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ABSTRACT

Background and Objectives: Enteral feeding solutions (gavage) play a vital role in supporting ICU patients who cannot
eat by mouth. However, their preparation is vulnerable to microbial contamination, posing serious health risks. This study
aimed to assess and improve the microbial safety of enteral feeding solutions prepared at Imam Khomeini Hospital in Urmia,
Iran.

Materials and Methods: A three-phase intervention was conducted involving microbial and PCR analyses, source identi-
fication, and corrective measures. Initial testing revealed high contamination levels: coliform bacteria (>5x10% CFU/mL),
fungi (>3x10% CFU/mL), and total mesophilic bacteria (>10* CFU/mL). PCR analysis confirmed the absence of Escherichia
coli and Klebsiella spp. Corrective actions—such as installing UV lighting, implementing enhanced cleaning protocols, and
replacing the mixing device—were introduced.

Results: Post-intervention analyses showed complete elimination of detectable microbial contamination in the gavage solu-
tions.

Conclusion: This study demonstrates that implementing a HACCP-based approach can effectively eliminate microbial con-
tamination in enteral feeding solutions. The findings support the development of national guidelines and highlight the impor-
tance of standardized safety practices to improve patient care in hospital settings.
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MICROBIAL SAFETY OF ENTERAL FEEDING SOLUTIONS

INTRODUCTION

Enteral feeding solutions, often called “gavage”,
play a crucial role in providing nutritional support
to patients in intensive care units (ICUs) who cannot
eat by mouth. These solutions are delivered directly
into the gastrointestinal tract, bypassing oral intake,
and are essential for sustaining the nutritional health
of critically ill patients (1). However, the preparation
and handling of these solutions can lead to microbial
contamination, posing serious risks of infections and
complications, especially for those with weakened
immune systems (2).

Several studies in lIranian hospitals have high-
lighted significant microbial contamination in hospi-
tal-prepared enteral feeding solutions. For instance,
the study “microbiological quality of hospital-pre-
pared blenderised tube feeding in Mashhad, Iran”
examined 24 samples of blenderized enteral feeds
from teaching hospitals. It found high levels of mi-
crobial contamination, including harmful bacteria
like E. coli, Salmonella, and Listeria monocytogenes
(3). In another study, the authors emphasized the
critical importance of maintaining sterile conditions
during enteral feed preparation. They explained that
contamination risks increase without proper aseptic
techniques, leading to potential infections in vulner-
able patients. The authors called for strict hygiene
protocols and staff training. Ensuring an aseptic en-
vironment is essential to protect patient health and
ensure feeding safety (4).

In late 2023, initial studies at Imam Khomei-
ni Hospital in Urmia, Iran, uncovered concerning
levels of microbial contamination in the prepared
gavage solutions. The contaminants identified in-
cluded coliform bacteria, fungi, and aerobic meso-
philic bacteria, all of which can lead to various health
problems such as acute or bloody diarrhea, gastro-
enteritis, food poisoning, sepsis, and systemic fungal
infections (1). Given that these solutions are given to
ICU patients, who are already vulnerable due to their
compromised immune systems, the urgency for im-
mediate action seemed to be clear.

The preparation method at the hospital involved
mixing commercial gavage powders with water in
PET bottles, which were then sent to ICU units. Al-
though this process appeared simple, it was identi-
fied as a major source of contamination. The issue
was further complicated by the absence of national
microbiological standards for enteral feeding solu-
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tions. There were no official guidelines to define ac-
ceptable levels of microbial contamination.

To address this issue, a collaborative effort was
formed. It included the Food and Beverages Safe-
ty Research Center, the Research and Technology
Deputy of Urmia University of Medical Sciences,
and the Research Deputy of Imam Khomeini Hos-
pital. The project focused on implementing a Hazard
Analysis and Critical Control Points (HACCP) plan
to guarantee the microbial safety of enteral feeding
solutions. The HACCP system, which is well-estab-
lished in food safety management, was tailored for
the hospital environment to identify and control
critical points in the preparation process where con-
tamination might occur (5). This study outlines the
results of this intervention, presenting the outcomes
of that intervention, highlighting the identification
of contamination sources, the execution of correc-
tive actions, and the resulting decrease in microbial
contamination. The findings emphasize the necessity
of establishing national standards for enteral feeding
solutions and the importance of ongoing monitoring
to ensure patient safety.

MATERIALS AND METHODS

Study design. This study was conducted in three
phases: (1) assessment of microbial contamination
levels, (2) identification of contamination sources, and
(3) implementation of corrective measures. The study
protocol was approved by the Ethics Committee of
Urmia University of Medical Sciences (Approval No.
IR.UMSU.REC.1402.222).

Microbiological analysis. Samples of hospi-
tal-prepared gavage solutions were collected and
analyzed for microbial contamination. In collabora-
tion with Urmia Food and Drug Administration, the
samples were screened to detect the presence of var-
ious microorganisms, including: mesophilic aerobic
bacteria, Yersinia, Salmonella, coliforms, Listeria
monocytogenes, fungi, and Pseudomonas species.
Subsequent analyses focused on coliforms, fungi, and
mesophilic aerobic bacteria, which were identified as
the main contaminants. Microbial counts were deter-
mined using standard plate count methods, and the
results were compared with the U.S. Food and Drug
Administration (FDA) manual (6). The 1:10 dilution
and the spread plate method were used for bacterial
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cultivation, except for collecting samples from sur-
faces and air. Additionally, YGC medium (Canada,
Quelab) was used for fungal cultivation, VRBA (Can-
ada, Quelab) for coliforms, and Nutrient Agar (Cana-
da, Quelab) for total mesophilic bacteria. The spread
plate method involved spreading a dilution of 10 of
all microbial sample onto the surface of an agar plate
using a sterile L-shaped glass spreader.

PCR methodology. PCR analysis was performed
to detect the presence of E. coli and Klebsiella spp.
In this regard, ten samples were examined. All sam-
ples were transported to the Department of Medical
Microbiology at Urmia Medical School. The samples
were cultured and analyzed.

Bacterial DNA was isolated using Nodex Pro Cata-
log No. NAT0015 (BIO-IDEA, Iran). The Polymerase
Chain Reaction (PCR) was performed using specific
primers (Table 1). PCR mixture (25 pl) consisted of
2X PCR RED Master Mix (Redimix) Cat. Number:
NATOO01 (BIO-IDEA, Iran) (12.5 ul), molecular grade
water (7.5 ul), 1 pl of forward primer, 1 pl of reverse
primer, and 3 pl of DNA template. Thermocycler
(Bio-Rad, USA) was used for PCR for E. coli and mul-
tiplex-PCR for Klebsiella spp. A set of primers target-
ing the uspA gene was used for E. coli detection. The
primers SHV-F, LEN-F, OKP-F and DEOR-R, were
used in a multiplex PCR system for identification of
K. pneumoniae, K. variicola and K. quasipneumoni-
ae, respectively. The PCR products were subjected to
electrophoresis on a 2.5% agarose gel accompanied
by DNA safe Stain (Cinna Gen, Tehran, Iran) and vi-
sualized using a UV-trans illuminator.

Sampling protocols. Potential contamination
sources, including water, ventilation system air, PET

bottles, commercial gavage powder, room air, and
mixing devices, were investigated. Samples were
collected from each potential source and analyzed
for microbial contamination using standard sampling
methods appropriate for each source. Sampling was
conducted over a two-month period (November to
December 2024), three times per week. All samples
were immediately transferred to the laboratory under
controlled conditions with cold chain maintained, and
microbiological tests were performed.

Water samples were collected in sterile plastic con-
tainers following aseptic techniques. Samples were
transported to the laboratory under the cold chain
maintained (ISIR1 4208). Samples were preserved at
4°C and analyzed within 24 hours for microbial con-
tamination, including aerobic plate count, coliforms,
and E. coli. Room air and ventilation system air were
sampled using air sampling devices (settle plates) to
collect airborne microorganisms at various locations
within the room (ISIRI 10847-16). PET bottles were
sampled after rinsing the inner surfaces of PET bot-
tles with a sterile peptone water, then the rinse fluid
was collected (ISIRI 2305).

Sampling of the mixing device was performed
using the swab method. The device was swabbed
from three parts, including (blades, floor, inner
wall, and outlet valve) using sterile swabs moistened
with a neutralizing buffer (INSO 4806). All samples
were collected on separate days, with at least six rep-
licates. All microbiological analyses were performed
in triplicate.

Corrective measures. Following the identifica-
tion of contamination sources, corrective actions
were implemented, which are described in the results
section.

Table 1. Bacteria, primer name, primer sequence, target gene, product size and thermal cycling conditions in this study

Bacteria Primer Primer Sequence Target Size PCR Reference

Name Gene  product program
E. coli uspA 5’-ccgatacgctgccaatcagt-3° uspA 884 bp  94°C for 5 min; 94°C for 2 min, @)

5’-acgcagaccgtaggccagat-3’ 70°C for 1 min, 72°C for 1 min (30
cycles); 10 min at 72°C

K. species SHV-F 5’-getggeggtacacgecageecg-3° blag,,, 995 bp  95°C for 5 min; 94°C for 30 sec; 8)

LEN-F  5’-cacgctgcgyaaactactgacygegeagea-3>  bla, 485 bp 55°C

OKP-F 5’-ggccggygageggggctca-3’ blaOKP 348 bp for 30 sec; 72°C for 1 min (40

DeoR-R 5’°- agaagcatcctgcetgtgeg-3° 3’end of cycles);

the deoR 10 min at 72°C
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RESULTS

Microbial contamination levels. Initial microbi-
al testing of the prepared gavage solutions revealed
microbial counts significantly exceeding internation-
al safety thresholds. Specifically, coliform bacteria
reached 3,000 CFU/mL, fungi exceeded 5,000 CFU/
mL, and aerobic mesophilic bacteria exceeded 10?
CFU/mL. According to U.S. Food and Drug Admin-
istration (FDA) (6), coliforms and fungi should be
absent or below 10 CFU/mL, and aerobic mesophilic
bacteria should not exceed 5000 CFU/mL. These ele-
vated levels indicated major hygienic deficiencies in
the gavage preparation process, posing a health risk
to ICU patients with compromised immune systems.

PCR analysis. PCR testing of ten samples showed no
detectable presence of E. coli or Klebsiella spp. This
suggests that while overall contamination levels were
high, specific high-risk pathogens were not detected
in the tested samples. However, due to the small sam-
ple size, this finding should be interpreted cautiously.

Identification of contamination sources. Gavage
preparation at Imam Khomeini Hospital was carried
out in a designated room (Fig. 1). Following all sam-
plings and analyses, the mixing device was identified
as the main source of contamination, accounting for
over 95% of the microbial load. Minor contamination
was also attributed to airborne fungi in the preparation
area. Figures illustrate the microbial contamination
(coliforms, fungi, and total mesophilic bacteria) in
water, PET bottles, gavage powder (Fig. 2), the venti-
lation system, and room air (Fig. 3).

To confirm the contamination of the mixing device,
sampling was initially conducted in two stages. In the
first step, gavage samples were prepared in two ways:
using the mixing device and manually with a thor-
oughly cleaned hand mixer. These samples were then
subjected to microbial analysis. The results, as shown
in Fig. 4, revealed a significantly higher level of con-
tamination in the gavage samples prepared using the
mixer device. In the next stage, surface swabbing was
performed on three parts of the mixing device, in-
cluding the blades, floor, the inner wall, and the outlet
valve. The results of this sampling are illustrated in
Fig. 5. High contamination levels were found on the
blades and floor as well as the outlet valve, while the
inner wall showed above-threshold levels of fungi and
coliform bacteria.

http://ijm.tums.ac.ir

Fig. 1. Preparation room of gavage solution in Imam
Khomeini Hospital, Urmia, Iran.

Fig. 2. The results depict the number of coliform bacteria,
fungi, and total mesophilic bacteria in the analyzed (a) water
sample, (b) PET bottles, (c) gavage powder.

Fig. 3. The results depict the number of fungi in the ana-
lyzed (a) ventilation system air, (b) room air.
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Coliforms

Mesophilic bacteria Fungi

Fig. 4. The results depict the number of coliform bacteria, fungi, and total mesophilic bacteria in the analyzed gavage solutions

prepared by a hand mixer and a mixing device.

Inner wall
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Blades and floor
—_—

Outlet valve

Fungi
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Fig. 5. The results depict the number of coliform bacteria and fungi, in the analyzed three areas of the mixing device, including

the blades and floor, the inner wall, and the outlet valve.

Implementation of corrective measures. Based
on the findings, inadequate washing and disinfection,
poor room air quality, and the mixing device were
identified as three critical control points. Based on
this, three main interventions were implemented to
address the contamination:

a) UV Lighting Installation: UV lamps were installed
in the preparation area and were operated for 15 min-
utes both before and after each preparation session to
minimize airborne contamination (9).

b) Enhanced Cleaning Protocols: The newly in-
stalled mixing device underwent a thorough cleaning
with hot water and disinfectants, with special attention
paid to hard-to-reach areas like the floor and outlet

610 IRAN. J. MICROBIOL. Volume 17 Number 4 (August 2025) 606-612

tube (10).

¢) Mixing Device Replacement: A new device with
an easily accessible outlet valve was acquired to facil-
itate cleaning and disinfection (11).

Post-intervention testing revealed complete elim-
ination of microbial contamination, with no de-
tectable levels of coliform bacteria, fungi, or aer-
obic mesophilic bacteria in the gavage solutions
(p<0.05). It is important to note that post-interven-
tion tests were conducted using the same method
as the pre-intervention tests. The results exceed-
ed expectations, confirming the effectiveness of
the interventions. The results are summarized in
Table 2.

http://ijm.tums.ac.ir
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Table 2. Microbial counts before and after intervention

Microorganism Pre-Intervention Post-Intervention

(CFU/mL) (CFU/mL)
Coliform bacteria 3000 + 400, n=10 0,n=10
Fungi >5000, n=10 0,n=10
Aerobic mesophilic >104, n=10 0,n=10
bacteria
n: Sample size
DISCUSSION

This study highlights the urgent need for standard-
ized safety protocols and ongoing microbiological
monitoring of enteral feeding solutions in hospitals
across Iran. The significant levels of microbial con-
tamination found in the initial analysis align with
results from other research conducted in similar en-
vironments. Hubbard, Van Wyk (12) reported that
inadequate handling and storage of enteral feeding
solutions were the major factors contributing to mi-
crobial contamination in hospital settings.

Despite the promising outcomes, this study had cer-
tain limitations. The PCR sample size was relatively
small (only ten samples), which may limit the gener-
alizability of the findings regarding the absence of E.
coli and Klebsiella spp. Additionally, the study was
limited to a single hospital setting, and the findings
may not fully represent conditions in other Iranian
healthcare facilities. The effectiveness of the interven-
tions, particularly the use of UV lighting, enhanced
cleaning protocols, and mixing device replacement,
highlights the importance of addressing critical con-
tamination points. These interventions are not only
practical but also cost-effective in the long run, as
they can reduce infection-related complications,
which can lower treatment costs and hospital stay du-
rations. Ultimately, these improvements contribute to
improved patient safety and overall hospital hygiene.

Comparison with other hospitals in Iran. Nu-
merous studies have reported disturbingly high rates
of contamination in hospital-prepared enteral feed-
ing solutions in various regions of Iran:

Isfahan: An investigation of hospital-prepared tube
feedings from three ICUs in Isfahan showed that
70% of samples were contaminated with coliforms
and 90% with Staphylococcus aureus at the time of
preparation. After 18 hours of storage, these numbers
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rose to 90% and 95%, respectively, indicating rapid

microbial proliferation during storage (13).

Kerman: A study conducted in Kerman found vari-
ous pathogens, including E. coli and Klebsiella pneu-
moniae, in blenderized feedings, with average bacte-
rial contamination levels reaching 5.5 x 10® CFU/ml.
In contrast, commercial feeding solutions showed
contamination levels below 1 CFU/mL, indicating
better microbial safety (14).

Tabriz: Research in Tabriz assessed the nutrition-
al adequacy and bacterial contamination of enteral
feedings used in ICUs. The findings revealed that
while blenderized tube feedings had a higher energy
density compared to commercial powder feedings,
33% of commercial samples were found to contain
coliforms, and E. coli was only found in commercial
preparations. No Staphylococcus aureus, Salmonel-
la, or Listeria monocytogenes were detected in either
type of the feeding (15). The high contamination lev-
els reported in these studies can be linked to several
factors commonly found in Iranian hospitals, includ-
ing poor preparation practices, inadequate equip-
ment sanitation, and environmental contamination.

Recommendations for mitigation. Based on find-
ings from this and other studies conducted in Iranian
hospitals, to tackle the significant problem of micro-
bial contamination in enteral feeding solutions, the
following measures are suggested:

a) Adoption of Commercial Enteral Feeding Prod-
ucts: Studies have shown that commercial enteral
feeding products have much lower contamination
rates than those prepared in hospitals using blenders.
Switching to these sterile, commercially available
options can significantly reduce the risk of microbial
contamination (16).

b) Regular Microbiological Monitoring: There is a
need for routine testing of the enteral feeding solu-
tions for microbial contamination. Setting up regular
monitoring schedules allows for the early detection of
any contamination and timely corrective actions (17).

c) Staff Training and Education: Regular training
programs that emphasize proper hygiene practices,
equipment sanitation, and safe preparation tech-
niques are essential. Equipping healthcare workers
with the necessary knowledge and skills can signifi-
cantly improve the microbiological safety of the en-
teral nutrition.

d) Environmental Controls: Keeping a controlled
environment in preparation areas, which includes

IRAN. J. MICROBIOL. Volume 17 Number 4 (August 2025) 606-612 611


http://ijm.tums.ac.ir/

MOHAMMAD YOUSEFI ET AL.

managing air quality and adhering to regular clean-
ing protocols, can help minimize the risk of airborne
contaminants entering feeding solutions.

e) Development of National Standards: The absence
of national standards and protocols for enteral feed-
ing solutions in Iran poses a serious challenge to pa-
tient safety. There is an urgent need to establish these
standards in line with international guidelines. This
study supports the creation of a national policy for
preparation and monitoring of enteral feeding solu-
tions, along with regular audits to ensure adherence.

CONCLUSION

This study demonstrated that a HACCP-based
approach can effectively reduce microbial contami-
nation in enteral feeding solutions. The findings un-
derscore the need to establish national standards and
conducting regular monitoring to guarantee the safe-
ty of these solutions in hospitals across Iran. Future
research should evaluate the long-term sustainability
of these interventions and their potential use in other
healthcare environments.
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