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ABSTRACT

Introduction: The use of faecal microbiota
transplantation (FMT) to eradicate intestinal
carriage of multidrug-resistant organisms
(MDRO) has been described in case reports and
small case series. Although few in numbers,

these patients suffer from recurrent infections
that may exacerbate both the patients’ comor-
bidities and their healths. In the current study,
we hypothesized that FMT for MDRO-related
urinary tract infections (UTIs) reduces hospi-
talisations and associated costs.
Methods: In a cohort of patients referred for
FMT from 2015 to 2020, we selected all patients
who had consecutively been referred for eradi-
cation of MRDO carriage with UTIs. An early
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calculate hospital-related costs. The overall
study cohort was registered at ClinicalTrials,
study identifier NCT03712722.
Results: We consecutively included five
patients with UTIs caused by MDROs. Four of
the patients were renal transplant recipients.
Patients were followed for median 126 days
(range 60–320), where the follow-up duration
for each patient was aligned with the number of
days from the first UTI to FMT. The median
number of UTIs per patient dropped from 4 to 0.
Investigating hospital costs, hospital admission
days dropped by 87% and monthly hospital
costs by 79%.
Conclusions: FMT was effective in reducing the
occurrence of UTIs and mediated a marked
reduction in hospital costs. We suggest that this
strategy is cost-effective.
Trial Registration: ClinicalTrials, study identi-
fier NCT03712722.
Graphical Abstract:

Keywords: Early economic assessment; Faecal
microbiota transplantation; Hospital cost;
MDRO; Multidrug resistance

Key Summary Points

Faecal microbiota transplantation (FMT)
may eradicate intestinal carriage of
multidrug-resistant organisms (MDROs)
that lead to clinical infection.

Investigating hospital costs in five
consecutively included patients who
received FMT for MDROs causing urinary
tract infections (UTIs), we calculated that
hospital admission days dropped by 87%
and monthly hospital costs by 79%.

FMT to eradicate MDRO carriage may be a
cost-effective strategy to reduce both the
number of infections and hospital costs.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.22341232.

INTRODUCTION

Multidrug-resistant organisms (MDROs) fre-
quently cause urinary tract infections (UTIs),
causing an increase in hospital costs from fre-
quent hospitalisations, medication use, and
patient mortality [1, 2]. Immunosuppressive
treatment may further increase infection sus-
ceptibility, rendering solid organ recipients
particularly vulnerable if they become colonised
with MDROs [2, 3]. The health burden related to
antimicrobial resistance, highlighted by the
World Health Organization as a key challenge
[4], calls for new and better treatments.

Faecal microbiota transplantation (FMT) is
the transfer of a complete intestinal micro-
biome from a healthy donor to a recipient. FMT
is highly effective for recurrent Clostrid-
ioides difficile infection [5], and small case series
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suggest that FMT may improve the clinical
outcome of patients who suffer from MDRO-
related recurrent UTIs [6–10]. Although cur-
rently regarded as an experimental last resort,
FMT may both reduce the frequency of UTIs
caused by MDROs and improve antibiotic sen-
sitivity in the organisms causing the UTI [7].

Economic evaluations may provide useful
input for the prioritisation of scarce healthcare
resources because they help decision makers
measure the costs and consequences of alter-
native interventions [11]. To provide relevant
information on allocative efficiency, economic
evaluations must be based on the best available
clinical and economic evidence, preferably on
data from randomised controlled trials. Early
economic evaluations performed without a
solid evidence base, i.e., from randomised clin-
ical trials, may indicate and guide the value of
emerging technologies and guide further
research and development decisions, provided
that they address uncertainties and potential
benefits of further research [12]. No previous
study evaluated the early economic benefits of
FMT for MDRO-related UTIs.

In this single-centre cohort study, we aimed
to perform an early economic assessment of
FMT for patients with UTIs caused by MDROs,
measuring the number of UTIs, days of admis-
sion, hospital contacts, and hospital-related
costs to guide the potential use of FMT.

METHODS

This was a subgroup analysis including patients
from a cohort study, carried out in a Danish
public gastroenterology referral centre from
2015 to 2020. In addition to including patients
referred for recurrent Clostridioides difficile
infection, we consecutively included patients
who were referred for FMT due to intestinal
MDRO carrier status and a medical history of
UTIs where urine cultures had revealed growth
of an MDRO. All patients received at least one
FMT from one thoroughly screened donor [13],
administered either by colonoscopy or capsules.
The cohort was a subgroup of all patients
referred for FMT at our institution, and the

overall cohort study was registered at Clini-
calTrials.gov (study identifier NCT03712722).

Routine follow-up was carried out in all
patients at 1 and 8 weeks following FMT.
Patient-specific data collection was extended
into equal periods before (pre-FMT) and after
FMT (post-FMT) to allow for comparison and to
include the longest possible follow-up time for
each patient. The pre-FMT period included the
period from the first MDRO-related UTI until
the day of FMT. The post-FMT period was
defined as the period from the FMT treatment
until a follow-up period matching the length of
the pre-FMT period.

The Danish diagnosis-related group (dkDRG)
tariffs were used to estimate the costs for inpa-
tient and outpatient hospital contacts. In Den-
mark, a dkDRG must be assigned to every
hospital discharge and course of treatment and
covers all hospitals in Denmark. The dkDRG
tariffs are mean cost estimates of treatment
courses, and the tariffs represent the reim-
bursement for a patient on the basis of the
patient’s primary diagnosis, secondary diagno-
sis, age, sex, and length of hospital contact or
admission.

The clinical health outcomes, including the
number of UTIs, days of admission, and hospi-
tal contacts per patient, were identified by
reviewing electronic patient records. In Den-
mark, the electronic patient file holds all infor-
mation related to hospital contacts. All hospital
contacts were evaluated and calculated to a
monthly average cost. The cost of FMT was not
included as an expense in any of the periods.

Paired t-tests were applied to compare clini-
cal health outcomes, and a Wilcoxon signed-
rank test was applied to compare the costs for
the pre-FMT and post-FMT periods. Clinical
health outcomes are reported as median and
range, while costs are reported as mean and 95%
confidence intervals (CI). A p-value of\0.05
was considered statistically significant. All data
were exported from the Research Data Capture
system, REDCap 9.1.8 (www.redcap.au.dk).
Statistical tests were conducted using STATA/
MP 16.0 (STATA Corp.). The exchange rate of 1
DKK = 0.1649 USD from 31 December 2020 was
applied.
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The robustness of the base case results was
assessed using one-way deterministic sensitivity
analyses; one excluding the least expensive
patient, and another where the most expensive
patient was excluded.

The study was conducted according to the
principles stated in the Declaration of Helsinki.
All patients were treated according to routine
clinical care. All patients provided written
informed consent to registration in a central
database, making up a consecutive cohort. The
study was conducted as a quality improvement
study, and access to medical records was
approved by the board of directors at Aarhus
University Hospital. All patients further provided
specific written informed consent to the publica-
tion of this report. Data collection was approved
by Aarhus University Hospital board of directors,
and because no experimental therapies were
involved and no biological material was collected,
approval from the Regional Ethics Committee
was not required according to Danish law. The
project was registered with the Danish Data Pro-
tection Agency in Central Denmark Region (j.no.
1-16-02–224-16).

RESULTS

In a consecutive cohort of patients referred for
FMT between 2015 and 2020 and where the

main indication was Clostridioides difficile (306
patients in total), we also included five consec-
utively referred patients suffering from MDRO-
related UTIs. This subgroup was made up of four
men and one woman, with a median age of
70 years (Table 1). Four of the five patients were
kidney transplant recipients and received triple
immunosuppressive treatment with pred-
nisolone, tacrolimus, and mycophenolate
mofetil. All five patients had several comor-
bidities, with a median Charlson Comorbidity
Index score of 6 (range 4–9). The individual
aligned pre- and post-FMT periods for the five
patients ranged from 60 to 320 days with a
median of 126 days.

The median number of UTIs per patient was
4 (range 1–9) in the pre-FMT period and 0 (0–1)
in the post-FMT period, corresponding to a
median reduction of 4 (1–8) UTIs after the FMT
treatment (p = 0.031) (Tables 1 and 2). The
number of admission days per patient dropped
from a median of 15 (12–47) days in the pre-
FMT period to a median of 4 (0–7) days in the
post-FMT period and a median reduction of 13
(8–40) days per patient after the FMT treatment
(p = 0.030) (Table 2). The number of hospital
contacts, composed of admissions, outpatient
visits, telephone contacts, and emergency room
visits, dropped from a median of 28 (3–33) to a
median of 11 (4–12), corresponding to a median

Table 1 Clinical characteristics of patients referred for faecal microbiota transplantation (FMT) due to urinary tract
infections (UTI) secondary to carriage of multidrug-resistant organisms (MDROs)

Patient
no.

Age Sex RTX Charlson
Comorbidity
Index

Days from
index UTI
to FMT

Number
of UTIs
pre-
FMT

Number
of UTIs
post-
FMTa

Causative organism Resistance
factor

1 65 M Yes 6 153 6 0 Klebsiella pneumoniae ESBL

2 76 M Yes 7 126 2 0 Klebsiella oxytoca ESBL

3 57 M Yes 6 126 4 0 Klebsiella oxytoca ESBL

4 70 M Yes 9 320 9 1 E. coli ESBL

5 87 F No 4 60 1 0 Klebsiella pneumoniae ESBL

ESBL extended-spectrum beta-lactamase, FMT faecal microbiota transplantation, RTX renal transplant, UTI urinary tract
infection
aThe follow-up period was patient specific and equal to the number of days from index UTI to FMT, making pre-FMT and
post-FMT periods comparable for each patient
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reduction of 21 (1–24) hospital contacts per
patient (p = 0.045) (Table 2).

The monthly average costs per patient in the
pre-FMT period were USD 6687 (95% CI
1996–11,379) and in the post-FMT period USD
1574 (95% CI 0–3920). We found a reduction in
the monthly average cost per patient of USD
5113 (95% CI 1386–8841, p = 0.043) for the

population in the post-FMT period compared
with the pre-FMT period (Table 2).

The sensitivity analyses testing the robust-
ness of our findings demonstrated that the
clinical health outcomes remained unchanged
both when excluding the most inexpensive
patient and when excluding the most expensive
patient (Table 2). However, the costs showed no

Table 2 Clinical health outcomes, hospital costs, and sensitivity analysis in five patients with multidrug resistant organism-
related urinary tract infections, before (pre-FMT) and after (post-FMT) faecal microbiota transplantation

Pre-FMT Post-FMT Difference p-
value

Base case (n = 5)

Clinical health outcomes Median (range) Median (range) Median (range)

Number of UTIs per patient 4 (1–9) 0 (0–1) -4 (-8 to -1) 0.031

Number of admission days per patient 15 (12–47) 4 (0–7) -13 (-40 to -8) 0.030

Number of hospital contacts per patient 28 (3–33) 11 (4–12) -21 (-24 to -1) 0.045

Cost outcomes Mean (95% CI) Mean (95% CI) Mean (95% CI)

Monthly average cost per patient (USD) 6687

(1996–11,379)

1574 (0–3920) -5113 (-8841 to -1386) 0.043

Sensitivity analysis, excluding the most inexpensive patient (n = 4)

Clinical health outcomes Median (range) Median (range) Median (range)

Number of UTIs per patient 3 (1–6) 0 (0–0) -3 (-6 to -1) 0.061

Number of admission days per patient 13.5 (12–47) 3 (0–7) -12.5 (-40 to -8) 0.089

Number of hospital contacts per patient 30 (3–33) 7.5 (4–12) -21 (-24 to 1) 0.068

Cost outcomes Mean (95% CI) Mean (95% CI) Mean (95% CI)

Monthly average cost per patient (USD) 7495

(1396–13,594)

1598 (0–5068) -5897 (-10,375 to 1419) 0.068

Sensitivity analysis, excluding the most expensive patient (n = 4)

Clinical health outcomes Median (range) Median (range) Median (range)

Number of UTIs per patient 3 (1–9) 0 (0–1) -3 (-8 to -1) 0.094

Number of admission days per patient 13.5 (12–27) 3 (0–6) -12.5 (-21 to -8) 0.016

Number of hospital contacts per patient 23 (3–33) 8 (4–12) -13.5 (-24 to 1) 0.128

Cost outcomes Mean (95% CI) Mean (95% CI) Mean (95% CI)

Monthly average cost per patient (USD) 5679 (109–11,249) 1723 (0–5141) -3955 (-6746 to 1165) 0.068

UTI urinary tract infection, CI confidence interval, FMT faecal microbiota transplantation
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statistically significant differences in either of
the sensitivity analyses.

DISCUSSION

In this single-centre cohort study, we performed
an early economic assessment of the hospital-
related costs in patients treated with FMT for
MDRO-related UTIs. We found a statistically
significant reduction in the overall hospital
costs per patient and in the number of UTIs,
admission days, and hospital contacts per
patient. Although limited to five study partici-
pants, the statistically significant reductions in
both admissions and hospital-related costs
indicate uniform and marked beneficial effects.
FMT application was associated with both
reduced number of MDRO-related UTIs and
hospital admission days, even despite the
immunosuppressive therapy used by four of five
patients.

Several small studies investigated the use of
FMT in patients carrying MDROs in their
intestines, such as ESBL-producing E. coli or
multidrug-resistant K. pneumoniae [6, 7, 9, 10].
In accordance with these studies, we found a
marked reduction in the number of UTIs per
patient. A recent study showed a significant
reduction in admission days post-FMT [10].
Combined with the findings in our study, we
hypothesize that fewer UTIs lead to fewer
admissions and hospital contacts, indicating an
improvement in the population’s clinical
health but not necessarily eradicating the
MDRO [14].

In the present study, we used DRG tariffs to
value hospital contacts. Because the costs for a
specific patient may differ from average costs,
using a micro-costing approach could have
improved the precision of our cost estimates.
We consider it unlikely that more precise esti-
mates would change the conclusions of this
early economic assessment. Costs directly rela-
ted to applying FMT should be considered when
evaluating cost-effectiveness. We previously
calculated total costs related to donor recruit-
ment and screening, laboratory processing, and
clinical application of donor faeces in an early
development stage of FMT service [15] and

recently published updated cost estimates in a
fully developed FMT service [16]. In the present
study, we did not include FMT costs in the
hospital cost calculations because these vary
considerably with the level of development and
application method. Comparing the total costs
of USD 3519 per colonoscopic FMT with the
reduced monthly hospital costs per patient of
USD 5113 in the present study indicates that
the use of FMT is highly cost-effective. As the
application of FMT is refined, e.g., by using
encapsulated formulations, this may further
improve the effectiveness of the treatment, and
cost evaluations should be undertaken in future
patient cohorts.

MDRO carrier status remains an investiga-
tional indication for FMT. Obtaining high-level
evidence for the use of FMT in these patients is
challenging because patients are few and
heterogeneous, yet still pose a heavy economic
burden. A recent multicentre randomised clin-
ical trial was stopped prematurely due to insuf-
ficient patient inclusion [14]. While the patients
included in our study may not be representative
of all patients with MDRO-related UTIs, the
marked health economic benefits of FMT
demonstrated in our small patient sample
underpins the potential of FMT as a cost-effec-
tive option. Regardless, the individual patient’s
health benefits gained from FMT should lead to
the development of patient-tailored regimens.
The significant clinical improvements indicate
a potential for improvements in the quality of
life, and future studies should evaluate this
impact of FMT on perceived health-related
quality of life and additional societal costs.

CONCLUSIONS

The use of FMT to eradicate MDRO carriage
markedly reduced the occurrence of UTIs and
associated hospital costs. We suggest that this
strategy is cost-effective.
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Hammeken, Johan V. Povlsen, Lars H. Ehlers
and Christian L. Hvas declare no conflicts of
interest. Lars Holger Ehlers changed his insti-
tutional affiliation during the completion of the
manuscript from Danish Centre for Healthcare
Improvements, Department of Clinical Medi-
cine, Aalborg University, Aalborg, Denmark, to
Nordic Institute of Health Economics, Aarhus,
Denmark.

Compliance with Ethics Guidelines. The
study was conducted according to the principles
stated in the declaration of Helsinki. All patients
were treated according to routine clinical care.
All patients provided written informed consent

to registration in a central database, comprising
a consecutive cohort. The study was conducted
as a quality improvement study, and access to
medical records was approved by the board of
directors at Aarhus University Hospital. All
patients further provided specific informed
written consent to the publication of this
report. Data collection was approved by Aarhus
University Hospital board of directors, and
because no experimental therapies were
involved and no biological material was col-
lected, approval from the Regional Ethics
Committee was not required according to
Danish law. The project was registered with the
Danish Data Protection Agency in Central
Denmark Region (j.no. 1-16-02-224-16).

Data availability. The datasets generated
during and analysed during the current study
are available from the corresponding author on
reasonable request and following anonymisa-
tion as required by data protection directives.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Serra-Burriel M, Keys M, Campillo-Artero C, et al.
Impact of multi-drug resistant bacteria on

Infect Dis Ther (2023) 12:1429–1436 1435

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


economic and clinical outcomes of healthcare-as-
sociated infections in adults: systematic review and
meta-analysis. PLoS ONE. 2020;15(1): e0227139.

2. Dadgostar P. Antimicrobial resistance: implications
and costs. Infect Drug Resist. 2019;12:3903–10.

3. Al Midani A, Elands S, Collier S, Harber M, Shendi
AM. Impact of urinary tract infections in kidney
transplant recipients: a 4-year single-center experi-
ence. Transpl Proc. 2018;50(10):3351–5.

4. (WHO) WHO. Worldwide country situation analy-
sis: response to antimicrobial resistance. Geneva:
WHO; 2015.

5. Baunwall SMD, Lee MM, Eriksen MK, et al. Faecal
microbiota transplantation for recurrent Clostrid-
ioides difficile infection: an updated systematic
review and meta-analysis. EClinicalMedicine.
2020;29–30: 100642.

6. Stalenhoef JE, Terveer EM, Knetsch CW, et al. Fecal
microbiota transfer for multidrug-resistant gram-
negatives: a clinical success combined with micro-
biological failure. Open Forum Infect Dis.
2017;4(2):ofx07.

7. Tariq R, Pardi DS, Tosh PK, Walker RC, Razonable
RR, Khanna S. Fecal microbiota transplantation for
recurrent Clostridium difficile infection reduces
recurrent urinary tract infection frequency. Clin
Infect Dis. 2017;65(10):1745–7.

8. Biehl LM, Cruz Aguilar R, Farowski F, et al. Fecal
microbiota transplantation in a kidney transplant
recipient with recurrent urinary tract infection.
Infection. 2018;46(6):871–4.

9. Grosen AK, Povlsen JV, Lemming L, Jørgensen
SMD, Dahlerup JF, Hvas CL. Faecal microbiota
transplantation eradicated extended-spectrum beta-
lactamase-producing Klebsiella pneumoniae from a
renal transplant recipient with recurrent urinary
tract infections. Case Rep Nephrol Dial. 2019;9(2):
102–7.

10. Ghani R, Mullish BH, McDonald JAK, et al. Disease
prevention not decolonization: a model for fecal
microbiota transplantation in patients colonized
with multidrug-resistant organisms. Clin Infect Dis.
2021;72(8):1444–7.

11. Drummond MF. Methods for the economic evalu-
ation of health care programmes. 4th ed. Oxford;
2015.

12. Love-Koh J. How useful are early economic models?
Comment on ‘‘Problems and Promises of Health
Technologies: The Role of Early Health Economic
Modelling.’’ Int J Health Policy Manag. 2020;9(5):
215–7.

13. Jørgensen SMD, Erikstrup C, Dinh KM, Lemming
LE, Dahlerup JF, Hvas CL. Recruitment of feces
donors among blood donors: Results from an
observational cohort study. Gut microbes. 2018;9:
540–50.

14. Huttner BD, de Lastours V, Wassenberg M, et al. A
five-day course of oral antibiotics followed by faecal
transplantation to eradicate carriage of multidrug-
resistant Enterobacteriaceae: a randomized clinical
trial. Clin Microbiol Infect. 2019;25:830–8.

15. Dehlholm-Lambertsen E, Hall BK, Jorgensen SMD,
et al. Cost savings following faecal microbiota
transplantation for recurrent Clostridium difficile
infection. Ther Adv Gastroenterol. 2019;12:
1756284819843002.

16. Baunwall SMD, Andreasen SE, Hansen MM, et al.
Faecal microbiota transplantation for first and sec-
ond episodes of Clostridioides difficile infection—
authors’ reply. Lancet Gastroenterol Hepatol.
2023;8(2):112–3.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional
affiliations.

1436 Infect Dis Ther (2023) 12:1429–1436


	Early Economic Assessment of Faecal Microbiota Transplantation for Patients with Urinary Tract Infections Caused by Multidrug-Resistant Organisms
	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial Registration
	Graphical Abstract

	Digital Features
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References




