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Chapter 1. GENERAL INTRODUCTION






















Figure 1.1. Genome structure of the Respiratory Syncytial Virus (RSV)

The RSV genome consists of 15,222 nucleotides. RSV ten major genes encode for eleven
different viral proteins and these are: non-structural (NS1 and NS2) proteins, nucleocapsid (N)
protein, phosphoprotein (P), matrix (M) protein, small hydrophobic (SH) membrane protein,
attachment glycoprotein (G), fusion (F) glycoprotein, internal virion protein (M2 (M2-1 and M2-2))
and large (L) polymerase protein. Adapted from (McNamara and Smyth, 2002).

The respiratory syncytial virion is composed of the nucleocapsid
enclosed within a lipid envelope (Easton et al., 2004; Fields et al., 1996; Smyth,
2002). The lipid envelope is derived from the plasma membrane of the host cell
into which the three virus glycoproteins: F, G and SH, are embedded (Figure
1.2). The F and G proteins contribute to the 10- to 14-nm spikes present on the
virion surface (Easton et al., 2004).



Progeny virions

Figure 1.2. Schematic presentation of respiratory syncytial virus (RSV)
virion structure and its replication cycle

A) RSV virion. The nucleocapsid of the RSV genome consists of the nucleocapsid protein (N),
the phosphoprotein (P) and the large polymerase (L) protein. The nucleocapsid structure is
surrounded by the matrix (M) protein, which forms a link between the nucleocapsid and the lipid
membrane of the virus particle. Three virus glycoproteins are embedded in the lipid membrane,
these are the attachment (G) glycoprotein, the fusion (F) protein and the small hydrophobic (SH)
protein. B) The RSV replication cycle. The virus enters by direct fusion at the plasma
membrane, and releases the encapsulated genome ribonucleic acid (RNA) and RNA dependent
RNA polymerase into the cytoplasm. The polymerase uses the genome as a template to produce
capped and polyadenylated messenger RNAs (mRNA), which are translated into viral proteins,
and encapsulated antigenome and genome RNAs. The resulting encapsulated genomes are
assembled with other viral proteins and bud from the plasma membrane to produce progeny virus
particles. Adapted from (Bawage e al., 2013; Jianrong and Yu, 2012).
























proteoglycan (HSPG). In this form, HS binds to a variety of protein ligands
regulating a wide variety of biological processes including angiogenesis, blood
coagulation, tumour metastasis and viral attachment (Jones et al, 2005;
Nangia-Makker et al., 2000).

Heparan sulfate/Heparin  Chondroitin sulfate/Dermatan sulfate

Keratan sulfate Hyaluronan

Figure 1.3. Disaccharide structure of glycoaminoglycans

R represents H or SO*, R' represents H, COCH: or SO*; GlcA of heparan sulfate/heparin and
chondroitin sulfate can be epimerised to IdoA (in grey) (Kiellen and Lindahl, 1991).

GAGs found in the intracellular vesicles and on the outer face of the
plasma membrane, are found to act as virus receptors. Several studies have
shown that some bacteria and viruses use GAGs, particularly HS for attachment
to, and entry into, cultured immortalised cells (Baldassarri et al, 2005;
Bousarghin et al., 2005; Jones et al., 2005; Rue and Ryan, 2002).

A number of viruses have demonstrated a great affinity for cell HSPGs,
playing important roles in virus attachment and entry (Lee et al., 2006). HS has
been shown to bind the RSV G protein (Krusat and Streckert, 1997) on the cell
surface of the human epidermoid cancer derived (HEp-2) cells, however it turns
out that human airway epithelium does not express HS on the apical surface,
the site of RSV attachment and cellular entry (Duan et al., 1998). Therefore, the
binding to heparin by the G protein may simply serve to demonstrate that the G
protein has a general affinity for negatively charged carbohydrates on the cell
surface (Guo et al., 2008). Peptides from a conserved region of the G protein
bind to heparin and to target cells, partially inhibiting viral infection (Feldman et
al., 2000). Furthermore, the G protein has been shown to bind immobilised
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Figure 1.5. Eosinophil structure

The bilobed structure (in purple) represents the eosinophil nucleus containing the
deoxyribonucleic acid, involved in transcription of information used for maintaining the role of
eosinophils in innate immunity. The other structures are cytoplasm, cell surface membrane and
secretion granules: major basic protein (MBP), eosinophil cationic protein (ECP) eosinophil
derived neurotoxin (EDN) and eosinophil peroxidase (EPO) (Rothenberg and Hogan, 2005).

Eosinophils in the bone marrow mature for eight days under the control
of transcription factors, erythroid transcription factors (GATA-1 and GATA-2)
and CCAAT-enhancer-binding proteins (C/EBPs) (Rothenberg, 2004). A
number of other inflammatory mediators have been implicated in regulating
eosinophil accumulation at the site of infection and these include IL-1, IL-3, IL-4,
IL-5, IL-13 and granulocyte-macrophage colony-stimulating factor (GM-CSF) as
well as the chemokines; RANTES, MCP-3, MCP-4, MIP-1a, eotaxin-1, eotaxin-
2. eotaxin-3 and lipid mediators (platelet-activating factor (PAF) and leukotriene
(LT) C4) (Foster et al., 1996).

1.5.2 Adhesion and migration

Recruitment of circulating eosinophils from the blood stream into the
mucosa involves several steps tightly regulated by chemoattractants, cell
adhesion molecules (selectins and integrins) and Ig-like adhesion molecules.
Firstly, eosinophils are recruited from the blood by vascular endothelial selectins
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Figure 1.6. Processes involved in eosinophilia

Eosinophilia is initiated by T helper (Th) 2-mediated and/or innate lymphoid cell type 2 (ILC2)
signals, namely interleukin-5 and eotaxin, driving the proliferation of eosinophils via the
differentiation of progenitor cells in the bone marrow. Prolonged stimulation induces eosinophil
mobilisation into the blood. Eosinophil recruitment from the blood involves rolling, adhesion and
extravasation through the vascular endothelium, processes mediated by cell-surface integrins,
selectins and adhesion molecules on the vascular endothelium and Th2-mediated
chemoattractants. Eosinophils are then directed to the site of inflammation by chemokines and
leukotrienes and induced to degranulation (Rothenberg, 1998).
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Chapter 3. EFFECT OF RESPIRATORY SYNCYTIAL VIRUS
INFECTION ON EOSINOPHIL BIOLOGY

63

































3 hours

12 hours

18 hours

24 hours

Untreated eosinophils

RSV treated eosinophils

74















A)

Number of pfu/mL x 10°

o)
S

% cell viability

550+

5004

450+

400-

100

0 3 6 12 24 48

Treatment time (hours)

¢ 3 ' --- Untreated eosinophils
' o UV-RSV treated eosinophils
- RSV treated eosinophils

i L

3 6 9 12 22 24 26 46 48 50

Treatment time (hours)

79
























Figure 3.7. Respiratory syncytial virus (RSV) activation of eosinophil F-
actin

Eosinophils migrating towards Vero E6 cell lysate treated HEp-2 cells supernatant (untreated
eosinophils; negative control) (A and B), ultraviolet-inactivated RSV (UV-RSV) treated HEp-2
cells supernatant (additional negative control) (C and D), 0.1 uM phorbol myristate acetate (PMA)
with 100 ng/mL of eotaxin (positive control) (E and F) or supernatant collected following 24 hour
RSV treatment of HEp-2 cells at a multiplicity of infection of 1 (G and H)were stained with DAPI
(A, C, E and G) and anti-F-actin and Texas red anti- phalloidin for the detection of F-actin (B, D, F
and H). Images were taken using the Nikon Eclipse Ti confocal microscope. Thick arrows depict
leading edge formation, while thin arrows indicate direction of eosinophil migration. Images are
representative of two separate experiments with samples prepared in triplicates.
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euthanised by CO:z asphyxiation (section 2.12.1) and samples collected for
further processing (sections 2.13).

4.2.4 Adoptive transfer of CD4* cells

CD4* T cells were harvested from spleens of WT BALB/c mice, and
transferred into IL-5 Tg Rag 2/ BALB/c mice as described previously
(Plotnicky-Gilquin et al., 2002). Briefly, spleens of WT BALB/c mice were
removed, mashed and filtered through a cell strainer (BD, Australia). Red blood
cells were removed using lysing buffer (BD Pharmingen). CD4* cells were
purified from the resulting lymphocyte population using MagCellect Mouse
Naive CD4'T cell isolation kit (R&D Systems, USA) according to the
manufacturer's protocol. IL-5 Tg Rag 2/ BALB/c mice received 3 x 10°
CD4* cells/ mouse via tail-vein injection 4 days prior to the first RSV inoculation
(Figure 4.1).

CD4" cell adoptive
transfer by
intravenous route a
* -
“
[ ] 25 (S ) | | S i [ N ) |
= B R | | B ) e B e e
days-4 -3 -1 0 1 11 12 13 14 15 16 17
intranasal inoculation with c::;:n
.
2 x 10" plaque forming units/mouse

Figure 4.1. Experimental timeline of CD4* T cell adoptive transfer followed
by respiratory syncytial virus (RSV) re-infection of interleukin-5 transgenic
Rag 2 knockout (IL-5 Tg Rag 2 /) BALB/c

Purified CD4+ T cell were adoptively transferred into IL-5 Tg Rag 2/ mice intravenously 4 days
prior to RSV primary infection on day 0 (intranasal inoculation with 5 x 10° plaque forming units
(pfu)/imouse). Mice were re-infected with RSV (5 x 10° pfuimouse) on day 12 and samples
collected on day 17.

4.2.5 Statistical analysis

Data are presented as mean + standard deviation. A ONE-way or TWO-
way ANOVA was used to determine statistical significance. Data were analysed
using GraphPad Prism version X7. A p value of less than 0.05 was considered
statistically significant.
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control), UV-RSV (additional negative control) or RSV (200 pfu) with the cell
monolayer for 10 minutes (allowing virus to adhere) at 37°C and 5% COz; and
Condition D- incubating Vero E6 cell lysate (negative control), UV-RSV
(additional negative control) or RSV (200 pfu) with the cell monolayer for 1 hour
(allowing virus to adhere) at 37°C and 5% CO2. The experimental design is
detailed in Figure 5.1.

Condition A Condition B Condition C Condition D

RSV (200 pfu/well) Add HS compound Add RSV (200 pfu/ Add RSV (200 pfu/
and HS compound to the cell (Vero well) to cell (Vero well) to cell (Vero
‘ £6) monolayer E6) monolayer E6) monolayer
Incubate for 10 Y Y
minutes at 37 °C chubae for 1? lr}(ubae for 1.0
and 5% CO, minutes at 37 °C minutes at 37 °C
and 5% CO, and 5% CO,
L 2 v v Incubate for 1
Add the mixture to hour at 37 *Cand
the cell (Vero E6) A0k 1PV (200 phy Add HS compound 5% O,
well) to cell to call monolyer
monilayer monolayer
Incubate for 1 Incubate for 1 Incubate for 1 Y
hour at 37 "Cand hour at 37 *Cand hour at 37 *Cand Add HS compound
5% CO, 5% CO, 5% CO, to cell monolayer
| ] | |
[ Add 1 mL of methyicellulase |
Incubate for 6 days at
37 *Cand 5% CO,
Process as per
immunostaining RSV plaque
assay (refer to section 2.10)

Figure 5.1. Heparan sulfate (HS) mimetics in vitro experimental design

HS treatment of respiratory syncytial virus (RSV) (200 plaque forming (pfu)/well) infection under
four conditions: Condition A- incubating RSV with HS for 10 minutes at 37°C and 5% COz;
Condition B- incubating Vero E6 monolayer with HS mimetics for 10 minutes at 37°C and 5%
COz; Condition C- incubating RSV (allowing virus to adhere) with the cell monolayer for 10
minutes at 37°C and 5% CO;; and Condition D- incubating RSV (allowing virus to adhere) with
the cell monolayer for 1 hour at 37°C and 5% CO. Viral lites were determined by
immunostaining RSV plaque assay.
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5.2.5.1 HS mimetics treatment of RSV infection

On day 0 WT BALB/c mice were lightly anesthetised with isofluorane
(PharmaChem) (section 2.12.4) and intranasally inoculated with either Vero E6
cell lysate, UV-RSV or RSV (50 pL of 1 x 107 pfu/mL = 5 x 10° pfu/mouse). On
days 1-4, mice were treated with selected HS mimetics at 10 mg/mL/kg (100 pL
intraperitoneal injections) (Figure 5.2). On day 5 mice were euthanised by CO2
asphyxiation (section 2.12.1) and samples collected (sections 2.13).

Intraperitoneal injection of 100 ulL of heparan
sulfate mimetics at 10 mg/mL/kg concentration

&
* -

»
| | | |
| | | | | |
days 0 1 2 3 4 i
intranasal inoculation with Sample
2 x 10° plaque forming units/mouse collection

Figure 5.2. Heparan sulfate (HS) mimetic treatment of respiratory syncytial
virus (RSV) infection experimental timeline

On day 0, wild type BALB/c mice were inoculated with RSV and receiving daily HS mimetics
treatment at 10 mg/mL/kg on days 1-4. On day 5, mice were sacrificed and samples collected.

5.2.5.2 Prophylactic HS treatment of RSV infection

WT BALBI/c mice received daily HS mimetics treatment at 10 mg/mL/kg
(100 pL intraperitoneal injections), starting 48 hours prior to intranasal
inoculation and continuing until 4 days after the inoculation. On day 0 WT
BALB/c mice were intranasally inoculated with either Vero E6 cell lysate, UV-
RSV or RSV (50 pL of 1 x 107 pfu/mL= 5 x 10° pfu/mouse) (Figure 5.3). On day
5 mice were euthanised by CO: asphyxiation (section 2.12.1) and samples
collected (sections 2.13).
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Intraperitoneal injection of 100 ul of heparan
sulfate mimetics at 10 mg/mL/kg concentration

y DAL

( | | | | | \ |

| | | | | | | |

days -2 -1 0 1 2 3 4 5
1 hour post heparan sulfate Sample
administration; intranasal inoculation with collection

2 x 10° plaque forming units/mouse

Figure 5.3. Prophylactic heparan sulfate (HS) treatment of respiratory
syncytial virus (RSV) infection experimental timeline

WT BALB/c mice received daily HS mimetics treatment at 10 mg/mUkg (100pL intraperitoneal
injections), starting 48 hours prior to intranasal inoculation and continuing until 4 days after. On
day 0, WT BALB/c mice were intranasally inoculated with either Vero E6 cell lysate, ultraviolet-
inactivated RSV (UV-RSV) or RSV infected with RSV (5 x 10° plaque forming units/mouse) by
intranasal inoculation. On day 5, mice were sacrificed and samples collected.

5.2.6 Statistical analysis

Data are presented as mean + standard deviation. A ONE-way or TWO-
way ANOVA was used to determine statistical significance. Data were analysed
using GraphPad Prism version X7. A p value of less than 0.05 was considered

statistically significant.
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Table 5.3. List of the best performing heparan sulfate (HS) mimetics in vitro under four testing conditions, arranged in
descending order, from most viral inhibition to least viral inhibition

Condition A Condition B Condition C Condition D

465, 466, 494, 495, 496, 497, | 466, 495, 497, 500, 267, 494,
§ 502, 267, 500, 229, 266, 499, | 499, 266, 511A, 496, 229, 465, o8
§ 501, 259, 511A, 510, 424, 498, | 498, 502, 510, 259, 416, 512D,

511B, 512D, 416 501
2 | 394, 419, 418, 408, 106, 486,
& | 448,384,201, 483,217, 481, | 511B, 424, 419, 217, 486, 201 259, 424
2 218, 254
o 254, 408, 267, 416, 481, 494,
g 504226 406 106, 218, 408, 384, 448, 394, | 242, 511A, 448, 512E, 418,
2 1 640, 418, 512E, 481, 254 511B, 384, 106, 419, 483, 241,
2 510, 333, 332
2
S | 512E, 331, PI-88, 205, 207, 81, 81, 486, 238, 502, 394, 217,
3 332 109,204,228, PI-88,483 | 406 495 465, 331, 51D, 201 424
32
. 218, 497, 501, 204, 230, 229,

g Suramin, 219, 111 111, Suramin 500, 210, 498, 466 207, 228, 267, 394

The best performing compounds list across four testing conditions: A (respiratory syncytial virus (RSV) 10 minute pre-incubation with HS), B (HS mimetic 10
minute pre-incubation with cell surface), C (short RSV pre-incubation with cell surface) and D (1 hour RSV pre-incubation with cell surface). Colours denote
different degrees of inhibition, in 10% increments, from 50-100%.












Figure 5.18. Proposed mechanism of heparan sulfate (HS) mimetics
induced inhibition of respiratory syncytial virus (RSV) replication at low
HS concentration

RSV small hydrophobic (SH) protein acts as a proton-selective ion channel protein, transporting
protons (H*) to the inside of the RSV virion. At low concentrations HS mimetics bind protons while
inside the SH-proton channel, thereby blocking the protons from entering the virion, inhibiting
uncoating and release of free ribonucleoproteins into the cytoplasm. Adapted from (Focosi, 2001-
2013).

Previous studies have shown that mucosal heparin, dextran sulfate,
fucoidan and/or lambda carrageenan have good antiviral activity against RSV,
hepatitis C, human T-lymphotropic virus type-1, HIV, influenza A and Newcastle
disease virus (Araya et al., 2011; Crim et al., 2007, Elizondo-Gonzalez et al.,
2012; Hayashi et al., 2013; Ito et al., 1987; Malhotra et al., 2003; Mori et al.,
2012). Furthermore, studies have found that fucoidans and carrageenans can
exhibit the antioxidant activity and that this is related to the molecular weight
and sulfate content of fucoidan. The in vitro model suggested that the ratio of
sulfate content/fucose was an effective indicator to antioxidant activity of the
samples (Rocha de Souza et al., 2007; Wang et al., 2008). As antioxidants are
the compounds, which terminate the attack of reactive species and reduce the
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Figure 6.1. Heparan sulfate (HS) mimetics inhibition of respiratory
syncytial virus (RSV) infection initiation

A) HS mimetics block the influx of protons (H* ions) through the SH (small hydrophobic protein) -
proton channel, inhibiting uncoating and release of free ribonucleoproteins into the cytoplasm; B)
HS mimetics interaction with the RSV G attachment profein, preventing virus binding to the
glycosaminoglycans (GAGs) on the cell surface; and C) HS mimetics bind to GAGs on the cell
surface blocking the virus interaction with GAGs on the cell surface.

In vivo post (therapeutic) RSV infection treatment with HS 228 (carboxyl
reduced mucosal heparin) and HS 259 (fucoidan) resulted in a statistically
significant reduction (p < 0.05) in RSV titres compared to the RSV inoculated
saline treated group (positive control) (Figure 5.8). These results demonstrate
HS 228 and HS 259 antiviral role in RSV infection with potential involvement in
competitive and cell-to-cell spread inhibition. Prophylactic HS treatment of RSV
inoculated group, with HS 228 (carboxyl reduced mucosal heparin), HS 259
(fucoidan), HS 267 (lambda carrageenan (200 kDa)) or HS 424 (mucosal
heparin with glycol split (3kDa)) induced a statistically significant reduction (p <
0.05) of RSV viral titres compared to the positive control (Figure 5.13). This
finding demonstrates HS mimetic antiviral potential again and it could be a
result of either, HS mimetic interaction with the HS at the cell surface or the
interaction of HS mimetics with RSV glycoproteins. Characterising the proposed
mechanisms could help determine which of the tested HS mimetics have the
potential to become prophylactic RSV infection treatment candidates. These
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APPENDICES

APPENDIX 1

Buffered Distilled Water

Sorensons Buffer

e Solution A: 0.2 M sodium di-hydrogen orthophosphate
(MW = 156 g/mol) =3.12 g in 100 ml distilled water

e Solution B: 0.2 M di-sodium hydrogen orthophosphate
(anhydrous) (MW 142) = 2.83 g in 100 ml distilled water

pH 6.8 Stock Solution: 25.5 ml Solution A and 24.5 ml Solution B
Make up to 100ml with distilled water.

Working Solution: 50 ml Stock pH 6.8 diluted to 1 litre with distilled

water.
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APPENDIX 4

Heparan sulfate cytotoxicity study
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Figure A.2. Heparan sulfate (HS) treatment results in no cellular toxicity

Assay was prepared in 96-well plate with 6000 Vero E6 cells seeded per well. Once adhered to
the plate, Vero E6 cell were treated with saline (negative control- white bar) or HS mimetics
(black bar) at 100 pg/mL final concentration. Following the 24 hour incubation at 37°C, cells were
analysed for signs of cellular toxicity using AlamarBlue assay. Samples are represented as a total
of viable cells (n = 4) + standard deviation. Data was analysed using ONE-way ANOVA with

Dunnet multiple comparison test (GraphPad Prism version X7).
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Figure A.3. Heparan sulfate (HS) in vitro (Condition A) treatment of
respiratory syncytial virus (RSV) infection

The assay was carried out in 24-well flat bottom plate. Group 1 (heparins and modified heparins (-
12kDa)) (A), Group 2 (low molecular weight heparins (LMWH) (5kDa and 3kDa) and enoxaparin
with/without glycol split) (B), Group 3 (fucoidans and modified fucoidan) (C), Group 4
(carrageenans) (D) and Group 5 (other) (E) HS mimetics were tested at 100, 20 or 5 pg/mL.
Briefly, 100 pl/well of HS mimetics was incubated with RSV (200 plague forming units/well) for 10
minutes at 37°C and 5% COz. Following the incubation, HS with RSV mixture was added to Vero
E6 cell monolayer and allowed to incubate for 1 hour at 37°C and 5% CO,. Plate was processed
by immunostaining RSV plaque assay (section 2.10). Data are represented as a mean of RSV
plaques recovered (n = 4) + standard deviation. HS compounds 230 (negative) and 254 (positive)
were used as HS mimetic controls. For each graph, the controls HS 230, HS 254 and RSV results
are presented in boxed area for comparison. Data were analysed using a ONE-way ANOVA with
Tukey's multiple comparison test (GraphPad Prism) (***, p < 0.001 and ****, p < 0.0001).

236



Condition B

250 1 " 5 ug/mL
2 20 pg/mL
200 BN 100 pg/mL

150

plaque forming units/mL

50 I
|

230 254 RSV 384 448 465 466 481 483

L]
-

2501 | |
200

150

50 I
|
|

(¢}

.
230 254 RSV 394 408 416 418 419

plague forming units/mL

o
&

250
| 1 250
= o im b
E 200 T
4 % 200
€ z
3 3
150
g 2 150
§ 3
ek S 100
2 3
o -3
s -
a 50 | S g5 1
| |
111 W] B T SR W R i1 . I P
230 254 RSV 497 498 499 500 501 602 230 254 RSV 454 495 496
= Group 3 . @enneennnn Group 4 - .
E
)250 i
I .
o
E 200
3
5
@ 150
£
E
2 100
v
3
2
s —
G s0 I‘ q |
| '
[
R

230 254 RSV 229 486 510 S511A 511B 5120 $12E
L g Group 5

°

237



Figure A.4. Heparan sulfate (HS) in vitro (Condition B) treatment of
respiratory syncytial virus (RSV) infection

The assay was carried out in 24-well flat bottom plate. Group 1 (heparins and modified heparins
(~12kDa)) (A), Group 2 (low molecular weight heparins (LMWH) (5kDa and 3kDa) and
enoxaparin with/without glycol split) (B), Group 3 (fucoidans and modified fucoidan) (C), Group 4
(carrageenans) (D) and Group 5 (other) (E) HS mimetics were tested at 100, 20 or 5 pg/mL and
100 pl/well of HS mimetics was incubated with Vero E6 cell monolayer for 10 minutes at 37°C
and 5% COg. Following the incubation, RSV (200 plaque forming units/well) was added to Vero
E6 cell monolayer with HS mimetics and allowed to incubate for 1 hour at 37°C and 5% COx.
Plate was processed by immunostaining RSV plaque assay (section 2.10.). Data are represented
as a mean of RSV plaques recovered (n = 4) + standard deviation. HS 230 (negative) and 254
(positive) were used as HS mimetic controls. For each graph, the controls HS 230, HS 254 and
RSV results are presented in boxed area for comparison. Data were analysed using ONE-way
ANOVA with Tukey's multiple comparison test (GraphPad Prism) (***, p < 0.001 and ****, p <
0.0001).
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Figure A.5. Heparan sulfate (HS) in vitro (Condition C) treatment of
respiratory syncytial virus (RSV) infection

The assay was carried out in 24-well flat bottom plate. RSV (200 plaque forming units/well) was
added to Vero E6 cell monolayer and allowed to incubate for 10 minutes at 37°C and 5% CO,.
Following the incubation, 100 pl/well of Group 1 (heparins and modified heparins (~12kDa)) (A),
Group 2 (low molecular weight heparins (LMWH) (5kDa and 3kDa) and enoxaparin with/without
glycol split) (B), Group 3 (fucoidans and modified fucoidan) (C), Group 4 (carrageenans) (D) and
Group 5 (other) (E) HS mimetics were added at 100, 20 or 5 ug/mL to Vero E6 cell monolayer
treated with RSV and incubated for 1 hour at 37°C and 5% CO,. Plate was processed by
immunostaining RSV plaque assay (section 2.10.). Data are represented as a mean of RSV
plaques recovered (n = 4) + standard deviation. HS 230 (negative) and 254 (positive) were used
as HS mimetic controls. For each graph, the controls HS 230, HS 254 and RSV results are
presented in boxed area for comparison. Data were analysed using ONE-way ANOVA with
Tukey's multiple comparison test (GraphPad Prism) (*, p < 0.05,*** p < 0.001 and ****, p <
0.0001).
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