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A B S T R A C T

Listeria monocytogenes is an important foodborne pathogen which its data in Iranian dairy products is limited. A
total of 545 samples of traditional dairy products (raw milk, traditional cheese, traditional butter, traditional
curd, and traditional ice cream) were collected from traditional dairy shops located in Yazd, Iran. L. mono-
cytogenes was isolated, and positive samples were confirmed by polymerase chain reaction. Antibiotic sensitivity
test was conducted to determine the antibiotic resistance. Listeria species were isolated from 11.7% samples.
4.03% samples were identified as L. monocytogenes, 5.6% as L. innocua, 1.8% as L. seeligeri, and 0.18% L. murrayi.
All L. monocytogenes isolates were resistant to tetracycline, chloramphenicol, penicillin, and amoxicillin/cla-
vulanic acid. Consumption of raw milk and its traditional products prepared inadequate heat treatment and the
lack of appropriate control measures might lead to serious health problems. As our results show, the Iranian food
safety authorities should set up an effective standard to screen all susceptible food for the presence of Listeria spp.

1. Introduction

Listeria spp. are gram-positive, psychrotrophic, facultative anae-
robic, non-sporulation, and intracellular bacteria that are widely dis-
tributed in the natural environment (Navratilova et al., 2004; Williams
et al., 2011). The genus Listeria have six species, Listeria monocytogenes,
L. innouca, L. ivanovii, L. grayii, L. seeligeri, and L. welshimeri
(Mclauchlin, 1997; Fallah et al., 2012). L. monocytogenes is an im-
portant foodborne pathogen that causes listeriosis in animals and hu-
mans, while L. ivanovii is recognized as an animal pathogen and rarely
is pathogenic for humans (Cummins et al., 1994; Elischerova et al.,
1990). Capability for growth over a wide temperature range (0–45 °C),
external stress such as extreme pH (4.4–9.4), water activity above 0.92,
and salt concentrations up to 14% with standing osmotic stress in-
troduce Listeria spp. as important foodborne organisms (Linton et al.,
1992; Liu et al., 2005; Sleator et al., 2003). Listeriosis, caused by L.
monocytogenes, is the most important foodborne diseases in human

beings that associated with consumption of contaminated foods
(Mclauchlin, 1997; Aygun and Pehlivanlar, 2006). In the case of out-
breaks, mortality rate of more than 30% has been reported, and it is
mentioned that the rate could even increase in vulnerable groups such
as pregnant women, newborns, and the elderly (Carminati et al., 2004;
Donato et al., 1994). Dairy food products, non-pasteurized (raw) milk,
soft or semi-soft cheese, under-cooked foods and unwashed raw vege-
tables and fruit are major sources of listeriosis outbreaks (Donato et al.,
1994; Carminati et al., 2004; Rahimi et al., 2010). Immunosuppressed
patients (cancer, AIDS, diabetes, chronic hepatic disorders and trans-
plant recipients), new-born babies, pregnant women, and elderly (> 65
years old) are at highest risk (Mclauchlin et al., 2004; Todd and
Notermans, 2011). In addition, L. monocytogenes has been isolated from
a wide variety of animals including sheep, cattle, goats, pigs, mice,
rabbits, birds and fish (Fleming et al., 1985). The mild symptoms of
listeriosis are diarrhea, vomiting, fever, chills, convulsions, headache,
muscle aches, gastroenteritis and myalgia, and in the cases of invasive
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listeriosis, septicemia and meningitis are the most common forms of
disease that might lead to abortion and stillbirth in pregnant women
(Aygun and Pehlivanlar, 2006). Because of high incidence of L. mono-
cytogenes in foods and high fatality rate of listeriosis, L. monocytogenes
has been recognized as a public health hazard. Finding any Listeria
species in foods can be attributed to poor hygiene condition (Farber and
Peterkin, 1991). Milk is a healthy food containing high amounts of
calcium, essential amino acids, proteins, phosphorus, vitamin B2 (ri-
boflavin) and vitamin A which easily contaminated during processing
and acts as a good medium for the growth and multiplication of the
pathogens (Huth et al., 2006; Agarwal et al., 2012). Based on a report
by Center for Diseases Control (CDC), between 2007 and 2011, 2373
listeriosis cases were diagnosed and overall 386 deaths were attributed
to this disease in the USA (CDC, 2014). In 2011, 1516 confirmed cases
of listeriosis were reported in 28 EU countries (ECDC, 2013).

On the other hand, antibiotics as growth promoters used for feeding
the poultry and other animals have been associated with economic
benefits. However, studies have shown that continuous use of a number
of antibiotics in livestock and poultry feeding leads to the formation of
antibiotic-resistant bacterial strains, which if are transmitted to humans
through animal products, might cause health problems in consumers.
Antibiotic-resistant bacteria through disrupting in the mechanism of
antibiotic actions reduce the efficacy of the treatment (Jansen et al.,
2003). Contamination of raw milk and dairy products to listeria has
been shown in many studies from different countries, but the real si-
tuation L. monocytogenes in dairy products is not well studied in central
Iran. Therefore, this study aimed to determine the prevalence and the
antimicrobial resistance rate of L. monocytogenes isolated from raw milk
and traditional dairy products using culture and final confirmation with
PCR (Polymerase Chain Reaction) technique in Yazd Province, Iran.

2. Materials and methods

2.1. Samples collection

A total of 545 samples of raw milk and traditional dairy products
were randomly purchased from retail markets in Yazd, located in the
center of Iran. The number of samples included 140 raw milk samples,
120 samples of traditional cheeses, 100 samples of traditional curd, 100
samples of traditional butter and 85 samples of traditional ice cream.
All the samples were collected aseptically and then transferred to the
laboratory in a cold box.

2.2. Isolation and identification of Listeria

Detection of Listeria species in food samples was performed using
enrichment and isolation protocol recommended by the United States
Department of Agriculture (Mcclain and Lee, 1988). 25 g from each
sample (cheese, curd, butter, and ice cream) and 25ml milk were
aseptically taken, blended for 2min in 255mL of Listeria enrichment
broth (UVM I, Quelab, Canada) and incubated at 37 °C for 24 h. One
milliliter of the pre-enriched culture was added to 9mL of UVM II
(Frazer broth, Quelab, Canada) and incubated at 37 °C for 24 h. Sec-
ondly, enrichments were streaked onto palcam Listeria selective agar
with supplement (Merck, Germany) and incubated at 35 °C for 48 h
tryptone soy agar with 0.6% of yeast extract (TSAYE, Quelab, Canada)
and incubated at 37 °C for 24 h. All of the isolates were subjected to the
following biochemical tests for identification of the genus Listeria, in-
cluding catalase test, gram staining, motility test at 25 °C and 37 °C,
acid production from glucose, mannitol, rhamnose, xylose and maltose,
nitrate reduction, hydrolysis of esculin, MR/VP test, B-hemolytic ac-
tivity and CAMP test (Aygun and Pehlivanlar, 2006). The Listeria was
confirmed by PCR method which subsequently will be described.

2.3. PCR assays

Bacterial strains were cultured in BHI broth (Liofilchem, Italy) at
37 °C for 18 h and genomic DNA was extracted according to the method
of Gussow and Clackson. Oligonucleotide primers for the PCR assays
were selected based on the published nucleotide sequence of the prs
gene to detect all Listeria species and the hly gene to detect L. mono-
cytogenes. The used pair of primers were 01 (5-GCTGAAGAGATTGCG
AAAGAAG-3) and 02 (50-CAAAGAAACCTTGGATTTGCGG-30) to am-
plify a 370 bp DNA fragment of the prs gene, and DG69 (5-GTGCCG
CCAAGAAAAGGTTA-3) and DG74 (5-CGCCACACTTGAGATAT-3) to
amplify a 636 bp DNA fragment of the hly gene. Reaction mixture
(25mL) contained 2.5 mL of each primer (Oligo, Germany), 12.5 mL of
master mix, 2.5 mL of template DNA and 7.5mL H2O. The mixture was
placed in a DNA thermal cycler (Quanta Biotech, England). The PCR
products were separated by electrophoresis on a 1.5% agarose gel. In
the present study, the DNA extracted from L. monocytogenes ATCC
19118 was used as the positive control (Fallah et al., 2012).

2.4. Antimicrobial susceptibility testing

Isolates of Listeria-positive were tested for their susceptibility tests
with a disc-diffusion method on Mueller-Hinton agar supplemented
with 5% defibrinated horse blood as recommended by CLSI (Clinical
and Laboratory Standards Institute). Antimicrobial discs were used:
trimethoprim/sulfamethoxazole (1.25/23.75mg), vancomycin (30 μg),
clindamycin (2 μg), erythromycin (15 μg), streptomycin (10 μg), kana-
mycin (30 μg), tetracycline (30 μg), chloramphenicol (30 μg), genta-
mycin (10 μg), penicillin G (10 U/IE), rifampin (5 μg) and amoxicillin/
clavulanic acid (25 μg). After incubation for 24 h at 35 °C, susceptibility
of the Listeria species to each antimicrobial disc was measured. The
results were interpreted according to the commendations. Escherichia
coli ATCC 25922, Staphylococcus aureus ATCC 29213 and L. mono-
cytogenes ATCC 19118 were used as quality control organisms (Fallah
et al., 2012).

2.5. Statistical analysis

All statistical analyses were performed using Statistical Package for
Social Sciences (SPSS, version 15) software. Chi-square test was in-
corporated to compare the rate of Listeria contamination among various
classes of dairy products and also the rate of antibiotic resistance be-
tween different Listeria species. P values less than 0.05 were considered
as statistically significant.

3. Results

A total of 545 samples of raw milk and traditional dairy products
collected in Yazd City were examined for Listeria spp. (Table 1). Using
cultural techniques, 22 samples (4.03%) of the 545 samples of raw milk
and traditional dairy products were positive for L. monocytogenes. From
the 140 raw milk samples, 11 (7.8%), 9 samples of traditional cheese
(7.5%), of traditional butter (1%) and traditional curd (1%) were
contaminated by L. monocytogenes. No L. monocytogenes was isolated
from traditional ice cream. The most of the isolated Listeria species were
L. innocua (5.6%). The remaining isolates were L. monocytogenes
(4.03%) and L. seeligeri (1.8%). All of the 22 Listeria spp isolates iden-
tified as L. monocytogenes were positive by using polymerase chain re-
action (PCR). The prevalence of Listeria spp. contamination based on
dairy type is described in Table 1.

In the present study, 64 strains of Listeria spp isolated antibiotic
resistance from traditional dairy products to 12 different antibiotics was
performed by disk diffusion assay. Resistance of Listeria spp isolates is
shown in Table 2. Listeria monocytogenes resistance to tetracycline
(86.3%) was the most common finding, and was followed by chlor-
amphenicol (77.2%) and penicillin (77.2%). All Listeria isolates were
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sensitive to vancomycin and trimethoprim/Sulfamethoxazole.
For the genus L. monocytogene,s 18 (81.8%) isolates were resistant to

single antibiotics, 11 (50%) isolates showed resistance to two anti-
biotics, and 9 (40.9%) isolates were resistant to three antibiotics
(Table 2).

4. Discussion

L. monocytogenes is a serious psychrotrophic foodborne pathogen
that may exist in raw milk and traditional dairy products. Listeriosis is
caused by L. monocytogenes with severe clinical symptoms such as
meningitis, septicemia, stillbirth and abortion. So, contamination of
food products is considered a public health hazard for humans. The real
situation L. monocytogenes in dairy products in Iran is unknown, and
little information is available on food contamination with L. mono-
cytogenes in the developing countries. In addition, there is not any re-
commendation or criteria for L. monocytogenes in food products in the
country. The eating habits and behaviors of Iranian community are also
different from western countries. In addition, a significant variety of
foods are consumed traditionally. The first stage to convince regulatory
authorities and personal products industry on the importance of L.
monocytogenes in foods is to provide such a data on prevalence of this
bacterium in various foods. Therefore, this study aimed to determine
the prevalence and the antimicrobial resistance rate of L. monocytogenes
isolated from raw milk and traditional dairy products using culture and
final confirmation with PCR (Polymerase Chain Reaction) technique in
Yazd City, Iran.

In this study, 64 samples (11.7%) of the 545 samples of traditional
dairy products were positive for Listeria spp. This is in agreement with
the results announced by Arslan and Özdemir (2008) and El-Sharef
et al. (2006). The high prevalence of Listeria species in traditional dairy
products could be due to environmental pollution with animal waste or
unsanitary production methods and food storage. However, this could
also be due to the use of unpasteurized milk.

The first extensive study on the prevalence of the infection was
reported by Jalali and Abedi in Isfahan, Iran. In this study, a total of 617
samples obtained from various food items 4.6% were contaminated
with Listeria spp. L. monocytogenes were found in 1.2% of them. The

contamination of the meat, dairy, and vegetables ready to eat was 6.7%,
1.3%, 1.2% and 12%, respectively (Jalali and Abedi, 2008). The pre-
valence of L. monocytogenes in cheese in various countries such as Italy,
Germany, Australia and France have been reported as 17.4%, 9.2%,
10% and 3.3%, respectively (Rudolf and Scherer, 2001). In a study in
Portugal, L. monocytogenes was found in raw milk 16.7% (Mena et al.,
2004), which is higher than the results of the present study. In this
study, 11.7% of samples were positive with Listeria. 2.4% of samples
were contaminated with L. monocytogenes, 5.6% L. innocua and 1.8%
with Listeria seeligeri. Samples of fresh milk and traditional cheese
(made from cow milk) had the highest prevalence of Listeria. Although
the prevalence of Listeria in dairy products may vary, it is shown that
the prevalence of Listeria strain can be found in samples of raw milk and
cheese (Farber and Peterkin, 1991; Arslan and Özdemir, 2008). In a
study in Spain, L. monocytogenes and L. innocua were detected 3.6% and
2.7% in raw milk samples, respectively. In a study in the US, 35 samples
out of 450 samples of raw milk of goats (7.8%) were infected with
Listeria, which L. innocua have been reported in 26 samples (5.8%) and
L. monocytogenesin in 17 samples (3.8%) (Abou-Eleinin et al., 2000).
Also in 2005, Pintado and his colleagues reported that 47 of 63 samples
were contaminated with Listeria, 29 samples (46%) were positive for L.
monocytogenes and 18 samples (29%) were positive for L. innocua
(Pintado et al., 2005). Similarly, in a study conducted in Turkey, Listeria
species were isolated from 33.1% homemade white cheese. L. innocua
and Listeria monocytogenes were detected most common species (Arslan
and Özdemir, 2008). Listeria species in the refrigerator and low con-
centrations of salt can continue to grow and also cheese is the perfect
environment for the growth of microorganisms.

In this study, no L. monocytogenes was detected in traditional ice
cream. Two samples of traditional curd and one sample of traditional
butter was contaminated with L. monocytogenes. The results corre-
sponded with the results reported by Shamloo in 2015 in Isfahan and
Rahimi in 2012 in Chaharmahal Bakhtiari (Shamloo et al., 2015;
Rahimi et al., 2012). In addition, high frequency of contamination re-
ported more than 40% with Listeria species in ice cream by Akman
et al., in 2004 (Akman et al., 2004). The low prevalence of Listeria in
butter can probably be due to acidity of this product. Also, during the
production of these products, it can also be due to the boiling stage.

Table 1
Prevalence of Listeria spp. in milk and dairy products in Yazd.

Type of food No. of samples Listeria spp. (%) L. monocytogenes (%) L. innocua (%) L. seeligeri (%) L. murayii (%)

Raw milk 140 41 (29.2%) 11 (7.8%) 21 (15%) 9 (6.4%) –
Traditional cheese 120 17 (14.1%) 9 (7.5%) 8 (6.6%) – –
Traditional butter 100 4 (4%) 1 (1%) 2 (2%) 1 (1%) –
Traditional curd 100 2 (2%) 1 (1%) – – 1 (1%)
Traditionalice cream 85 – – – – –
Pvalue < 0.001 <0.001 <0.001 <0.001 0.52
Total 545 64 (11.7%) 22 (4.03%) 31 (5.6%) 10 (1.8%) 1 (0.17%)

Table 2
Antimicrobial resistance profiles of Listeria strains isolated from milk and dairy products in Yazd.

Antimicrobial agent Listeria spp. (N=64) L. monocytogenes (N=22) L. innocua (N=31) L. seeligari (N=10) L. murayii (N=1) P value

Vancomycin – – – – – –
Ttrimethoprim/Sulfamethoxazole – – – – – –
Clindamycin 7 (10.9) 5 (22.7) 2 (6.4) – – <0.001
Erythromycin 14 (21.8) 8 (36.3) 4 (12.9) 2 (20) – <0.001
Kanamycin 2 (3.1) 2 (9) – – – <0.001
Streptomycin 19 (29.6) 10 (45.4) 4 (12.9) 5 (50) – <0.001
Tetracycline 45 (70.3) 19 (86.3) 20 (86.3) 5 (50) 1 (100) <0.001
Chloramphenicol 44 (68.7) 17 (77.2) 23 (74.1) 3 (30) 1 (100) <0.001
Gentamicin 4 (6.2) 4 (18.1) – – – <0.001
Penicillin 47 (73.4) 17 (77.2) 25 (80.6) 4 (40) 1 (100) <0.001
Rifampin 2 (3.1) 1 (4.5) – 1 (10) – <0.001
Amoxicillin Clavulanic acid 6 (9.3) 3 (13.6) 1 (3.2) 1 (10) 1 (100) <0.001
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Loessner and Busse announced that L. innocua was the most abun-
dant species of Listeria found in dairy products (Loessner and Busse,
1990). In some studies, prevalence of L. monocytogenes have been re-
ported higher than of Listeria innocua, but relatively common in tradi-
tional dairy products L. innocua is more than other species because it
can be adapted and more resistant in dairy products than other species.

Differences in the results of the prevalence of Listeria spp. in dif-
ferent studies depends on the composition of the food material, test
method. In the present study, L. innocua as the most dominant species
was isolated from the samples, that are consistent with similar studies
(Jalali and Abedi, 2008; Rahimi et al., 2010). For the genus L. mono-
cytogenes, 18 (81.8%) isolates were resistant to one antibiotic, 11 (50%)
isolates to two antibiotics and 9% (40.9%) isolates to three antibiotics.
Five isolates were resistant to over three antibiotics and only two iso-
lates to kanamycin and one samples to rifampin. The results of the
present study are consistent with the results of a similar study
(Srinivasan et al., 2005). In the study conducted by Jamali and his
colleagues in 2013 for L. monocytogenes, four (23.5%) isolates were
resistant to one antibiotic, eight (47.1%) isolates to two antibiotics, and
three (17.6%) isolates to more than two antibiotics (Jamali and
Radmehr, 2013). Another study showed L. monocytogenes isolated from
dairy products is sensitive to gentamicin, erythromycin and vanco-
mycin (Harakeh et al., 2009). low incidence of resistance to tetracycline
reported by Arslan and Özdemir (2008). While high rate of sensitivity
to tetracycline was reported by others (Harakeh et al., 2009; Conter
et al., 2009).

High resistance antibiotic to tetracycline in this study can be ex-
plained in this way over the past decade tetracycline used in veterinary
medicine to treat the infection in animals was used in Iran.

5. Conclusion

In conclusion, the present study showed Listeria spp. contamination
in a variety of traditional dairy products in Yazd. The results of this
study indicate the potential risk of infection with Listeria in the people
who consume these products. Further extensive prevalence studies on
the occurrence of Listeria spp. among farmers, milk processing workers,
and veterinarians, and on possible dangers of dairy products will be
needed to elucidate the epidemiology of listeriosis in Yazd.

Transparency document

Transparency document related to this article can be found online at
http://dx.doi.org/10.1016/j.fct.2018.02.006.
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