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HIGHLIGHTS
 Three out of 100 (3%) hamburger samples were biochemically diagnosed as Listeria contamination.
 Two isolates were confirmed by molecular identification assay to be L. monocytogenes.
 Risk assessment surveys are required for L. monocytogenes in other food products in the country.
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PCR=Polymerase Chain Reaction

ABSTRACT
Background: Listeria monocytogenes is a Gram-positive and facultative anaerobic foodborne bacterium which is capable of intra and extra cellular growth. L. monocytogenes
usually can exist on different surfaces and instruments at production and processing sites
of food products with animal origin. In Iran, the consumption of burger has increased
recently, but its safety is still of great concern. Despite few reports from some areas of
Iran, there is limited information about burger contamination in Kerman province.
Therefore, this research was set to molecular identification of L. monocytogenes in
hamburgers distributed in Kerman, Iran.
Methods: A total of 100 raw hamburgers were collected from 20 fast food/sandwich
shops in Kerman city, Iran during summer 2014. The hamburgers stored in ice box and
transported to the food hygiene laboratory. The samples were microbiologically
analyzed for the presence of L. monocytogenes. The isolated bacteria were confirmed by
molecular assay.
Results: Three out of 100 (3%) hamburger samples were biochemically diagnosed as
Listeria contamination; however molecular identification assay confirmed that two of
them were L. monocytogenes.
Conclusion: Although the prevalence rate of L. monocytogenes was not high in
hamburger samples of Kerman, the risk of human listeriosis must not be ignored or
underestimated. Further surveys are required in future for risk assessment of this pathogenic bacterium in other food products distributed in the country.

Introduction
Listeria monocytogenes is a Gram-positive and facultative anaerobic food-borne bacterium which is capable of
intra and extra cellular growth. It is one of the most important bacterial agents with high dispersion in the environment. The agent is found in soil, water, human/animal
feces, vegetables, raw meat, fish, meat products, milk,
*

etc. that may be pathogenic for human beings. This psychrophilic bacterium grows easily at the 0-45 °C and 4.44.9 pH levels (Buchanan et al., 2017; Jarvis et al., 2016;
Zamani-Zadeh et al., 2011). L. monocytogenes usually
can exist on different surfaces and instruments at production and processing sites of food products with animal
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origin (Carpentier and Cerf, 2011). In contrast to its low
prevalence, the mortality rate of L. monocytogenes is
relatively high (Jay et al. 2005). The Polymerase Chain
Reaction (PCR)-based methods with high specificity and
sensitivity are efficient for detection and identification
and are applicable when antibiotic therapy decreases the
isolation sensitivity. After one stage of selective enrichment, the direct PCR diagnosis is feasible which implies
the necessity of enriching substances to achieve reliable
results. The virulence genes of Listeria is actA gene
which develops the polymerization of host cell skeletal
actin and make feasible movements of bacteria among
host cells; and iap gene which encodes the P60 protein
that promotes the cell invasion. These genes are
specifically used to confirm the identification of L.
monocytogenes isolates (Liu, 2008; Longhi et al., 2003;
Manzano et al., 1998; Travier and Lecuit, 2014;
Zunabovic et al., 2011).
L. monocytogenes causes different diseases and symptoms in human like abortion, newborn septicemia, uterine
granulomatosis, encephalitis, etc. The risk of this pathogen exists in the unheated as well as chilled stored food
products such as hamburger (Chen et al., 2017; Friedly et
al., 2008; Jalali and Abedi, 2008; Jay et al., 2005; Wong
et al., 2012; Yucel et al., 2005). In Iran, the consumption
of burger has increased recently, but its safety is still of
great concern. Despite few reports from some areas of
Iran, there is limited information about hamburger
contamination in Kerman province. Therefore, this study
was set to molecular identification of L. monocytogenes
in hamburgers distributed in Kerman, Iran.

Materials and methods

L. monocytogenes ATCC7644 strain was used as
standard strain.
DNA extraction
The boiling method was applied to extract the nucleic
acid. For this purpose, 3-4 pure colonies of bacteria were
homogenized in 1 ml sterilized sodium chloride (0.85%)
and centrifuged at 14000 rpm for 1 min. Washing was
repeated with 500 µl sterilized sodium chloride (0.85%).
The sediment was homogenized with 250 µl sterilized
distilled water and boiled at 100 ˚C, and then
stored immediately on ice. Finally, the supernatant
contained the extracted nucleic acid was used for
multiplex PCR.
Molecular identification
To identify the virulence genes of iap and actA, the
specific primers which shown in Table 1 were used
through multiplex PCR method (Manzano et al., 1998).
The total mixture volume of 25 µl contained 100 ng
DNA template, 10 pmol each primer, 0.2 mM dNTP
(Cinnagen, Iran), 1.5 mM MgCl2, 2.5 µl 10X PCR buffer,
one unit Taq DNA polymerase, and distilled water up to
the ultimate volume. The reactions were done using
thermal cycler (Biorad, USA) in which the primary
denaturation was performed for 5 min at 95 ˚C and 35
cycles (90 s at 95 °C for denaturation, 80 s at 46 ˚C for
annealing, 120 s at 72 ˚C for extension. Final extension
was done for 7 min at 72 ˚C. PCR products were assessed
using 1.5% agarose gel electrophoresis alongside with
100 bp DNA ladder (Cinnagen, Tehran, Iran). L.
monocytogenes strain of ATCC 7644 and distilled water
were used as positive and negative controls, respectively
(Mansouri Najand et al., 2015).

Sampling
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A total of 100 raw hamburgers were collected from 20
fast food/sandwich shops (5 samples per shop) in
Kerman city, Iran during summer 2014. The samples
stored in ice box and transported to the food hygiene
laboratory.

Results
Three out of 100 (3%) hamburger samples were
biochemically diagnosed as Listeria contamination;
however molecular identification assay confirmed that
two of them were L. monocytogenes (Figure 1).

Diagnosis
Culturing was done with adding 25 g of each sample to
Listeria enrichment broth enriched media for Listeria
(Merck, Germany) and incubated at the temperature of
30 ºC for 48-72 h. Then, the colonies were transported to
the specific media of PALCAM agar (Himedia, India)
containing Oxford additive (Microgen bioproducts Ltd,
Cambridge, UK) and incubated for 48 h at 37 ºC. The
confirmative biochemical tests, including oxidase
and catalase were also carried out according to the
standard method described by Ozbey et al. (2013).
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Discussion
There is a growing interest regarding to the increase
consumption of fast food in all over the world. As L.
monocytogenes cause severe disease, the presence of this
bacterium in food is related to customer’s safety so this
species would not be detected in foods origin (Jay et al.,
2005). The bacterium can survive in the frozen meat even
under the prolonged freezing situation (Foerster et al.,
2015; Wong et al., 2011). One possible explanation for
the presence of L. monocytogenes in the frozen burgers is
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Table 1: The specific primer pairs used in this study
Primer
actA-F

Target
actA

actA-R
MAR 1
MAR 2

Sequence 5'-3'

Size (bp)

Reference

400

Vazquez-Boland et al., 2001

453

Manzano et al., 1998

GTGATAAAATCGACGAAAATCC
CTTGTAAAACTAGAATCTAGCG

iap

GGGCTTTATCCATAAAATA
TTGGAAGAACCTTGATTA
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Figure 1: Agarose gel electrophoresis (1.5%) for assessing the PCR products. L: 100 bp DNA ladder; A: positive control of L. monocytigenes
ATCC7644 (The PCR product length for actA gene was 400 bp and the one for iap gene was 453 bp); B: positive sample; C: negative control

related to the ability of this bacterium to multiply in
freezing condition. Although a high prevalence of L.
monocytogenes in many food products have been reported worldwide, the epidemiological data on the prevalence
of this pathogenic bacterium in raw hamburger are
limited. In a survey by Akpolat et al. (2004), 43 out of
830 samples of products of animal origin in Turkey were
contaminated to Listeria among which one sample had
contamination rate of more than 1000 colony forming
unit/ml. According to another work in Malaysia carried
out by Wong et al. (2012), it was found that the prevalence of L. monocytogenes in chicken patties (33.3%)
was higher than that of beef (22.9%). In a similar study in
Turkey, prevalence rate of L. monocytogenes in chicken
burgers were identified 26.6% (Sireli et al., 2002). In all
mentioned study, poor hygiene practice during food handling in domestic area was one of the important factors
for the presence of this food-borne pathogen. In our study
the prevalence of L. monocytogenes was only 2%. This

low rate of infection comparing to the previous similar
researches might be due to some factors such as small
sample size or differences in applied detection methods.
However, consumer should be aware about the heating
temperature/time needed to completely inactive L.
monocytogenes in burgers.
Conclusion
Although the prevalence rate of L. monocytogenes was
not high in hamburger samples of Kerman, the risk of
human listeriosis must not be underestimated or
ignored. Further surveys are required in future for risk
assessment of this bacterium in other food products
distributed in the country.

Conflicts of interest
There are no conflicts of interest.

Journal website: http://www.jfqhc.com

111

Mansouri-Najand et al.: Listeria monocytogenes in Hamburgers

Acknowledgments
This work was supported financially by a Grant number
16.02.2014 for Scientific Research from Vice Chancellor
of Research of Shahid Bahonar University of Kerman,
Iran. This research was ethically approved by the local
institutional review board.

References

[ Downloaded from jfqhc.ssu.ac.ir on 2022-07-02 ]

Akpolat N.O., Elci S., Atmaca S., Gül K. (2004). Listeria
monocytogenes in products of animal origin in Turkey.
Veterinary Research Communications. 28: 561-567.
Buchanan R.L., Gorris L.G., Hayman M.M., Jackson T.C., Whiting
R.C. (2017). A review of Listeria monocytogenes: an update
on outbreaks, virulence, dose-response, ecology, and risk
assessments. Food Control. 75: 1-13.
Carpentier B., Cerf O. (2011). Persistence of Listeria
monocytogenes in food industry equipment and premises.
International Journal of Food Microbiology. 145: 1-8.
Chen J.Q., Regan P., Laksanalamai P., Healey S., Hu Z. (2017).
Prevalence and methodologies for detection, characterization
and subtyping of Listeria monocytogenes and L. ivanovii in
foods and environmental sources. Food Science and Human
Wellness. 6: 97-120.
Friedly E.C., Crandall P.G., Ricke S., O’Bryan C.A., Martin E.M.,
Boyd L.M. (2008). Identification of Listeria innocua
surrogates for Listeria monocytogenes in hamburger patties.
Journal of Food Sciences. 73: 174-178.
Foerster C., Figueroa G., Evers E. (2015). Risk assessment of
Listeria monocytogenes in poultry and beef. 117: 779-792.
Jalali M., Abedi D. (2008). Prevalence of Listeria species in food
products in Isfahan, Iran. International Journal of Food
Microbiology. 122: 336-340.
Jarvis N.A., O'Bryan C.A., Ricke S.C., Johnson M.G., Crandall P.G.
(2016). A review of minimal and defined media for growth of
Listeria monocytogenes. Food Control. 66: 256-269.
Jay J.M., Loessner M.J., Golden D.A. (2005). Modern food
microbiology. 7th edition. Springer Science, New York.
Liu D. (2008). Preparation of Listeria monocytogenes specimens for
molecular detection and identification. International Journal
of Food Microbiology. 122: 229-242.
Longhi C., Maffeo A., Penta M., Petrone G., Seganti L., Conte M.P.

Powered by TCPDF (www.tcpdf.org)

112

(2003). Detection of Listeria monocytogenes in Italian style
soft cheeses. Journal of Applied Microbiology. 94: 879-885.
Mansouri-Najand L., Kianpour M., Sami M., Jajarmi M. (2015).
Prevalence of Listeria monocytogenes in raw milk in Kerman,
Iran. Veterinary Research Forum. 6: 223- 226.
Manzano M., Cocolin L., Cantoni C., Comi, G. (1998). A rapid
method for the identification and partial serotyping of Listeria
monocytogenes in food by PCR and restriction enzyme analysis. International Journal of Food Microbiology. 42: 207212.
Ozbey G., Icyeruglu A., Muz A. (2013). Prevalence of Listeria
species in raw hamburger meatballs and chicken burgers in
eastern Turkey. African Journal of Microbiology Research. 7:
4055-4058.
Sireli U.T., Erol I., Sahin S., Terzi G., Gurbuz O.A. (2002). Prevalence and contamination levels of Listeria spp. in poultry
minced, poultry meatballs and poultry burgers. Turkish
Journal of Veterinary and Animal Sciences. 26: 1271-1276.
Travier L., Lecuit M. (2014). Listeria monocytogenes actA: a new
function for a ‘classic’ virulence factor. Current Opinion in
Microbiology. 17: 53-60.
ue -Boland .A.,
uhn M., Berche P., Chakraborty .,
om ngue -Bernal G., Goebel W., González-Zorn B.,
Wehland J., Kreft J. (2001). Listeria pathogenesis and molecular virulence determinants. Clinical Microbiology Reviews. 14:
584-640.
Wong W.C., Pui C.F., Chilek T.Z.T., Noorlis A., Tang J.Y.H.,
Nakaguchi Y., Nishibuchi M., Radu S. (2011). Survival of
Listeria monocytogenes during frying of chicken burger
patties. Food and Nutrition Sciences. 2: 471-475.
Wong W.C., Pui C.F., Tunung R., Cheah Y.K., Nakaguchi Y.,
Nishibuchi M., Son R. (2012). Prevalence of Listeria
monocytogenes in frozen burger patties in Malaysia. International Food Research Journal. 19: 1751-1756.
Yucel N., Citak S., Onder M. (2005). Prevalence and antibiotic
resistance of Listeria monocytogenes in meat products in
Ankara,Turkey. Food Microbiology. 22: 241-245.
Zamani-Zadeh M., Sheikh-Zeinoddin M., Soleimanian-Zad S.
(2011). Prevalence and characterization of Listeria species in
domestic and industrial cheeses of Isfahan region. Iranian
Journal of Public Health. 40: 98-104.
Zunabovic M., Domig K.J., Kneifel W. (2011). Practical relevance
of methodologies for detecting and tracing of Listeria
monocytogenes in ready-to-eat foods and manufacture
environments–A review. LWT-Food Science and Technology.
44: 351-362.

Journal website: http://www.jfqhc.com

