a2 United States Patent

Schneider et al.

(10) Patent No.:
45) Date of Patent:

US009999641B2

US 9,999,641 B2
Jun. 19, 2018

(54) TREATMENT OF CLOSTRIDIUM DIFFICILE
INFECTION

(71) Applicant: Vedanta Biosciences, Inc., Cambridge,
MA (US)

(72) Inventors: Jessica Schneider, Cambridge, MA
(US); Yun-Gi Kim, Watertown, MA
(US); Bernat Olle, Cambridge, MA
(US); Shilpa Reddy, Watertown, MA
(US); Jason Norman, North
Weymouth, MA (US); Juan Patarroyo,
Lexington, MA (US)

(73) Assignee: Vedanta Biosciences, Inc., Cambridge,
MA (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. days.

(21) Appl. No.: 15/630,088

(22) Filed: Jun. 22, 2017

(65) Prior Publication Data
US 2017/0354697 Al Dec. 14, 2017

Related U.S. Application Data

(63) Continuation of application No.
PCT/US2017/037498, filed on Jun. 14, 2017.

(60) Provisional application No. 62/349,914, filed on Jun.

14, 2016.
(51) Int. CL

AGIK 35/747 (2015.01)

AGIK 9/00 (2006.01)

AGIK 9/48 (2006.01)

AGIK 35/742 (2015.01)

AGIK 35/74 (2015.01)
(52) US.CL

CPC ... AGIK 35/747 (2013.01); A6IK 9/0053

(2013.01); A61K 9/48 (2013.01); A61K 35/74
(2013.01); A61K 35/742 (2013.01)
(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,635,260 Bl
8,460,648 B2 *

10/2003 Gerding
6/2013 Borody .............. A61K 35/741
424/184.1
7/2016 Blaser et al.
3/2010 Blaser et al.

9,386,793 B2
2010/0074872 Al

2014/0199281 Al* 7/2014 Henn ............... A61K 38/13
424/93 .46

2014/0328803 Al  11/2014 McKenzie et al.

2014/0341921 Al* 11/2014 Honda ............. A61K 35/74
424/141.1

2015/0037476 Al
2015/0079209 Al
2016/0022745 Al

2/2015 Dhingra et al.
3/2015 Kameyama et al.
1/2016 Wang

2016/0022746 Al
2016/0040215 Al
2016/0113971 Al
2016/0228476 Al
2017/0143772 Al

1/2016 Lawley et al.
2/2016 Henn et al.
4/2016 Kaplan et al.
8/2016 Cutcliffe et al.
5/2017 Mulder et al.

FOREIGN PATENT DOCUMENTS

WO WO 2002/007741 Al 1/2002
WO WO 2006/050479 Al 5/2006
WO WO 2011/152566 A1 12/2011
WO WO 2013/037067 Al 3/2013
WO WO 2013/037068 Al 3/2013
WO WO 2013/080561 Al 6/2013
WO WO 2013/182038 A1 12/2013
WO WO 2014/082050 Al 5/2014
WO WO 2014/121298 Al 8/2014
WO WO 2014/121301 Al 8/2014
WO WO 2014/121302 Al 8/2014
WO WO 2014/145958 A2 9/2014
WO WO 2014/153194 A2 9/2014
WO WO 2015/006355 A2 1/2015
WO WO 2015/051323 Al 4/2015
WO WO 2015/077794 Al 5/2015
WO WO 2015/095241 A2 6/2015
WO WO 2015/156419 A1 10/2015
WO WO 2015/164555 A1 10/2015
WO WO 2015/179437 A1 11/2015
WO WO 2016/086161 Al 6/2016
WO WO 2016/086205 A2 6/2016
WO WO 2016/086206 Al 6/2016
WO WO 2016/086208 Al 6/2016
WO WO 2016/086209 Al 6/2016
WO WO 2016/086210 Al 6/2016
WO WO 2016/185469 A1  11/2016
WO WO 2016/201053 A1 12/2016
WO WO 2016/203217 A1 12/2016
WO WO 2016/203218 A1 12/2016
(Continued)

OTHER PUBLICATIONS

Drancourt et al. 2000; 16S Ribosomal DNA Sequence Analysis of
a Large Collection of Environmental and Clinical Unidentifiable
Bacterial Isolates; Journal of Clinical Microbiology; 38(10): 3623-
3630. (Year: 2000).*

Marvola et al. 1999 (Enteric polymers as binders and coating
material in multiple-unit site-specific drug delivery systems; Euro-
pean Journal of Pharmaceutical Sciences 7:259-267). (Year: 1999).*
Alang et al., Weight gain after fecal microbiota transplantation.
Open Forum Infect Dis. Feb. 4, 2015;2(1):0fv004. doi: 10.1093/
ofid/ofv004. eCollection Jan. 2015.

Blaser, The microbiome revolution. J Clin Invest. Oct.
2014;124(10):4162-5. doi: 10.1172/JCI78366. Epub Oct. 1, 2014.
Borody et al., Therapeutic faecal microbiota transplantation: current
status and future developments. Curr Opin Gastroenterol.Jan.
2014;30(1):97-105. doi: 10.1097/MOG.0000000000000027.
Bulffie et al., Precision microbiome reconstitution restores bile acid
mediated resistance to Clostridium difficile. Nature. Jan. 8,
2015;517(7533):205-8. doi: 10.1038/nature13828. Epub Oct. 22,
2014.

(Continued)

Primary Examiner — Mary Maille Lyons

(74) Attorney, Agent, or Firm — Wolf, Greenfield &
Sacks, P.C.

57 ABSTRACT

Provided herein are compositions and methods for the
treatment or prevention of pathogenic infections.

8 Claims, 41 Drawing Sheets



US 9,999,641 B2
Page 2

(56) References Cited

FOREIGN PATENT DOCUMENTS

WO WO 2016/203220 A1 12/2016
WO WO 2016/203221 Al 12/2016
WO WO 2016/203223 Al 12/2016
WO WO 2016/209806 Al  12/2016
WO WO 2017/008026 Al 1/2017
WO WO 2017/035188 Al 3/2017
WO WO 2017/075098 Al 5/2017
WO WO 2017/085518 Al 5/2017
WO WO 2017/085520 Al 5/2017
WO WO 2017/089794 Al 6/2017
WO WO 2017/089795 Al 6/2017
WO WO 2017/091783 A2 6/2017
WO WO 2017/148596 Al 9/2017

OTHER PUBLICATIONS
Burns et al., Donor Recruitment and Eligibility for Fecal Microbiota
Transplantation: Results From an International Public Stool Bank.
Gastro. Apr. 2015;148(4):S96-S97.
Calfee, Clostridium difficile: a reemerging pathogen. Geriatrics.
Sep. 1, 2008;63(9):10-21.
Cammarota et al.,, Randomised clinical trial: faecal microbiota
transplantation by colonoscopy vs. vancomycin for the treatment of
recurrent Clostridium difficile infection. Aliment Pharmacol Ther.
May 2015;41(9):835-43. doi: 10.1111/apt.13144. Epub Mar. 1,
2015.
Eyre et al.,, Whole-genome sequencing demonstrates that
fidaxomicin is superior to vancomycin for preventing reinfection
and relapse of infection with Clostridium difficile. J Infect Dis. May
1, 2014;209(9):1446-51. doi:10.1093/infdis/jit598. Epub Nov. 11,
2013.
Hooper et al., Interactions between the microbiota and the immune
system. Science. Jun. 8, 2012;336(6086):1268-73. doi:10.1126/
science.1223490. Epub Jun. 6, 2012.
Hughes et al., Immune activation in irritable bowel syndrome: can
neuroimmune interactions explain symptoms? Am J Gastroenterol.
Jul. 2013;108(7):1066-74. doi: 10.1038/ajg.2013.120. Epub May 7,
2013.
Kassam et al., Fecal microbiota transplantation for Clostridium
difficile infection: systematic review and meta-analysis. Am J
Gastroenterol. Apr. 2013;108(4):500-8. doi: 10.1038/ajg.2013.59.
Epub Mar. 19, 2013.
Khoruts et al., Emergence of fecal microbiota transplantation as an
approach to repair disrupted microbial gut ecology. Immunol Lett.
Dec. 2014;162(2 Pt A):77-81. doi: 10.1016/j.imlet.2014.07.016.
Epub Aug. 10, 2014.

Leblanc et al., Bacteria as vitamin suppliers to their host: a gut
microbiota  perspective.  Curr  Opin  Biotechnol.  Apr.
2013;24(2):160-8. doi: 10.1016/j.copbio.2012.08.005. Epub Aug.
30, 2012.

Lessa et al., Burden of Clostridium difficile infection in the United
States. N Engl J Med. Feb. 26, 2015;372(9):825-34. doi:10.1056/
NEJMo0al408913.

Louie et al., Fidaxomicin preserves the intestinal microbiome
during and after treatment of Clostridium difficile infection (CDI)
and reduces both toxin reexpression and recurrence of CDI. Clin
Infect Dis. Aug. 2012;55 Suppl 2:S132-42. doi: 10.1093/cid/cis338.
Miller, Fidaxomicin (OPT-80) for the treatment of Clostridium
difficile  infection.  Expert Opin  Pharmacother.  Jun.
2010;11(9):1569-78. doi:10.1517/14656566.2010.485614.
Mullane, Fidaxomicin in Clostridium difficile infection: latest evi-
dence and clinical guidance. Ther Adv Chronic Dis. Mar.
2014;5(2):69-84. doi:10.1177/2040622313511285.

Narushima et al., Characterization of the 17 strains of regulatory T
cell-inducing human-derived Clostridia. Gut Microbes. May-Jun.
2014;5(3):333-9. doi: 10.4161/gmic.28572. Epub Mar. 18, 2014.
Paramsothy et al., Donor Recruitment for Fecal Microbiota Trans-
plantation. Inflamm Bowel Dis. Jul. 2015;21(7):1600-6. doi:
10.1097/MIB.0000000000000405.

Rossi-Tamisier et al., Cautionary tale of using 16S rRNA gene
sequence similarity values in identification of human-associated
bacterial species. Int J Syst Evol Microbiol. Jun. 2015;65(Pt
6):1929-34. doi:10.1099/ijs.0.000161. Epub Mar. 3, 2015.
Shannon-Lowe et al., Prevention and medical management of
Clostridium difficile infection. BMJ. Mar. 12, 2010,340:¢1296.
doi:10.1136/bmj.c1296.

Surawicz, Fecal microbiota transplantation: what we know and
what we need to know. Ann Intern Med. May 5, 2015;162(9):662-3.
doi: 10.7326/M15-0609.

Tannock et al., A new macrocyclic antibiotic, fidaxomicin (OPT-80),
causes less alteration to the bowel microbiota of Clostridium
difficile-infected patients than does vancomycin. Microbiology.
Nov. 2010;156(Pt 11):3354-9. doi: 10.1099/mic.0.042010-0. Epub
Aug. 19, 2010.

Van Nood et al., Duodenal infusion of donor feces for recurrent
Clostridium difficile. N. Engl J Med. Jan. 31, 2013;368(5):407-15.
doi: 10.1056/NEJMo0al205037. Epub Jan. 16, 2013.

Youngster et al., Fecal microbiota transplant for relapsing
Clostridium difficile infection using a frozen inoculum from unre-
lated donors: a randomized, open-label, controlled pilot study. Clin
Infect Dis. Jun. 2014;58(11):1515-22. doi: 10.1093/cid/ciul35s.
Epub Apr. 23, 2014.

Genbank Accession No. NR_104687.1. NCBI. Sakamoto. Feb. 3,
2015.

* cited by examiner



US 9,999,641 B2

Sheet 1 of 41

Jun. 19, 2018

U.S. Patent

DAIX 431SNJ3 WNIPLIISOL) UBY) J13Y10 SuInJls sajpdipul Bupjoq

018G =y

{unipiaysol {BAIX) nBQIGUIAS LUNIPLISOY)) ABAIX) KRBT efjeiBioquasty

~80U} 2ESOINUWSHRIOLGoLIe ~ GT-ZOTIN - 917039 -6 TOTIA - €2 039
- Ob - 90703

(wnipiasoly {A}) siuoyHod snounjioaeuy| «{BAIX) SUBBIXajeuLn) piiueAzguinIeIN

~uou} stunBues 1azeqRuny - £1-20ZIA - 1T 03Y ~9£7 - £T DI
- Z0T - 20 035

/{n) mnneyd T iopeiuonel /A1) (HAX} wnndouul WHPLRSOL) #{BAIX) SUIPUS WINIPIRSO|

-11Z- 017039 mneyd ropeiguone - T1Z - 017039 - 681~ 12 03IY ~9Z-Z0ZIA - T DI

{HAX) wnn3ouw WngpIsol (1A {enix +(BAD) 983082 $20115043BUY

- 681 - T DIFunnouu WnIpIsop - 681 - 12035 21onposd epnelg - 91 - 61 DAY - 6-Z023IA ~ 1T 0IS

{eAIX {eAIX) {eAlX «(BAIX) BUSIENSSY WinU@0RnY

eusieaiduol eateq - 81 - 81 DIY

euaienBuo] eaioq - 891 - 81 DS

rU1EIBUO] RBI0A = 04T ~ 07 DY

/ WINUoIIo) T WnPuaoegng
- 1Z-20Z3A - 60 DI

{Al) sluIUOY oI shoun.0IseUY #(BAIX) (eAlX) 388300 WMPIASOI)
- £1-70C3A - 103§ saptoddod” ennejg/elonpold ennelg = LZOTIA - LT 039 «(ealX) nussueyenneig - 64 - 80 03§
- 65~ L0 D3IY
*{BAIX +(BAIX) {eAIX} WNSOIGUIAS ™ LINIPLIIS O} {BAIX] Sap102203 enely

aesepem enneld - T4 - 107 D39

spsapameIINGE - T4 - 107 DS

- 81-20T3A - 91 DY

/ ewnpoidTennelq - 65 - L0 OIS

+{BAIX
nussuey enneig -~ 0T - S§T 039

«{BAIX) Huasuey eineig - 01 - S0 DIY

{eAIX) eUaILDISSY WinBIRGNT
- $1-20Z3A - T 039

«(EAIX) BudsUBYy enNeig - 0T - S0 D39

iAemayiey WwNIpUISe - § - £07 039

+LEAIX

«eAIX)
fAematjiey WINIPLISOD - § - €07 09

{Al} SIUHLOYIOD sndunJjoiBeuY
~ €1-Z0Z3A - YT D3

«{BAIX] ludsuRy ennejg - 7 - 40 DI

HABAIX) SUBPUIIS WNIPLIASO|)
- 8Z-20Z3N - 21 039

+BAIX) SUSPUINS WNIPIAISOL)
- 9Z-2073A - 21 D3S

(AL} inned JoldeigoAR )
- 112 - 0T 039

+LEAIX)
Aemayiey  WInIBLIsoD - § - €003

g uonisodwio)

3 uopisoduwio)

g uonisodwo)

v uonisoduio)

T a4ngdi4




US 9,999,641 B2

Sheet 2 of 41

Jun. 19, 2018

U.S. Patent

sayem enBal o yonmg Lnposd spnadpiayolg SAY Yg1
3040 20 d87 yapen Buisuun o
.w i sunzeeioEn i |
S A T e oy
e s i 0 - & EA e
BRI "
it woABpT
¥
e e T e B e ; ‘
e L0 1 .
mw AECY

pOUP "3

sayem senbag 03 Uopaeg

4 unAEpugs soyer Busiiap w
l G HEPOCD DRCIIUY i

e M o o i s = 4
PEZ L0 g oL
@w Aeey

O 3
S|9POIN 9SNO UOIIId4U JIDIIP WINIPLIISOL)
Z 24n8i4



US 9,999,641 B2

Sheet 3 of 41

Jun. 19, 2018

U.S. Patent

0T + G auozesado}o) {g8)
01 + g auozesadojo) (/)
0T + S upAwepul]d (9)
10T + S upAwepuip) (s)
40T + S j1ePf20d Xqy (v)
101 + S j1e1}202 xqv (€)
0T - G jos3u0) (2)
;0T - 3 jonuo) (1)
saiodg
ajffip o Xqy Sjewue §o # sdnoio

€ ain8i4




US 9,999,641 B2

Sheet 4 of 41

Jun. 19, 2018

U.S. Patent

L

L

YOO JalE sheg
g ¢ v £ Z
i . i

I 2

UORORLUL IaYE ARG

re"
St

—

suozniadojer

uonoslul Jale sAeg
9 ¢ ¥ £ ¢

i 3

1pPjpo) Xqy

b0 L 8 & ¥ ¢ ¢
. 0 b 0
- 02 A
- OF - OF
- 09 - 09
- 08 OIA_,‘, - 08
upAwiopuld
ay ain3i4 Of 94ndi4
uoiaau Jaye sAen
L 0 L 89 ¢ ¥ ¢ L0
5 Mw X : 5 < 5 £ 2 HO
L OF Loz 2
oy Loy S
o
09 saiods GOOCL & | 0%
- 08 mm&o%m 01 - 08 £
00l © - 001
xqy oN
gt 84n3i4 v 34ngi4



US 9,999,641 B2

Sheet 5 of 41

Jun. 19, 2018

U.S. Patent

uoRDa 1ye sheg

UOHOSI 1818 SAB(]

. 9 ¢ v ez o L9 5 ¥V ECL O
— o O
IRER g .08 - 08
06 - 06
o & 001 o 1 001
L Ol ¥y L 011
L0 . 021
suozpiadogor upAwnpuid
HY 94n3di4 DY 34814

UORDaUL JBYE sARQ

L8 8 ¥ € < L 0

)3 i

A 0l
T e

| 06
tﬂ , 004

. Ol
L Oci

3

[1PppP oY Xqy
49 94n3i4

LIORTIGI JOUE sAR

L 9SS ¥ €T 40
S —— T

, um\\ﬂmn\.ﬁﬂoow %
% SeER=1

Xq¥ ON

It 24n8i4



US 9,999,641 B2

Sheet 6 of 41

Jun. 19, 2018

U.S. Patent

UG sl wye sfeg

WOBISRA Joye shBC

8 4L B $ ¥ £ ¥ L 0 $ 2 8 % ¥ £ i o
L (3 e 2 [ 3 1 [ Nn\ i s 1 L s 1 2 N
]
G wm o) WM
e 1 RS
-} T
B8 o & o MO mw Ly &
o o0 g O &
O -Gl B 0L &
GU00L 24D W - OOnoL WD ~
oL Zd2 © s oL O Lz
suoznisdojary uAwWBPULD
1y 24n8i4 S 34ndi4
UCHDBIUL LR SARG UOLTRI BUR SARC]
g L 9 g v £ <& L O 2 4L % ¢ ¥ € Z i 0
e o = e I . s T S
O v & S
. 2 . 2
= 9 e
fo o
L) -8 o -8 &
- g &
UBA +00001L fEDiDeD ¥ FOL & {00001 oqued M 01 &
0000 EEPROD M w gL oand O
oL jEpined O ~Z1 “ol
[ieppro) xqy xqy N
[y 24n3i4 It 940814



US 9,999,641 B2

Sheet 7 of 41

Jun. 19, 2018

U.S. Patent

40T + S @ uoisodwo) (g)
40T + S D uonisodwo) (g)
Nl + G g uonisodwo) (Z)
0T + 3 v uonisodwo) {9)
+01 + g j uonisodwo) {g)
w01 + G 3 uonisodwo) {p)
0T + S uep (g)
0T + S +jo43u0) (z)
0T - S -jonuo0) (1)
{sa40dg)
sS4 Xqy sjewue jo # sdnoig

G aingi4




US 9,999,641 B2

Sheet 8 of 41

Jun. 19, 2018

U.S. Patent

0 uonsodwoD+ XAy
) uohisoduioo+Xqy
€] UoISOAdUWIOO+XQY
Vv UonIsoduwiod+XxqQy

| uoisodwod +XAV
3 uolisodwod +Xqy
UBA+XQY

XqQy

XQy ou

ol  I>g Jojsb<]

uonosul Jaye shec

L 9 G 14 € A 0

: : : . < 1 0
x . -0z
= B -0
1 {H—e¢ ~-09

o -08
® 00}
9 24n314



U.S. Patent Jun. 19,2018 Sheet 9 of 41 US 9,999,641 B2

- e
=~
- ey
© 3
S
-q—E
Lo
=
—(\’jm
o
©
o N ) e
o <~ pe (O
o ¢
™~ [w] p B
¥ 5 o o o o o g
3 &8 = © & ® ~ k3
o0 had R L )
e mﬁ;e/v\ aufjeseyg 9, i E
S
]
Loy &
ot n
>
= &
3 O
- P ) A
~ <
ahd
Lo w *
&
R o
0 L o o o o o 9o
=1 N b < [0 [e#] P~
8 hnd Ao o«
- < S Nﬁ!@M sufjesey 9,
.
U]
Loy &
" &
3 o 3
)
Z
T o

o o
S & ®

2
Biom auijeseq %

Figure 7A
120+

£ 110

0

70



US 9,999,641 B2

Sheet 10 of 41

Jun. 19, 2018

U.S. Patent

uogosjul Jeye sheq

L 9 g 4 € Z 3 0
R i 1 1 i F 1 ON«

~08 R

&

-06  §

w

00} <

@

(]

~0L L =

v UOISOdUIO0+XQY ~@-
~0Z1
4/ 84n8i4
uonosjui Jaye sheq uonO8yUl Joye she(]
y 9 S 4 e Z i 0 L 9 G 1% 1> c I 0
: s N ¥ [ 1 ¥ ON. 4 X 3 i 1 1 i O.N.
-08 =2 =08 8
oo w
Q) 1]
06 & 06 8
3 3
b 00} < 00} =
@, &
LoLL B oL S
uonRisodwon + X -8~
3 uonisodwod + xqy -~ ozl | UOj qv Loz1

3/ 84ndi QL 24n8i4



US 9,999,641 B2

Sheet 11 of 41

Jun. 19, 2018

U.S. Patent

uonoalUl soYe sheq
L 9 g € Z L 0

5 5 i 1 ¥ N : 0l
~08 R
W
Q
-06 §
=
001 =
@,
«Q
=01
(1 uosodwioo+xqy -@-
~0Z}
1£ 23]
uoRDsUl JOYE sAe(]
L 9 G 4 € z L 0 uonosjul Jaye skeq
i i i 1 X 1 i 0/ A 9 g ¥ o VA L 0
i 1 i 5 3 M 1 02
o0 W -08 R
Q)
-06 @ %
5 -06 &
004 3 =z
3 001
ok = a2 A
O uonisodwod+xqy @~ g UoISOGUOO+XAY ~@~
~0Z1 LozL
HZ ®indi4 o/ 2indiy



US 9,999,641 B2

Sheet 12 of 41

Jun. 19, 2018

U.S. Patent

SO SN
FPLFL S
SRS R SO
P> G S S - N
S FFFEFE S N
OV O OF OF O g & O
N S 0 & A Ny e
5 ~A——F——— ¥ ——002
- Moy e
= o =
-9 O A o 2
< -
-g & i <
& ﬂhﬂb L 8 @
& )
-7 -
ag 2.n3i4 L Aeg
Vg 24ndi4



U.S. Patent

Day 8

Figure 8C

Jun. 19, 2018

Sheet 13 of 41

_ 5,(/0/
l:|> - O ’%‘5’0
qu«’f Oé/o
4'4 -0, Yo 9%
% O %
Q;?, 7 9&
0o|o - o, oy D
%, & *+
m "?’@ ((/O %’
i 7 OO’ O".;-
PL i y%’o %o %
o, . Xy
G Ox, b
+
ajm o
] 9& ("
+
1 I 1 | ] $ Q&O
‘C_\I_ e s 0] «©w < 0N (4]
(se08) B/N40)01 6o

US 9,999,641 B2



US 9,999,641 B2

Sheet 14 of 41

Jun. 19, 2018

U.S. Patent

asSNoW/g01 +0T + 8 g uonisodwo) (z)
- »0T + L josuo)d (1)
sdd asods sjewijue
sn4d 3ifpd | xqy o sdnoio

6 24ndi4




US 9,999,641 B2

Sheet 15 of 41

Jun. 19, 2018

U.S. Patent

(ssof yBrem o027 < + YiRap |vInlbN])

uonosul Isye sheq
L 9 g 14 € ¢

(@)
O

T
-
N

1
L)
3

T
-
&)

T
Q
&0

001

® @
(g=u) g uonisodwo) N
ANUCV - @
4 X
£61070=d J
0T 34n3i4

(%) [eaining



U.S. Patent Jun. 19,2018 Sheet 16 of 41 US 9,999,641 B2

o~
Q0
H
£
m
<
L
Paoed
W
— O
g
£ o
y O
o e
= O
—
~ O
g
g S
o} et
(&)
‘9_;0 -QQ
b =
S
L
-m%
42]
=
4!
-NQ
s
] ] ] O
(o (- Lo o [~
~— L) o)} «Q M~
o -

1yBiam suyeseg 9%



U.S. Patent Jun. 19,2018 Sheet 17 of 41 US 9,999,641 B2

m
)
0
B
O
Q.
£
@]
y O
®
oo B
[y
o~ S
@
v 31 < =
=3 - ()
B0 + 5
%9 &=
C
i8]
>
4y}
‘h l -
‘ - X
ofe
] 1 1 ]
(o (o8] (] <t o
=

(se09) 6/n40)01 607



US 9,999,641 B2

Sheet 18 of 41

Jun. 19, 2018

U.S. Patent

.................................. S RS I B e R R SRS TR
¢ 9ge3ges T winualegng TLIHA snupey” sadisolseuy
B{e138. WnL@aRGNT 69TMA snupey” sadpsolaruy

| ieyzad WINLISDEGN] S1238} SN220308HUNY

. SIODR] Bungasoy 510985 SN33QIGULUNY
{ sjepes wimssiegny LSTHA aje1oas WwnESIIegng
.................... ssiBUTshRslE T GeTIA ZrmEe T shipbU ssdnse sty IO bhDas
wuasuey enneg ZSTA srupey sadpsosaeuy
{3984 SNIBO3QUIRINY TP IMA snupey sadpsolaeuy

s1ae) eungasoy SNQ{E” SR20030uILINY
: \w_w:mzm:mQEmsu SNHOO0J0UILINY
m 3{e1da) WinLRIdEgN3 DA sjerned winualegny
© ajead wnpeeqny . |psie elaeydsedaiy
wuepsia esseydsedony PLRA mneid sopeiuoneld

: . S{398)” BUNYR50Y TLMA afe1oRs WwnusIseqny
m mcmuo>:m:uumml»muumnwcmumum:m, : nnejd JoelIuoAR| 4
. winego” sN000UILNY
...................... snupey sadpsoseeuy | e
SODRAISOINYE sapolaeyg
s[238) SN22020UILINY
apsie eiseydseBan
ISR SNIDOIOUIRPIOY

/ SUBIUSLUIBS SN3D0J0UILUBPIDY

52 mz:m,m

siode) BLINGDISOY GOMA
BURlEDSU0] E210Q
ISaRy SNO20d0UIMINY
{spaeySNOd0I0URINY GGHA

snipey sadisosaeuy PENA
CBfe1des whuaegny
B{E1384 WinLBIEgN3

INSGO SNI0000UILNY
euaIedduD| eaiog

4 uonsodw o)

€T 24n3i4



US 9,999,641 B2

Sheet 19 of 41

Jun. 19, 2018

U.S. Patent

S4DUPONS 'g
faypuoidosd Y
{agopn)
‘aypaAing ‘g
fayny90n Yy

v 9 wnpiiig Wniialoeqopiijig
Sy | SronAUSOMIes S8p/oi9loRgl  A8Yio
d Y uspsie eiopydsesoyy
49V | SUBILISLLIOY SNOO0O0UNLERIDY Xi
v 7 SISUBffouBduIeys SNO2000UILIIY Al
qv 7 1nei0 103084LI0AB)
v 2 euseolsuo) eelor]
v | suesouaBiomiio] Baiof]
1 £ SUBJOALIBYIDES 19108GILISIEDISf
q'v § s/0ag) eLINgasoy
g [ Srupey sedipsoiseuy
1Y Z Ry enneigl  eaix
1y ¢ hussuey Bnneig
1Y | sioer) ennejg
1Y 7 Wwnsqo snoaoooouuing
1Y g S§/088) SNOOCI0UILLNY
194V 21 9781084 wnieyoeqgny
SY40$ 4 uosoduwio) BsnpD

1 24n3i4



US 9,999,641 B2

Sheet 20 of 41

Jun. 19, 2018

U.S. Patent

asnow /sajdwes 1829} %407 40 {NOOT LOT + S uewny {iN4 (8)
asnow /sejdwes {335 %01 40 IN00Z +OT + S asnow LA (£)
€ pue ‘21T 1- ‘¢- Aep
pazijewoN 4O 0T + g Je pasop 4 uonisodwo) (9)
1- Aep
pazifewIoN ao +OT + g 1e pasop 4 uonsodwo) (s}
€ pue‘g ‘T ‘T-‘C- Aep
3ISNoW /501 0T + Ot 1e pasop g uonisodwio) (v)
I- pue z- Aep
ISNOW/50T 0T + 01 1e pasop g uonisodwo) (g}
T- Aep
SNOW /o0T vOT + ] je pasop g uonisodwio) (g)
- 40T + 01 jos3uo) (1)
sdgl aiods sjewjue
SN4D aiffip Xqy jo4 sdnoio

GT 24n3di4




US 9,999,641 B2

Sheet 21 of 41

Jun. 19, 2018

U.S. Patent

uewny | N

asnow | A4

(€Z1 1-2-) 4 uonisodwioo+Xxqy
(1) 4 uonisodwoo+Xxqy

(€Z1 1-2-) g uonisodwoo+xqy
(1-Z-) g uomsodwoo+xqy

(1-) g uomsoduwioo+xqy

xqQy/

QO H 3 ¢ 00

uonoaul Joye sheq

L 9 G 14 € Z 0
| i '} 1 3 i O
02
O
0¥
-09
¥ 08
e
a 001
9T 24n3i4

(%) [eninng



US 9,999,641 B2

Sheet 22 of 41

Jun. 19, 2018

U.S. Patent

UONDRLL JoYe sheq
L 9 g 14 S z L 0

<
~

I
o
o]

T
Q
o

001

whem auleseg o

011
osnow | N4 @

~02 )
JLT 24n8i4

uonosyu B)e sieq uoRoBlUl JaYR SABR(Y

L 9 S 4 1% Z b 0 L 9 S 4 € Z L 0
1 X ) § 1 i L H i H QN.

o
M~

T
Q
o8]

]
<
«Q

T
Q
o))

]
-
o2}

c{
=4
Wwhem suieseq 9%
<
=
wbhiem sulsseq v,

Lol nm
xqy @
wewny 1y @ | Loz,
q/T 24n814 VLT 9in3i4



US 9,999,641 B2

Sheet 23 of 41

Jun. 19, 2018

U.S. Patent

uooBul Jaye sAe(

L9 § v £ T 1 0
1 1 H 1 1 i 1 ON,
08
ey
&
06§
oorm
@
©£3
~CL L =
(¢Z11-2-) g uoysOdwod+Xqy @~
Loz L
441 8in3i4
uonosl Jaye sAe( uonoBvjul 18R sAeq
L9 & ¥ €& T 4+ 0 . 9 § ¥ £ 2 1 0
R i 1 ] | 1 ) 4 ON( L 1 ] i i 3 | ON.
08 R 08 2
9] o
jor} [)]
06§ 06§
3 3
00 = 00t <
. @D,
[(w]
-OLL 2 Loy S
{1-2-) g uopisodwoo+Xxqy -8~ (1-) g uomSOdWOD+XqY ~@~
021 L0z L
VARG Q.7 24ndy



US 9,999,641 B2

Sheet 24 of 41

Jun. 19, 2018

U.S. Patent

uonosjul Jeye sAe(
9 S 14 € Z |

(€21 1-2-) 4 uomsodwoo+xqy -@-

e @ o
Q o] [ve)
=

wbem suysseg v,

Y
o
—
-

-0Z1

HLT 24nSi4

uonosju 1oye sheQ

. 98 S ¥ € Z i 0
.......ON.

T
o
©

o }

e Q N

= =

yBiom auljeseg %

(1~} 4 uonsOdWIoD+XqY ~@-
~0Z 1

0/ T 24n8i4



U.S. Patent

Jun. 19, 2018

Sheet 25 of 41

L ¢,
@%
K
%,
L X
% %
- § «
- X4,
& A \&*9
) ) b
$ ve,
4?{9
e G Cb'(o
y& o
.g.&o b
s s (e
00 % Q’oo
Lan ® .. ® Xy
¢ 5 ) © o< o %
3 k20l
.&ﬂ (sa0a} 6/n40)01 607
12
%,
9«
%, 4
/)
¢ % % %%9&
% ' c?»?z !%'&
Q - (! C y 5'
% YV,
e 0, 8
\ & T O
) !‘é O’(o N
- S %x 7R
* o o X %%,
o, %, *
o - . 00 ’/‘S)O
o v & ““.?/@ Oé%
"o %y B, %
% °e B Ty
¥ 1 T T (¢4 Xt
w 9 o © < o™ Q’OO %
) .,
3 7
& {s80a) H/N40)0 1607 %
{

US 9,999,641 B2



US 9,999,641 B2

Sheet 26 of 41

Jun. 19, 2018

U.S. Patent

$iN9qO~ sNIICI0UIIINY

WNago™ SNI2000UHUNY

512984 SNODOJIoUILINY

SI0BB) SNID020UILLNY

SNGIET SNDI030UIUNY//Sisualjauediweyd snadoooutuny
sisuajjaueduieyd”SN0030WLINY
Si3RR) BLNGOSoY

5{0984 eLINGISoY

Huopsiy esseydseday
SUBSOAIIELDIRS J3IDEIUIIRIISNS
fnejd Jo10RaRIoARH

B[21294 wnUs1aRgng

sjeldad wnuadeqns

3le1das wnuaegng

2{e1394  UINLBIEgNT

3jeIsal winulaegny3
euazenduol esloq
syeisUBIDILLIO) BIIOQ
fluasuey” einelg

sio98) elneg

snipey sadisoiseuy

snipey sodpsoiseuy

snipey sadpsoiaeuy

snipey sedisciseuy

11SBIUL SNID0I0ULEPIOY/SURIUBLISYLTSNIN0I0UILILPIDY

0 Uoilsodwo)

61 24n3i4

POAA
TOTMA
IENA
LOIA
T6THA
GONA
LONA
TLAA
QTTHA
OLAA
SOTHA
89TAHA
99 1IA
FA 9,73
E9TAA
L3N
S6MA
TPTAA
ZSTAA
86MA
YSAA
FEAA
OEMA
O6MA
BV THA

Z£703s
ST 03
95 VIS
FA R LS
8¢ 038
oy OIS
L9705
£97 035
97 0Is
79 03s
$£T 03
L4038
9/ DI
g9y VIS
L£703S
£ 038
¥z DIS
07038
L7038
89 0DIS
55 03S
15 038
i 03S
£F DIS
L2035



US 9,999,641 B2

Sheet 27 of 41

Jun. 19, 2018

U.S. Patent

r vonisodwo)

sadesos Auojoo 401 + [ paieasi HO3 (0T)
B5NOW /507 y0T + G g uopisodwo) uazoif (6)
q uoisodwo)
ISNOW/50T 01 + g paieas3 HOM (8)
sajdwes jeaay
asnow /sajdwes 8334 %01 40 IN00T 40T + g uewny paieast HOI (L)
pazijewloN do +01 + / o uonisodwio) (g)
pazijeWwloN 40 y01 + L 4 uonisodwo) (g)
ISNOW/0T 0T + 8 g vonisodwo) (v)
asnow /501 +01 + 8 1g uonisodwo) (€)
asNow/;07 0T + 8 g uonisodwo) (7)
Sdd 40 In00T 0T + L apiyaA (1)
sdg1 3(1ifip 3
sN4D sN4d Xqy N sdnoin
0z 34ndi4




US 9,999,641 B2

Sheet 28 of 41

Jun. 19, 2018

U.S. Patent

uoRoauL Joye she(]

{ uogpisodwon - N_, w m g_n \m W

g UOIHSOAWOD UBZOI

g voisodwon pajeas; HO
sejduwies {809} uewnk paleas MO
o uonsodwio)

4 uonisodwion

19 uoisodwo)

28 uogusodwio)

g uonisodwo)

STWIIEYY

(2 Lo

<«

Qe omq

[EAIAINS

1 34n38i4




US 9,999,641 B2

Sheet 29 of 41

Jun. 19, 2018

U.S. Patent

uonosIU Jee she(]

Ll 8 & ¥ € Z + 0
i 3, j 1 ] i 1 | ON.
08 2
ey
o]
06§
S
001 =
@,
«2
0L =
o3 UDWSOdUInD ~@-
A
07z N3y
uoRoBlL J8)E SAR( uoRoaul saye sAeq
I 9 8 v € z 4 0 . 9 S ¥ ¢ Z L 0
i 1 3 1 i } 3 ON. 3 3 1 i 1 3 i ON.
08 R H0g
jes) &
0 it}
06 & -06 3§
001 = 00 «
®, (]
B 3.
oL = 011 S
4 uonisoduio) -@-
Lozt S E N N
g7z 24ndi4 Y77 24n814



US 9,999,641 B2

Sheet 30 of 41

Jun. 19, 2018

U.S. Patent

ucHoSuL Isye sAeq

L 9 g 4 e Z { 0
k i i 1 1 ) ) { ON.
08 =R
%
06 3
001 M
@,
Q
-OLL 2
g uopsoduwod uszoi4 -@-
~Q0Z L
5T 24n3i4
uonosul Jaye sheq
L 9 g ¥ £ Z L 0
i L i i i i 3 ON.
08 R
8y
Q0
068 &
Mw'”
004 =
21
«Q
-Fo0LE =
78 uonisoduio) .
~0Z 1
32 24ndi4

uonasul reye sheq

L 9 G 14 £ c 2 D
i, L 5 1 b 4 3 L ON.
~08 32
0
&
06§
M.
00t <
®.
[{w]
-OLE =
19 uonisodwioy .g@-
~0Zt
427 24n3Y4
uonoalul Jeye sheq
Z 9 g 4 € Z f 0
) i 1 1 1 ON.
08 R
o3}
Q3
~06 m
=
o]
00l =
@,
[{®]
-0LL =
g uoisodwion g
-0¢Z1
aze 84nsy



US 9,999,641 B2

Sheet 31 of 41

Jun. 19, 2018

U.S. Patent

uonoaiul Jeye sAe(

9 G 14 € e b 0

¥ ] L] i A ON-

08 R

o

[0h]

-06 §

=

001 =

®

[(o]

=041 =

g uogisodwon pajesy MO 8- ozl

[ZZ 84n3di4

uonoajul Jaye ske(]

9 G ¥ € 4 L 0

[ uoisodwoy ~@-

¥
<
o

+

<

o
ybem auyaseq %

L]

[on] L]
o o
-~ -~

~0C 1

[ZZ 24ndi4

uonosjul Jaye sheq
L 9 G 14 € c b

0

sejduwies {809} uBwINY pajeal HOIF @~

04

S o o
[ TN ) [oo]
—

wbem suleseq %

T

«Q
—
-

g 1A4S

HZ 2in8id



US 9,999,641 B2

Sheet 32 of 41

Jun. 19, 2018

U.S. Patent

uonodjUL JBYe sAe(
L 9 g 14 € Z

] i 1 i S i

h 4

19 UOIISOTJWOD +XAY  —fe
rds| co_u_manou.fxnd‘ e

g uonisodwoN+XqQy -@-

xqy O
®
Eom.oua_ A 1510°0=d
9eyZ 0=d mmmw.oni v £900"0=d
2000°0=d
€ andi4



US 9,999,641 B2

Sheet 33 of 41

Jun. 19, 2018

U.S. Patent

uonoBjUl JsYye sheq

L 9 G 14 & c

19 uonisodwo) +XQY =i
28 uolisodwo) 1xqy Y=
g uonisodwon+xqQy -@-

xqQy O

¢ 9in3i4

1ybiom suijeseg 9%



US 9,999,641 B2

Sheet 34 of 41

Jun. 19, 2018

U.S. Patent

WINSOWIDL WNIPLIIS0I2010301SA4T PUB WNILIOASIP WnipaIsor)
“WNNJOUU WNIPIIISOL) "WINSOIGUIAS WINIPLIISOLD 'SIUILLIOYHOD SNOUNJI0I30UY
'9033j0q WNIPpo4ISo[) (wio) 10dS Ul SUBILS XIS SUIMO]|0} SY) SUIRIU0D H uoiisodwod, ,

WNN30UL WNIPLIISO[D) PUB ‘WINSOIGUUIAS WNIPIIISOLD ‘SIUILOYII00 SNOUNJI0190UY 'aDa3jog
WINPo43S0)7) W0} 310ds Ul suiens 1o Suimoljo) ayy snid g uoisodilon Jo sutels ayy = sa40ds § + g uoiisoduwo),

asnouwl/e0T 0T + 01 +xH uonisodwo) {g)
aSNoOLW/s210dS+E143108( Al #S240ds
/ +EHOIEG OAl 501 70T * Ot ¥ + g uonisodwo) (y)
3SNOW/0T Y + 01 g uoiyisodwo) (g)
SSNOW/So|dWES (53} %01 40 IN00Z | 401 ¥ o1 1A vewny (g)
S€d 40 In00T yOT + 01 apyaa (1)
sdd1 aifhip -3
Xqy N sdnoig
sN4D sS40 g
G 2indi4






