed/32540900


Curr. Issues Mol. Biol. 2025, 47, 355 7 of 7

16. Lycke, N.; Lebrero-Fernández, C. ADP-ribosylating enterotoxins as vaccine adjuvants. Curr. Opin. Pharmacol. 2018, 41, 42–51.
[CrossRef] [PubMed]

17. Ma, Y. Recent advances in nontoxic Escherichia coli heat-labile toxin and its derivative adjuvants. Expert Rev. Vaccines 2016, 15,
1361–1371. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.coph.2018.03.015
https://www.ncbi.nlm.nih.gov/pubmed/29702466
https://doi.org/10.1080/14760584.2016.1182868
https://www.ncbi.nlm.nih.gov/pubmed/27118519

	Introduction 
	Materials and Methods 
	Vaccine Design for Intranasal Immunization 
	Intranasal Immunization 
	Enzyme-Linked Immunosorbent Assay (ELISA) and Western Blotting (WB) 
	Neutralization Assay of HCoV–OC43 Virus 
	Statistical Analysis 

	Results 
	Discussion 
	References

