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Listeria monocytogenes isolates from food and food
environment harbouring tetM and ermB resistance genes
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Significance and Impact of the Study: Listeria monocytogenes is an important agent of foodborne dis-
eases. The results of this study suggest a potential capacity of L. monocytogenes isolates from food and
food environment to cause human infections. Antimicrobial multi-resistance profiles were detected in
10%, and two isolates harboured tetM and ermB resistance genes. Moreover, the present research can
help to build up a better knowledge about antimicrobial resistance of L. monocytogenes. Additionally,
we found one isolate carrying tetM resistance gene in a plasmid, that suggests a possible transmission
between commensal and/or other pathogenic bacteria of food environment, thereby raising up con-
cerns regarding bacterial resistance.
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Abstract

Listeria monocytogenes is a foodborne pathogen that has become an important

cause of human and animal diseases worldwide. The purpose of this study was

to evaluate the serotypes, virulence potential, antimicrobial resistance profile,

and genetic relationships of 50 L. monocytogenes isolates from food and food

environment in southern Brazil. In this study, the majority of L. monocytogenes

isolates belonged to the serotypes 1/2b (42%) and 4b (26%), which are the

main serotypes associated with human listeriosis. In addition, all isolates

harboured internalin genes (inlA, inlC, inlJ), indicating a virulence potential.

The isolates were sensitive to most of the antimicrobial compounds analysed,

and five isolates (10%) were multi-resistant. Two isolates harboured

antimicrobial resistance genes (tetM and ermB) and in one of them, the gene

was present in the plasmid. Moreover, according to the pulsed field gel

electrophoresis assay, two multi-resistant isolates were a single clone isolated

from food and the processing plant. The isolates were susceptible to the most

frequently used antibiotics for listeriosis treatment. However, the presence of

multidrug-resistant isolates and antimicrobial resistance genes including in the

plasmid could even be transferred between bacterial species, suggesting a

potential health risk to consumers and a potential risk of spreading multi-

resistance genes to other bacteria.

Introduction

The genus Listeria consists of a group of Gram-positive,

rod-shaped bacteria with 17 species known up to now

(Weller et al. 2015). Among these, Listeria monocytogenes

is the only one that can cause serious infections in ani-

mals and humans, and L. ivanovii has been related as

pathogenic specie preferably to ruminants (V�azquez-

Boland et al. 2001; Allerberger and Wagner 2010).

The consumption of contaminated food is the main

transmission route of epidemic and sporadic human liste-

riosis (Bertrand et al. 2005). Listeria monocytogenes is fre-

quently found in food products due to its ubiquitary

occurrence in the environment, with varied contamina-

tion levels (Bertsch et al. 2013b).

To date, 13 L. monocytogenes serotypes are known (1/2a,

1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4ab, 4c, 4d, 4e and 7) (Cart-

wright et al. 2013). However, 95% of the L. monocytogenes
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strains isolated from food and human listeriosis samples

belong to serotypes 1/2a, 1/2b and 4b, probably because

these serotypes are the most virulent (Kathariou 2002;

Orsi et al. 2011). Therefore, the determination of the ser-

otype and detection of virulence genes are essential to

predict possible risks and pathogenesis for consumers

(Liu 2006).

Different virulence factors and mechanisms of

pathogenicity act in L. monocytogenes, and a variety of

virulence proteins were described. The internalin proteins

can increase the invasion and consequently virulence of

the pathogen, for example, the presence of inlA gene is

required for internalization of the intestinal epithelial

cells. Additionally, inlC and inlJ genes, considered viru-

lence markers, could be used to differentiate virulent from

avirulent strains (Liu et al. 2007; De las Heras et al.

2011).

The lethality of severe listeriosis ranges from 20 to 30%

(FAO/WHO 2004). Therefore, standard antibiotic therapy

is required for an effective treatment of listeriosis. The

first choice in the treatment of human listeriosis consists

of the administration of b-lactam antibiotics, such as

ampicillin or penicillin G, alone or in combination with

aminoglycosides, although other antimicrobials can also

be used in specific cases (Swaminathan and Gerner-Smidt

2007; Allerberger and Wagner 2010).

The strains of L. monocytogenes are considered rela-

tively susceptible to a wide range of antibiotics, although

in the last decades an overall increase in the incidence of

antimicrobial resistance in foodborne strains has been

reported (Conter et al. 2009; Granier et al. 2011; Kovace-

vic et al. 2013). In consideration of public health implica-

tions for a potential spread of antimicrobial resistant

strains of L. monocytogenes in food products, antimicro-

bial resistance profiles must be determined and moni-

tored. In the present study, we evaluate the presence of

virulence genes and antimicrobial resistance profiles of

L. monocytogenes isolates from food and food environ-

ment. Furthermore, the genetic background of the

L. monocytogenes resistant to antimicrobials agents used

in human and veterinary medicine was investigated.

Results and discussion

Listeria monocytogenes is one the most dangerous food-

borne pathogens that can be found ubiquitously in the

environment (De las Heras et al. 2011). Although any

L. monocytogenes strain can be potentially virulent, the

serotypes 1/2b and 4b, along with 1/2a, are the serotypes

most frequently associated with human listeriosis (Orsi

et al. 2011). In our study, the majority (68%) of the

50 L. monocytogenes isolates belonged to serotypes 1/2b

and 4b. Furthermore, when we look at the serotypes iso-

lated from food samples, the main serotype was 4b

(40%), while serotype 1/2b (56%) was the most prevalent

among food industry environment (Table 1). Once these

serotypes are the most correlated with listeriosis, results

herein suggested that consumers are exposed to potential

risks of L. monocytogenes infection.

The internalin genes (inlA, inlC and inlJ) were present

in all 50 isolates, as also observed in other studies (Lomo-

naco et al. 2012; Jamali et al. 2013). The presence of these

three internalin genes suggests the virulence potential of

L. monocytogenes isolates from food and food-processing

environments. The inlA gene is species-specific for detec-

tion of L. monocytogenes, expressing the surface protein

InlA that plays an essential role in entry into host cells

(Poyart et al. 1996; Torres et al. 2005). The inlC gene

encodes a virulence protein of L. monocytogenes, which

acts after the intestinal stages of infection, while inlJ gene

is involved directly in L. monocytogenes passage through

the intestinal barrier and is also involved in the subse-

quent infection stages (Engelbrecht et al. 1996; Sabet et al.

2005). Studies reported that the genome of L. monocyto-

genes strains with potential virulence contains inlC and/or

inlJ genes, while these genes were not detected in natu-

rally avirulent strains unable to cause mouse death (Liu

et al. 2006, 2007).

The presence of antimicrobial resistance of Listeria in

different food sources and its transmission to contami-

nated food may come to be an important public health

concern. The antimicrobial resistance profile of L. mono-

cytogenes isolates observed in this study is summarized in

Table 2.

All 50 L. monocytogenes isolates were resistant to cefox-

itin and nalidixic acid. Interestingly, these results were

not surprising, since Listeria spp. were reported as natu-

rally resistant to cephalosporins and constitutively resis-

tant to nalidixic acid. The latter is regularly used in

selective medium for this bacterium (Troxler et al. 2000).

However, all isolates proved sensitive to other antibiotics,

for example, ampicillin, penicillin G, gentamycin, amika-

cin, vancomycin, chloramphenicol and ciprofloxacin.

Similarly, Kovacevic et al. (2013) found sensitivity of

Listeria species to amikacin, ampicillin, gentamycin and

Table 1 Serotype identification of Listeria monocytogenes isolates

from food and food industries in southern Brazil

Serotype

Sources

Total number (%)Food (%) Food industries (%)

25 (100) 25 (100) 50 (100)

1/2a 3 (12) 2 (8) 5 (10)

1/2b 7 (28) 14 (56) 21 (42)

1/2c 5 (20) 6 (24) 11 (22)

4b 10 (40) 3 (12) 13 (26)
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vancomycin. In a recent study of Wang et al. (2015), all

L. monocytogenes isolates from ready-to-eat meat products

were susceptible to penicillin, ampicillin, amikacin and

gentamycin, whereas 33% were resistant to chlorampheni-

col and 30% to ciprofloxacin.

Our study found a high resistance to clindamycin,

detected in 34 (68%) of the 50 L. monocytogenes isolates.

These results disagree with G�omez et al. (2014), who

reported 35% of clindamycin resistance. A high resistance

level to this antibiotic in L. monocytogenes isolates from

food was reported by Chen et al. (2010), in 100% of the

isolates evaluated.

The resistance to streptomycin, meropenem, rifampicin

and trimethoprim–sulfamethoxazole was observed in five

(10%) of the L. monocytogenes isolates. A high susceptibil-

ity (98, 100 and 100%) of L. monocytogenes isolates to

streptomycin, rifampicin and trimethoprim–sulfamethox-

azole, respectively, was stated by Chen et al. (2010). Sus-

ceptibility to meropenem was also observed in all Listeria

isolates from ready-to-eat meat products and food-pro-

cessing environments in another study (G�omez et al.

2014).

Our results confirmed the susceptibility of L. monocyto-

genes isolates to the preferred antimicrobial agents to treat

cases of human listeriosis (ampicillin, penicillin G and

gentamycin). The second-choice therapy is the association

of trimethoprim and a sulfonamide (e.g. trimethoprim–
sulfamethoxazole), especially for b-lactam allergic

patients. However, it is noteworthy that five (10%) of our

evaluated isolates proved resistance to this drug associa-

tion.

Other antibiotics used in cases of listeriosis are van-

comycin and erythromycin, to treat, respectively, bacter-

aemia and pregnant women diagnosed with listeriosis.

Although no L. monocytogenes isolates from food and

food industries were vancomycin resistant, three isolates

(6%) were resistant to erythromycin. Similarly, Wang

et al. (2013) found erythromycin resistance in 4�5% of

L. monocytogenes isolates from retail raw foods.

Despite the low use of rifampicin, tetracycline, chlo-

ramphenicol and fluoroquinolones in clinical cases, these

antibiotics are also prescribed in cases of human listerio-

sis. We found resistance to rifampicin (10%) and tetracy-

cline (2%), as similarly reported in other studies (Conter

et al. 2009; Allerberger and Wagner 2010).

After the first multidrug-resistant L. monocytogenes

strain was isolated from a patient in 1988, antimicrobial

resistant strains were reported elsewhere (Poyart-Salmeron

et al. 1990; Granier et al. 2011; Wang et al. 2015). The

monitoring of antimicrobial resistance of L. monocytoge-

nes is necessary, mainly in food products, because an

increase in antimicrobial resistance of this bacterium is a

major public health concern, owing to the high lethality

rates associated with listeriosis and the possibility of

spread of multi-resistance to other strains.

The results of our study demonstrated a low incidence

of antimicrobial resistance in L. monocytogenes strains iso-

lated from food and processing environments in the

South of Brazil. However, multi-resistant profiles, that are

characterized, herein, as isolates with resistance to three

or more classes of antimicrobials agents (EFSA/ECDC

2013), were detected in five isolates (10%) and therefore

analysed in more detail (Table 3).

Table 2 Antimicrobial resistance profile of Listeria monocytogenes

isolates

Antibiotic Number (%)

Ampicillin –

Penicillin G –

Cefoxitin 50 (100)

Streptomycin 5 (10)

Gentamycin –

Amikacin –

Vancomycin –

Erythromycin 3 (6)

Tetracycline 1 (2)

Chloramphenicol –

Ciprofloxacin –

Clindamycin 34 (68)

Trimethoprim–sulfamethoxazole 5 (10)

Nalidixic acid 50 (100)

Rifampicin 5 (10)

Meropenem 5 (10)

Table 3 Characteristics of the multi-resistant Listeria monocytogenes isolates

Strain Source Year of isolation Serotype Resistance Phenotype Resistance Genotype PFGE Pattern

13 Fresh mixed sausage 2003 1/2a STR-ERY-CLI-RIF-MER-SUT – I

14 Fresh mixed sausage 2003 4b STR-CLI-RIF-MER-SUT – II

16 Fresh mixed sausage 2003 1/2a STR-ERY-CLI-RIF-MER-SUT-TET tetM III

30 Processing line of fresh

mixed sausage

2003 1/2a STR-ERY-CLI-RIF-MER-SUT – I

46 Chicken slaughterhouse 2006 1/2b STR-CLI-RIF-MER-SUT ermB IV

STR, streptomycin; ERY, erythromycin; CLI, clindamycin; RIF, rifampicin; MER, meropenem; SUT, trimethoprim–sulfamethoxazole; TET, tetracycline;

PFGE, pulsed field gel electrophoresis.
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Genetic methods can confirm the presence of specific

genes conferring antimicrobial resistance. However, the

phenotypic profile of resistance of the isolates should be

also taken into consideration. To this end, we evaluated

13 resistance genes (ereB, ermB, ermC, tetA, tetB, tetK,

tetL, tetM, tetO, Tn916-1545, strA and strB), of which

only two (tetM and ermB) were detected and further con-

firmed by sequencing in multi-resistant L. monocytogenes

isolates (Table 3). The isolates carrying antimicrobial

resistance genes were also resistant to these antibiotics.

Tetracycline resistance in most bacteria and antimicro-

bial resistance dissemination are attributed to the acquisi-

tion of new genes, often associated with mobile elements

such as conjugative plasmids and/or conjugative trans-

posons found in several bacterial genera (Roberts 2005;

Chen et al. 2010). According to most studies, the major

genotype for tetracycline resistance found in Listeria

strains is the tetM gene (Bertrand et al. 2005; Li et al.

2007; Chen et al. 2010; Wang et al. 2013), a ribosomal

protection gene found most frequently in the chromo-

some related to the presence of the conjugative trans-

posons Tn916-1545 (Marra et al. 1999).

Bertsch et al. (2014) evaluated tetracycline-resistant Lis-

teria isolates phenotypically, all of which carried the tetM

gene. In 73% of the isolates, the gene was located on trans-

poson Tn916-1545. This transposon family has the ability

of transconjugation. In our study, the Tn916-1545 family

was not detected by the PCR analysis in the L. monocytoge-

nes isolates. However, we found one tetracycline-resistant

L. monocytogenes isolate from fresh mixed sausage har-

bouring the tetM gene in chromosome and plasmid. Thus,

the presence of the tetM gene in the plasmid may increase

the ability to spread the tetM gene to other species via

conjugation, which will be investigated in future studies.

Among the antimicrobial resistance genes responsible

for erythromycin resistance (ereB, ermB and ermC) evalu-

ated in this study, only one isolate from a chicken slaugh-

terhouse carried ermB, and no other antimicrobial

resistance genes were found. Srinivasan et al. (2005) eval-

uated several antimicrobial resistance genes and found no

ereB and ermB genes in any of the L. monocytogenes iso-

lates. On the other hand, Roberts et al. (1996) and

Bertsch et al. (2013a) found ermC and ermA genes in Lis-

teria species respectively.

Interestingly, some of the L. monocytogenes isolates

showed phenotypic multi-resistance to antimicrobials

but did not harbour the antimicrobial resistance genes

evaluated in this study. This fact suggests that other

mechanisms can contribute as well to antimicrobial

resistance phenotypes or that other genes are involved

in the acquisition of antimicrobial resistance. For

instance, through genes associated with the activation of

efflux pump; mutations that confers antimicrobial resis-

tance; genes which encode for enzymes with antimicro-

bial activities or even unknown resistance mechanisms,

considering the limited information available about

antimicrobial resistance of Listeria strains (Bertrand

et al. 2005; Roberts 2005; Srinivasan et al. 2005; Bertsch

et al. 2014).

Pulsed field gel electrophoresis (PFGE) assay was per-

formed to characterize the genetic profiles of the five

multi-resistant L. monocytogenes isolates and four distinct

PFGE profiles were identified (listed in Figure S1). The

analysis demonstrated that two isolates analysed had an

identical genetic profile (100% of similarity), while the

other three isolates belonged to different profiles. Consid-

ering the isolates with the same genetic profiling, is note-

worthy that isolate 13 was obtained from a fresh mixed

sausage and isolate 30 from a processing plant, where the

sausage was produced. These isolates were obtained from

samples collected on different dates (interval of 1 month),

suggesting persistence in the processing environment

(Th�evenot et al. 2006; Mendonc�a et al. 2012). Further-

more, these two isolates belong to the same serotype (1/

2a) and the antimicrobial resistance profiles were identi-

cal, although no antimicrobial resistance genes were

found.

In summary, this study showed that all L. monocytoge-

nes isolates belong to the main serotypes involved in out-

breaks and sporadic cases of listeriosis and harbour

virulence markers suggesting that these isolates may pose

a potential threat to public health. The isolates were

highly susceptible to the most commonly used antibiotics

in listeriosis treatment, although some of them were mul-

tidrug-resistant. Multi-resistant L. monocytogenes isolates

can serve as a source of resistance genes, and considering

the presence of mobile genetic elements, further studies

are needed to investigate the horizontal transferability of

these antimicrobial resistance genes to other commensal

and pathogenic bacteria. According to PFGE data, two

multi-resistant isolates seem to be a single clone isolated

from food and the processing plant where they were pro-

duced. Given these points, surveillance programmes are

required to monitor epidemiological information and

antimicrobial resistance profiles in pathogenic L. monocy-

togenes in Brazil.

Materials and methods

Bacterial strains

A total of 50 L. monocytogenes strains from the culture

collection of the Laborat�orio de Microbiologia de Alimen-

tos (DCTA/FAEM/UFPel) of southern Rio Grande do Sul,

Brazil, between 2001 and 2010 were analysed. Table S1

shows the source of isolates evaluated.

Letters in Applied Microbiology 62, 23--29 © 2015 The Society for Applied Microbiology26

Antimicrobial resistance of Listeria L. Haubert et al.



Characterization of isolates

Listeria monocytogenes isolates were subjected to

serogrouping by Polymerase Chain Reaction (PCR) using

a multiplex PCR method with modifications for rapid

discrimination of the major serotypes in each serogroup

(Doumith et al. 2004). This method was proved with the

conventional serotyping carried out at the Laborat�orio de

Zoonoses Bacterianas, Departamento de Bacteriologia,

Instituto Oswaldo Cruz (FIOCRUZ, Rio de Janeiro, Bra-

zil). The inlA, inlC and inlJ genes were detected in a mul-

tiplex PCR, using the primers and cycling conditions

described by Liu et al. (2007).

Antimicrobial susceptibility tests

The agar disc diffusion method was applied and evaluated

according to the specifications of the European

Committee on Antimicrobial Susceptibility Testing

(EUCAST 2014a,b). A panel of 16 antimicrobial agents

and concentrations was used: ampicillin (10 lg), peni-

cillin G (10 U), cefoxitin (30 lg), streptomycin (10 lg),
gentamycin (10 lg), amikacin (30 lg), vancomycin

(30 lg), erythromycin (15 lg), tetracycline (30 lg), chlo-
ramphenicol (30 lg), ciprofloxacin (5 lg), clindamycin

(2 lg), trimethoprim-sulfamethoxazole (1�25/23�75 lg),
nalidixic acid (30 lg), rifampicin (5 lg) and meropenem

(10 lg). Antimicrobial multi-resistance was defined as the

resistance to three or more classes of antimicrobial agents

(EFSA/ECDC 2013).

Antimicrobial resistance genes profiling

Listeria monocytogenes isolates with a multi-resistance pro-

file were investigated for the presence of several resistance

genes. Genes coding resistance to macrolides (ereB, ermB

and ermC), tetracyclines (tetA, tetB, tetK, tetL, tetM, tetO

and Tn916-1545) and aminoglycosides (strA and strB)

were investigated by PCR assays, using specific primers

listed in Table S2 and following recommendations of the

cited studies. Plasmid DNA was extracted using NucleoS-

pin© Tissue Kits (Macherey-Nagel, D€uren, Germany).

DNA sequencing

Representative amplicons were purified and sequenced to

validate their identity. Purified samples and primers were

subjected to sequencing at the genomic facility of the

Unidade de An�alises Moleculares e de Prote�ınas (Centro

de Pesquisa Experimental, HCPA, Porto Alegre, RS,

Brazil), using an ABI 3500 Genetic Analyzer (Applied

Biosystems, Foster City, CA).

Macrorestriction analysis (PFGE)

The multi-resistant isolates were subjected to macrore-

striction analysis according to the CDC PulseNet stan-

dardized procedure for L. monocytogenes (Graves and

Swaminathan 2001). The isolates were digested with

restriction enzymes ApaI and AscI (Thermo Scientific, Vil-

nius, Lithuania). The images were analysed by the

unweighted pair-group method using arithmetic averages

(UPGMA) using GEL COMPAR software (Applied Maths,

Sint-Martens Latem, Belgium).
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