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Practical application of bacteriophage in food manufacturing
facilities for the control of Listeria sp.
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Abstract
Listeria monocytogenes is a foodborne pathogen with the ability to persist and form

Tyson Foods, Inc., Chicago, Illinois

3

Pathobiology and Population Medicine,
College of Veterinary Medicine, Mississippi
State University, Mississippi State, Mississippi

biofilm matrices in processing environments of food manufacturing facilities. Bacteriophages are bacterial viruses with host specific lethality. Published research on the
application of phage to control Listeria sp. in manufacturing environments is limited.
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In this study, we have assessed the capacity of bacteriophage P100 (Listex™) to
reduce incidence of Listeria sp. in the ready-to-eat (RTE) environment of refrigerated
(4 C) and ambient (20 C) temperature facilities using two different application strategies. A moderate application applied as a single treatment every 24 hr over three
days (2 × 107 PFU/ml) and an intensified application applied once every 6 hr over a
24 hr period (1 × 108 PFU/ml). Environmental nonfood contact surface (NFCS) samples were collected and analyzed for the presence of Listeria sp. before and after
treatment. When the moderate treatment protocol was applied the incidence of positives decreased from 51.3 to 17.5% in the 4 C environment and from 67.5 to 23.1%
in the 20 C production area. For the intensified phage treatment method, the initial
positive rate in the 4 C environment ranged from 5 to 47.5%, with an overall 43%
reduction in Listeria sp. In the 20 C facility, initial environmental Listeria sp. ranged
from 15 to 50%, with an overall reduction of 32% after treatment with phage P100.
Data indicate the application of Listeria specific phage P100 in RTE food production
environments by either the moderate or intensified application method can reduce
incidence and be considered an additional intervention strategy for controlling this
pathogen on NFCS.
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I N T RO DU CT I O N

postlethality exposed RTE products. These strategies include, the development of Good Manufacturing Practices (GMP), Sanitation Standard

Listeria monocytogenes is a pathogen of significant public health

Operating Procedures (SSOP), facility design and equipment design

concern and food manufacturing facilities are required to operate

criteria for effective sanitation and to prevent environmental harborage

under conditions that prevent contamination of ready-to-eat (RTE)

of Listeria spp. Additionally, food manufacturers have implemented Envi-

foods with this organism. The primary vector for contamination of

ronmental Monitoring Programs (EMP's) for detection of Listeria spp. in

food

the

the manufacturing environment, so they can implement mitigation strate-

manufacturing environment (Butts, 2003; U.S. Department of Agricul-

gies when the organism is found (Tompkin, 2002). However, a recent

ture, Food Safety and Inspection Service, 2014). To mitigate the risk

study by Reinhard et al. (2018) reported Listeria spp. prevalence in differ-

of cross-contamination, food manufacturers have developed numer-

ent RTE food manufacturing plants ranged from 0 to 36.0%. This rate of

ous intervention strategies for the control of L. monocytogenes in

Listeria spp. findings indicates the food industry needs to continue to

by

L.

monocytogenes
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is

cross-contamination

from
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investigate innovative risk mitigation methods/technologies for the
reduction of Listeria spp. in the RTE manufacturing environment.

2.2 | Commercial bacteriophage preparation and
treatment method

Bacteriophages (phages) are viruses that infect specific bacteria
and are harmless to humans, animals, and plants (Greer, 2005). Phages

PhageGuard Listex™, a Listeria specific bacteriophage, was procured

are the most abundant organism on earth, and their role in the environ-

from Micreos Food Safety B.V. (Wageningen, The Netherlands), with

ment is generating interest in the food and healthcare industries

a titer of 2 × 1011 PFU/ml. Phage concentrate was diluted to achieve

(Fernández, Gutiérrez, & García, 2018; Manrique, Dills, & Young, 2017;

concentrations of approx. 2 × 107 and 1 × 108 pfu/ml in commercially

Sulakvelidze, Alavidze, & Morris Jr., 2001).

produced spring water obtained from a local food market. Since phage

The first approval for a commercially available phage preparation
to be applied directly to food was issued in 2006 by the FDA. The

are sensitive to low level chlorine present in potable drinking water,
unchlorinated spring water had to be used for the study.

product, ListShield™ (Intralytix, Inc., USA), consisted of a cocktail of

The prepared phage suspension was sprayed directly into the

phages with broad spectrum efficacy. Since that initial product offer-

RTE food manufacturing environment using a commercially avail-

ing several other phage preparations have been commercialized, such

able hand sprayer (Braber Equipment Ltd. Abbotsford, BC Canada).

as EcoShield (Intralytix, Inc., USA), Agriphage (Omnilytics, Inc., USA),

Ten liters of the phage suspension was sprayed into the RTE

and PhageGuard Listex P100 (Micreos Food Safety, The Netherlands).

processing environment, covering 1,000 ft2, until the area was satu-

PhageGuard Listex™ is USDA/FDA GRAS approved and is accepted

rated (visibly wet). For the moderate method of application, the

as a processing aid in Australia, New Zealand, Israel, Switzerland, The

RTE manufacturing environment was treated with a 2 × 107

Netherlands (EU), and Canada.

PFU/ml phage suspension once per day for three applications

Intervention strategies using phage have been developed to con-

(immediately after sample collection, 24 and 48 hr). For the intensi-

trol foodborne pathogens in pre and postharvest foods, including fruit

fied method of application trials, the RTE environment was treated

(Oliveira et al., 2014), vegetables (Oliveira, Abadias, Colàs -Meda,

with a high concentration of 1 × 108 PFU/ml phage suspension

Usall, & Viñas, 2015), fish (Soni & Nannapaneni, 2010a), fresh and

every six hours for three applications (immediately after sample col-

RTE meats (Chibeu et al., 2013). Control using phage is gradually

lection, 6 and 12 hr).

being accepted as a natural technology (Endersen et al., 2014; Moye,
Woolston, & Sulakvelidze, 2018). Phage application in the food industry has been studied and shown effective by several authors, and pub-
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Sample collection

lished research studies have looked at direct application of phage into
or onto foods (Chibeu et al., 2013; Gutierrez, et al., 2017; Sillankorva,

For the moderate phage application trial, two different production

Oliveira, & Azeredo, 2012). However, research investigating the use

facilities were studied: one operating at refrigeration temperature

of phage to target specific environmental pathogens has not been

(4 C) and one operating at ambient temperature (20 C). A total of

studied. The purpose of this study was to identify and evaluate two

160 NFCS sponge samples were collected from each production facil-

different phage application methods that could be used by food man-

ity. Forty samples were collected before the initial treatment, and the

ufacturers to reduce the presence of Listeria spp. in the RTE

same sites were sampled prior to each subsequent treatment

manufacturing environment.

(@ 24 and 48 hr) and 24 hr after the last treatment (@ 72 hr). For the
intensified application method, a total of six different trials per production facility were studied. A total of 80 NFCS samples were col-

2

MATERIALS AND METHODS

|

lected from each production facility. Forty samples were collected
before initial treatment and at the same sites 6 hr after final phage

2.1

|

Food processing plants

treatment was applied.
EZ Reach™ Sponge Samplers with a polyurethane Sponge, 24 oz

Eight food processing establishments were evaluated that operated at

sample bag, 10 ml HiCap Neutralizing Broth and attached glove pack

two different environment temperatures (4 and 20 C). Four facilities

(World Bioproducts, Mundelein, IL) were used for sample collection.

were inspected by the United States Department of Agriculture, Food

Premoistened sponge samplers were aseptically removed from the

Safety Inspection Service (FSIS) while the other four facilities were

sample bag, and an approximate area of 12 × 12 inches was

regulated by the U.S. Food and Drug Administration (FDA). The FSIS

swabbed by applying pressure and swabbing in a horizontal direc-

regulated establishments produced RTE meat and poultry products,

tion, followed by swabbing in a vertical direction. If the specific

and the FDA regulated establishments produced RTE bakery items

dimensions of the location being sampled was less than 12 × 12

and assembled RTE sandwiches. All facilities were in the Midwest

inches, all available area on the target site was sampled following the

region of the United States and all facilities were operating with a

horizontal and vertical sampling technique. The sponge sample was

Listeria environmental monitoring program in place to meet the regu-

then transferred back to the sample bag and the attached handle

latory requirements of either the FSIS or FDA. All facilities selected

twisted off and discarded. All samples were stored and shipped

for this study had recently identified the presence if Listeria spp. in

refrigerated (≤7 C) overnight to the testing laboratory. Testing was

the RTE production environment.

started within 36 hr of sample collection.
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Microbiological analyses

each day during the trials. Analysis shown in Table 1 indicate a 66%
reduction in the number of positive results at both 4 and 20 C. Statis-

At the laboratory, 60 ml of prewarmed Listeria Special Broth (Bio-rad

tical analysis indicated treatment of the RTE production area with

Laboratories, Inc. Hercules, CA) was added to each sample bag. The

phage following the moderate application method had a significantly

liquid was then expressed through the sponges at least ten times by

reduced incidence (p ≤.05) of positive findings from initial sample

hand-squeezing, after which all samples were incubated at 30 C for

results at both operational conditions (4 and 20 C). There was no dif-

25 ± 1 hr. DNA extraction and PCR plate preparation were performed

ference (p >.05) observed in the reduction of Listeria spp. between

using the Bio-Rad iQ-check™ Prep automated sample handler. Sam-

manufacturing locations (operational temperature of 4 and 20 C)

ples were dispensed into a deep well plate, which was transferred

when treating with phage following the moderate application method.

onto the sample handler. Bacterial genomic DNA was extracted from

Intensive application of phage comprised of treating the RTE produc-

the enriched samples using the iQ-check™ Listeria spp. kit according

tion area every six hours over the course of one production day. Results

to manufacturer's instruction (Bio-rad Laboratories, Inc. Hercules, CA).

in Figures 2 and 3 show there was a decrease in the incidence of positive

A five-μl aliquot of each extracted DNA sample was suspended in

Listeria spp. findings at all six manufacturing facilities after intense applica-

45-μl of PCR solution containing fluorescent probes and amplification

tion. The reduction after treatment occurred at all locations when phage

solution for the real-time PCR reaction. The PCR plate was removed

was applied by the intensified application method. Analysis of data for

from the IQ-Check Prep, sealed and transferred into the CFX thermal

each of three manufacturing plants operating at 4 C (Table 2) showed

cycler. Prescription and control of the cycler was carried out by CFX

mixed significance in the reduction of Listeria spp. In the first plant operat-

manager™ IDE software (Bio-rad Laboratories, Inc. Hercules, CA).

ing at 4 C there is a significant (p ≤.05) reduction in the incidence Listeria

Results were interpreted by the IDE software (algorithm analysis of

spp. but in the two subsequent plants no significant difference (p ≤.05)

the quantification cycle [Cq] values of each sample). Values obtained

was observed despite a reduction. In food manufacturing facilities operat-

that were Cq≥10 were considered to be positive for Listeria spp.

ing at 20 C there was a significant reduction in Listeria spp. after the
intensified application method in two of the three manufacturing plants
(Table 3).

2.5

|

statistical analysis

The results of each treatment by sample location are shown in
Table 4. This data shows information on the effectiveness of each

The Generalized Linear Mixed Models procedure was used to analyze
the main effects and interactions of sampling location, treatment
intensity, and room temperature on the differences in mean percent
positive results (SAS Institute Cary, NC).

TABLE 1
application

Incidence (%) of Listeria spp. following moderate phage

Room temperature

3

|

4 C

RESULTS

Moderate phage application method involved treating the RTE production area once per day for three consecutive days and analyzing
for Listeria spp. after each treatment. Figure 1 shows the decline by
day with modified phage treatment and that the decline occurred

F I G U R E 1 Listeria spp. incidence in
two different plant food production plant
RTE environments before and after
moderate phage treatment, when treated
with a single application of a 2 × 107
PFU/ml phage concentration and tested
at 24, 48 and 72 hr (n = 40)

20 C

Before phage application

51.3

ac

67.5ac

After three phage treatments

17.5bc

23.1bc

Note: a,b—percentage within the same column with different superscripts
were significantly different (p ≤.05). c—percentage within the same row
with same superscripts were not significantly different (p >.05).
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F I G U R E 2 Listeria spp. incidence in
three different food production plants
operating at refrigerated (4 C)
temperature in the RTE area before and
after intensified phage treatment, when
treated with three applications of a
1 × 108 PFU/ml phage concentration and
tested 6 hr post final phage
application (n = 40)

F I G U R E 3 Listeria spp. incidence in
three different food production plants
operating at ambient (20 C) temperature
in the RTE area before and after
intensified phage treatment, when treated
with three applications of a 1 × 108
PFU/ml phage concentration and tested
6 hr post final phage application (n = 40)

T A B L E 2 Incidence (%) of Listeria spp. following intensive phage
application in facilities operating at 4 C

T A B L E 3 Incidence (%) of Listeria spp. following intensive phage
application in facilities operating at 20 C
Plant

Plant
1

2

3

Before phage application

47.5a

22.5a

5.0a

After three phage treatments

27.5b

15.0a

0.0a

Note: a,b—percentage within the same column with different superscripts
were significantly different (p ≤.05).

1

2

3

Before phage application

45.0a

15.0a

50.0a

After three phage treatments

22.5b

12.5a

40.0b

Note: a,b—percentage within the same column with different superscripts
were significantly different (p ≤.05).

4

|

DI SCU SSION

treatment in reducing Listeria spp. incidence by site type. Reduction of Listeria spp. for the modified application method showed

To our knowledge, the use of bacteriophage for reducing the inci-

site reduction rates for Listeria spp. from 40 to 100%, while for the

dence of Listeria sp. in RTE food plant environments has not been

intensified application method these reductions ranged from 23 to

investigated. The data from this study demonstrates that the applica-

100%, with the exception of a single caster site. This information

tion of a Listeria specific phage in RTE food production environments

could be useful for a food manufacturer when deciding what type

by either the moderate or intensified application method can be an

locations to potentially treat with phage using either application

additional intervention strategy for controlling this pathogen on

method.

NFCS. Moderate application resulted in a 66% reduction in Listeria
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TABLE 4

Distribution of positive Listeria samples and percent reduction after moderate and intensified bacteriophage application
Moderatea application



4 C



20 C

Intensiveb application

72 hr

No. positive
before
treatment

No. positive
after treatment
(% reduction)

No. positive after treatment (% reduction)

Sample site

No. positive
before
treatment

24 hr

48 hr

Walls/windows/curbing

5

4

3

3 (40)

12

8 (33)

Drains

—

—

—

—

7

5 (28.5)

Freezer doors/door seals

—

—

—

—

5

2 (60)

Door frames/seals

—

—

—

—

3

1 (66)

Equipment framework

4

3

2

1 (75)

1

0 (100)

motors

—

—

—

—

1

0 (100)

wheels/casters

—

—

—

—

1

1 (0)

floors/curbing

15

10

8

5 (66)

—

—

catch pan

1

1

0

0 (100)

—

—

water pipe

1

0

0

0 (100)

—

—

barrel

1

1

1

0 (100)

—

—

TOTAL

27

19

14

9 (66)

30

17 (43)

Walls/windows/curbing

2

2

2

0 (100)

9

6 (33)

Drains

3

3

2

0 (100)

2

1 (50)

Door frames/seals

—

—

—

—

4

3 (25)

Equipment framework

3

3

2

0 (100)

14

9 (32)

wheels/casters

—

—

—

—

2

1 (50)

floors/curbing

13

13

8

7 (46)

13

10 (23)

TOTAL

21

21

14

7 (66)

44

30 (32)

a

Moderate application = One application per day for three consecutive days.
Intensive application = Three applications every 6 hr over a 24 hr period.

b

prevalence at both environmental temperatures, while the intensified

with L. monocytogenes. Effectiveness of the commercially available

application resulted in reductions of 43 and 32% in the 4 and 20 C

P100 phage has been evaluated using several food product types indi-

processing environments, respectively. Since the two application

cating efficacy varies and is dependent on multiple factors including

methods resulted in similar Listeria spp. reductions in RTE manufactur-

application method, food surface and phage concentration. Soni and

ing areas, a facility could implement either application method as an

Nannapaneni (2010a) observed a 1.8–3.5 log reduction of Listeria on

additional hurdle in their sanitation programs for the control of Listeria

raw salmon fillets stored at 4 or 22 C after using 108 PFU/g of P100.

spp. in the RTE food production environment. This could reduce the

Chibeu et al. (2013) compared efficacy of antimicrobials potassium

risk of product contamination with L. monocytogenes and reduce the

lactate and sodium diacetate with P100 in RTE roast beef and turkey

risk of an outbreak or recall due to product contamination. The mod-

stored at 4 and 10 C. Their results showed that P100 causes an initial

erate method would be appropriate in on-going control circumstances

reduction of L. monocytogenes of between 1.7 and 2.1 log CFU/cm2.

since the application is once per day and less resource intensive than

Oliveira et al. (2014) contaminated melon and pear slices with

the intensified application. The intensified application could be used

L. monocytogenes, treated with P100 and stored at 10 C. After 2 days

when immediate outcomes are required.

they observed a 1.5 log reduction on slices and reported reductions of

The two main areas for investigation of phage application in the

between 2.5 and 4.0 log in melon and pear juice. However, under the

food industry are as pre and postharvest interventions. In primary pro-

same treatment conditions P100 had little effect on lower pH apple

duction phages have been studied for control of Salmonella and Cam-

slices and apple juice. Their results indicate that P100 could be used

pylobacter in poultry, control of Salmonella in swine, and Escherichia

to inhibit Listeria growth on fresh-cut and in fruit juices with high pH

coli O157:H7 in cattle. Research in postharvest application has

during storage at 10 C. Additionally, research has been conducted

focused on similar applications including Listeria control on fruits and

evaluating the efficacy of P100 against Listeria on common food con-

vegetables plus RTE meats (Endersen et al., 2014). PhageGuard

tact and NFCS materials. Gutierrez et al. (2017) investigated the use

Listex™ is a concentrated solution of phage P100 characterized by its

of P100 to remove biofilms on stainless steel and polystyrene sur-

efficacy against a broad host range of Listeria spp. It can be used as a

faces. Their results showed that P100, at a concentration of 108

processing aid to treat food products that are prone to contamination

PFU/well, reduced L. monocytogenes levels by 4.5–6.9 log on
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polystyrene,

and

halogen-based such as chlorine and iodine, and mixtures of peroxide

Nannapaneni (2010b) reported reductions of 3.5–5.4 log/cm2 in

and

2.7–4.9

log

on

and peroxyacid (PAA). These sanitizers can inactivate phages and

L. monocytogenes levels on stainless steel surfaces after treatment

reduce their effectiveness necessitating the application of phage and

with 109 PFU of the P100 phage. Reinhard et al. (2020) investigated

sanitizer separated by time. If there are several bacterial pathogens or

the efficacy of P100 against L. monocytogenes on stainless steel,

spoilage types present in a food, or food production environment,

polyurethane thermoplastic belting, and epoxy flooring surfaces at

then due to their specificity, phage will only reduce prevalence of the

two concentrations (2 × 10 and 1 × 10 PFU/cm ) and two dwell

targeted microorganism (Moye et al., 2018). Therefore, the use of

times (1 and 3 hr). Reductions ranged from 1.17 to 3.33 log

phage in a food manufacturing facility should occur after cleaning and

CFU/cm2 depending on the material, phage concentration and dwell

sanitation, and would be an additional intervention, not a replace-

time. While data from these studies have demonstrated the effec-

ment. Additionally, phage are more effective when in moist environ-

tiveness of phages on common food contact surface coupons in a

ments (Moye et al., 2018). One element of controlling Listeria used in

laboratory setting, this study provides real-world data on the effec-

RTE food production environments, is to keep the area, especially

tiveness of a Listeria specific phage on wild-type strains that were

floors, as dry as possible. Given that moisture is needed to support

present in federally inspected food processing facilities.

transfer and growth of microorganisms, floors can become a perfect

7

stainless

8

steel.

Soni

2

Although several phages, including phage P100, have been

medium

for

pathogen

growth

and

cross

contamination

approved by regulatory agencies for the control bacteria in food and

(Tompkin, 2002). In an effort to control the establishment and persis-

agriculture, there are still many unanswered questions. For example,

tence of microbial biofilms, food processors have typically used sani-

little is known concerning the incidence and development of resis-

tizing chemicals such as PAA and QAC applied to floors after all

tance of Listeria to phage P100. Limited data is available concerning

equipment has been cleaned and sanitized. Also, as a prophylactic

the development of resistance in L. monocytogenes to phage P100.

measure, powdered sanitizers such as QAC and hydrogen peroxide,

Fister et al. (2016) screened naturally occurring L. monocytogenes iso-

are applied at regular intervals throughout the production day to man-

lates in dairy plants and found that 2.7% of all those analyzed showed

age any incidental contamination (Ceylan, 2011). While this approach

no or markedly reduced susceptibility to phage P100. Further exami-

has proven effective, other nonchemical treatment options, such as

nation showed that all insensitive isolates were associated with phage

bacteriophage application, are gaining interest. Data from this study

treatment application in each respective facility and that they

and previous evaluations on epoxy floor tiles show some promise as

belonged to two different serotypes and four different PFGE types,

an additional intervention and would require the manufacturing plant

indicating that the detected isolates were not clones. These findings

to assure treatment areas remained moist when applying a phage

suggest that insensitivity to phage P100 had developed independently

treatment.

and development of phage resistance in L. monocytogenes is not spo-

There are specific areas in some food plants where the use of this

resistant

phage treatment could be extremely beneficial and effective. As an

L. monocytogenes isolates had a one-point mutation with subsequent

example, spiral freezers can be problematic as a source for the harbor-

receptor site modification leading to phage insensitivity. Guenther

age of Listeria. The use of phage treatment on the inside (floor and

and Loessner (2011) and Vongkamjan, Roof, Stasiewicz, and

wall seams, cooling coils) and outside of freezers may be an effective

Wiedmann (2013) have also documented the occurrence of phage-

control strategy for preventing the development of niches within

resistant isolates after phage application. Data from their published

these units. Another utility of treating the environment with phage

research indicate that development of Listeria strains with reduced

could be in environments in which it is difficult to keep the floors dry,

susceptibility to phage P100 is a challenge for manufacturers of phage

such as in a hot dog peeling operation and in some vegetable

treatments and for the food industry.

processing facilities. Repeated applications of phage during the pro-

radic.

Further

investigation

revealed

that

phage

While the results are favorable and show reductions in the inci-

duction cycle, such as the intensified treatment evaluated in this

dence of Listeria after both phage treatment methods, there are limita-

study, could serve to prevent the ingress of Listeria in these areas, and

tions for use in some food production environments. Phages must

to further areas downstream in the process. Additionally, the use of

first come in contact with susceptible cells to initiate the lytic cycle.

phage in food production facilities is a novel approach and could be

As phages are nonmotile the effectiveness of treatments is dependent

viewed as a more natural, biological alternative to chemical based

on concentrations used. No previous research has been reported on

solutions.

the use of Listeria specific phage in RTE food production environments. Based on data reported from previous coupon studies, this
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