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Abstract

Background: Clostridioides difficile infection (CDI) has emerged as a prevalent and recurrent
antibiotic-associated infection. Fecal microbiota transplantation (FMT] is the most effective
treatment for recurrent CDI (rCDI). Despite high success rates, FMT is ineffective in 5%-20%
of cases. Factors associated with failure have not been clearly defined.

Objectives: In this study, we seek to identify factors predictive of FMT failure.

Design: Retrospective cohort study.

Methods: A retrospective chart review was conducted on adult patients who were screened at
the Complicated C. difficile Clinic at the University of Virginia Health System and received FMT
for rCDI between 2013 and 2022. The primary outcome was failure of FMT, defined as either
rCDI or all-cause death within 1year.

Results: In total, 240 patients underwent FMT: 70.4% were female, the median age was 68,
and the median episode of CDIl was 4. A total of 24.6% experienced failure within 1year (18.3%
had rCDI and 7.1% died). Age 70 or older (odds ratio (OR)=2.66 (1.29-5.67)), =4 episodes of
CDI (OR=3.13 (1.47-7.09)], and diabetes mellitus (OR=2.82 (1.25-6.50)) were associated with
failure on multivariate analysis.

Conclusion: Our study shows that FMT remains an effective treatment for rCDI. We highlight
several factors associated with FMT failure, such as older age, =4 episodes of CDI, and
diabetes mellitus, and the need for additional research to clearly define causality.
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Plain language summary

Factors associated with failure of fecal microbiota transplant for recurrent Clostridioides
difficile infection

Clostridioides difficile infection (CDI) is a common diarrheal infection associated with
antibiotic use. It is commonly treated with antibiotics, and in patients with recurrent CDI
(rCDI), fecal microbiota transplantation (FMT] is the most effective treatment. Despite high
successrates, FMT is ineffective in 5-20% of cases. Factors associated with failure have not
been clearly defined. In this study, we seek to better understand factors predictive of FMT
failure. We conducted a retrospective chart review, looking at electronic medical records
of 240 adult patients. All patients were screened at the Complicated C. difficile Clinic at the
University of Virginia Health System and received FMT for rCDI between 2013 and 2022.
The primary outcome was failure of FMT, defined as either rCDI or all-cause death within
one year. Of the 240 patients who underwent FMT: 70.4% were female, median age was
68, and median episodes of CDI was 4. 24.6% experienced failure within the year (18.3%
had rCDI and 7.1% died). Age 70 or older, =4 episodes of CDI, and diabetes mellitus were
significantly associated with FMT failure. Our study shows that FMT remains an effective
treatment for rCDI. We highlight several factors associated with FMT failure and the need
for additional research to clearly define causality.
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Introduction

Clostridioides (formerly Clostridium) difficile infec-
tion (CDI) has emerged as a common antibiotic-
associated infection in the United States. With
nearly 500,000 American patients diagnosed with
CDI annually, implications extend beyond indi-
vidual health, significantly impacting infection
control and healthcare expenditures.! 5%-45%
of patients with CDI experience recurrence, and
in patients with recurrence, the risk of future
recurrent CDIs (rCDI) increases to 60%.5-7 The
main mechanism of rCDI is thought to be through
decreased microbiome diversity leading to
increased susceptibility to relapse or reinfection
with C. difficile.® Fecal microbiota transplantation
(FMT), which aims to restore the physiologic
diversity of intestinal microbiota and resist colo-
nization, has emerged as the most effective ther-
apy for rCDI.° With success rates of 80%—-95%,
FMT has revolutionized rCDI treatment; guide-
lines recommend offering FMT to patients with
rCDI who have failed antibiotic treatment.%10-13
We have utilized FMT in our dedicated C. difficile
clinic, which has outperformed antibiotic treat-
ment, especially in patients who had three or
more recurrent episodes. !4

Despite FMT’s high efficacy, FMT remains inef-
fective in 5%—-20% of cases.>!? Prior studies have
highlighted potential associations between anti-
depressant use,!>1¢ cholecystectomy,!” inpatient
status, pseudomembranes, immunocompromised
status,!® and FMT failure, but definitive risk fac-
tors for FMT failure remain poorly understood.!?
In this study, we evaluate the efficacy of FMT in
the treatment of rCDI and identify factors that
may contribute to FMT failure.

Methods

The research protocol was approved by the
Institutional Review Board at the University of
Virginia (IRB-HSR#23045, FMT). As this is a
descriptive study of patients who are undergoing
treatment recommended by IDSA guidelines, no
hazardous procedures or chemicals are involved.
The privacy rights of human subjects have been
observed. The reporting of this study conforms to

the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.!?
The study flow diagram is outlined in Figure 1.

Study setting, study design, and data collection
We conducted a retrospective cohort study of
patients aged 18 or older evaluated for rCDI at
the Complicated C. difficile Clinic (CCDC) at the
University of Virginia Health System and treated
with FMT between 2013 and 2022. The CCDC
is a referral clinic attended by a multidisciplinary
team including gastroenterologists and infectious
diseases physicians.?? The interdisciplinary team
held conferences, as needed, to review criteria
and discuss patients who were immunocompro-
mised or medically complex. Initial evaluation
included an extensive history and comprehensive
laboratory testing, detailed in Table 1, regardless
of symptomatology or medical history. We had no
clinical exclusion criteria; patients with underly-
ing gastrointestinal (GI) disorders, such as inflam-
matory bowel disease and irritable bowel
syndrome (IBS), were not excluded if CDI epi-
sodes were appropriately documented. All eligible
patients who received FMT at the CCDC were
included in the study. Electronic medical records
were reviewed for demographic information, GI
medical history, other medical history, surgical
history, CDI history, labs within 1 month before
FMT, and follow-up data. Data were entered
into a secure REDCap (Research Electronic Data
Capture) database.

FMT procedure and patient follow-up

Patients were eligible for FMT if they had experi-
enced three or more CDI episodes despite appro-
priate treatment, or severe, complicated CDI.
Donor stool was obtained from either a directed
donor (family and friends, n=45; first cohort of
patients) or a universal donor (prescreened and
purchased from OpenBiome, n=195 (Boston,
MA, USA)). FMT was performed by depositing
donor stool in the colon via colonoscopy, and
biopsies were obtained at the discretion of the
gastroenterologist. If the patient had pseudomem-
branes, colonoscopy with FMT was repeated
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Treated for C. Diff between Patients undergoing FMT
2013 - 2022 at UVA n= 240

Figure 1. Study flow diagram.

Table 1. Laboratory studies ordered at the initial visit.

Donor stool deposited via
colonoscopy

Treatment success (75.0%)
n=179 n=43

Laboratory studies

Stool studies

Complete blood count
Comprehensive metabolic panel
Thyroid-stimulating hormone
Vitamin A, B12, D, and zinc

Immunoglobulin levels

Erythrocyte sedimentation rate and C-reactive protein

Serologies for human immunodeficiency virus, cytomegalovirus, Epstein-
Barr virus, human T-cell lymphotropic virus, syphilis,

Tissue transglutaminase IgA

Campylobacter
Cryptosporidium

Giardia

Norovirus

Shiga toxin

Clostridioides difficile toxin
Culture

and Strongyloides
Ova and parasite

Lactoferrin

until no pseudomembranes (indicative of CDI)
were visualized on colonoscopy as previously rec-
ommended?! (Figure 2). After FMT, patients
were instructed to contact the clinic if they had
recurrent diarrhea or concern for rCDI.

Study outcomes

The primary outcome was FMT failure, defined
as recurrence of CDI or death from any cause
within 1year of FMT (or both outcomes in
series). Recurrence was defined as the return of
diarrhea (liquid/loose stool =3 per day) with a
stool sample testing positive for C. difficile.
Though recurrence may occur multiple times,
only the first instance was counted. Prior to
February 2020, testing for C. difficile at our insti-
tution was initially done by toxin B gene poly-
merase chain reaction (PCR; Xpert Cepheid,
Sunnyvale, CA, USA); it was subsequently
changed to a stepwise testing protocol consisting
of multistep toxin B gene PCR with reflex, if
PCR positive, to C. difficile toxin B enzyme
immunoassay, with both results submitted to the
treating clinician. Testing outside our institution

was not uniform, but CDI episodes were
recorded based on the documented clinical diag-
nostic decision of the treating physician.
Recurrence and death were divided into early
(<3 months after FMT) and late (3—12 months
after FMT).

Statistical analysis

Chi-square analysis and z-test were used for uni-
variate analysis, and a multivariate binomial logis-
tic regression model was used for multivariate
analysis. Variables analyzed were age, sex, CDI,
psychiatric conditions, use of biologics, prior
cholecystectomy, hypertension, diabetes melli-
tus, gastroesophageal reflux disease (GERD),
hyperlipidemia, malignancy, immunosuppres-
sion, IBS, Crohn’s disease, ulcerative colitis,
and diverticulitis. Laboratory values were not
included in the multivariate model due to incom-
plete documentation. All tests were two-tailed,
and a p-value cutoff of 0.05 was used. Statistical
analyses were performed with R, version 4.1.2 (R
Foundation for Statistical Computing, Vienna,
Austria).

C. difficile recurrence (18%)

Death (7.5%)
n=18
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First FMT

Second FMT

Third FMT
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Rectum

Descending Colon

Descending Colon

Figure 2. Colonoscopic findings from one patient show edematous mucosa and pseudomembranes present
throughout the sigmoid colon (a) and rectum (b) during the first FMT. On the second FMT (5days after the first
FMT), there is some improvement in the sigmoid colon (c) and the scope was advanced to the descending colon
which revealed still significant pseudomembranes (d). On the third FMT (2weeks after the first FMT), except
for a congested proximal rectum, the rest of the examined colon, including both the sigmoid colon (e] and the
descending colon (f) exhibited resolution of pseudomembranes and healthy intestinal epithelium.

FMT, fecal microbiota transplantation.

Results

In total, 240 patients with rCDI were treated with
FMT at our facility from 2013 to 2022. Baseline
characteristics of patients are reported in Table 2.
A total of 70.4% of patients were female and the
median age was 68years (range: 20-96), with
47.5% of patients 70 or older. The median num-
ber of reported CDIs was 4 (range: 1-25), with
62.1% of patients experiencing four or more
infections. 14.8% of patients had more than one
FMT. 24.6% of patients experienced FMT fail-
ure, 18.3% of patients experienced recurrence,
and 7.1% of patients died within 1year of FMT
(Figure 3(a)). Of the 18 patients who died, 8 had
a documented cause of death: failure to thrive
(2), end-stage renal disease (2), infection (2),
malignancy (1), and ileus (1).

In univariate analysis (Table 3), age 70 or older
(Figure 3(b), 32% vs 17%, p=0.007), male sex
(Figure 3(c), 35% vs 14%, p=0.013), and four

or more CDIs (Figure 3(d), 30% vs 15%,
p»=0.010) were significantly associated with
FMT failure. Regarding comorbidities, hyper-
tension (29% vs 14%, p=0.010), diabetes melli-
tus (40% vs 20%, p=0.0025), and malignancy
(34% vs 21%, p=0.034) were associated with
FMT failure, while GERD (p=0.31), hyperlipi-
demia (p=0.94), and immunosuppressive condi-
tions or medications (p=0.13) were not (Figure
4(a)). Ethnicity (p=0.24), psychiatric conditions
(»p=0.097), use of GABAergic psychiatric medi-
cations (p=0.97), use of non-GABAergic psychi-
atric medications (p=0.58), biologic treatments
(e.g., monoclonal antibodies; p=0.47), and prior
cholecystectomy (p=0.43) were also not associ-
ated with FMT failure. Regarding lab values, we
found that high thyroid-stimulating hormone
(TSH, 82% vs 23%, p=2.70¢), low hemoglobin
(Hgb, 39% vs 19%, p=0.0024), and low zinc
(B7% vs 21%, p=0.025) were associated with
FMT failure (Figure 4(b)).
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Table 2. Demographics, comorbidities, and labs of Table 2. (Continued)
patients by outcome.
Overall Failure No failure
Overall Failure No failure
Gastroesophageal reflux disease
Sex
Yes 99 21(21%) 78 (79%)
Male 71 25 (35%]) 46 (65%)
No 141 38 (27%) 103 (73%)
Female 169 34 (20%) 135 (80%)
Hypertension
Age
Yes 167 49 (29%) 118 (71%)
1-50 41 5 (12%) 36 (88%)
No 73 10 (14%) 63 (86%)
51-60 39 8 (21%) 31(79%) . .
Diabetes mellitus
61-70 51 9 (18% 42 (82%
(157e) 127 Yes 55 22 (40%) 33 (60%)
— 0, 0,
71-80 65 21 (32%) 44 168%) No 185 37 (20%) 148 (80%)
0, 0,
81+ 4t 16 (36%) 28 (64%) Hyperlipidemia
Number of CDI Yes 123 30 (24%)  93(76%]
L 6 2 (33%) 4(67%) No 117 29 (25%) 88 (75%)
2 20 6 (30%) 14 (70%) Malignancy
3 65 6 (9%) 59 (91%) Yes b4 22 (34%) 42 (66%)
4 63 7 (11%) 56 (89%) No 176 37 (21%) 139 (79%)
5 35 12 (34%]) 23 (66%) Immunosuppression
6 18 8 (44%) 10 (56%) Yes 45 15 (33%) 30 (67%)
7 16 11 (69%]) 5 (31%) No 195 44 (23%) 151 (77%)
8+ 17 7 (61%) 10 (59%) TSH
Ethnicity <45 146 34 (23%) 112 (77%)
White 216 54.(25%) 162 (75%) >4.5 1 9(82%)  2(18%]
African-American 13 3 (23%) 10 (77%) Zinc
Hispanic 1 1(100%) 0 (0%) <0.66 65 24.(37%)  41(63%]
Other 10 1(10%) 9 (90%) >0.66 100 21(21%) 79 (79%)
Psychiatric conditions Hgb
Yes 148 31 (21%) 117 (79%) <12F/13M 90 35 (39%) 55 (61%)
No 92 28 (30%) 64 (70%) >12F/13M 104 20 (19%) 84 (81%)
Biologics WBC
Yes 12 4 (33%) 8 (67%) <1 167 48 (29%) 119 (71%)
No 228 55 (24%) 183 (76%) >11 26 7 (27%) 19 (73%)
Cholecystectomy IgG
Yes 56 16 (29%]) 40 (61%) <694 18 2 (11%) 16 (89%)
No 184 43 (23%) 141 (77%) >694 135 36 (27%) 99 (73%)
(Continued) (Continued)
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Table 2. (Continued) (24% vs 9%, p=0.0028), hypertension (22% vs
10%, p=0.021), and high TSH (63% vs 19%,
p=6.35e—4). Death was associated with male sex
IgA (15% vs 4%, p=0.0023), diabetes mellitus (16%
vs 5%, p=0.0045), high TSH (27% vs 5%,

Overall Failure No failure

=378 ’ 2le7%) 1 (33%) $=0.0032), low Hgb (17% vs 3%, p=0.00097),

>378 153 40 (26%) 113 (74%) and low zinc (15% vs 3%, p=0.0039). No asso-

ciation was seen between recurrence or death and

Epstein-Barr Virus ethnicity, psychiatric conditions, cholecystec-
N 155 43(28%) 112 (72%) tomy, GERD, or immunosuppression.

- 13 3 (23%) 10 (77%) In total, 17% of patients experienced FMT fail-

ure early (within 3months; 13.8% recurrence,
3.8% death). Of the 44 patients who recurred, 33

Cytomegalovirus

+ 93 29 (31%) 64 (69%) recurred early (75%) and 11 recurred late (25%).
Age 70 or older (p=0.046), four or more CDI
- 75 17(23%) 58 (77%] (»p=0.03), hypertension (p=0.014), and high
CRP TSH (p=2.83e—4) were associated with early
recurrence (compared to patients who recurred
<0.5 82 17(21%) 65 (79%) late or did not recur). Four or more CDI
i 83 2% (29%) 59 (71%) (»=0.029) continued to be a§sociated wi’fh late
recurrence (compared to patients who did not
ESR recur).
<30 78 Dozl L) Multivariate analysis (Table 4) revealed that age
~130 63 21(33%) 42 (67%) 70 or older (odds ratio (OR) 2.66 (1.29-5.67)),
four or more CDI (OR 3.13 (1.47-7.09)), and
Vitamin A diabetes mellitus (OR 2.82 (1.25-6.50)) were
) ) associated with failure while age 70 or older (OR
<32.5 17 5 (29%] 12171%) 2.34 (1.08-5.24)) and four or more CDI (OR
~325 59 19 (32%) 40 (68%) 3.63 (1.57-9.40)) were associated with
recurrence.
Vitamin D
<25 42 13 (31%) 29 (69%)
Discussion
~95 91 22 (24%) 69 (76%) rCDI remains a formidable challenge in clinical
o practice. Our cohort of 240 patients experienced
Ll an FMT success rate (i.e., no recurrence or
<31 72 21 (29%) 51 (71%) death) of 83% over 3months and 75% over
lyear, with a no-recurrence rate of 86% over
>31 37 15 (41%) 22 (59%) 3months and 82% over 1year. This is in line

with documented success rates (80%—-95%)

Lactoferrin . . . .
when taking into account that most prior studies

+ 33 10 (30%) 23 (70%) examined recurrence only (not death), and most
onl recorded recurrence within

. 39 9(23%) 30 (77%) Y :
1-3months.10:15:22.23 By expanding the study
CDlI, Clostridioides difficile infection; CRP, C-reactive window and accounting for both recurrence and
protein; ESR, erythrocyte sedimentation rate; Hgb, death, our study captures multiple factors that
hemoglobin; TSH, thyroid-stimulating hormone; WBC, may not be seen with one outcome or a shorter

hite blood cell count. .
! ! study window. Nonetheless, our overall FMT

success rate highlights the consistency and high
When breaking down failure into recurrence and efficacy of FMT in rCDI. Expanding on our
death, recurrence was associated with age 70 or prior study’s findings,2° our study found the fol-
older (25% vs 13%, p=0.018), four or more CDI lowing factors to be associated with either
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Patient Outcomes
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recurrence, death, and failure rate by sex compared with univariate analysis (c), and recurrence, death, and

failure rate by number of Clostridioides difficile infections (d). No comparison was performed across groups in

(a), (b), and (d).
Significance indicated by *p < 0.05.

Table 3. Univariate analysis of the association between clinical, demographic, and laboratory factors and recurrence, death, and

failure.

Recurrence Death Failure

p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI)
Age 70+ 0.0177* 2.23(1.09-4.72)  0.09043 1.55 (0.41-4.96) 0.007053** 2.26 (1.19-4.38)
4+ CDI 0.00283** 3.29 (1.41-8.63)  0.6769 1.24(0.41-4.18) 0.009697** 2.37(1.18-5.03)
Male sex 0.1454 1.65(0.78-3.44)  0.00231** 4.21(1.42-13.5) 0.01319* 2.15(1.11-4.16)
Ethnicity 0.9996 N/A 0.5602 N/A 0.2356 N/A
Biologic medication  0.8783 0.89 (0.09-4.39)  0.2161 2.63 (0.26-14.0) 0.4701 1.57 (0.33-6.13)
use
GERD 0.9595 0.98 (0.47-2.00)  0.0276* 0.26 (0.05-0.97) 0.3095 0.73(0.38-1.39)
Hypertension 0.02063* 2.67 (1.10-7.50)  0.1874 2.30(0.62-12.8) 0.009619** 2.61(1.20-6.17)

(Continued)
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Table 3. (Continued)

Recurrence Death Failure
p-Value OR (95% ClI) p-Value OR (95% CI) p-Value OR (95% Cl)

Diabetes mellitus 0.12 1.76 (0.79-3.80)  0.004475** 3.80 (1.26-11.5) 0.002491** 2.65(1.31-5.33)
Hyperlipidemia 0.3947 0.75(0.37-1.53)  0.1736 1.99 (0.66-6.72) 0.9432 0.98 (0.52-1.84)
Malignancy 0.3925 1.36 (0.62-2.90)  0.07616 2.36 (0.77-7.02) 0.03363* 1.96 (0.99-3.85)
Immunosuppression  0.4545 1.35(0.54-3.13)  0.09931 2.34(0.68-7.23) 0.1304 1.71 (0.78-3.64)
Cholecystectomy 0.1409 1.71(0.76-3.68)  0.2024 0.39 (0.04-1.74) 0.4286 1.31(0.62-2.68)
IBS 0.1583 1.12(0.26-3.74)  0.6575 1.41(0.15-6.83]) 0.5568 1.35(0.40-3.97)
Crohn disease 0.9854 0.33(0.01-2.30)  0.9583 0.95 (0.02-7.07) 0.3565 0.50 (0.05-2.33)
Ulcerative colitis 0.1361 1.21(0.28-4.06)  0.6997 0.67 (0.02-4.78) 0.7095 0.81(0.19-2.67)
Diverticulitis 0.002082** 0.46 (0.09-1.61)  0.853 0.87 (0.09-4.01) 0.2817 0.59 (0.16-1.65)
Psychiatric condition 0.4642 0.78 (0.38-1.61)  0.03877* 0.37 (0.12-1.08) 0.09694 0.61(0.32-1.15)
Psychiatric 0.8381 1.07 (0.52-2.25)  0.689 0.82 (0.28-2.50) 0.8543 1.06 (0.56-2.03)
medication use

GABAergic 0.9364 0.97 (0.46-1.99)  0.98 0.99 (0.31-2.92) 0.9735 0.99 (0.51-1.88)
medication use

Non-GABAergic 0.8614 0.94 (0.45-1.92)  0.4343 0.67 (0.20-2.01) 0.5786 0.84 (0.44-1.60)
medication use

Elevated WBC 0.6651 0.85(0.30-2.80)  0.3263 2.82(0.40-123.0) 0.9529 1.09 (0.41-3.29)
Anemia 0.1138 1.75(0.82-3.80)  0.0009683***  6.67 (1.80-37.2) 0.002448** 2.66 (1.34-5.40)
Elevated TSH 0.0006347***  7.25(1.71-36.2)  0.003241** 7.26 (1.02-40.6) 0.00002696***  14.5 (2.82-144.3)
Low IgG 0.1226 4.42(0.64-192.3)  0.7751 1.36 (0.17-62.4) 0.1513 2.89 (0.63-27.2)
Low IgA 0.05732 7.43 (0.38-448.3)  0.6472 N/Aa 0.1171 5.57 (0.28-335.4)
EBV+ 0.6145 1.48 (0.30-14.4)  0.2827 0.42 (0.08-4.40) 0.7171 1.23(0.31-7.57)
CMV+ 0.2454 1.56 (0.69-3.66)  0.2948 1.89 (0.50-8.78) 0.08497 1.84(0.87-3.99)
Lactoferrin+ 0.9781 0.98 (0.21-4.34)  0.3156 2.12 (0.38-14.8) 0.4882 1.44 (0.44-4.76)
Elevated ESR 0.2023 1.70 (0.69-4.24)  0.7256 1.26 (0.27-5.74) 0.1247 1.79 (0.79-4.17)
Elevated CRP 0.1746 1.73(0.73-4.23)  0.7708 1.20 (0.29-5.19) 0.2239 1.56 (0.72-3.45)
Low vitamin A 0.2864 2.31(0.44-23.3)  0.4005 0.53(0.10-3.71) 0.8273 1.14(0.31-4.73)
Low vitamin B12 0.3899 0.68 (0.25-1.86)  0.3952 0.58 (0.14-2.62) 0.2319 0.61(0.22-1.52)
Low vitamin D 0.8261 0.90 (0.34-2.54)  0.1925 0.43 (0.09-2.00) 0.4094 0.71(0.30-1.76)
Low zinc 0.3046 0.67(0.29-1.55)  0.003911** 0.17 (0.03-0.71) 0.02483* 0.46 (0.21-0.97)

p-Values (*p <0.05, **p <0.01) and ORs with 95% confidence intervals are listed in the table.

aValue could not be computed as zero patients experienced recurrence with low IgA.

CDlI, Clostridioides difficile infection; Cl, confidence interval; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GERD, gastroesophageal
reflux disease; IBS, irritable bowel syndrome; OR, odds ratio; TSH, thyroid-stimulating hormone; WBC, white blood cell count.
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Figure 4. (a) Recurrence, death, and failure rate by presence versus absence of comorbidities compared with
univariate analysis. (b) Recurrence, death, and failure rate by abnormal versus normal lab values compared

with univariate analysis.

Significance indicated by *p <0.05, **p <0.01, or ***p<0.001.

failure, recurrence, or death: age 70 or older,
male sex, four or more CDI, hypertension, dia-
betes mellitus, malignancy, high TSH, low
hemoglobin, and low zinc. Compared to our
prior work, this study features a larger patient
cohort, an analysis of both recurrence and death
as endpoints (independently and together), and
a comprehensive analysis of many demographic,
clinical, and laboratory risk factors.

Age over 70 is a well-documented risk factor for
CDI and FMT failure, possibly due to comor-
bidities, including immunosuppression.?2-2425
However, even when controlling for comorbidi-
ties, age was an independent risk factor for FMT
failure, a finding that has been corroborated in
other studies.!* Two hypotheses for this finding
include the following: (1) age-related microbiome
changes (shown to resemble antibiotic use in
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Table 4. Multivariate analysis of the association between clinical and demographic factors and recurrence, death, and failure.

Recurrence Death Failure

p-Value OR (95% ClI) p-Value OR (95% Cl) p-Value OR (95% CI)
Age 70+ 0.03363* 2.34(1.08-5.24) 0.314071 2.04(0.48-8.10) 0.00928** 2.66 (1.29-5.67)
Number of CDI 0.00434** 3.63 (1.57-9.40) 0.384652 1.71 (0.53-6.13) 0.00422** 3.13(1.47-7.09)
Male sex 0.1732 1.77 (0.77-4.03) 0.091689 2.74(0.86-9.22) 0.06472 2.04 (0.96-4.39)
Biologic medication 0.63822 1.60 (0.18-10.55) 0.0972 7.40 (0.60-78.4) 0.20404 2.95 (0.53-15.80)
use
Psychiatric condition  0.93054 0.96 (0.43-2.20) 0.418607 0.61(0.18-2.01) 0.52688 0.78 (0.37-1.68)
GERD 0.78124 0.89 (0.40-1.98) 0.03801* 0.20 (0.04-0.81)  0.33745 0.69 (0.32-1.46)
Hypertension 0.07228 2.69 (0.96-8.47) 0.534945 1.72(0.33-11.0) 0.10726 2.25(0.87-6.29)
Diabetes mellitus 0.15378 1.89 (0.78-4.57) 0.050668 3.32(0.99-11.4) 0.01304* 2.82 (1.25-6.50)
Hyperlipidemia 0.04467* 0.43(0.19-0.97) 0.551719 1.52 (0.40-6.65) 0.09079 0.51(0.23-1.10)
Malignancy 0.48158 1.35(0.58-3.06) 0.156835 2.32(0.71-7.55) 0.05828 2.08 (0.97-4.44)
Immunosuppression  0.34224 1.61(0.58-4.25) 0.194431 2.46(0.61-9.75) 0.07259 2.31(0.92-5.81)
Cholecystectomy 0.28858 1.56 (0.67-3.52) 0.288358 0.39(0.05-1.82)  0.63216 1.21 (0.54-2.66)
IBS 0.38052 1.82(0.43-6.68) 0.659869 1.56 (0.17-9.86) 0.2098 2.21(0.61-7.48)
Crohn disease 0.28001 0.27 (0.01-2.02) 0.31891 0.27 (0.01-2.50) 0.11057 0.21(0.02-1.18)
Ulcerative colitis 0.55882 1.53(0.33-6.12) 0.806472 0.74 (0.03-5.91) 0.75408 0.79(0.17-3.12)
Diverticulitis 0.19261 0.41(0.09-1.38) 0.498476 0.55(0.07-2.65) 0.11225 0.40(0.11-1.16)

p-Values (*p <0.05, **p<0.01, ***p<0.001) and ORs with 95% confidence intervals are listed in the table.
CDlI, Clostridioides difficile infection; Cl, confidence interval; GERD, gastroesophageal reflux disease; IBS, irritable bowel syndrome; OR, odds ratio.

younger patients),!6:2326 decreasing microbiome
resistance to colonization and engraftment of the
beneficial FMT microbiome and (2) deficient
host immune response to FMT. Studies have
shown that FMT can induce a global host
immune response, possibly explaining its efficacy
in treating rCDI.'> This is mediated by innate
lymphoid cell type 2!° and regulatory T cells
(T,p)?* through interferon-gamma?’ and Th17
responses.?® Although an age-related deficiency
in these mechanisms has not been demonstrated,
analysis of immune responses in older patients in
response to FMT would help elucidate these
potential mechanisms.

Male sex was also associated with FMT failure in
our cohort, particularly death. Previous studies

have shown associations between female sex and
FMT failure,?® female sex and initial CDI,!1:30
female sex and rCDI,3! and male sex and death
and severe complicated CDI.3! Although only the
last finding was seen in our cohort, it is notable
that the proportion of women in the cohort was
high (70.4%) and in line with previous studies
(62%).?° Future directions include further analy-
sis of potential confounders (e.g., increased anti-
biotic use in women due to more frequent urinary
tract infections??) and bench studies regarding
the mechanism of sex-related differences.

Medical comorbidities associated with FMT fail-
ure on univariate analysis included hypertension,
diabetes mellitus, and malignancy, the first of
which is a novel finding. On the other hand,
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diabetes mellitus has been shown to increase the
risk of initial CDI?3 and rCDI.3* While diabetes is
associated with many infections, the association
of both hypertension and diabetes mellitus may
suggest an underlying metabolic contributor to
FMT failure. Western diet, which is high in fat,
has been associated with worse outcomes with
CDI in animal models,2* while a diet high in fiber
was associated with a lower risk of CDI.?> An
exploration of diet in association with the success
or failure of FMT may be informative. Regarding
malignancy, its primary contribution to failure
was through increased deaths, although few
malignancy-related deaths were explicitly docu-
mented. Malignancy has previously been associ-
ated with rCDI?*® and death from CDI.37-3°
Decreased immunity is thought to be an impor-
tant contributor to this association,*? but an alter-
ation of the microbiome by chemotherapy is also
considered a possible mechanism.#! Interestingly,
we found a negative association between recur-
rence and history of diverticulitis (4.8% preva-
lence in patients with recurrence, 14.1% in
patients without recurrence), but relatively few
patients (30/240) had a history of diverticulitis
and this association did not extend to death or
failure. In addition, while psychiatric conditions3®
and immunosuppression (conditions or medica-
tions)33-35> have previously been associated with
FMT failure,*? we did not observe these associa-
tions in our cohort. We also unexpectedly
observed a moderate protective association
between psychiatric conditions and death (5.0%
prevalence in patients who died, 12.0% in patients
who did not die), though we did not observe an
association between psychiatric conditions and
FMT recurrence or failure. However, the associa-
tions between FMT outcomes and diverticulitis
and psychiatric conditions did not persist follow-
ing multivariate adjustment.

A number of CDI episodes independently pre-
dicted FMT failure; specifically, patients with
four or more episodes were more likely to have an
unsuccessful FMT. While this may be reflective
of a greater degree of dysbiosis in patients with
more episodes of CDI,? it also suggests that recur-
rence may be driven by factors not cured by
FMT. Although it is unclear whether a higher
number of CDI episodes directly contributes to
FMT failure (as opposed to there being a differ-
ent underlying cause for both increased CDI epi-
sodes and FMT failure), this finding suggests that

lowering the threshold for switching from antibi-
otic treatment to FMT may be beneficial in some
patients.43

In addition to comorbidities, we studied lab val-
ues within 1 month prior to FMT. Low Hgb has
been linked to FMT failure, a trend reaffirmed in
this study.® Elevated erythrocyte sedimentation
rate (ESR), an inflammatory marker, was numer-
ically higher in patients in our cohort with FMT
failure. The combination of low Hgb and high
ESR may suggest the presence of anemia of
chronic disease, a potential indicator of chronic
inflammation. Chronic inflammation may be
either a symptom of dysbiosis** or the cause of
dysbiosis,*> or both, which may contribute to
FMT failure.

Previous studies have indicated a correlation
between zinc deficiency and FMT failure, which
was seen in our cohort.#¢ Patients afflicted with
rCDI are susceptible to zinc deficiency due to
diarrhea and anorexia associated with active CDI.
Zinc has been shown to have antidiarrheal effects
due to its ability to enhance water and electrolyte
absorption, which aids in mucosal integrity, brush
border enzyme activity, and immunity. Zinc has
also been shown to play a potentially important
role in sustaining a diverse microbiome.*® Finally,
decreased zinc levels may be a marker of intesti-
nal inflammation, which may contribute to FMT
failure.

A novel finding that emerged from this study is
the association between elevated TSH and FMT
failure. It is unclear whether elevated TSH reflects
true clinical hypothyroidism, as reflex-free T4
levels were rarely obtained in our cohort. In the
existing literature, case reports have shown an
association between CDI and decreased TSH,
but not increased TSH.3:47 We present several
hypotheses for this association. First, hypothy-
roidism is known to decrease gut motility. While
this may be beneficial after FMT to increase the
effects of treatment and maximize interaction
between the donor stool and the recipient micro-
biota,° it may worsen CDI and contribute to
recurrence by retaining bacteria and toxins.
Second, it is possible that elevated TSH reflects a
hypothyroid phase in thyroiditis, although this is
less likely due to its transient nature (while
patients receiving FMT are chronically ill). Third,
elevated TSH may be a manifestation of other
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underlying conditions associated with FMT fail-
ure. Finally, advanced age may contribute to ele-
vated TSH; in our cohort, patients with normal
or low TSH had a median age of 68, while patients
with high TSH had a median age of 75.

Strengths of this study include the following: (1)
consistent and standardized procedures and doc-
umentation, as all patients received FMT and an
infectious diseases consultation at our institution,
(2) easily quantifiable endpoints, such as recur-
rence and death, and (3) relatively long follow-up
period of 1year. Limitations of this study include
the following: (1) possible confounding bias,
stemming from unrecognized factors not con-
trolled for, (2) clinically subjective indications for
FMT and no documentation of CDI severity,
leading to within-cohort differences that may be
difficult to quantify, (3) incomplete documenta-
tion (i.e., not all patients received all pre-FMT
blood tests), (4) non-uniform post-FMT man-
agement (e.g., no documentation on suppressive
antibiotics), and (5) limitations of retrospective
cohort studies, including this one, to generating
hypotheses rather than making definitive con-
clusions or determining causality. Given the
focus on clinical parameters that are more read-
ily available for clinicians in the real-world set-
ting, microbial or metabolic biomarkers that
may predict FMT outcomes were not studied in
this paper. The complexity of the gut microbi-
ota and its variability across both healthy and
disease—host conditions remain challenging but
warrant further studies to identify potential bio-
markers that could indicate either the success or
failure of microbiota transplantation in the
future.

Conclusion

Our study has identified several factors that may
be associated with failure of FMT in the treat-
ment of rCDI, including age over 70, four or
more CDIs, and diabetes mellitus. FMT remains
a highly efficacious treatment for rCDI; at 1-year
follow-up, about three in four patients who
underwent FMT did not have rCDI or death.
Awareness of demographic and comorbid factors
associated with FMT success can better inform
care for patients undergoing FMT for rCDI.
Future directions include expanding the cohort,
prospective studies evaluating causality, and
exploring mechanisms underlying the associa-
tions uncovered in this study.
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Appendix

Abbreviations

CBC complete blood count

CCDC Complicated Clostridioides difficile Clinic
CDI Clostridioides difficile infection

CRP C-reactive protein

ESR erythrocyte sedimentation rate

FMT fecal microbiota transplantation

GERD  gastroesophageal reflux disease

GI gastrointestinal

IBS irritable bowel syndrome

OR odds ratio

PCR polymerase chain reaction

rCDI recurrent Clostridioides difficile infection
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