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Abstract

Study design Randomised double-blind placebo-controlled trial.

Objectives Multi-resistant organism (MRO) colonisation is common in people with SCI. We aimed to determine whether
Lactobacillus reuteri RC-14 + Lactobacillus GR-1 (RC14-GR1) and/or Lactobacillus rhamnosus GG + Bifidobacterium
BB-12 (LGG-BB12) are effective in preventing or clearing MRO colonisation.

Setting New South Wales, Australia.

Methods The 207 SCI participants were randomised to one of four arms: (i) RC14-GR1 + LGG-BB12, (ii) RC14-GR1 +
placebo, (iii)) LGG-BB12 + placebo or (iv) double placebos for 6 months. Microbiological samples of nose, groin, urine and
bowel were taken at baseline, 3 and 6 months. Analysis was conducted for the presence of methicillin-resistant Staphylo-
coccus aureus (MRSA), multi-resistant gram-negative organisms (MRGNs) and vancomycin-resistant enterococcus (VRE).
The outcomes were clearance of, or new colonisation with MRSA, MRGN, VRE or MROs and whether participants
remained free of MRSA, MRGN, VRE or MROs throughout the study. Risk factors associated with an outcome were
adjusted for using nominal or binary logistic regression.

Results There was a significant reduction in new MRGN colonisation compared with placebo for participants treated with
RC14-GR1 (OR 0.10, 95% CI, 0.01-0.88, P = 0.04), after allowing that inpatients were more likely to be newly colonised
(OR 21.41, 95% CI, 3.98-115.13, P<0.0001). Participants who intermittent self-catheterised (IMC) were more likely to
remain MRO-free than those utilising SPC or IDCs (OR 2.80, 95% CI, 1.41-5.54, P = 0.009).

Conclusions Probiotics are ineffective at clearing MROs in people with SCI. However, RC14-GR1 is effective at preventing
new colonisation with MRGNSs. The use of IMC significantly improves the chance of remaining MRO-free.

Introduction

Antimicrobial resistance has been recognised by the World
Health Organisation as a public health threat of global con-
cern. The discovery of newer classes of antibiotics has not
kept pace with the emergence of multidrug-resistant bacteria,
which could lead to increased mortality due to untreatable

Supplementary information The online version of this article (https://
doi.org/10.1038/s41393-020-0420-z) contains supplementary material,
which is available to authorized users.

P4 Swee-Ling Toh 4

SweeLing. Toh@health.nsw.gov.au Singapore Centre for Environmental Life Sciences Engineering

and the School of Biological Sciences, Nanyang Technological

versity. N .
Department of Spinal and Rehabilitation Medicine, Prince of University, Nanyang, Singapore
Wales Hospital, Sydney, NSW, Australia The ithree Institute, University of Technology Sydney,

Australi
Sydney School of Public Health, University of Sydney, Sydney, NSW, Australia

Sydney, NSW, Australia

3 Neuroscience Research Australia (NeuRA) and UNSW Sydney,
Sydney, NSW, Australia

Department of Infectious Diseases and Microbiology, NSW
Health Pathology, Royal North Shore Hospital, Sydney, NSW,
Australia

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-020-0420-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-020-0420-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-020-0420-z&domain=pdf
http://orcid.org/0000-0002-9486-2343
http://orcid.org/0000-0002-9486-2343
http://orcid.org/0000-0002-9486-2343
http://orcid.org/0000-0002-9486-2343
http://orcid.org/0000-0002-9486-2343
mailto:SweeLing.Toh@health.nsw.gov.au
https://doi.org/10.1038/s41393-020-0420-z
https://doi.org/10.1038/s41393-020-0420-z

756

S.-L. Toh et al.

infections [1]. Spinal cord injured (SCI) patients have a high
prevalence of multi-resistant organism (MRO) colonisation or
infection. Colonisation refers to the presence of MROs cul-
tured from microbiology specimens without evidence of tis-
sue invasion or inflammation at that body site. Infection refers
to the invasion of the body tissues by microorganisms
resulting in disease [2]. As there is no universally accepted
definition of multi-resistance [3], for the purpose of this
manuscript, it is defined as bacteria that are resistant to two or
more commonly used antibiotics from different classes to
which they would normally be susceptible [4].

It has been demonstrated that SCI patients are at high risk
of MRO colonisation or infection resulting from prolonged
hospitalisation, need for foreign instrumentation e.g. urinary
catheterisation, tracheostomy, central venous access and the
risk of readmissions to hospitals due to complications like
pressure ulcers, urinary or respiratory tract infections [5, 6]. A
prospective study by Mylotte et al. showed that 43% of
inpatients with SCI in an acute rehabilitation unit carried one
or more resistant organisms [7]. Waites et al. found that 33%
of bacterial isolates in urine specimens of community-
dwelling SCI patients were resistant to two or more classes
of antimicrobial agents [8]. Suda et al. reported that
methicillin-resistant - Staphylococcus aureus (MRSA) and
multi-resistant gram negatives (MRGNs) were significantly
more frequent in SCI patients admitted to a veterans hospital
compared with patients without SCI [9]. Our own unpub-
lished data from a retrospective analysis of microbiological
samples from all inpatients admitted over 2001-2007 at the
Prince of Wales spinal unit found that 43% of acute SCI
patients were colonised or infected with an MRO. MRSA was
the most common MRO, identified in 34% of patients.

In 2007, the New South Wales (NSW) state-wide health
service initiated an infection control policy for the man-
agement of MROs [4, 10]. Patients who were colonised or
infected with the following organisms were deemed at high
risk of transmitting the organisms to other patients, so
appropriate isolation precautions were to be implemented:

e Methicillin-resistant Staphylococcus aureus (MRSA)

e Extended spectrum  beta-lactamase  producing
Enterobacteriaceae (ESBL)

e Multi-resistant gram negatives (MRGN)

e Vancomycin-resistant Enterococci species (VRE)

ESBL are bacteria that can produce a beta-lactamase
enzyme which hydrolyses penicillin and first, second or third
generation cephalosporins, rendering them ineffective [11].

Probiotics are defined as “live organisms that, when
administered in adequate amounts, confer a health benefit
on the host” [12]. Probiotics have been postulated to have
beneficial effects in controlling pathogenic bacteria. They
possess the ability to improve intestinal barrier function
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thereby reducing the adherence of pathogenic bacteria. The
organic acids which probiotics produce allow them to
inhibit the growth of pathogenic bacteria by enhancing their
ability to compete for resources within the gastrointestinal
tract (competitive exclusion) [13]. There is some evidence
that probiotics may have a role in preventing or eradicating
MROs. The largest amount of evidence for probiotics
concerns their role in preventing antibiotic-associated diar-
rhoea, based on a meta-analysis of many randomised con-
trolled trials (RCTs) [13]. Manley et al. reported the
clearance of VRE in stools after treatment with Lactoba-
cillus rhamnosus GG (LGG) [14]. This trial was also sup-
ported by Szachta et al. who showed that the administration
of LGG for 3 weeks in colonised children led to the
clearance of VRE in stools for up to 4 weeks [15]. Several
RCTs have shown that probiotics can assist in eradicating
multi-resistant Helicobacter pylori in conjunction with
antibiotics [16—18]. Another RCT showed that Lactoba-
cillus casei delayed respiratory tract colonisation or infec-
tion by Pseudomonas aeruginosa [19].

We therefore performed a placebo-controlled RCT to
investigate the effectiveness of combination oral probiotic
therapy [Lactobacillus reuteri RC-14 + L. rhamnosus GR-1
(RC14-GR1) and/or Lactobacillus GG + Bifidobacterium
BB-12 (LGG-BB12) capsules] in clearing MRO colonisa-
tion or infection in people with SCI.

Methods

ProSCIUTTU was a prospective multi-site randomised, dou-
ble-blind, double-dummy, placebo-controlled factorial design
trial conducted in the state of NSW in Australia. Prior to trial
commencement, approval was granted from the lead human
ethics committee covering the eastern seaboard of Australia.
Research governance approval was also granted in all hospi-
tals involved in the trial. The trial was registered with the
Australian New Zealand Clinical Trials Registry
(ACTRN12610000512022). The trial protocol, full metho-
dology and results for the primary outcome have been pub-
lished previously, so we will only present a synopsis here [20].

Participants

Participants were recruited from three NSW SCI units (Prince
of Wales Hospital, Royal North Shore Hospital and Royal
Rehabilitation Centre Sydney), including their rural affiliations.
Participants were over 18 years of age, with SCI and stable
neurogenic bladder management. Exclusion criteria were
complex bladder disturbances requiring surgical intervention,
known urinary tract calculi, having received bladder education
within the last 4 weeks, pre-existing infection on intervention
commencement, known long-standing osteomyelitis, long-
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term antibiotic therapy, adverse reaction to yoghurt products,
severe renal and hepatic failure, full mechanical ventilation and
immunosuppression. Participants provided written consent
before enrolment.

Interventions

Participants were enroled for a 6-month study period, which
included 24 weeks of treatment. Each randomised partici-
pant was required to take two capsules orally each day
consisting of either:

(1) Group 1: active RC14-GR1 (concentration per capsule
is 5.4 x 10° colony-forming units) + LGG-BB12 (con-
centration per capsule is 7 x 10° colony-forming units);

(2) Group 2: active RC14-GR1 (concentration as above)
+ matched placebo (no LGG-BB12);

(3) Group 3: active LGG-BB12 (concentration as above)
+ matched placebo (no RC14-GR1); or

(4) Group 4: double-matched placebo capsules (no LGG-
BB12 or RC14-GR1).

Primary outcome

The primary outcome was the time from randomisation to
the first symptomatic urinary tract infection (UTI). The
conclusion was that there was no effect of RC14-GR1 or
LGG-BB12 in preventing UTI in people with SCI [21].

Secondary outcome

Microbiological cultures of the bowel (rectal swabs or stool
cultures), nose and groin as well as urine cultures were
obtained from all enrolled participants at baseline, 3 months
and 6 months. These samples were analysed at a central
laboratory. Specific instructions and an information sheet
for sampling were given by the study co-ordinator to
research assistants and community nurses performing the
cultures to ensure consistency.

Cultures were directly plated using CHROMagar media
for the detection of MRSA, ESBL and VRE. Incubation

was at 35 °C for 24 h for MRSA, 48 h for VRE and all other
plates for 18 h.

A urine culture was also performed if participants devel-
oped symptoms of UTIL. The endpoint urine cultures were
analysed at the participant’s local microbiological laboratory
due to logistics and clinical reasons. We requested all urine
samples to be collected from a new single-use catheter,
suprapubic catheter (SPC) or indwelling catheter (IDC).

The secondary outcome measure was defined in the ori-
ginal protocol as a change of MRO colonisation status based
on cultures performed at baseline, 3 and 6 months. Clearance
was originally defined as MRO status change within the first
3 months followed by two consecutive negative screens at
least 2 weeks apart that was sustained until the end of study
(Supplementary Table 2) [20]. Due to shortage of funding,
we could not perform additional cultures to confirm sustained
clearance, requiring a change in the definition of the outcome
measure. The logistical changes to the protocol required the
additional MRO categories of “unchanged” and “new colo-
nisation” to be defined. In addition, as the intervention was
for the whole 6-month duration, we altered the definition of
clearance to reflect status at the 6 month (see Table 1).

The presence of the following organisms was recorded:

e MRSA in groin, nose and urine cultures. For the purpose
of this trial, MRSA is defined as a Staphylococcus
isolate that is resistant to methicillin and by inference
also resistant to flucloxacillin, dicloxacillin, cephazolin
and cephalothin [4, 10];

e MRGN organisms in urine and bowel cultures. MRGNs
were defined as gram-negative bacteria identified by the
laboratory that were multi-resistant, e.g. EBSL, multi-
resistant Acinetobacter species (carbapenem resistant),
multi-resistant P. aeruginosa (resistant to one or more
aminoglycoside antibiotics and one or more anti-
pseudomonal beta-lactams) [4, 10];

e VRE in bowel cultures. VRE was defined as any
Enterococcus faecalis or Enterococcus faecium isolate
that was resistant to vancomycin [4, 10].

For combined MRGN results, if MRGN was only tested
for either the bowel or urine but not both, then it was

Table 1 Definitions for VRE or combined MRSA, MRGN and MRO status and screening time points.

VRE/combined MRSA,
MRGN and MRO status

Baseline test

Month 3 test Month 6 test

Clearance

New colonisation Negative
No change Positive for all periods
Negative for all periods

Positive

Either or both tests positive for MRSA/MRGN/MRO/VRE

Negative
Either positive or negative Positive
Negative Positive
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assumed that if one sample tested positive, the other would
also be positive. If the tested sample was negative for
MRGN, it was assumed that the untested sample was
negative only if there was at least one other sample from the
same site that tested negative in a subsequent screen (e.g. if
baseline urine was not tested for MRGN but baseline bowel
was negative, baseline urine was only considered negative
for MRGN if urine at third and/or sixth month was also
negative for MRGN) (Supplementary Table 1).

For combined MRSA results, it was assumed that MRSA
for that period was positive if one sample (groin, nose or
urine) tested positive. It was only assumed that a sample
was negative for MRSA if at least two out of three samples
tested negative at each sampling time point and if there was
at least another sample of the same site that tested negative
at a subsequent screen (e.g. if baseline urine was not tested
for MRSA but baseline nose and groin were negative,
baseline urine was only assumed negative for MRSA if
urine at third and/or sixth month were also negative for
MRSA) (Supplementary Table 1).

MRO colonisation status was deemed positive if a par-
ticipant had any of the above organisms. For combined
MRO, if any sample tested positive for MRGN, MRSA or
VRE at any period, the entire period was considered to be
positive for MRO (e.g. if MRGN and MRSA negative but
VRE positive at baseline, then status was MRO positive at
baseline) (Supplementary Table 1).

Combined MRSA, combined MRGN, MRO and VRE
status at the end of the trial was classified into three cate-
gories (Table 1):

(i) No change.
(i) Clearance.
(iii) New colonisation.

Supplementary Table 2 lists in more detail how status
was determined if either one sample was missing or not
tested for baseline and 3 months. The assumptions that we
have adopted are conservative as they only affect a parti-
cipant’s status at baseline and can only change them from
inconclusive/missing to negative, and hence their status at
the end of the trial from missing to no change or new
colonisation. It is also pragmatic, because it reflects current
clinical practice in NSW: patients are not isolated if they
have no culture evidence of colonisation/infection.

Participants who remained free of MRSA, MRGN, VRE or
MRO throughout the duration of the trial were also studied.
MRSA, MRGN or VRE-free was defined by respective
negative MRSA, MRGN or VRE cultures at baseline, 3 and
6 months. Their endpoint urine should have also been negative
for MRSA, MRGN or VRE. If all of their cultures were
negative for MRSA, MRGN and VRE throughout the entire
study, then participants were classified as being MRO-free.

SPRINGER NATURE

Sample size

An initial sample size of 372 was required, with 93 parti-
cipants randomly allocated to each of the four study groups.
The sample size calculation was powered for the primary
outcome. We used simple computer-generated randomisa-
tion, stratified by bladder management type and inpatient/
outpatient status [20].

Statistical methods

Analysis of all outcomes was by intention to treat. A blin-
ded analysis was unable to be performed due to unblinding
for analysis of the primary outcome [21].

Analysis was performed using SAS 9.4. The chi-square
test was conducted to assess the effect of each probiotic on
MRSA, MRGN, VRE or MRO status and MRSA-, MRGN-,
VRE- or MRO-free status.

Pre-specified variables deemed as risk factors for MRSA,
MRGN, VRE and MRO colonisation were similarly ana-
lysed using the chi-square test to assess their association
with each outcome. The eight variables were: bladder
management (SPC/IDC vs. intermittent self-catheterisation
[IMC] vs. condom drainage/reflex voiding [ECD]), inpa-
tient status, completeness of injury (American Spinal Injury
Association Impairment Scale Grade A) [22], gender, level
of injury, time since injury, UTI and hospitalisation for UTI
6 months prior to trial.

Multivariate nominal logistic regression modelling was
performed to determine the effects of the two probiotics,
while allowing for effects of any significant risk factors, on
MRSA, MRGN, VRE and MRO clearance and new colo-
nisation, compared with no change. Multivariate binary
logistic regression modelling was similarly performed to
determine the effects of the probiotics and any significant
risk factors on remaining MRSA, MRGN, VRE and MRO-
free. Due to the low frequencies in some categories, the
most significant risk factors were progressively added to the
model containing both probiotics. The results were sum-
marised using odds ratios (OR) and their 95% confidence
intervals (CI). P values were obtained from likelihood ratio
tests comparing models.

Results
Baseline

Baseline nose swabs found 27/207 (13%) of participants
were colonised with MRSA. Baseline groin swabs showed
171206 (8%) of participants colonised with MRSA (Sup-
plementary Table 3). Of the samples collected, 147/207
urine cultures were reported to be either mixed,
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predominant or pure growth of organisms (greater or equal
to 21 x10° colony-forming units/L). Hence the rate of
asymptomatic bacteriuria in our cohort of participants was
71%. Organisms were identified in 91 urine cultures. The
predominant organisms were Escherichia coli (19/93) and
Klebsiella sp. (18/93).

Only 196/207 urine cultures were tested for MRSA at
baseline, and 10/196 samples (5%) were positive. For
MRGN, 195/207 urine cultures were tested at baseline, with
8/195 samples (4%) positive. In total, 16 participants had
MROs cultured from their urine of whom two were positive
for both MRSA and MRGN. All 16 participants with MRO
in their urine were using SPC/IDC for bladder management.
Baseline bowel cultures revealed 2/207 (1%) of participants
had VRE. In addition, 176/207 bowel cultures were tested
for MRGN, of which 9/176 were positive (5%). The com-
bined MRO cultures showed that 48/207 (23%) of partici-
pants had an MRO at baseline.

Sixth month

Nose swabs at the sixth month found 20/177 (11%) of
participants were colonised with MRSA while groin swabs
indicated that 12/180 (7%) of participants were colonised
with MRSA (Supplementary Table 3). There were 28
missing urine cultures at the sixth month. One urine culture
was not tested for MRSA or MRGN. Of the 178 urines
tested, 10 (6%) were MRSA-positive and 9 (5%) were
MRGN-positive. Overall, 17 participants had an MRO in
their sixth month urine cultures, all of whom were using
SPC/IDC for emptying their bladders. There were 30
missing bowel cultures at the sixth month. Only 2/177 (1%)
bowel cultures tested positive for VRE. For MRGN, 165/
177 bowel cultures were tested, of which 7/165 (4%) were
MRGN-positive. Based on previous MRO definitions, 35/
177 (20%) of participants remaining in the study had MRO
colonisation.

Outcomes and estimation
MRSA clearance and colonisation

After 6 months on the RCT, results for 179/207 participants
were available for analysis. MRSA status was unchanged
from baseline for 153/179 participants (85%) (Table 2 and
Supplementary Table 4). More participants who were
inpatients at trial enrolment (5/36, 14%) had new MRSA
colonisation than outpatients (5/143, 3%).

Multivariate nominal logistic regression analysis, adjus-
ted for inpatient status at enrolment, showed no evidence
that RC14-GR1 or LGG-BB12 was effective in clearing
MRSA or preventing new colonisation with MRSA. After
adjusting for both probiotics, those with inpatient status at

trial enrolment were more likely to become colonised with
MRSA than outpatients (OR 4.72, 95% CI, 1.25-17.78)
(Table 3).

MRGN clearance and colonisation

For MRGN, following 6 months of RCT treatment, the
results of 176/207 participants were available for analysis;
158/176 (90%) participants had unchanged MRGN status
compared with baseline (Table 2 and Supplementary
Table 4). Only 1/86 (1%) participants receiving RC14-GR1
(groups 1 and 2) developed new MRGN colonisation
compared with 8/90 (9%) in the no RC14-GR1 group
(groups 3 and 4).

Eight out of 105 (8%) participants in the SPC/IDC group
developed new colonisation of MRGN compared with 1/62
(2%) in the IMC group and 0/9 (0%) in the ECD group.
However, participants with SPC/IDC were also more likely
to clear MRGN (9/105 participants) compared with none in
the IMC or ECD group. Participants who enrolled as
inpatients were more likely to clear MRGN (5/36, 14%)
than outpatients (4/140, 3%), and were also more likely
to become newly colonised (7/36, 19%) than outpatients
(2/140, 1%).

Bladder management could not be included in the mul-
tivariate nominal logistic regression model as there were too
many categories with no participants. After adjusting for
inpatient status and RC14-GR1, there was no significant
effect of LGG-BB12 in preventing new colonisation by
MRGN. In contrast, RC14-GR1 was significantly effective
in preventing new colonisation of MRGN (OR 0.10, 95% CI,
0.01-0.88; P=0.04) after adjusting for LGG-BB12 and
inpatient status at enrolment. After adjusting for probiotics,
participants who enroled as inpatients were more likely to
clear MRGN (OR 8.08, 95% CI, 1.94-33.70) or more likely
to develop new colonisation of MRGN (OR 21.41, 95% CI,
3.98-115.13, P=<0.0001) (Table 3).

VRE clearance and colonisation

Only 177/207 participants’ results were available for ana-
lysis for VRE clearance, with the majority of participants
(167/177, 94%) having no change in VRE status from
baseline (Table 2 and Supplementary Table 4). Nominal
logistic regression modelling showed no effect of either
probiotics in preventing or clearing VRE colonisation.
Multivariate modelling was not performed as none of the
risk factors was statistically significant.

MRO clearance and colonisation

The results of 177/207 participants were available for ana-
lysis and 141/177 participants (80%) had an unchanged

SPRINGER NATURE
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Tal:!le.?: Multl\{arlate nom.mal Covariates Adjusted Odds Ratio
logistic regression modelling of
combined MRSA and combined Clearance  (95% CI) New colonisation  (95% CI) P value
MRGN status with probiotics
and other covariates. Combined MRSA status
LGG-BB12 0.95 (0.34-2.67) 0.56 (0.15-2.14) 0.69
RC14-GR1 0.58 (0.20-1.67) 0.40 (0.10-1.65) 0.27

Inpatient at trial enrolment  1.04
Combined MRGN status

LGG-BB12 0.24

RC14-GR1 0.66

(0.29-3.91) 472

0.05-124) 150
0.16-2.73)  0.10

(1.25-17.78)  0.08

(0.31-7.30) 0.13
(0.01-0.88) 0.04
<0.0001

Inpatient at trial enrolment  8.08

(1.94-33.70) 21.41 (3.98-115.13)

MRO status compared with baseline (Table 2 and Supple-
mentary Table 4). Nominal logistic regression modelling
showed that both RC14-GR1 and LGG-BBI12 were inef-
fective in preventing to clearing colonisation with MROs.
Multivariate modelling was not performed as none of the
risk factors was statistically significant.

In summary, we found that both probiotics were inef-
fective at clearing any MROs be it MRSA, MRGN or VRE.
RC14-GR1 could prevent new MRGN colonisation. Being
an inpatient at trial enrolment is a risk factor for new MRSA
and MRGN colonisation. Conversely, inpatient status at
trial enrolment increased the likelihood of clearing MRGN
colonisation.

Maintaining MRSA-free status

A total of 137/189 participants (72%) remained MRS A-free
throughout the trial period (Table 4 and Supplementary
Table 5). There was a statistically significant difference by
level of injury, with only 56/87 (64%) participants with
cervical injury being MRSA-free throughout the trial
compared with 81/102 (79%) with thoracolumbar injuries
(P=0.02).

After adjusting for level of injury, logistic regression
showed no effect of LGG-BB12 or RC14-GR1 in main-
taining MRS A-free status. However, after adjusting for both
probiotics, participants with thoracolumbar injuries were
significantly more likely to maintain MRSA-free status than
those with cervical level injuries (OR 2.14, 95% CI,
1.12-4.10; P =0.02) (Table 5).

Maintaining MRGN-free status

A total of 149/177 (84%) participants had no positive
MRGN cultures throughout the entire trial (Table 4).
Bladder management, inpatient status at enrolment, level of
injury, years post injury, UTI and hospitalisation 6 months
prior to trial commencement were associated with main-
taining a MRGN-free status (Table 4 and Supplementary
Table 5).

The logistic regression model included both probiotics,
bladder management, inpatient status at enrolment and
UTTI 6 months prior to trial. Level of injury was not included
as it was strongly associated with bladder management
()(2 =51.39, df=2; P<0.0001). After adjusting for the
above risk factors, there was no evidence that LGG-BB12
or RC14-GR1 is associated with MRGN-free status
(Table 5).

There was a significantly increased likelihood of main-
taining a MRGN-free status for participants who used IMC
compared with SPC/IDC as a form of bladder management
(OR 16.24,95% (1, 3.17-83.29; P <0.0001) after adjusting
for probiotics and other risk factors. Participants who were
less likely to maintain MRGN-free status throughout the
trial include those who were inpatients at trial enrolment
(OR 0.13, 95% (I, 0.04-0.38; P =0.0001) and those with a
UTTI in the 6 months prior to trial commencement (OR 0.17,
95% CI, 0.05-0.65; P =0.01).

Maintaining VRE-free status

Only 11/178 (6%) participants were positive for VRE in
their bowel cultures throughout the entire duration of the
trial. There was no effect of RC14-GR1 or LGG-BB12 or
any other factor in maintaining a VRE-free status (Table 4
and Supplementary Table 5).

Maintaining MRO-free status

Using the definitions above, 119/190 participants (63%) had
MRO-free status throughout the entire study. Neither pro-
biotic was protective against MRO. With regard to type of
bladder management, 62/114 (54%) participants who had
SPC/IDC were MRO-free compared with 50/65 (77%)
participants who performed IMC and 7/11 (64%) who had
ECD (P=0.01) (Table 4 and Supplementary Table 5).
Multivariate logistic regression modelling, adjusted for
bladder management, showed no effect of LGG-BB12 or
RC14-GR1 for protection against MRO. After adjusting for
both probiotics, IMC was significantly more protective
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Table 5 Multivariate binary logistic regression modelling for
maintaining MRSA-free, MRGN-free and MRO-free status with
probiotics and other covariates.

Covariates Adjusted odds ratio P value
(95% CI)
MRSA-free
LGG-BB12 0.84 (0.44-1.61) 0.59
RC14-GR1 1.09 (0.57-2.09) 0.79
Thoracolumbar injury 2.14 (1.12-4.10) 0.02
MRGN-free
LGG-BB12 0.84 (0.32-2.22) 0.52
RC14-GR1 2.40 (0.90-6.44) 0.06
Bladder management
Intermittent catheter 16.24 (3.17-83.29) <0.0001
External condom drainage  1.64 (0.17-15.82)
Inpatient at trial enrolment 0.13 (0.04-0.38) 0.0001

UTI 6 months before trial
1 0.17 (0.05-0.65) 0.01

2 or more 0.24 (0.07-0.85)
MRO-free
LGG-BB12 1.02 (0.56-1.86) 0.92
RC14-GR1 1.07 (0.59-1.96) 0.81

Bladder management

Intermittent catheter 2.80 (1.41-5.54) 0.009

External condom draining 1.47 (0.41-5.31)

against MRO than SPC/IDC (OR 2.80, 95% CI, 1.41-5.54;
P =0.009) (Table 5).

In summary, we found that neither probiotic was effec-
tive in maintaining MRO-free status. There is more like-
lihood of maintaining MRSA-free status with
thoracolumbar level injuries. Factors effective in maintain-
ing MRGN-free status were IMC, being an outpatient at
trial enrolment and not having a UTI in the 6 months
leading to the trial. IMC was also found to be effective in
maintaining MRO-free status.

Study endpoint urine culture results

Of the 207 participants, 53 met the study endpoint criteria
for UTL where 27/53 were participants with tetraplegia and
31/53 used SPC/IDCs. For urine endpoint cultures, 36/53
were positive for gram-negative organisms, the predominant
species being E. coli (14/53).

MRSA was present in 3/53 endpoint urine cultures. All
three participants with MRSA used SPC/IDC for bladder
management. As the endpoint urine cultures were not ana-
lysed in the central laboratory, MRGNs were not specifically
stated. However, examining the antibiotic susceptibility
profile accompanying the culture reports, 2/53 had gram-
negative organisms that could be classified as MRGN. Both

these participants used either an SPC or IDC for bladder
management. One participant’s endpoint urine grew P.
aeruginosa, which was resistant to at least three aminogly-
cosides and two beta-lactams. Another participant’s end-
point urine grew E. coli that was only sensitive to a beta-
lactam and was resistant to third generation cephalosporins.

Ancillary analysis

Post hoc analysis showed that there was no association
between having a symptomatic endpoint UTI during the
trial and changes in MRSA, MRGN, VRE or MRO status,
or MRO-free status. Participants who were lost to follow-up
were more likely to have a cervical level of injury (20/31,
65%) than the remaining participants (77/176, 44%) (* =
4.56, df =1; P=0.03). However, there was no significant
difference in bladder management between the missing and
remaining participants.

Harms

Side effects from either intervention were infrequent and
have been reported in the primary outcome paper [21]. The
double placebo group appeared to have more adverse events
than the other groups. The majority of adverse events were
due to bowel complaints like accidents and increased fre-
quency of bowel movements.

Discussion

Overall, the MRSA, MRGN and VRE positive rates were
lower than for the general spinal population [7, 8], which
was probably a result of our exclusion criteria. The majority
of participants (80%) also had no change in their MRO
status throughout the trial. More than 60% of participants
remained MRO-free throughout the 6-month trial period,
suggesting that change in MRO colonisation takes longer
than 6 months to develop. Our rate of asymptomatic bac-
teriuria of 71% is similar to that reported by Kang et al.
[23]; in their retrospective study, they found that 73% of
patients had asymptomatic bacteriuria.

In summary, once a participant was colonised with
MRSA, MRGN, VRE or MROs, neither LGG-BB12 nor
RC14-GR1 was effective in clearing the respective bacterial
colonisation. However, RC14-GR1 was shown to be
effective in preventing new colonisation of MRGN over the
6-month duration of the trial. Longer term studies would be
important to determine the extent of duration of the effect of
RC14-GR1 in preventing MRO colonisation. The results
should be treated with caution as the numbers of partici-
pants who had new colonisation was small. However, these
results are consistent with our post hoc analysis for the
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primary outcome (time to first symptomatic UTI) where
there appeared to be a longer UTI-free survival when RC14-
GR1 was used alone [21].

The finding that inpatient status at enrolment led to
participants being more likely to have colonisation with
MRGN and less likely to be MRGN-free may be explained
by a higher risk of exposure to MRGN in a hospital setting.
Participants may also be more likely to clear MRGN as they
may be treated with antibiotics.

Having one or more UTI prior to trial commencement is
associated with a lower likelihood of being MRGN-free
throughout the trial which could be explained by more
frequent antibiotic exposure leading to the emergence of
more MRGNSs. Recurrent UTIs and exposure to any anti-
biotics are risk factors for MROs [24-26].

Both LGG-BB12 and RC14-GR1 were ineffective in
ensuring that participants remain free of MRSA, MRGN,
VRE and MRO. The only clinical factor associated with
participants remaining free of MRSA was having a thor-
acolumbar injury.

Results from our trial indicate that IMC and ECD as a
form of neurogenic bladder management increase the like-
lihood of a participant being protected from MRGN and
MRO colonisation. This conclusion is further supported by
our findings that all participants who had endpoint MRO
UTIs in the trial were using SPC/IDC for bladder man-
agement. Our results are consistent with the report from
Kang et al. that SCI patients with SPC/IDC had more than
twice the risk of MRO of IMC patients [23].

MRGNSs have been viewed globally as an increasing
health threat due to their association with treatment failures,
morbidity and mortality [1, 26, 27]. Currently in NSW, for a
patient with known colonisation with an MRO, some of the
infection control measures include performing hand
hygiene, using personal protective equipment (gowns and
gloves), isolation in a single room, thorough cleaning of all
equipment and surfaces that a patient uses after therapy
sessions. Equipment such as wheelchairs, commodes or
shower chairs, can be used for one patient only [10].
Considering all the above measures, a patient with MRO
has a huge impact on health resources, equipment and cost.
Cost-analysis studies found that the higher costs involved in
the management of patients with MRGN infections are due
to longer length of stay, antimicrobial drugs and higher
readmission rates [27-29]. In fact, one study reported that
just being colonised rather than infected with MROs in a
hospital setting incurred a much higher cost due to the need
for isolation [30]. Thus, treatment strategies, such as using
IMCs or probiotic application could reduce MRO devel-
opment in patients, which would potentially alleviate some
of these costs as well as improve patient survival.

One main weakness in our study was the departure from
protocol. Due to limited funding, underestimation of the
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cost of microbiological cultures, and logistical reasons
mentioned in our primary outcome paper, we could not
conduct further screening to confirm sustained clearance.
As the trial went on for 6 months, it was difficult to interpret
results based only on status at baseline and 3 months.
However, the definitions of the categories ‘“clearance”,
“new colonisation”, “no change” and being MRSA-,
MRGN-, VRE- or MRO-free were specified prior to data
analysis. Another criticism might be that our screening
cultures were too far apart, months rather than weeks, which
again was due to the fact that the trial was funded for the
outcome of UTI prevention. For logistical and clinical
reasons, the endpoint urine cultures had to be performed at
the participants’ local microbiological laboratory which did
not lead to a standardisation of MRGN reporting. We had to
conclude whether a gram-negative should be classified as an
MRGN based on the antibiogram reported.

Another weakness was that almost 15% of participants
had results that were inconclusive for MRO clearance due
to missing cultures at 6 months. Analysis of participants
who were lost to follow-up revealed that they were more
likely to have tetraplegia and therefore use SPC/IDC; we
can only postulate that their rate of MRSA, MRGN and
MROs may be higher.

The analysis for this paper was performed unblinded
following analysis of the primary outcome. As the null
hypothesis was not rejected for probiotics in maintaining
MRO-free status or in clearing MROs, it is highly unlikely
that these results would have been different with blinding.
Although our trial co-ordinator and research assistants were
contacting participants to check on their well-being every
2 weeks, we did not systematically monitor the participants’
antibiotic and topical antiseptic exposure throughout the
duration of the study. Microbiological analysis from other
sites secondary to e.g. intercurrent pressure ulcers, diarrhoea
or pneumonia that may have developed during the trial was
also not recorded. Mylotte et al. suggested that presence of
an ulcer predicted carriage of resistant organisms [7].
Manley et al. showed decolonisation of VRE within a group
of patients with renal impairment [14], but the total number
of patients with VRE within our clinical trial was low.

Our results with regard to the failure of probiotics to
clear MRGNs is consistent with two other RCTs. Both trials
had fewer patients overall and in each arm. Salomao et al.
reported that L. rhamnosus and L. bulgaricus administered
twice daily for 7 days in 116 participants did not decolonise
patients harbouring MRGN bacilli in their gastrointestinal
tract [31]. Tannock et al. found that a 5-week administration
of twice daily E. coli Nissle 1917 (Mutaflor) in 69 partici-
pants did not change the carriage of norfloxacin-resistant E.
coli [32].

There is a paucity of literature on trials investigating the
role of probiotics in preventing new colonisation of MROs.
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Dall et al. reported that LGG did not prevent the colonisa-
tion of ESBL in travellers to India. However, participant
numbers were small (n =61) and not blinded [33]. There
was also no placebo arm. De Regt et al. conducted a pro-
spective cohort cross-over trial in which ten species of
probiotics were administered twice daily for 4.5 months to
see if the probiotics could prevent colonisation with
ampicillin-resistant Enterococcus faecium (ARE) in patients
admitted for >48 h to the gastroenterology, renal or geriatric
wards. They found that the multi-species probiotics did not
prevent ARE acquisition in the 110 participants who were
treated [34].

Other measures have been more effective at preventing
MRSA colonisation and MRSA clearance. Kappel et al.
adopted a pre-emptive approach of isolation with contact
precautions to prevent intra-hospital transmission until
MRSA swabs were negative for 14 days. They also
undertook closure of pressure ulcers through plastic surgery
to eradicate MRSA colonisation [35]. There is some
evidence that daily bathing with chlorhexidine solution
reduces the carriage of gram-positive pathogens [36]. Cassir
et al. have also reported a reduction in healthcare related
infections caused by gram-negative bacteria with daily
bathing using disposable cloth saturated with 2% chlor-
hexidine [37].

Our trial results indicate that RC14-GR1 may have a role
in preventing MRGN colonisation. Given the high risk of
MRO colonisation after SCI [7, 8], the ideal time to com-
mence such prophylaxis would be early after injury, prior to
colonisation. Despite this, the solution to preventing colo-
nisation of MROs in SCI patients remains complex with the
need to employ a multi-faceted approach of isolation, con-
tact precautions, antibiotic stewardship, closure of pressure
ulcers, reduction in post-SCI pneumonia rates with efficient
endotracheal-tracheostomy weaning and reduced catheter
dwell-time within the urinary system through the use of
intermittent catheterisation. It is hoped that future research
with more robust microbiology methodology can be carried
out to test our findings.

Conclusion

Our RCT showed that LGG-BB12 and RC14-GR1 are not
effective in clearing MRSA, MRGN, VRE or MROs,
although RC14-GR1 may be able to prevent new coloni-
sation of MRGN, at least for 6 months. IMC is associated
with maintaining an MRGN-free and MRO-free status.
Based on these results, it is suggested that a paradigm
shift to IMC for management of spinal neurogenic
bladder regardless of level of spinal injury would yield
significant benefits for patients in terms of UTI and
MRO status.

Data availability

Raw data and datasets generated or extracted are archived in
NEURA for 15 years. More detailed extracted data can be
found in Supplementary Table 3-5.
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