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Clostridioides difficile

* Member of Peptostreptococcaceae family

* Gram-positive bacillus

e Strict anaerobe

* Spore former

* Protein toxin synthesis (TcdA, TcdB, CDT)

* Sporulation=makingthe spore in mother cell
* Germination=transition from spore to bacillus

Spore

Infectious form
Survival

Resistant to antibiotics
Resistant to antiseptics, disinfectants

Vegetative bacillus

Replication

Disease causation,

Adaptation
Susceptible to antibiotics,

antiseptics, disinfectants
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Large glucosylating toxins: TcdA and TcdB
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e Synthesisis regulatedvia a pathogenicity
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* GTD uses UDP-glucose to enzymatically
alter a critical threonineresidue in the
catalyticsite of Rho GTPases
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e Actin cytoskeleton

* Cellrounding,
detachment

* Loss of
intercellular
junctions

* Apoptosis,
necrosis

* Inflammasome
formation via
pyrin (IL-1pB, 1L-18)

e |L-8, IFN-y, IL-23
production

* ROS generation

Mileto S, Das A, Lyras D. Microbiol Spectrum 2019. 7(3): GPP3-0015-2018.d0i:10.1128/microbiolspec.GPP3-0015-2018.



[ Actual burden estimate

[0 Adjusted burden estimate

—@— Actual incidence estimate
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A Community-Associated CDI
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Figure 1. Percentage of Cases of Clostridioides difficile Infection (CDI)
Diagnosed by Means of NAAT at 10 U.S. Emerging Infections Program
Sites, 2011-2017.

Guh A, etal. N Engl J Med 2020.
382:1320-30.
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Actual burden estimate
Adjusted burden estimate
Actual incidence estimate

2011 2012

476,400 505,700
476,400 441,600
154.89 163.14

Adjusted incidence estimate 154.89 14247

2013 2014 2015

485,100 505,000 529,700
402,900 405,100 419,800
155.38 160.35 166.87
129.06 128.65 132.26

2016 2017

502,200 462,100
392,000 365,200
15735 143.61
122.31 113.48




Quantifying CDI Disease Severity

TABLE 4. Concordance of Severity Score Indices for Severe Clostridium difficile Infection

CDC criteria for severe CDI (any, 30-
Index

Sensitivity, %  Specificity, % PPV, % NPV, % Kappa score (95% CI)

days of CDI diagnosis): E—

1. ICU admissiondue to CDI, UPMC version |
2. Required surgery for CDI,
3. Attributable CDI death.

Hines VA

UPMC version 2

University of Temple

University of Calgary version 1

Modified University of Illinois
University of Calgary version 2

63.2
68.4
68.4
737
B4.2
737
737
68.4

B7.3
293.9
20.3
93.4
59.4
737
88.5
715

6.4
6.5
44.8
70.0
19.3
237
42.4
217

95.4
96.3
96.1
97.0
97.3
96.0
Q6.7
95.2

0.38 (0.24-0.52)
0.57 (0.43-0.71)
0.48 (0.34-0.62)
0.69 (0.54-0.83)
0.18 (0.08-0.27)
0.24 (0.13-0.36)
0.47 (0.33-0.61)
0.20 (0.09-0.32)

woTE. Cl, confidence interval; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value;

UPMC, University of Pittsburch Medical Center.

TAERLE 3. Significant Risk Factors for Clestridium difficile Infection by Multivariate Analysis (Step-
wise Logistic Regression Test)

Severe cases  MNonsevere cases

Factor (n=19) (n = 165) p OR (95% CI)
Abdominal distension 16 (84.2) 27 (16.4)  .007 1274 (2.91-55.79)
Fever (temperature, >38.0°C) 10 (52.6) 33 (20.0)  .042 470 (1.05-20.95)
WRBC count >20,000 cells/mm’ 12 (63.2) 36 (21.8) A35 442 (1.11-17.65)
Hypoalbuminemia (serum albumin

level <3 mg/dL) 17/18 (94.4) T4/136 (54.4) A29 1369 (1.30-143.8)

NoTE. Data are no. (%) of patients, unless otherwise indicated. Some denominators differ from
the population total because of missing data. CI, confidence interval; OR, odds ratio; PPI, proton
pump inhibitor; WBC, white blood cell.

Fujitani S, George L, Murthy R. Infect Control Hosp Epidemiol 2011. 32:220-8.

Table 1 Clostridium difficile disease score

Yariable

Points

Fever (38.0“C)
Ileus

Systolic blood pressure < 100 mmHg,h

Leukocytosis

WBC = 15,000/mm’
WBC > 15,000/mm"”, <30,000/mm’
WBC > 30,000/mm’

CT scan findings (thickened colonic wall,
colomic dilatation, ascites)

Mo findings
1 Finding
=2 Findings

=

b =

b =

* lleus diagnosed by clinical or radicgraphic findings.
® Any single reading within 3 days of CDD diagnosis.

Belmares J, et al. J Infect 2007. 55:495-501.



Table 1. Recommendations for the Treatment of Clostridivm difficile Infection in Adults

Strength of Recommendation/

Clirucal Defintion Supportive Chnical Data Recommended Treatmant” Cuahty of Evidence
Inmal epizode, Leukocytosis waith a white + VAN 125 mg given 4 tmes daily for 10 days, OR Strong/High

non-severs blocd cell count of <15000 o FDX 200 mg given twice daily for 10 days Strong/High

:Lﬂ:;ﬂ; ﬁ; credlt . Altemats if above agents are unavallable: metronidazole, 500 mg 2 tmes  Weak/MHigh
: per day by mouth for 10 days

Intial epizode, Leukocytosis wath a white « VAN, 125 myg 4 times per day by mouth for 10 days, OR StrongHigh

severe” blood cell count of 215000 & DX 200 mg given twice daily for 10 days StrongHigh

cells'ml or & serum creatr-
nine level >1.5 mg/dL

Intial epizode, Hypotension or shodk, ileus, VAN, 500 mg 4 tmes per day by mouth or by nasogastnc tube. I ileus, Strong/Moderate loral VAN);

fubminant megacolon consider adding rectal instllation of VAN. Intravenously admimistered met-  Weak/Low Irectal VANE;
ronidazole (500 mg every B hours! should be admimestered together wath Strong/Moderate (intrave-
oral or rectal VAN, particularly of deus 15 presant. nous metronidazolel

McDonald LC, et al. Clin Infect Dis 2018. 66:987-94.



How Recurrentis CDI?

Table 2 Treatment response of vancomycin and metronidazole for Clostridium difficile infections

Patients enrolled N Followed up (days| Treatment failures (%) Recurred (%) Reference

Vancomycin
1982-1991 12 30 1 10 Olson et al. [59]
1993-1999 3 30 6 16 Wenisch et al. [60]
1994-2002 71 21 3 T Zaretal [61"]
2006 80 56 g 19 Louie et al. [62]
2006-2007 18 60 16 1 A-Nassir et al [63°]

Metronidazole
1982-1991 63 30 ) b Olson et al. [59]
1991-2002 688 60 10 A Pepin ef al, [64]
1993-1995 31 30 b 16 Wenisch et al. [60]
1994-2002 79 21 16 14 Zaret al. (61"
1999-2002 50 40 T 29 Wultt and Odenhaolt [65]
2003-2004 2 56 26 20 Modena et . [66]
2003-2004 43 60 26 47 Pepin ef al, [64]
2003-2004 119 b6 34 33 Musher et al. [67°]
2004-2005 20 40 3 38 Lagrotteria et al. [66]
2006-2007 34 60 12 12 ) AtNassieretal 163

McFarland LV. Curr Opin Gastroenterol 2008.25:24-35.

6-47%



Risk Factors for Recurrent CDI

Systematic review and meta-analysis of risk factors for rCDI
* 33 studies, n=18530
* Random effects model; pooled RR calculations

Independent Risk Factor RR (95% Cl)

Age 265 years 1.63 (1.24-2.14)
Additional antibioticsduring follow-up 1.76 (1.52-2.05)
Renal insufficiency 1.59 (1.14-2.23)
Proton pump inhibitoruse 1.58 (1.13-2.21)
Prior fluoroquinolone use 1.42 (1.28-1.57)

Deshpande A, et al. Infect Control Hosp Epidemiol 2015. 36:452-60.



JAMA Internal Medicine | Original Investigation

Association of Gastric Acid Suppression
With Recurrent Clostridium difficile Infection
A Systematic Review and Meta-analysis

Figure 4. Nine Studies That Controlled for Potential Confounders

Effact Size

Source (95% CI)

Abdelfatah et al, & 2015 1.65 (1.00-1.70)
Freedberyg et al, @ 2013 0.82 (0.58-1.1&)
Hebert et al,31 2013 1.55(1.05-2.29)
Khanna ot al, 18 2012 0.65 (0.40-1.06)
Kim et al,2% 2010 148 (161-7.54)
Linsky et al 32 2010 1.42(1.10-1.83)

McDonald et al, 17 2015 1.50 (1.10-2.00)
Rodriguez-Pardo et al 34 2013 2.17 (1.08-4.35)
Waiss et al 3 2015 1.35(0.83-2.21)
Overall: Q=27.40; P=.02; 12=T71%

Tarig R, et al. JAMA Intern Med 2017. 177:784-91.
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TABLE |. Clinical prediction rule for recurrent Clostridium
difficile infection [34]

Rizk factor Score

Age =45 years |
Severe underhing disease (Hom index scone of 3 or 4)" I
Additomal anishiotic use |
Add one point for ech risk Botor present to
determine score jrange 0-3)

The Horn index rates the severity of underlying dise=e into one of four cte-
gories on the bass of dinkal pdgement | = mild (single mild linesz)z 2 = maosd-
ente (mome severe lines but unmomplicted recovery expected); 3 = severe
imajor compications or multiple conditions requiring treatmentls 4 = fulminant
(atastrophic We-thretening liness).

TABLE 1. Risk of recurrent Clostridium difficile infection
(CDM) in comparison with score on the dinical prediction

rule [34]
Recurrence
Dierivation cohort Walidation cohort
n = dad; 50% n = bd; 0%
P e PECUMTemnce
Score n % n %
1] o7 1] (15 1]
| 55 333 &i36 &7
2 10714 714 5N & 313
3 T8 B7S K] [T

Fatients with soores 22 were chsgfied as baing at high risk of recurment CDL
The point es@imate of the acouracy of a soore 22 for predicing recurmence i
T1LF% (95% O 592-824%) [H] Oiher point estimates of performanae indude
a sersitvity of 53 8%, a spedficty of 5%, a postive predictive wlue of 368%,
and a negative prediciive value of B6.7% [34].

Kelley CP. Clin Microbiol Infect 2012. 18(Suppl 6):21-7.



First recurrence

Sacond or

subsequent
recurrence

What about Treating Recurrent CDI (rCDI)?

VAN 125 mg gven 4 tmes daily for 10 days if metronidarole was used for
the inimal episode, OR

Use a prolonged tapered and pulsed VAN regamen if a standard reg-
imen was used for the inmal episode leg, 125 mg 4 times per day for

10-14 days. 2 times per day for a week, once per day for a week, and
thean every 2 or 3 days for 28 weeks!, OR

FOX 200 mg grven twace daily for 10 days o VAN was used for the inibal
apisode

VAN in a tapered and pulsed regiman, OR

VAN, 125 mg 4 times per day by mouth for 10 days followed by rifaximan
400 mg 3 times daily for 20 days, OR

FDX 200 mg grven twica daily for 10 days, OR

Fecal microbiota transplantation” 'd

Weak/Low

Weak/Low

Weak/Moderate

Weak/Low
Weak/Low

ST

Strong/Moderate

McDonald LC, et al. Clin Infect Dis 2018. 66:987-94.




Fidaxomicin versus Vancomycin
tor Clostridium difficile Infection

[ Fidaxomicin ] Yancomycin

PRCT, multiplesites, double-

blinded, active comparator ] ﬂll.l_lgg_s

Adults with CDI (+ toxin, 15t or - B

2nd episode in 3mos) o

10 days: Oral vancomycin _ o

125mg PO qg6hrs; fidaxomicin < 7

200mg PO q12hrs - g

Primary outcome: rate of IS P-000S  P-0.004

clinical cure at EOT/withdrawal ™ F’H |_2-‘m

in both mITT and PP 20 15.4 133

populations. 107 { {

Recurrence: within 4 weeks of ¢ pp— op T oo e op
cessation of initial therapy, CDI Clinical Cure Recurrence Global Cure
symptoms, toxin +, required

treatment.

Louie TJ, et al. N Engl J Med 2011. 364:422-31.



Making the Most of Fidaxomicin-the EXTEND trial

Confirmed CDI, age>60yrs; excluded
any with >2 CDI episodes past 3mos.
86 European hospitals
~36-37% severe CDI in each group
Open-label RCT, superiority design
Fidaxomicin 200mg tabs (total of 20
tabs)

* BIDondays1-5

* One tab Q48hrs on days 7-25
OR vancomycin 125mg PO g6hrs days
1-10
Primary outcome: sustained clinical
cure at 30 days after EOT
Secondary outcomes included
sustained clinical cure and recurrent
CDI, both atdays 40, 55, 90 after EOT

16%
p=0-0013
009 -2% ~4% [ Extended-pulsed fidaxomicin (n=177)
g0 Pfi_:,'f?j p:ﬂﬁ?ﬁ [ Vancomycin (n=179)
11% 15% 14%
=0-030 0-3038 p=0-0070
B0 {[3[‘ ‘}% Pﬁﬂ-? P':.-ﬂﬁ] F r’““-.?
, 7 t t
5
# 60+
5
& 20 ‘}
§ o D)
5 -15% -14% 0 -13%
30 p<0-0001 p<00001 p=0-00073
—— —— —
204
10
0 | | | | | | | 1
Number 142 147 138 147 3 30 7 32 11 34 124106 133106 124 99 116 92
of events
Number 177179 177979 |7 Y79 77179 17979 | W79 W7Ws 1I7W9 177179
of patients . i |
" Rt ™
Clinical response Recurrence Sustained clinical cure
Day12  2days @4& Day55 Da}ry 30days Dayd0 Day55  Day 50
after end of after end of
treatment treatment

Guery B, et al. Lancet Infect Dis 2018. 18:296-307.




44 patients with incident
CDI followed for 60 days

1005
= 3
L= .
© p = 0-009 p=0-79 p=0-19
o C a
- a
o =< 3
[¥] = o
&3 o
se o
9 o
o == 1_
g @ 3
oo E 3 o o
m
E e o
LE}
(5]
0-1
Toxin A Toxin B Mon-toxin
antigens

Kyne L, et al. Lancet 2001.357:189-93.

What about the host response?

Phase 2 trial of actoxumab and
bezlotoxumab (n=99 in placebo group)

Table 2 Multivariate Analysis of Clinical and Immunological Risk Factors for Recument Qosindium difficile Infection

‘arianle Mams Odds Ratio Urivariate Falus Odds Ratio Multhariabls F \Valus
Age 1.04 s
(Age =65 W=E5 Y] 353 (Vi) 376 024
Famale va malks aex 1.02 g |
“(Other” race va white o 0.0 13
Ham index 3 via Hom index 1 312 ATE
Honn index 2 wa Hom imdes: 1 4.0 ory
Metrondazale va vanoonmyein 065 A3
Additional anmiteotic use 200 i 206 L
Antacidiantivlesr use 0.a2 B0
Prior episodes of GO {yesinol 27 041 2158 ¢
Inpatient va outnatisnt 0497 G5
Maza Biclogics assay
Presence of toedn A antibodiss (yesio) 0,40 401
[ Presencs of toxin B antibodiss {yesio) 012z 045 011 05
Presence of toxin A or toxin B antibodies (yes o) 0.x3 064

Gupta SB, et al. Clin Infect Dis 2016.63:730-4.



MODIFY | and Il: Bezlotoxumab for Prevention of Recurrent CDI

Table 1. Clinical and Demographic Characteristics of Participants in the Modified Intention-to-Treat Population in Both Trials.
Actoxumab plus
Bezlotoxumab Bezlotoxumab Actoxumab Placebo All Participants
Characteristic (N=773) (N=781) (N=232) (N=773) (N=2559)
. number of participants (percent)
* Two double-blind, placebo-controlled o
; — Metronidazole 366 (47.3) 365 (46.7) 112 (48.3) 353 (45.7) 1196 (46.7)
RCTS' confirmed CD I' totaln 2655' Vancomycin 366 (47.3) 370 (47.4) 113 (48.7) 372 (48.1) 1221 (47.7)
322 sites in 30 countries Fidaxomicin 25 (3.2) 30 (3.8) 7 (3.0) 30 (3.9) 92 (3.6)
. . Inpatient 523 (67.7) 530 (67.9) 158 (68.1) 520 (67.3) 1731 (67.6)
* Standard-of-care antibacterialsfor Female sex 423 (547) 442 (56.6) 130 (56.0) 449 (58.1) 1444 (56.4)
CDI based on treating physicia N Age =65 years 441 (57.1) 390 (49.9) 122 (52.6) 405 (52.4) 1358 (53.1)
« Bezlotoxumab 10mg/kg IV o nce, OR =1 Epis;;:l;siocnlfscéc:ﬂﬁc:cﬂs infection in 200 (25.9) 216 (27.7) 69 (29.7) 219 (28.3) 704 (27.5)
=2 Previous C. difficile infection episodes 103 (13.3) 100 (12.8) 34 (14.7) 126 (16.3) 363 (14.2)
actoxumab* plus bezlotoxumab L ever ]
evere C. difficile infection* 142 (18.4) 122 (15.6) 31 (13.4) 125 (16.2) 420 (16.4)
(Same dOSGS), or pIacebo (* MODIFY Immunecompromised+ 163 (21.1) 178 (22.8) 55 (23.7) 153 (19.8) 549 (21.5)
1 i N CI u d ed aharm receivi N g Other atnl:i‘br;o;;ciuse during standard-of-care 333 (43.1) 292 (37.4) 86 (37.1) 317 (41.0) 1028 (40.2)
actoxu ma b a Ione; Stopped after Olheratr;'t;t:;cgéuse after standard-of-care 274 (35.4) 273 (35.0) 23 (35.8) 275 (35.6) 908 (35.5)
interim ana |y5| 5) Renal impairment] 96 (12.4) 123 (15.7) 37 (15.9) 110 (14.2) 366 (14.3)
. L Hepatic impairment9] 56 (7.2) 49 (6.3) 14 (6.0) 44 (5.7) 163 (6.4)
* Prima ry outcome: recurrences within Region of enrollment]|
12 weeks of infusion Africa 2 (0.3) 5 (0.6) 1(0.4) 2 (0.3) 10 (0.4)
Asia—Pacific 80 (10.3) 79 (10.1) 10 (4.3) 77 (10.0) 246 (9.6)
Latin America 37 (4.3) 30 (3.8) 9(3.9) 35 (4.5) 111 (4.3)
Europe 292 (37.3) 313 (40.1) 80 (34.5) 293 (37.9) 978 (38.2)
North America 362 (46.8) 354 (45.3) 132 (56.9) 366 (47.3) 1214 (47.4)
PCR ribotype
Participants with positive culture 477 (61.7) 490 (62.7) 144 (62.1) 486 (62.9) 1597 (62.4)
Most common strains**{ 222 (46.5) 210 (42.9) 57 (39.6) 233 (47.9) 722 (45.2)
Wilcox MH, et al. N Engl J Med 2017. 376:305-17. 027, 078, or 244 straini 90 (18.9) 102 (20.8) 30 (20.8) 115 (23.7) 337 (2L.1)
027 strainif 76 (15.9) 89 (18.2) 24 (16.7) 100 (20.6) 289 (18.1)
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MODIFY | and Il: Bezlotoxumab for Prevention of Recurrent CDI

[] Actoxumab—bezlotoxumab

P<0.001
1
P=0.001
1
28

No. of Events
Mo. of Participants at Risk

B Bezlotoxumab [] Placebo [] Actoxumab

P<0.001
1
P=0.001
M1

26

MODIFY |

61 &7 109 &O
323 386 395 232

P<0.001
1
P=0.001
M1

27

MODIFY Il

58 62 97
390 395 378

Pooled Data

119 129 206
773 781 773

40 Stratified log-rank test
Actoxurmab-bezlotoxumab vs. placebo, P<0.001 Placebo
Bezlotoxumab vs. placebo, P<0.001
Actoxumab-bezlotoxumab
20 =
Bezlotoxumab
e T T T
0 4 8 12

ARR for bezlotoxumab vs
placebo=0.10

NNT=10

Wilcox MH, et al. N Engl J Med 2017. 376:305-17.



Y participants with initial dinical cure

(MODIEY T and 1T pookd daia)

Bezlotoxumab for Prevention of Recurrent CDI in Patients with Toxin + Stools

W Bezlotoxumakb
Placebo

Direct Methods: toxin EIA, cell Difference (95% CIp: Difference (05% CIp:

CytOtOXiCity assay (CCA) 1) - 154-220t0 -8.7) 0.7 (-16.8 0 -2.5)
= 35+ 15.0 333
E_- :E 30
Indirect Methods: toxin gene PCR, 58 g
toxigenic culture 23 w- 176
-4 ; 15
:— E 10
B Bealotmoumaby ; 37 E ﬂ
Placebo i 7
- T - R T -
o0 ]Jlmlr_‘ﬂlﬂ:;t?ujll (_,[ ' n'il]f?"‘:l'[:fj'fl ' Toxin ELA + CCA tgPCR + towcigenic culture
90 4 8.7 2.0 _ - Diagmostic test method
B0 - i o
704
60
50 .
0 Toxin EIA+CCANNT=6.5
304
- 5 2
U7 ) 382 H .
- tgPCR+toxigenic culture NNT=10.3
Toxin EIA + CCA twPCR + woirenic culture

Diagmostic test method

Wilcox MH, et al. Open Forum Infect Dis 2019.



w Participants With CDI =

Participants With CDI

Recurrence, %

o5 B 88 %58

Recurrence, %

e B3 &8 8 28 8

-17.9{-37.7, -1.6]

-20.1 278, -13.2) 495 -12.9(-26.8, L6}

1% 28,0, -6
0.4 ) 41.1
380 156 |-7R 0, -2.8)
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Fecal Microbiota Transplantation for Recurrent CDI

ID physicians finally have
their own CPT code:
5TOOL




Fecal Microbiota Transplantation (FMT): Practical Aspects

Box 1 Key issues to select potential donors at the preliminary interview

INFECTIOUS DISEASES

» History of, or known exposure to, HIV, HBV or HCV, syphilis, human T-lymphotropic virus | and II, malaria, trypanosomiasis,
tuberculosis

Known systemic infection not controlled at the time of donation

Use of illegal drugs

Risky sexual behaviour (anonymous sexual contads; sexual contacts with prostitutes, drug addicts, individuak with HIV, virml
hepatitis, syphills; work as prostitute; history of sexually transmittable disease)

Previous reception of tissueforgan transplant

Previous (=12 months) reception of blood products

Recent (<6 months) needle stick accident

Recent (<6 months) body tattoo, piercing, earfing, acupuncture

Recent medical treatment in poory hygienic conditions

Risk of transmission of diseases caused by prions

Recent parasitosis or infection from rotavirus, Giardia lamblia and other microbes with Gl involvement

Recent (<6 months) travel in tropical countries, countries at high risk of communicable diseases or traveller's diarhoea
Recent (<6 months) history of vaccination with a live attenuated virus, if there is a possible risk of transmission

Healthcare workers (to exclude the risk of transmission of multidrug-resistant organisms)

Individual working with animals (to exclude the risk of transmission of zoonotic infections)
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Gl, METABOLIC AND NEUROLOGICAL DISORDERS

» History of IBS, IBD, functional chronic constipation, coeliac disease, other chronic GI disorders
» History of chronic, systemic autoimmune disorders with Gl involvement

» History of, or high risk for, GI @ncer or polyposis

» Recent appearance of diarhoea, hematochezia

» History of neurolegical/neurodegenerative disorders

» History of psychiatric conditions

» Overweight and obesity (body mass index =25)

DRUGS THAT CAN IMPAIR GUT MICROEBIOTA COMPOSITION
» Recent (<3 months) exposure to antibiotics, immunosuppressants, chemotherapy
» Chronic therapy with proton pump inhibitors

Box 3 Blood and stool testing to check donors for any potentially transmittable disease

GENERAL BLOOD TESTING

Cytomegalovirus
Epstein-Barm virus

Hepatitis A
HBY

HOV

Hepatitis E virus

Syphilis
HIV-1 and HIV-2

Entamoeba histolytica

Complete blood cell count with differential

C-reactive protein and erythrocyte sedimentation rate

Albumin

Creatinine and electrolytes

Aminotransferases, bilirubin, gamma-glutamyltransferase, alkaline phosphatase
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BLOOD TESTING IN SPECIFIC SITUATIONS
» Human T-lymphotropic virus types | and Il antibodies

» Strongyloides stercoralis

GENERAL STOOL TESTING

» Detection of Qostridium difficile

» Detection of enteric pathogens, including Salmanella, Shigella

» Campylobacter, Escherichia coli 0157 H7, Yersinia, vancomycin-resistant enterococd, methicillinresistant Staphylococcus aureus,
Gram-negative multidrug-resistant bacteria

Norovirus

Antigens and/or add fast staining for Giardia lamblia and Criptosporidium panum

Protozoa (including Blestocystis homink) and helminths

Faecal occult blood testing

Yy yrwy

STOOL TESTING IN SPECIFIC SITUATIONS

Detection of Vibrio cholera and Listeria monocytogenes
Antigens and/or add fast staining for lsospora and Microsporidia
Calprotectin

Helicobacter pylori faecal antigen

Rotavirus

yYYyYveyywy

Cammarota G, et al. Gut 2017. 66:569-80.



Table 3. Costof Screening a Single Donor for Fecal Transplant®

Cospor Comtper Drug-Resistant E. coli Bacteremia

Person in Person in
Canada United Statas

Saso s U usp Transmitted by Fecal Microbiota Transplant

Stool Tests
Ohva, cysts, and parasites $21.00 $128.84
B - -fe . . -

S F R Z achariah DeFilipp, M.D., Patricia P. Bloom, M.D., Mariam Torres Soto, M.A.,
- in NA‘: 10810 Michael K. Mansour, M.D., Ph.D., Mohamad R.A. Sater, Ph.D.,

Enovins i .
Clostridin dificie toxin GDH and toxn $30 $100.09 Miriam H. Huntley, Ph.D., Sarah Turbett, M.D., Raymond T. Chung, M.D.,

. - b - - -
ooyl i L. Yi-Bin Chen, M.D., and Elizabeth L. Hohmann, M.D.
e il W swem Fecal microbiota transplantation (EMT) is an emerging therapy for recurrent or
Extanded spectrum factamase producing NA: $7249 refractory Clostridioides difficile infection and is being actively investigated for other
o NA* s72.11 condrtions. We describe two patients in whom extended-spectrum beta-lactamase
ests

Complete blood count 5620 $42.18 (ESBL}-producing Escherichia coli bacteremia occurred after they had undergone
Electrolyt sr77 3069 - - = - =
troa $194 $45.04 FMT in two independent climical trials; both cases were linked to the same stool
Creatini ! ! . " " .
EE—— e donor by means of genomic sequencing( One of the patients died) Enhanced donor
Allaine phoephstaco S screening to limit the transmission of microorganisms that could lead to adverse
Albumin _ sis4 34118 infectious events and continued vigilance to define the benefits and risks of EMT
Fasting lipids $10.48 $14735
Hohre NA¢ $7139 across different patient populations are warranted.

CosE $1.94 $34.80
Ant-TTG antibody (for caliac diseasel 1195 $156.68 DeFilipp Z, et al.N Engl J Med 2019. doi:10.1056/NEJM0a1910437
HIV typs 1 and 2 MAS £10.85
Hepatitis A virus Igh! £15.00 $06.86
e e - s o
Hepatitiz B virus core antibody IgM and IgG £14.42 $107637 UNIT PRICE
Hepatitis B vinus surface antibody §15.46 §52.28 ITEM DESCRIFTION Effective as of | QUANTITY TOTAL
Hepatitis C virus amibon"rl ) $15;:1d $66.73 March 16, 2020
E:;‘:::;:Immmm“m“mdz 5':2_25 $;;::§ FMIP250 FMT Lower Delivery (for colonoscopy, sigmoidoscopy, of enema) $1495 i
Cytomagalovirus Ighd £30.00 E7: 70 . .
Strongylordes stercoralis serclogy e $145.29 RP30 FMT Upper Delivery [for naso-enteric fube or BGD) $1495 1
Entamoaba histolytic serology HA $06.86 FMT Capsule DE [physician onfentation required before first order)
H pylori serclogy NA* NAF FMPCopDE $2050 3

Treponema pallidurn screening cascade MAS £75.78 . L -
Listoria A $12700 Requesting Physician: Patient(s) Scheduled2 ¥__ N__
Swabs —

Gonorhea HAZ $150.64 Standard | Aat Shipping & Handling fee per shipment, approximate 10:30AM delivery

Eﬂhllq;:\"db NA® §75.24 Delivery fime. Delivered in 2-3 business days. Waived on crders of 10 units or more. $150 o §
$15.00 F158.60
g : UPS Early AM | Fee assessed for orders requining approximate BAM delivery, as compared fo|  Additional

Ca nem-esistant Enterobacteracess MA® £171.12 i I0AM N . O %
ITmaI per parson (laboratory testing) $287.39 $3772.48 | Fee standard ated 10: - Defivered in 2-3 business days. L

Cltiver Costs Nexi-Day | Fee assessed for orders requiring nexd-day delivery. Orders must be received Additional O s

Administrative fee $56.75 MA Delivery Fee | before 3PM ET Mon-Thur. Availability not guaranteed. $50

Doctor's visit $90.00 NA *Sales tax will be applied fo customers located in the Commonwealth of Massachuseits SUM $

Adwertizing $4.88 NA uniless Form 5T-12 is on file for the account TOTAL®

Total per person $438.52 NA

Craven L, et al.Open Forum Infect Dis 2017.d0i:10.1093/0ofid/ofx243



Is Fecal Microbiota Transplantation Effective for Preventing
RecurrentCDI?

Table 1 Summary of randomized controlled trials of fecal microbiota transplantation for recurrent Clostridium difficile infection

ﬁwra]] resu]uﬁnn\

Publication #of Donor  Preparation Mode Follow-up
patients rate (%) duration

Van Nood et al 2013 [23] 16 UR Fresh NDT pE 10 weeks

Youngster et al 2014 [24] 20 UR Frozen NGT, colonoscopy a0 f months

Cammarota ef al 2015 [25] 20 R&UR Fresh Colonoscopy 90 10 weeks or longer

Kelly et al 2016 [26] 22 R&UR Fresh Colonoscopy 90.9 f months

Lee et al 2016 [5] 178 R&UR  Fresh, frozen Enema 96.1 13 weeks - 1 year

Hota et al 2017 [29] 1% RE&UR Fresh Enema 43.3 4 months

Kao ef al 2017 [27] 105 UR Frozen Colonoscopy, capsule 96.2 3 months or longer

liang et al 2017 [28] 72 UR Fresh, frozen, lyophilized Colonoscopy 87 5 months

UR, unrelated; R, related: NDT, nasoduodenal tube; NGT, nasogasiric hube

YES!!

Ramai D, et al. Ann Gastroenterol 2019. 32:30-8.



Can FMT be given as a pill?

JAMA | Original Investigation

Effect of Oral Capsule- vs Colonoscopy-Delivered

Fecal Microbiota Transplantation
on Recurrent Clostridium difficile Infection
A Randomized Clinical Trial

Unblinded RCT, 3 sites .
Adults with >3 prior CDI episodes Primary Outcome

Oral capsule FMT (40) vs FMT via Oral Capsule Colonoscopy
colonoscopy (360mL in cecum) 51/53 (96%) 50/52 (96%)
Primary outcome: proportion with no rCDI

12 weeks after FMT

KaoD, et al. JAMA 2017.318:1985-93.



Probiotics, Prebiotics, Synbiotics, Oh My!!

Probiotic: single or multipleliving micro-organisms,

administered to promote microbiome diversity and
enhance colonization resistance.

Prebiotics: nutrients administered to enhance
specific populationsof the microbiome.

Synbiotics: mixtures of probiotics and prebiotics.

Clostridium difficile disease progression

C. difficile
Antibiotics -

't\v),:v .s-.,,ss*- .

i
Healthy GI Microbiota Disrupted Microbiota C. difficile Infection

& Disease Susceptibility

Probiotic Prevention Strategy
C. difficile
Antibiotics Y

‘ |

anno}

Healthy GI Microbiota Disrupted Microbiota Probiotics provide protection
= permeated with Probiotics against pathogen invasion

70"

Prohiotic formulation

Spinler JK, Ross CL, Savidge TC. Anaerobe 2016. 41:51-7.



PLACIDE Trial: Probiotic RCT

Multicenter RCT, double-blind, placebo-
controlled

Lactobacilliand Bifidobacteria
Inpatients>65yrs exposed to parenteral
antibiotics; randomized to either probiotic
(6x10%° cfu once dailyx 21 days) or
placebo

Screened 17420, randomized 2981
Primary outcomes: Antibiotic-associated
diarrhea within 8 weeks; CDI within 12
weeks

Micreblal preparation  Placebo OR (95%CI) p value
Antiblotic-assoclated diarrhoea
Antibiotic-associated 1591470 (10-8%) 153/1471 (10-4%) 1-04(0-83-132) 072
diarrhoea®
Qostridium difficile diarrhoea 12/1470 (0-8%) 17/1471(1-2%) 0-70(0-34-1-48) 035
Microbial preparation  Placebo Risk difference (5% () Weight
Events  Total Events Total
Allen et al, 2013 159 1470 163 1471 i 0-00 {-0-02 to 0-03) PN
Baausoleil et al, 2007™ 7 44 16 4K — -0-20{-0-37 to -0-02) 1%
Beniwal et al, 2003® 13 105 3 oy —— -011 {022 t0-001) C-0%
Hickson et al, 2007 7 &7 19 Lh —_— -0-22 (-0-3F to-0-07 ) 2Bn
Stockenhuberet al, 20082 17 340 63 338 s 3 -0-14 (-0-18 to-0-09) 16-9%
Total 03 2016 74 2007 i -0-04 (-0-06t0-0-02)  100-0%
Heterogeneity y'=40-29, df=4. p<0-000L F=90% | I I 1
Test for overall effect Z=3-58, p=0-0002 - 05 0 05 1
 ———— _—
Favours microbial preparation Favours placebo

Figure 4: Meta-analysis of trials of lactobacilll or bifidobacteria, or both, In the prevention of antiblotic-assoclated diarrhoea In older Inpatients

*From Mantel-Haenszel fixed effects analysis.

Allen SJ, et al. Lancet 2013. 382:1249-57.




What Do | Do?

General
* Avoidantibacterials (if possible)
* Hygiene (soap and water)
* Dilute bleach (10%)
* Probiotics (live culture yogurts, kefir, OTC products)-optional, advise against in immunocompromised
patients.
First Recurrence (within 3 months)
e EXTEND trial fidaxomicin
* Vancomycin pulse-tapercourse
e EvaluatePPI use
Second Recurrence (within 3 months)
* Bezlotoxumab (age>65, immunocompromised)
Three or more recurrences (within a year)
* Bezlotoxumab
e FMT



