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Abstract

Background: Enteral tube feeding can require considerable amounts of
plastic equipment including delivery sets and containers, often disposed of
after a single feeding session because of bacterial contamination concerns. The
aim of this research was to assess whether reuse of delivery sets and containers
for up to 24 h is safe from a microbiological perspective.

Methods: Four enteral tube feeding systems (FS) were tested under hygienic
controlled or repeated inoculation challenge conditions using key foodborne
pathogens, to assess bacterial growth over time (FS1: ready-to-hang, closed 1-L
system with delivery set reused, stored at room temperature [RT]; FS2: a
prepared, powdered, open 1-L system with delivery set and container reused,
stored at RT; FS3 and FS4: prepared, powdered, open 200-ml bolus systems
with delivery set and container reused, stored at RT [FS3] and refrigeration
[FS4]). Feed samples were cultured at 0.5, 6.5, 12.5, 18.5, and 24.5 h with >2
Alog considered significant bacterial growth.

Results: Under hygienic control, FS1, FS3, and FS4 were below the level of
enumeration (<5 CFU/g) for all bacteria tested, at all time points. In FS2, significant
bacterial growth was observed from 18.5h. Under repeated bacterial inoculation
challenge, no significant growth was observed in FS1 and FS4 over 24.5 h; however,
significant growth was observed in FS2 after 6.5h and in FS3 after 10-12 h.
Conclusion: With hygienic handling technique, there is limited bacterial
growth with reuse of delivery sets and containers over 24 h. Refrigeration
between feeding sessions and using boluses of reconstituted powdered feed
reduce bacterial growth risk.
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INTRODUCTION

Enteral tube feeding is a valuable method of nutrition
support to ensure safe and sufficient delivery of nutrition
directly to the gastrointestinal tract. Frequently used in
hospital and community settings, enteral tube feeding
supports both acute and chronically ill patients when oral
feeding is not possible or insufficient to meet nutrition
requirements.' In some patients, enteral tube feeding may
provide the sole source of nutrition; therefore, it is essential
for life. In the United Kingdom, it is estimated that >23,000
adults receive community-based, long-term home enteral
tube feeding (HETF),>™* and HETF incidence across Europe
has been estimated to be between 62 and 457 new patients
per million inhabitants per year.””’ Historically, enteral
tube feeding has been considered a potential source of
infection because of the risk of bacterial contamination of
feed products, water, and administration equipment, with
possible detrimental effects of administering contaminated
feeds to patients including bacteriemia, septicemia, pneu-
monia, diarrhea, vomiting, and infectious enterocolitis.**
However, after considerable research undertaken in the
1990s and early 2000s, improved feed sterilization tech-
niques, improved design and sterility of tube feeding
administration equipment™“* and the use of hygienic
handling techniques by users,”** have reduced the risk of
bacterial contamination considerably.”*>” Comprehensive
guidance from healthcare professional bodies and enteral
tube feed manufacturers on appropriate feed hanging times
(typically 24 h for a sterile, ready-to-hang liquid feed and 4 h
for a powdered, reconstituted feed, although this may vary
between countries and manufacturers),*®>° have also been
implemented to reduce bacterial contamination risk. In
addition, the relatively low cost to healthcare systems and
the disposability of single-patient-use or single-use feeding
administration equipment has likely further discouraged
long-term use or reuse and potentially further reduced
bacterial contamination risk. Faulty handling procedures
during assembly and manipulation of the enteral tube
feeding administration equipment have been cited as an
important potential route for contamination,'-*4*>17-27:39-41
which may occur during feed preparation (in the case of
powdered/reconstituted feeds made up with water or
mixing of multiple liquid feeds), or during manual handling
of the equipment at “touch points” when connecting
equipment together.”” Tube feeding administration equip-
ment typically used for feeding via a mechanical feeding
pump consists of a delivery set (also known as a giving set),
which attaches to the patients’ feeding tube at the distal end
and at the proximal end to either

« a commercially available, sterile, ready-to-hang plastic
bottle or pouch, prefilled with a sterile liquid feed or

« an empty plastic container/reservoir into which a
powdered feed mixed with water is added, or multiple
liquid feeds are added.

Many delivery sets also possess a drug port, into which
medications can be administered, which may provide a
further contamination route. Other feed administration
equipment may include enteral syringes, which can be
used to manually administer water, medications or small
“bolus” amounts of feed, directly into the patient's feeding
tube. Pump feeding regimens may require administration
of relatively small (bolus) volumes of feed (ie, 200 ml,
known as “pump bolus feeding”) delivered in short
periods of time (ie, 30 min) on several occasions through-
out the day,* or much larger volumes (ie, 1 L) delivered
more slowly over a longer period of time, including
sometimes continuously over 24 h.**™*® To meet the needs
of these various types of feeding regimens, feeding
administration equipment has been designed either for
use by a single patient in a 24-h period, or as single-use
only (ie, used once and then disposed of). The differences
in use and this terminology of “single-use only” have led
to variations in clinical practice, and anecdotal evidence
suggests that some patients may be prescribed up to six
delivery sets and containers per day with new feeding
administration equipment used for every bolus feeding
session, or after every disruption in continuous feeding (ie,
due to healthcare interventions, or activities of daily life).
Whereas other patients who have the same feeding
regimen maybe prescribed only one delivery set and
container per day, and “reuse” the equipment throughout
the day. Feeding regimens using up to six delivery sets and
containers per day can lead to considerable cost to
healthcare systems, a significant burden on storage space
in healthcare and home settings, and considerable plastic
waste or recycling needs. Therefore, exploration of
practices to understand this variation in clinical practice
and to reduce plastic waste in enteral feeding are required,
to support governmental and healthcare system pledges to
reduce their impact on the environment.*”** Indeed,
recent research has explored the safety of repeated
washing and then reuse of tube feeding equipment
beyond 24h (reviewed by Osland et al.*’); however, it
was concluded that insufficient evidence exists to support
this practice, and other research/guidance also suggests
that this is not appropriate.”’®>* Without the ability to
wash and reuse, ways in which feeding equipment can be
reduced or reused safely are unclear, even though this
appears to be occurring in clinical practice, as described
above. Therefore, despite the periodic stopping of feeding
regimens, feed containers and delivery sets are being
reused in the same patient without washing for up to 24 h,
thereby reducing the number of feed containers and

[umoq ‘0 ‘TSHTIY61

:sdpy woy pap

ASUDII'T SUOWIWOY) dATEAL)) dqedr[dde oY) £q PIUIdA0S 1k S3[ONIE V() SN JO SO[NI 10§ A1eiqr duluQ) AS[IA\ UO (SUOTIPUOI-PUB-SULIA) /WO K1 " ATRIqIAUI[UO//:sd)y) SUONIPUO)) pue swid ] ) 39S [£707/80/67] uo Areiqr surpuQ A3[ipn 1891 £q 8501 1-dou/z001°01/10p/wod Ad[1m K1eiqi[ourjuo’sjeunof



NUTRITION IN CLINICAL PRACTICE

delivery sets needed per day. To determine whether this
practice is safe from a microbiological perspective,
research is required to understand whether bacterial
growth could reach unsafe levels when such feeding
practices are used. Therefore, this research aimed to assess
whether reuse of enteral tube feeding containers and
delivery sets over a 24-h period (without washing) using
pump bolus feeding, is safe from a microbiological
perspective. This laboratory research focused on two
objectives, specifically: (1) to practically assess the
microbiological safety of the reuse of delivery sets when
used with a sterile, ready-to-hang feed, over a 24-h period
at room temperature and; (2) to practically assess the
microbiological safety of reuse of feed containers and
delivery sets used for powdered feeds reconstituted with
water, over a 24-h period at room temperature or
refrigeration, under several different scenarios.

METHODS
Feed and feed delivery systems

Four different enteral feeding systems were assembled
and run either under hygienic controlled conditions
or under repeated bacterial challenge conditions, each
in triplicate. All four feeding systems used a Flocare
Delivery Set (Nutricia Ltd), with feed delivery controlled
using a Flocare Infinity Pump (Nutricia Ltd). The enteral
feed systems were not washed during the testing and the
components remained attached to each other and sealed
between feeding sessions. A summary of the four enteral
feeding systems are provided in Table 1 and below.

Enteral feeding system 1 (FS1) was a “ready-to-hang,”
closed system, with a 1-L sterile, multinutrient, fiber-
containing commercially available liquid tube feed in a
ready-to-hang plastic “Optri-bottle” container (Nutrison
Multifibre; Nutricia Ltd). The simulated bolus feeding
regimen was 200 ml delivered at 400 ml/h over 30 min,
after which the pump was stopped, the delivery set end
sealed using the cap provided and the complete sealed
enteral feeding system (the container and delivery set)
were stored in an incubator at simulated elevated room
temperature (24.0 +1.0°C) for 5.5h. The 200-ml feed
delivery in 30 min was repeated a further four times with
storage in the incubator (as above) for 5.5h in-between
feed deliveries, with a total feeding time of 24.5 h, with all
1L of feed delivered.

Enteral feeding system 2 (FS2) was a “prepared,
powdered,” open 1-L container system, with a commer-
cially available pediatric, multinutrient, powdered feed
(Neocate LCP; Nutricia Ltd) reconstituted, as per the
manufacturer's instructions (870 ml of boiled tap water

Details of the four enteral tube feeding systems tested.

TABLE 1

Storage temperature
between bolus feeds

Total feed amount

delivered in 24.5h

Bolus feed amount
delivered in 30 min

Enteral feeding

system

Starting feed volume and type Container type

System type

24.0 +1.0°C

1L

200 ml

1L sterile, sealed,

1L sterile, multinutrient,

Ready-to-hang,

FS1

Optri-bottle

fiber-containing liquid tube feed

closed

24.0+1.0°C

1L

200 ml

1L pediatric, multinutrient, 1L container

Prepared,

FS2

powdered feed

powdered, open

24.0£1.0°C

1L

200 ml

200 ml pediatric, multinutrient, 0.5 L container

Prepared,

FS3

powdered feed, prepared five

times over 24.5h

powdered, open

6.0 +£2.0°C

1L

200 ml

200 ml pediatric, multinutrient, 0.5 L container

Prepared,

FS4

powdered feed prepared five

times over 24.5h

powdered, open

Note: A closed system is sterilized and sealed until connected to a giving set. Open systems were powdered feeds reconstituted as per the manufacturer's instructions with boiled tap water cooled to 40°C and then

added to a feeding container before connection to a giving set.

Abbreviations: FS1, enteral feeding system 1; FS2, enteral feeding system 2; FS3, enteral feeding system 3; FS4, enteral feeding system 4.
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cooled to 40°C, 130 g of Neocate LCP powder: 1 L of total
volume), in a Flocare 1-L container (Nutricia Ltd).
The simulated bolus feeding regimen and storage of the
feeding system was as above for FS1.

Enteral feeding systems 3 (FS3) and 4 (FS4) were
“prepared, powdered,” open 200-ml bolus container
systems, with a commercially available, pediatric, multi-
nutrient, powdered feed (Neocate LCP; Nutricia Ltd)
reconstituted as per the manufacturer's instructions
(180 ml of boiled tap water cooled to 40°C, 26 g of Neocate
LCP powder: 200 ml of total volume) in a Flocare 0.5-L
container (Nutricia Ltd). The simulated bolus feeding
regimen delivered 200ml at 400 ml/h over 30 min, the
enteral feeding system was sealed as above and stored for
5.5 h in one of two ways: in an incubator at simulated
elevated room temperature (24.0 + 1.0°C) for FS3 or in a
refrigerator at 6.0 +2.0°C for FS4. This was repeated a
further four times (ie, 200 ml of the feed prepared and
delivered in 30min) with storage as above for 5.5h in-
between feed deliveries, with a total feeding time of 24.5h
and a total of 1 L of feed delivered. For each enteral feeding
system set up during feed delivery, the distal end of the
delivery set was positioned within a sterile bag to collect the
feed, from which samples were collected for microbial
growth testing immediately after the 200-ml feed dose had
all delivered into the bag.

Bacterial strain preparation

To simulate worst-case bacterial contamination of the
enteral feeding systems in the repeated inoculation
challenge conditions, seven genera of bacteria originating
from food, water, and environmental sources, identified
from the literature as major foodborne pathogens with
the potential to grow within enteral feeds in a 24-h
timeframe when stored at ambient temperatures, were
selected ®'47102226:3441.53°58 'The gtrains were sourced
either from Leatherhead's own culture collection
or National Culture Collections (see Table 2). Three
strains of each bacterium were grown, enumerated, and
combined into four mixed inocula (see Table 2). The
combinations were carefully considered and trialled to
minimize the possibility of any antagonistic or synergistic
effects, as well as the potential for growth on agar media
which could potentially complicate plate reading.

Contamination of the enteral feeding
systems

For the repeated inoculation challenge conditions,
inoculation of each enteral feeding system was carried

out at multiple locations to simulate where contamina-
tion was most likely to occur in a real-life scenario
due to contamination in the feed, water, or by poor
handling technique—that is, at the common “touch
points.” Inoculation was conducted at a low (but
repeatable) level, to simulate contamination at the
enteral feeding system contact points by the user
(patient/carer/healthcare professional). Inoculation
levels were targeted to achieve approximately the
following: 100 CFU/swab per organism to inoculate
surfaces; 100 CFU/ml per organism introduced via the
drug port, and 100 CFU/ml per organism added directly
into the reconstituted powdered feed. Three replicate
tests were conducted on each of the four enteral feeding
systems, per microorganism. For FS1, inoculation
occurred at the following points, before the first feeding
session had begun: (a) the foil seal of the feed
container; (b) the proximal cross-spike connector of
the delivery set, and; (c) the outer screw thread of the
distal delivery set connector, by dipping a sterile swab
into an aliquot of microbial suspension, squeezing the
excess from the swab on the side of the aliquot and
lightly rubbing the swab over the surface to be
inoculated. The drug port was then inoculated during
the first feeding session after 100 ml of feed had been
delivered, to simulate contamination during adminis-
tration of a medication very early in the use of the feed
system. The feeding pump was stopped, the drug port
opened, 100 ul of inoculum pipetted into the port and
then the port was flushed with 20 ml of sterile water
using an enteral syringe. The port was then capped, and
the feeding pump restarted. The distal end of the
delivery set was inoculated before the beginning of each
feeding session (a total of five times in 24.5h), to
simulate repeat contamination over time, due to the
user contaminating the connector when reattaching to
the feeding tube before each feeding session. The feed
itself was not inoculated in this feeding system, as it is
provided sterile and it was not a realistic scenario that
the feed would be a source of contamination?®-*!2%:33-3
(see Figure 1A). The inoculation of FS2 replicated that
of FS1, except that the prepared powdered feed was
inoculated directly with 1 ml of bacterial suspension
and inverted to distribute the inoculum before the
feeding session began, instead of inoculation of the foil
seal of the feed container (see Figure 1B). The
inoculation of FS3 and FS4 replicated that of FS2,
except that each 200-ml dose of prepared powdered
feed was inoculated directly with 500 ul of bacterial
suspension and inverted to distribute the inoculum
before each feeding session began. Direct inoculation of
the feed in FS2, FS3, and FS4 simulated bacterial
contamination due to poor hygiene during each
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(A)

Ready-to-feed liquid,
closed system
container

quf / Proximal end of giving
set

Drug/medication I
port \ b

Distal end of giving set
N)—

(B)
Reconstituted powder

feed, open system
container

Proximal end of giving
/ set

Drug/medication I

port \ b

Distal end of giving set
N)—

FIGURE 1 Diagram of enteral feeding systems tested representing the ready-to-feed bottle or container and delivery set, with

contamination points (circles) shown. Enteral feeding system 1 (FS1) (A) was a “ready-to-feed,” closed 1-L system, with a standard,

multinutrient, fiber-containing commercially available liquid tube feed in a ready-to-feed plastic container attached to a delivery set. Enteral

FS2, FS3, and FS4 (B) were open container systems, with a commercially available pediatric, multinutrient, powdered feed reconstituted as

per the manufacturer's instructions, in a container, attached to a delivery set.

preparation of the powdered reconstituted feed (once
in FS2, and a total of five times in FS3 and FS4) (see
Figure 1B). Otherwise, during preparation and running,
all the enteral feeding system equipment and feeds
were handled using standard hygienic technique: hands
were washed, gloves were worn, and touching of the
various contact points (foil seal, cross-spike, delivery
set distal end, drug port) was prevented.**>® For each
of the four enteral feeding systems, hygienic controls
were also undertaken where there was no inoculation
with challenge bacteria, and standard hygienic tech-
nique was used (as above) to simulate how the systems
should be prepared and run, according to recom-
mended guidance.

Sampling procedure

For each of the enteral feeding systems, samples for
bacterial culture were taken from the 200-ml feed
delivered into the sterile stomacher bag at the end of
each feeding session, providing five time points (0.5,
6.5, 12.5, 18.5, and 24.5h). When required, samples
were diluted in 9-ml Maximum Recovery Diluent
(Oxoid Ltd) prior to plating on appropriate micro-
biological media. A minimum of two dilutions were
plated per sample, with 0.2-ml inoculated volumes on
each spread plate. Inoculated samples were tested for
the specific challenge bacteria in the inoculum, and
hygienic control samples were analyzed for all the
challenge bacteria, on each occasion. Individual
methods for microbiological enumeration are detailed
in Table 2.

Analysis

A lower limit of bacterial count enumeration (CFU/g) was
set at 5. As the enteral feeding systems were purposefully
inoculated with challenge bacteria, bacterial count enu-
meration is only reported when appropriate as mean (SD)
of the triplicates for all bacterial strains combined; however,
bacterial growth over time is reported as the mean change
in (A) log bacterial growth over time per bacteria compared
with baseline (the 0.5-h time point), with significant
bacterial growth considered to be >2 Alog.>>*"%

RESULTS
Hygienic control feeding systems

Results from the hygienic control samples of FS1, FS3, and
FS4 were below the level of enumeration (<5 CFU/g) for all
bacteria, at all time points (see Table 3 and 4). In FS2 most
bacteria were consistently below the limit of enumeration
throughout the 24.5-h period, except Bacillus cereus and
Staphylococcus aureus levels, which increased from 18.5h,
reaching Alog of 4.15 and 2.04, respectively, at 24.5 h.

Inoculated challenge feeding systems
FS1
There was no significant growth (>2 Alog) observed for any

of the seven challenge bacteria over time. Overall bacterial
levels were on average 100 (SD, 96) CFU/g at the 0.5-h time
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TABLE 3 Results of hygienic control enumeration (CFU/g) for the challenge bacteria in FS1 and FS2, over time.

Challenge bacteria FS1

Time, h 0.5 6.5 12.5 18.5
Salmonella <5 <5 <5 <5
Bacillus cereus <5 <5 <5 <5
Escherichia coli <5 <5 <5 <5
Staphylococcus aureus <5 <5 <5 <5
Cronobacter sakazakii <5 <5 <5 <5
Listeria monocytogenes <5 <5 <5 <5
Pseudomonas aeruginosa <5 <5 <5 <5

Abbreviations: FS1, enteral feeding system 1; FS2, enteral feeding system 2.

“ALog 2.53 at 18.5h, log 4.15 at 24.5h.
PALog 1.15 at 18.5h, log 2.04 at 24.5h.

TABLE 4 Results of hygienic control enumeration (CFU/g) for the challenge bacteria in FS3 and FS4, over time.

Challenge bacteria FS3

Time (h) 0.5 6.5 12.5
Salmonella <5 <5 <5
Bacillus cereus <5 <5 <5
Escherichia coli <5 <5 <5
Staphylococcus aureus <5 <5 <5
Cronobacter sakazakii <5 <5 <5
Listeria monocytogenes <5 <5 <5
Pseudomonas aeruginosa <5 <5 <5

Abbreviations: FS3, enteral feeding system 3; FS4, enteral feeding system 4.

point and 1557 (SD, 4861) CFU/g at the 24.5-h time
point, representing a mean Alog of 0.5 (range, 0-0.69) over
the 24.5-h time period.

FS2

No significant growth was observed within the first 6.5h;
however, significant growth of six of the seven bacteria was
seen after this time period, with different growth rates depe-
nding on the bacteria (see Figure 2). Salmonella and Escher-
ichia coli had the fastest growth rates, reaching >2 Alog
between the 6.5- and 12.5-h time points, with four of the five
remaining bacteria having growth >2 Alog after the 12.5-h
time point. S aureus increased by only 1.1 log after 24.5h.

FS3

No significant growth was observed within the first 10-12 h;
however, significant growth (>2 Alog) of five of the seven
bacteria was seen after this time period, with growth

18.5
<5
<5
<5
<5
<5
<5

<5

FS2

24.5 0.5 6.5 12.5 18.5 24.5

<5 <5 <5 <5 <5 <5

<5 <5 <5 <5 340 14,000%

<5 <5 <5 <5 <5 <5

<5 <5 <5 <5 14 110°

<5 <5 <5 <5 <5 <5

<5 <5 <5 <5 <5 <5

<5 <5 <5 <5 <5 <5

FS4

24.5 0.5 6.5 12.5 18.5 24.5
<5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5

occurring at different rates depending on the bacteria (see
Figure 3). Significant growth was observed at 12.5h for B
cereus, at 18.5 h for Salmonella, and at 24.5 h for Cronobacter
sakazakii, Pseudomonas aeruginosa, and E coli. Growth of
Listeria monocytogenes and S aureus was minimal and not
significant ( <2 Alog), over the 24.5-h period.

FS4

No significant growth was observed for any of the seven
challenge bacteria over 24.5 h. Overall bacteria levels were
on average 228 (SD 223) CFU/g at the 0.5-h time point and
77 (SD 85) CFU/g at the 24.5-h time point, representing a
mean Alog of —0.08 over the 24.5-h time period.

DISCUSSION

Background bacteria levels in uninoculated hygienic
control samples for both ready-to-hang and reconstituted
powdered enteral feed systems, were very low. All results
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J

Alogbacterial growth, CFU/g

—-B-- Salmonella

—©— Badallus cereus

—@— Escherichia coli

—8— Staphylococcus aureus
—aA— Cronobacter sakazakii
——&-- Listeria monocytogenes

--&-- Pseudomonas aeruginosa

Time, hours

FIGURE 2 Growth of inoculated challenge bacteria over time in enteral feeding system 2 (FS2). 1 L of reconstituted powdered feed,
delivered in 200-ml bolus feeds, five times over 24.5h with feed in the container and delivery set stored at elevated room temperature.
Significant Alog bacterial growth (in CFU/g) of >2 reached after 6.5 h for six of the seven challenge bacteria.

(O8]
1

ALog bacterial growth, CFU/g

——B-- Salmonella
—O— Badallus cereus

—@— Escherichia coli

tylococcus aureis
—=aA— Cronobacter sakazakii
——A-- Listeria monocytogenes

——&—- Pseudomonas aeruginosa

Time, hours

FIGURE 3 Growth of inoculated challenge bacteria over time in enteral feeding system 3 (FS3). 200-ml reconstituted powdered feeds
delivered five times over 24.5 h with empty container and delivery set stored at elevated room temperature. Significant Alog bacterial growth
(in CFU/g) of >2 reached after 12.5h for five of the seven challenge bacteria.

were below the limit of enumeration in three of the four
feeding system scenarios for all bacteria tested over
24.5h. This shows that appropriate hygienic handling
technique can prevent bacterial growth in these three
enteral feeding system scenarios (FS1, FS3, and FS4) and
supports data reported in the literature for use over

241.'%2>3337 However, the exception was growth of B
cereus and S aureus after 18.5h in FS2, where the 1-L of
reconstituted feed was stored between 200-ml feeding
sessions at elevated ambient temperature for 24.5h.
This feeding system design is not in line with guidance
on the maximum hanging time of 4 h for reconstituted
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feeds,>>3%3° so could be considered an unrealistic
scenario. However, these results show that with a
hygienic handling technique, bacterial growth is limited
until 18.5h, although the 4-h hanging time guidance is
appropriate and should be followed.

Of the bacterial inoculation challenges conducted
with storage at elevated ambient temperature in FS1,
FS2, and FS3, the sterile, 1-L, ready-to-hang system FS1
showed the smallest increase in microbial levels, as has
been shown previously.”>**?” As the feed itself was
sterile and sealed and it was not directly inoculated in
this feeding system (only the foil seal and the proximal
cross-spike connector, which would allow introduction
of bacteria into the feed), these results were not
unexpected; however, results across the triplicate tests
were more variable because of the inoculation method on
to the foil seal surface, producing larger SD than those
seen in the other feeding systems. This feeding system
closely mirrored a real-life enteral feeding scenario, with
contamination at key touch points, even though the
bacterial contamination level was considerably higher
than would be likely in an acute or home care setting.
This feeding regimen with boluses of 200 ml delivered at
400 ml/h over 30 min, once every 5h over a 24-h period,
also mirrored bolus feeding regimens**~*® or the repeated
disruption of continuous feeding due to clinical care and
interventions, or activities of daily life which occur in all
healthcare settings. Although overall these results are
very encouraging, bacterial growth may still be possible if
a particularly serious contamination event were to occur.
However, with appropriate precautions in place to reduce
contamination by the user to an acceptable level, it
should be possible to reuse a delivery set that is capped,
attached to a ready-to-hang bottle, and stored at ambient
temperature over a 24-h period. These results highlight
the importance of reusable caps on delivery sets to ensure
they can be safely sealed while stored. Storing the ready-
to-hang bottle and delivery set under refrigeration
conditions would give more confidence, as results from
FS4 demonstrate (see below). If this evidence is used to
change clinical practice it has considerable potential
to reduce delivery set usage and therefore reduce costs to
healthcare systems and plastic wastage.

Results from the bacterial inoculation challenges in
FS2 produced the greatest increases in bacterial growth,
with significant growth occurring after 6.5 h. The initial
inoculation into the feed itself and larger feed volume
(1L) incubated at elevated ambient temperature
between feeding sessions, encouraged greater bacterial
growth levels overall. As both the hygienic controls and
the inoculated challenge for this feeding system showed
significant bacterial growth, it is clear that use of this
enteral feeding system over 24h is most likely to

encourage bacterial growth, especially if there is poor
hygienic handling technique. Although this feeding
system is equivalent to the feeding regimen of FS1, the
key difference is the use of a powdered feed that needed
to be prepared with water by the user instead of a
sterile, sealed ready-to-hang liquid feed. This reconsti-
tuted powdered feed was directly contaminated with
bacteria to replicate poor preparation technique, with
considerable “no flow” time in-between feeding ses-
sions® likely accounting for the significant bacterial
growth rates. However, this scenario could be consid-
ered unrealistic in comparison with current clinical
practice and guidelines, that state a maximum hanging
time for reconstituted powdered feeds of 4h.**3%%
Importantly, no significant bacterial growth was
observed within 4h in this feeding system. Therefore,
if the maximum hanging time guidance of 4h is
followed and effective hygienic handling technique is
used, bacterial growth should be minimal in this feeding
system; however, reuse of containers or delivery sets
beyond 6.5h in this feeding scenario would not be
recommended.

Results from the bacterial inoculation challenge in
FS3 showed significant bacterial growth occurring at
12.5h. In this feeding system, 200-ml boluses of
powdered feed were prepared fresh for each feeding
session and run at 400 ml/h over 30 min, with the
container and delivery set containing residual feed and
stored at elevated ambient temperature between feeding
sessions. In this scenario the feed container was not
emptied of residual feed, cleaned, or rinsed, and the
delivery set remained attached to the container during
storage, detached only to allow addition of the next feed.
The feed was inoculated with bacteria at the point of
each feed preparation. Hanging time guidance of
maximum 4 h for reconstituted feeds was adhered to in
this feeding system. As there was no significant bacterial
growth in hygienic controls for this feeding system and
significant bacterial growth in inoculation challenges did
not occur until 12.5h, it should be possible to reuse this
system with a delivery set that is capped and attached to
a sealed container, stored at ambient temperature over a
10-h period, with appropriate techniques in place to
reduce contamination by the user to an acceptable level.
Therefore, if this evidence is used to change clinical
practice, it has considerable potential to reduce delivery
set and container usage and therefore reduce costs to
healthcare systems and plastic wastage.

The bacterial inoculation challenge in FS4 was a
repeat of FS3, but with the container and delivery
set containing residual feed stored at refrigeration
temperature between feeding sessions, and there was
no significant bacterial growth in this feeding system
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throughout the 24.5-h time period. When compared with
FS3, in which only the storage temperature differed,
these results demonstrate that refrigerated storage at
4-8°C is an effective control to prevent growth of the
challenge bacteria over a 24-h period, with a reused feed
container and delivery set. Therefore, with appropriate
techniques in place to reduce contamination by the user
to an acceptable level, in this enteral feeding scenario it
should be possible to reuse this system with a delivery set
that is capped and attached to a sealed container stored
at refrigeration temperature over a 24-h period. However,
appropriate refrigerated storage needs to be considered,
especially in clinical ward settings, to prevent cross-
contamination between systems. If this evidence is used
to change clinical practice, it has considerable potential
to reduce delivery set and container usage and therefore
reduce costs to healthcare systems and plastic wastage.
There are a few limitations of this research design.
This research was undertaken in vitro, under laboratory
conditions, to mirror real-life clinical practice scenarios;
however, bacterial contamination of enteral feeding
systems being used by patients is not possible or ethical
because of the potential harm that could be caused to
patients. The methodology employed is based on many
studies published in the literature,'®*°*">® which have
shaped the design and safe use of enteral feeding
administration equipment over the last 40 years, and so
the data produced can be considered to be robust and
transferable to real-life clinical practice. However, other
methods used previously*'?*2*373¢5% to swab a pa-
tient's enteral feeding equipment or take samples of feed
from systems being used in clinical practice have been
shown to produce data for similar evaluations of
bacterial growth, although these data do not appear to
differ significantly from that produced in laboratory
tests.”>?>> The hygienic control testing provided
evidence for the inherent presence and growth of the
seven bacteria under investigation only, and the
inoculated challenges provided data on the growth of
the seven challenge bacteria only. Future similar work
with patients to assess and identify the bacterial
presence and growth risk when reusing delivery sets
and containers over 24h should be undertaken to
further explore these findings. In these feeding systems,
considerable repeated bacterial contamination was
introduced to the enteral feeding systems from seven
common bacterial pathogens at 50 CFU/ml per orga-
nism, similar to that used previously.’>*"*® This could
be considered an unrealistically high level of bacterial
contamination that would be highly unlikely to occur in
clinical practice from feed preparation or contaminated
hands/surfaces.?® However, contamination levels
needed to be at high enough levels to imitate a worst-

case scenario of bacterial contamination and ensure a
comprehensive and robust design to assess bacterial
growth. Lower levels of contamination could be
challenged as insufficient and would have affected
repeatability. Similarly, four combinations of bacterial
strains were used, and the mix of strains could have
resulted in impedance of bacterial growth, yet the strain
combinations were carefully considered and trialled to
minimize the possibility of any antagonistic or synergis-
tic effects. The seven bacteria were chosen following an
extensive review of the literature to establish the
common bacterial pathogens known to cause symptoms
or diseases in humans and that have been studied in the
associated literature.®*2320%40:36=3% (Other commonly
found strains of bacteria have also been studied in
enteral feeding systems previously (ie, Klebsiella spp***
or Streptococcus spp).>**° The seven bacteria chosen in
this research were considered representative and
appropriate, with evidence of growth rates in these
types of media. Further bacteria may have different
growth rates in enteral feeding systems, and further
research could explore the bacterial growth rates of
other bacteria and/or other strains of the bacteria
utilized here. Similarly, this study did not assess the
potential for bacterial growth to cause gastrointestinal
or other symptoms in patients. Another potential
limitation is the two main types of enteral feed that
were investigated in this study, namely a sterile,
standard, multinutrient, fiber-containing liquid tube
feed and a pediatric, amino acid-based, multinutrient,
powdered feed. In the literature relatively minor
variations in energy and nutrient density appear to
have little effect on bacterial growth rates®"?*3?;
therefore, these results should be reproducible in other
commonly used commercially available liquid or
powdered enteral tube feeds. Blended (homemade)
feeds have not been tested in this study>>*>>>°'"%3 and
therefore, these results could not be extrapolated for
blended diet feeds, with further research needed before
reuse of containers and delivery sets can be considered
with this feed type. FS2, FS3, and FS4 used a powdered
feed prepared with boiled tap water cooled to 40°C as
per the manufacturer's instructions; however, the
quality and availability of boiled water can vary between
and within countries, as can guidance on what types of
water can be used in enteral tube feeding. Different
types of water were not tested in this research, and as
water can be a source of bacterial contamination, this
needs to be a consideration in the implementation of
any changes to clinical practice.®* Similarly, not all
variations of enteral feeding regimens, that is, volume of
bolus provided, rate provided and time between feeding
sessions, have been explored here; however, from the
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literature and anecdotal feedback from UK healthcare
professionals, FS1, FS3, and FS4 are representative of
24 h feeding regimens typically used in clinical practice.
Furthermore, the controlled temperature scenarios of
simulated elevated room temperature (24.0 + 1.0°C) and
refrigeration at 6.0 + 2.0°C, may not be representative of
storage temperatures in varying geographical locations,
climates and seasons, which should be taken into
consideration regarding the generalizability of these
findings. The wuse or reuse of delivery sets and
containers in a single patient in 24h may not be
appropriate for all patient groups, especially those who
are immunocompromised, have a sensitive gut or are
complex, and in certain acute hospital settings (that is,
intensive care), and any changes to clinical practice
should always be thoroughly risk assessed, ensuring
compliance with infection control guidance and proce-
dures. Furthermore, surveys of healthcare professionals
to determine the incidence of suspected microbial
infection from enteral feeding systems, the under-
standing of guidance and manufacturers information,
and current practice with regard to interpretating
single-patient-use and if delivery sets are used over
24h, may provide further insights into how plastic
equipment use can be reduced.

Overall, these results show that with hygienic hand-
ling technique there is limited bacterial growth within the
modelled scenarios presented here with reuse of delivery
sets and containers, that refrigeration of the delivery set
and container between feeding sessions reduces bacterial
growth risk, and that using small bolus volumes of
reconstituted powder feed reduces bacterial growth risk.
These results indicate that reuse of delivery sets and feed
containers in a single patient over a 24-h period is possible
from a microbiological perspective, if they are refrigerated
at <8°C between uses, even when contamination of the
feed and delivery set occur. Research to further explore
the safe reuse of enteral feeding administration equipment
is needed to confirm these results with the aim to deliver
savings for healthcare systems and environmental benefits
from reduced plastic waste.

AUTHOR CONTRIBUTIONS

Conceptualization and methodology: Gary P. Hubbard,
Johanna Van Wyk, Louise Grinyer, Richard Onley, and
Rebecca J. Stratton. Investigation and acquisition of data:
Gary P. Hubbard, Johanna Van Wyk, Louise Grinyer, and
Richard Onley. Formal analysis: Gary P. Hubbard and
Richard Onley. Writing, specifically original draft prepara-
tion: Gary P. Hubbard. Writing, specifically reviewing, and
editing: Gary P. Hubbard, Johanna Van Wyk, Laura
Forwood, Richard Onley, Louise Grinyer, Sean White,
Carole-Anne Fleming, Janet Baxter, and Rebecca J.

Stratton. Visualization: Gary P. Hubbard and Johanna
Van Wyk. Supervision: Gary P. Hubbard, Johanna Van
Wyk, and Rebecca J. Stratton. Project administration: Gary
P. Hubbard, Johanna Van Wyk, Louise Grinyer, and
Richard Onley. Funding acquisition: Gary P. Hubbard,
Johanna Van Wyk, and Rebecca J. Stratton.

ACKNOWLEDGMENTS

Special thanks to June Swanston, MSc, and Cathy
Sherwood, GIBiol (Leatherhead Research Ltd) for their
contribution to the project.

CONFLICT OF INTEREST STATEMENT
Gary P. Hubbard, Johanna Van Wyk, Louise Forwood,
and Rebecca J. Stratton are employees of Nutricia Ltd.
Sean White is a member of Nutricia tube feeding
Advisory Board. No other conflicts of interest are
declared.

ORCID

Gary P. Hubbard ©® http://orcid.org/0000-0001-6029-6446
Rebecca J. Stratton © http://orcid.org/0000-0003-
3811-3847

REFERENCES

1. Stratton RJ, Green CJ, Elia M. Disease-related malnutrition: an
evidence-based approach to treatment. CABI Publishing; 2003.

2. Ojo O. The challenges of home enteral tube feeding: a global
perspective. Nutrients. 2015;7(4):2524-2538.

3. Smith T, Micklewright A, Amanda H, Rebecca S, Baxter. J.
Artificial nutrition support in the UK 2000-2010. 2011.
Accessed August 14, 2023. www.bapen.org.uk

4. Rebecca S, Evill R, Smith T. Home enteral tube feeding
(HETF) in adults (2010-2015). A report by the British Artificial
Nutrition Survey (BANS)—a committee of BAPEN. 2018.
Accessed August 14, 2023. www.bapen.org.uk

5. Hebuterne X. Home enteral nutrition in adults: a European
multicentre survey. Clin Nutr. 2003;22(3):261-266.

6. Klek S, Pawlowska D, Dziwiszek G, Komon H, Compala P,
Nawojski M. The evolution of home enteral nutrition (HEN)
in Poland during five years after implementation: a multi-
centre study. Nutr Hosp. 2015;32(1):196-201.

7. Wanden-Berghe C, Matia Martin P, Luengo Pérez LM, et al.
Home enteral nutrition in Spain; NADYA registry 2011-2012.
Nutr Hosp. 2014;29(6):1339-1344.

8. Anderton A. Bacterial contamination of enteral feeds and
feeding systems. Clin Nutr. 1993;12(suppl 1):S16-S32.

9. Blumenstein I. Gastroenteric tube feeding: techniques, prob-
lems and solutions. World J Gastroenterol. 2014;20(26):
8505-8524.

10. Weenk GH, Kemen M, Werner H-P. Risks of microbiological
contamination of enteral feeds during the set up of enteral
feeding systems. J Hum Nutr Diet. 1993;6(4):307-316.

11. Belknap DC, Davidson LJ, Flournoy DJ. Microorganisms and
diarrhea in enterally fed intensive care unit patients. JPEN
J Parenter Enteral Nutr. 1990;14(6):622-628.

[umoq ‘0 ‘TSHTIY61

:sdpy woy pap

ASUDII'T SUOWIWOY) dATEAL)) dqedr[dde oY) £q PIUIdA0S 1k S3[ONIE V() SN JO SO[NI 10§ A1eiqr duluQ) AS[IA\ UO (SUOTIPUOI-PUB-SULIA) /WO K1 " ATRIqIAUI[UO//:sd)y) SUONIPUO)) pue swid ] ) 39S [£707/80/67] uo Areiqr surpuQ A3[ipn 1891 £q 8501 1-dou/z001°01/10p/wod Ad[1m K1eiqi[ourjuo’sjeunof



12

HUBBARD ET AL.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Freedland CP, Roller RD, Wolfe BM, Flynn NM. Microbial
contamination of continuous drip feedings. JPEN J Parenter
Enteral Nutr. 1989;13(1):18-22.

Baldwin BA, Zagoren AJ, Rose N. Bacterial contamination
of continuously infused enteral alimentation with needle
catheter jejunostomy—clinical implications. JPEN J Parenter
Enteral Nutr. 1984;8(1):30-33.

Anderton A. The potential of Escherichia coli in enteral feeds
to cause food poisoning: a study under simulated ward
conditions. J Hosp Infect. 1984;5(2):155-163.

Anderton A. Reducing bacterial contamination in enteral tube
feeds. Br J Nurs. 1995;4(7):368-376.

Anderton A, Aidoo KE. Decanting—a source of contamina-
tion of enteral feeds? Clin Nutr. 1990;9(3):157-162.

Anderton A, Aidoo KE. The effect of handling procedures on
microbial contamination of enteral feeds—a comparison of
the use of sterile vs non-sterile gloves. J Hosp Infect. 1991;17(4):
297-301.

Kohn CL. The relationship between enteral formula contami-
nation and length of enteral delivery set usage. JPEN
J Parenter Enteral Nutr. 1991;15(5):567-571.

Beattie TK, Anderton A. Bacterial contamination of enteral
feeding systems due to faulty handling procedures—a
comparison of a new system with two established systems:
bacterial contamination of enteral feeding systems. J Hum
Nutr Diet. 1998;11(4):313-321.

Beattie TK, Anderton A. Microbiological evaluation of four
enteral feeding systems which have been deliberately subjected
to faulty handling procedures. J Hosp Infect. 1999;42(1):11-20.
Beattie TK, Anderton A. Decanting versus sterile pre-filled
nutrient containers—the microbiological risks in enteral
feeding. Int J Environ Health Res. 2001;11(1):81-93.

McKinlay J, Anderton A, Wood W, Gould IM. Endogenous
bacterial contamination of enteral tube feeding systems during
administration of feeds to hospital patients. J Hum Nutr Diet.
1995;8(1):3-8.

McKinlay J, Wildgoose A, Wood W, Gould IM, Anderton A.
The effect of system design on bacterial contamination of
enteral tube feeds. J Hosp Infect. 2001;47(2):138-142.

Patchell CJ, Anderton A, Holden C, MacDonald A,
George RH, Booth IW. Reducing bacterial contamination of
enteral feeds. Arch Dis Child. 1998;78(2):166-168.
Mathus-Vliegen EMH, Bredius MWJ, Binnekade JM. Analysis
of sites of bacterial contamination in an enteral feeding
system. JPEN J Parenter Enteral Nutr. 2006;30(6):519-525.
Patchell CJ, Anderton A, MacDonald A, George RH,
Booth IW. Bacterial contamination of enteral feeds. Arch Dis
Child. 1994;70(4):327-330.

Best C. Enteral tube feeding and infection control: how safe is
our practice? Br J Nurs. 2008;17(16):1036-1041.

Oliviera MH, Bonelli R, Aidoo KE, Batista CRV. Micro-
biological quality of reconstituted enteral formulations used in
hospitals. Nutrition. 2000;16(9):729-733.

Sinha S, Rao S, Lath G. Safety of enteral nutrition practices:
overcoming the contamination challenges. Indian J Crit Care
Med. 2020;24(8):709-712.

Malhi H. Enteral tube feeding: using good practice to prevent
infection. Br J Nurs. 2017;26(1):8-14.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Marion ND, Rupp ME. Infection control issues of enteral feeding
systems. Curr Opin Clin Nutr Metab Care. 2000;3(5):363-366.
Lakananurak N, Nalinthassanai N, Suansawang W, Panarat P.
Optimal hang time of enteral formula at standard room
temperature and high temperature. World J Clin Cases. 2020;
8(19):4410-4415.

Hatakeyama J, Aso S. Bacterial contamination during
continuous administration of liquid enteral nutrition formula
in a sterile sealed bag: a prospective interventional study. Ann
Nutr Metab. 2021;77(1):56-60.

Vieira LV, Pedrosa LAC, Souza VS, Paula CA, Rocha R.
Incidence of diarrhea and associated risk factors in patients
with traumatic brain injury and enteral nutrition. Metab Brain
Dis. 2018;33(5):1755-1760.

Vieira MM, Santos VF, Bottoni A, Morais TB. Nutritional and
microbiological quality of commercial and homeade blender-
ized whole food enteral diets for home-based enteral
nutritional therapy in adults. Clin Nutr. 2016;37(1):1-5.
Lyman B, Gebhards S, Hensley C, Roberts C, San Pablo W.
Safety of decanted enteral formula hung for 12 hours in a
pediatric setting. Nutr Clin Pract. 2011;26(4):451-456.

Lyman B, Williams M, Sollazzo J, et al. Enteral feeding set
handling techniques: a comparison of bacterial growth, nursing
time, labor, and material costs. Nutr Clin Pract. 2017;32(2):
193-200.

PENG: The Parenteral and Enteral Nutrition Group of the
British Dietetic Association. In: Todorovic V, Micklewright A,
eds. A Pocket Guide to Clinical Nutrition. Vol 4th, 2011 ed. BDA.
Boullata JI, Carrera AL, Harvey L, et al.; ASPEN Safe Practices
for Enteral Nutrition Therapy Task Force, American Society
for Parenteral and Enteral Nutrition. ASPEN Safe Practices for
Enteral Nutrition Therapy [Formula: see text]. ASPEN. JPEN
J Parenter Enteral Nutr. 2017;41(1):15-103.

Madden AM, Baines S, Bothwell S, et al. A laboratory-based
evaluation of tube blocking and microbial risks associated with
one blended enteral feed recipe. J Hum Nutr Diet. 2019;32(5):
667-675.

Anderton A, Howard JP, Scott DW. Microbiological control in
enteral feeding. Summary of a guidance document prepared
on behalf of the Committee of the Parenteral and Enteral
Nutrition Group of the British Dietetic Association. Hum Nutr
Appl Nutr. 1986;40(3):163-167.

Hubbard GP, Andrews S, White S, et al. A survey of bolus tube
feeding prevalence and practice in adult patients requiring
home enteral tube feeding. Br J Nutr. 2019;122(12):1271-1278.
Gandy J. Manual of Dietetic Practice. 6th ed. John Wiley &
Sons; 2019.

Bowling TE, Cliff B, Wright JW, Blackshaw PE, Perkins AC,
Lobo DN. The effects of bolus and continuous nasogastric
feeding on gastro-oesophageal reflux and gastric emptying in
healthy volunteers: a randomised three-way crossover pilot
study. Clin Nutr. 2008;27(4):608-613.

Chowdhury AH, Murray K, Hoad CL, et al. Effects of bolus
and continuous nasogastric feeding on gastric emptying,
small bowel water content, superior mesenteric artery
blood flow, and plasma hormone concentrations in healthy
adults: a randomized crossover study. Ann Surg. 2016;
263(3):450-457.

0q ‘0 ‘TSHTIT61

:sdny woiy papeor!

ASUDII'T SUOWIWOY) dATEAL)) dqedr[dde oY) £q PIUIdA0S 1k S3[ONIE V() SN JO SO[NI 10§ A1eiqr duluQ) AS[IA\ UO (SUOTIPUOI-PUB-SULIA) /WO K1 " ATRIqIAUI[UO//:sd)y) SUONIPUO)) pue swid ] ) 39S [£707/80/67] uo Areiqr surpuQ A3[ipn 1891 £q 8501 1-dou/z001°01/10p/wod Ad[1m K1eiqi[ourjuo’sjeunof



NUTRITION IN CLINICAL PRACTICE

13

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Merritt R, DeLegge MH, Holcombe B, Mueller C, Ochoa J,
Smith KR. The ASPEN Nutrition Support Practice Manual.
American Society for Parenteral and Enteral Nutrition; 2005.
National Health Service. Delivering a “Net Zero” National Health
Service. 2020. Accessed June 29, 2022. https://www.england.nhs.
uk/greenernhs/wp-content/uploads/sites/51/2020/10/delivering-
a-net-zero-national-health-service.pdf

Practice Green Health: 25 Hospitals setting the standard for
sustainability in healthcare. 2020. Accessed June 29, 2022.
https://practicegreenhealth.org/about/news/25-hospitals-
setting-standard-sustainability-health-care

Osland EJ, Andersen S, Coleman E, Marshall B. Revisiting the
evidence for the reuse of enteral feeding equipment in ambulatory
patients: a systematic review. Nutr Clin Pract. 2021;36(1):169-186.
Wilkinson E. The implications of reusing single-use medical
devices. Nurs Times. 2006;102(45):23-24.

National Institute of Care and Excellence. Healthcare-
associated infections: prevention and control in primary and
community care. Clin Guideline 139. 2012. Updated February
15, 2017. Accessed August 14, 2023. https://www.nice.org.uk/
guidance/cg139

Medicines and Healthcare Products Regulatory Agency.
Single-use medical devices: implications and consequences of
reuse. 2018. Updated January 2021. Accessed August 14, 2023.
https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/956268/Single_use_
medical_devices.pdf

Vieira MMC, Santos VFN, Bottoni A, Morais TB. Nutritional
and microbiological quality of commercial and homemade
blenderized whole food enteral diets for home-based enteral
nutritional therapy in adults. Clin Nutr. 2018;37(1):177-181.
Juma NA, Forsythe SJ. Microbial biofilm development on
neonatal enteral feeding tubes. In: Donelli G, eds. Biofilm-based
healthcare-associated infections. Advances in Experimental Medi-
cine and Biology. Springer; 2015;830:113-121.

Payne-James JJ, Rana SK, Bray MJ, McSwiggan DA, Silk DBA.
Retrograde (ascending) bacterial contamination of enteral diet
administration systems. JPEN J Parenter Enteral Nutr. 1992;
16(4):369-373.

Moffitt SK, Gohman SM, Sass KM, Faucher KIJ. Clinical and
laboratory evaluation of a closed enteral feeding system under
cyclic feeding conditions: a microbial and cost evaluation.
Nutrition. 1997;13(7-8):622-628.

57.

58.

59.

60.

61.

62.

63.

64.

Jalali M, Sabzghabaee AM, Badri SS, Soltani HA, Maracy MR.
Bacterial contamination of hospital-prepared enteral tube
feeding formulas in Isfahan, Iran. J Res Med Sci. 2009;14(3):
149-156.

Hurrell E, Kucerova E, Loughlin M, Caubilla-Barron J,
Forsythe SJ. Biofilm formation on enteral feeding tubes by
Cronobacter sakazakii, Salmonella serovars and other
Enterobacteriaceae. Int J Food Microbiol. 2009;136(2):
227-231.

Lafourcade P, Boulestreau H, Arnaud-Battandier F, et al. Is a
24-h cyclic closed enteral feeding system microbiologically
safe in geriatric patients? Clin Nutr. 2002;21(4):315-320.
European Union Reference Laboratory. EURL Lm Technical
Guidance Document for conducting shelf-life studies on in Listeria
monocytogenes ready-to-eat foods. Version 3;2014. Accessed
August 14, 2023. https://www.favv-afsca.be/laboratoria/erkende
laboratoria/_documents/EURLLm_TechnicalGuidanceDocument
Lmshelf-lifestudies_V3_2014-06-06.pdf

Johnson TW, Milton DL, Johnson K, et al. Comparison of
microbial growth between commercial formula and blen-
derized food for tube feeding. Nutr Clin Pract. 2019;34(2):
257-263.

Milton D, Murphy B, Johnson TW, et al. Low risk for
microbial contamination of syringe and tube feeding bag
surfaces after multiple reuses with home blenderized tube
feeding. Nutr Clin Pract. 2022;37(4):907-912.

Milton DL, Johnson TW, Johnson K, et al. Accepted safe food-
handling procedures minimizes microbial contamination of
home-prepared blenderized tube-feeding. Nutr Clin Pract.
2020;35(3):479-486.

Fleming C, Jones J, Julian A. Water usage in enteral feeding:
results of a PENG survey. Clin Nutr. 2022;48:493.

How to cite this article: Hubbard GP, Van Wyk
J, Grinyer L, et al. Appropriate handling and
storage reduce the risk of bacterial growth in
enteral feeding systems reused within 24 hours.
Nutr Clin Pract. 2023;1-13.
doi:10.1002/ncp.11058

0Q ‘0 “TSHTIF6I

:sdny woiy papeor!

ASUDII'T SUOWIWOY) dATEAL)) dqedr[dde oY) £q PIUIdA0S 1k S3[ONIE V() SN JO SO[NI 10§ A1eiqr duluQ) AS[IA\ UO (SUOTIPUOI-PUB-SULIA) /WO K1 " ATRIqIAUI[UO//:sd)y) SUONIPUO)) pue swid ] ) 39S [£707/80/67] uo Areiqr surpuQ A3[ipn 1891 £q 8501 1-dou/z001°01/10p/wod Ad[1m K1eiqi[ourjuo’sjeunof



