
REVIEW ARTICLE

A systematic review and meta-analysis on the prevalence
of antibiotic-resistant Listeria species in food, animal and human
specimens in Iran

Farzad Khademi1 • Amirhossein Sahebkar2,3,4

Revised: 14 August 2019 / Accepted: 19 August 2019 / Published online: 24 August 2019

� Association of Food Scientists & Technologists (India) 2019

Abstract The aim of this study was to determine the

antimicrobial resistance characteristics of Listeria species

isolated from foods and food processing environments,

animal and human specimens in Iran. A systematic review

of the papers published in Persian and English languages

up to 20th May 2019 and indexed in the Scientific Infor-

mation Database, PubMed, Scopus and Google Scholar

databases using related keywords was conducted. Eligible

articles were selected based on the predefined inclusion

and exclusion criteria, followed by data extraction and

meta-analysis using random-effects or fixed-effects mod-

els. A total of 27 articles were found reporting antibiotic

resistance patterns of different Listeria species using disk

diffusion method. Among Listeria species, Listeria

monocytogenes resistance to commonly used antibiotics

i.e. penicillin, ampicillin and gentamicin was as follows:

34.5%, 26.4%, 8.9% in isolates from foods and food pro-

cessing environments, 47.1%, 29.5%, 9.2% in isolates

from animal specimens and 56.8%, 29.5%, 32.4% in

human strains, respectively. A high prevalence of L.

monocytogenes strains resistant to penicillin, ampicillin

and gentamicin was observed in Iran. Our findings sug-

gested that trimethoprim/sulfamethoxazole, vancomycin

and ciprofloxacin can be used as alternatives in the treat-

ment of human listeriosis in Iran due to their low resistance

rates.

Keywords Antibiotic resistance � Listeria � Iran � Meta-

analysis

Introduction

The genus Listeria consists of b-hemolytic, non-spore-

forming, motile (at 22–28 �C; tumbling motility), Gram-

positive, facultative anaerobic rods which can be arranged

as pairs or short chains (Carroll et al. 2016; Murray et al.

2015). Among 19 identified Listeria species, two species

are considered as pathogens i.e. Listeria monocytogenes (L.

monocytogenes) that regularly infects humans and Listeria

ivanovii (L. ivanovii) that infects animals and rarely

humans (Murray et al. 2015; Orsi and Wiedmann 2016). L.

monocytogenes is a facultative intracellular food-borne

pathogen that is widely found in nature and isolated from

humans, wild and domestic animals, birds, insects, vege-

tation, water, food products and soil (Schuppler and

Loessner 2010; Ramaswamy et al. 2007). Usually, the

newborn (3.4 per 100,000), the elderly people (10 per

100,000), pregnant women (12 per 100,000) and patients

with defects in cellular immunity are susceptible to Listeria

infections which can be acquired via consumption of

contaminated food products and mother to child transfer in

utero or at birth (Murray et al. 2015; Olaimat et al. 2018).

L. monocytogenes can cause neonatal diseases including

early-onset listeriosis characterized by abortion, stillbirth,
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premature birth and high mortality rate which is acquired in

utero. The pathogen can also cause late-onset listeriosis

characterized by meningitis or meningoencephalitis with

septicemia which is acquired 2–3 weeks after birth. The

bacterium is also associated with a mild influenza-like

illness and acute self-limited gastroenteritis in healthy

adults, infections in pregnant women and meningitis in

adults (Murray et al. 2015). In addition, the presence of

Listeria species in food products is an important issue due

to the consequent economic costs for the community in

terms of consumer safety, and for the food industry (Ivanek

et al. 2005). Hence, identification, control and treatment of

Listeria infections are necessary. Combination regimens

including a b-lactam alone or in combination with an

aminoglycoside, i.e. either gentamicin with penicillin or

gentamicin with ampicillin, are drugs of choice in the

treatment of severe Listeria infections (Murray et al. 2015).

Other antibiotics, such as trimethoprim-sulfamethoxazole,

are successfully used to treat listeriosis but Listeria resis-

tance to some of them has been reported, especially to

fluoroquinolones, macrolides and tetracyclines (Murray

et al. 2015; Olaimat et al. 2018). The prevalence of food-

borne listeriosis varies between 0.1 and 11.3 cases per

million persons in different countries with a mortality rate

of B 30% (Olaimat et al. 2018). In Iran, a systematic

review and meta-analysis estimated the prevalence of L.

monocytogenes to be 10%, 7% and 4% in humans, animals

and food products, respectively (Ranjbar and Halaji 2018).

However, no comprehensive information regarding

antibiotic resistance of Listeria species in Iran has yet been

presented. Therefore, the aim of this study was to deter-

mine the prevalence of antibiotic-resistant Listeria species,

particularly L. monocytogenes, isolated from foods and

food processing environments, animal and human speci-

mens in Iran.

Methods

Search strategy

According to the PRISMA guidelines (Liberati et al. 2009),

the current meta-analysis was conducted on the prevalence

of Listeria species antibiotic resistance isolated from foods

and food processing environments, animal and human

specimens in Iran. For this purpose, a systematic literature

search was done to find published articles until May 20,

2019 through international databases such as PubMed,

Scopus and Google Scholar, as well as an Iranian national

database i.e. the Scientific Information Database (SID)

(https://www.sid.ir/En/Journal). We used three search

terms including ‘‘antibiotic resistance’’, ‘‘Listeria’’ and

‘‘Iran’’ in both Persian and English languages. Finally,

reference lists of the included eligible articles were

checked for additional studies which might have been

missed during databases searching.

Selection criteria

Identification of articles evaluating Listeria species

antibiotic resistance was performed using the related key-

words by two investigators independently. Retrieved arti-

cles were transferred to the EndNote reference

management software. At first, the titles and abstracts and

then the full texts were assessed based on inclusion and

exclusion criteria. Studies with the following criteria were

included in the meta-analysis: cross-sectional studies pub-

lished in English or Persian languages, which were limited

to Iran, Listeria species samples collected from foods and

food processing environments, animal and human origins,

and studies presenting data on the prevalence of antibiotic

resistance. Non-original articles, duplicate reports, research

evaluating drug resistance profiles only at the genus Lis-

teria level or with insufficient data or small sample size and

also articles measuring antibiotic resistance Listeria spe-

cies isolated from mixed and non-specified samples were

excluded.

Quality assessment and data extraction

The Joanna Briggs Institute (JBI) critical appraisal

checklist was used to assess the quality of eligible studies

(Munn et al. 2015). As shown, the main data were

extracted and organized into Table 1 including the name

of the first author, study publication date, Listeria species

type, samples origins, the frequency of Listeria species,

methods used for assessing susceptibility to different

antibiotics and number of resistance to each antibiotic of

Listeria species.

Meta-analysis

The prevalence of Listeria species resistant to different

antibiotics was estimated as percentage and 95% confi-

dence intervals (CIs) through pooling the data using either

random-effects model (when the heterogeneity was high

among included studies) or fixed-effects model (when the

heterogeneity was low). In this regard, heterogeneity was

estimated using the I2 statistic and the Chi-square test with

the Cochrane Q statistic (significant at I2[ 25% and
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p\ 0.1). Asymmetry of funnel plots was explored as an

indicator of potential publication bias. Meta-analysis was

performed using the Comprehensive Meta-Analysis

(CMA) software version 2.2 (Biostat, Englewood, NJ).

Results

Literature search and study characteristics

Of 1069 collected reports after searching in national and

international databases, a total of 27 articles met predefined

inclusion and exclusion criteria and were found to be eli-

gible for the analysis of Listeria species antibiotic resis-

tance (Fig. 1). Included studies were reported from Ahvaz,

Bandar Torkaman, Chahar Mahal & Bakhtiyari, Isfahan,

Karaj, Kurdistan, Lorestan, Marvdasht, Mashhad, Mazan-

daran, Shiraz, Tehran, Urmia and Yazd. As shown in

Table 1, 20, 4 and 3 the research papers assessed antibiotic

resistance profiles of Listeria species isolated from foods

and food processing environments, human and animal

origins, respectively. Food products as raw, ready-to-cook

and ready-to-eat included seafood products, milk and tra-

ditional dairy products, processed meat, poultry products as

well as market and processing environments which have

been used for food products. Clinical specimens were

collected from pregnant women with vaginitis (vaginal

swab) and woman with spontaneous abortion (blood, urine,

placental tissue, fecal and vaginal swabs). Also, animal

specimens were obtained from ducks, geese, bovine, ovine,

caprine, buffalo and camel species. L. monocytogenes was

the most common Listeria species isolated from foods and

food processing environments (57.9% samples), human

(100% samples) and animal (86.2% samples) specimens.

Characteristics of Listeria species antibiotic

resistance in Iran

All eligible studies used disk diffusion technique to

determine antimicrobial susceptibility of Listeria species

isolated in Iran. The results of antibiotic resistance

according to the type of sample are shown in Table 2 for L.

monocytogenes, L. ivanovii, L. innocua, L. seeligeri, L.

grayi and L. welshimeri. As shown in Table 2, there is a

heterogeneity among some studies in determining the

prevalence of antibiotic resistance in Listeria species. In

this case, random-effects model was used for pooling the

data. Also, funnel plots were asymmetric suggesting

potential publication bias in estimating the percentage of

resistance for some antibiotics (Fig. 2).
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Discussion

Listeria together with other pathogens including Campy-

lobacter, Vibrio, Salmonella, Shigella, Escherichia, Yersi-

nia, Staphylococcus, Clostridium and Bacillus are

causative agent for more than 90% of food poisonings

(Jalalpour 2012). It has been suggested that antibiotic

therapy is necessary in severe cases of infection but drug

resistance has increased among food-borne pathogens

during the past few decades. Drug-resistant microbial

species are a significant threat to public health, food

security and treatment of diseases, and account for long-

term hospitalization, increased mortality rates and enor-

mous medical costs in the world (Olaimat et al. 2018;

Jamali et al. 2014). One of the main food-borne microbes

associated with major public health concern, especially in

the food industry, is L. monocytogenes (Olaimat et al.

2018). In the present study, resistance rates of L. mono-

cytogenes as well as other Listeria species in food products

were high against some antibiotics (Table 1). Antibiotic

resistance of food-borne L. monocytogenes pathogen may

be either intrinsic or acquired due to genetic alterations or

adaptation to environmental stresses including physical

(e.g., heat and high pressure), chemical (e.g., acids and

salts) and biological (e.g., microbial antagonism) stressors

during food production and in the food processing envi-

ronments (Olaimat et al. 2018; Lungu et al. 2011). Studies

have also shown that factors such as the use of antimi-

crobial compounds in food preservation (via inducing

efflux pumps), as well as sublethal exposure to disinfec-

tants in food processing environments may contribute to

the emergence of antibiotic-resistant food isolates of L.

monocytogenes (Olaimat et al. 2018). Since L. monocyto-

genes is isolated from ubiquitous sources, the food chain

can play an important role in transferring antibiotic resis-

tant strains between animals and humans (Olaimat et al.

2018). In this study, antimicrobial resistance of L. mono-

cytogenes isolated from human specimens against antibi-

otics used in primary therapy of Listeria infections i.e.

penicillin, ampicillin and gentamicin was found to be

56.8%, 29.5% and 32.4% (Fig. 3), respectively. These

prevalence rates are higher than the results of L. monocy-

togenes isolated from food (34.5%, 26.4% and 8.9%) and

animal (47.1%, 29.5% and 9.2%) origin specimens. Fre-

quent use of these antibiotics as the first-line drugs in lis-

teriosis treatment as well as acquisition of resistance genes

from the commensal unrelated bacterial species in foods

and food processing environments through mobile genetic

elements and efflux pumps can justify the high levels of L.

monocytogenes resistance in human samples (Olaimat et al.

Fig. 1 Flowchart of literature search and study selection for meta-analysis
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2018; Abdollahzadeh et al. 2016). Additionally, in peni-

cillin-allergic individuals, vancomycin or trimetho-

prim/sulfamethoxazole are recommended for the treatment

of invasive listeriosis (Abdollahzadeh et al. 2016). The

prevalence of vancomycin- and trimethoprim/sul-

famethoxazole-resistant L. monocytogenes isolated from

different origins was as follow: 5.9% to trimethoprim/sul-

famethoxazole and 5.8% to vancomycin in food specimens,

6.3% to trimethoprim/sulfamethoxazole in human speci-

mens and 2.6% to vancomycin in animal specimens

(Table 2). The antibiotic resistance of L. monocytogenes

isolated from food products in different countries was as

follows: 100% to penicillin, 4.8% to gentamicin, 57.1% to

vancomycin and 4.8% to trimethoprim/sulfamethoxazole in

India, 93.8% to penicillin, 3.1% to gentamicin, 46.8% to

vancomycin and 6.3% to trimethoprim/sulfamethoxazole in

Egypt, and 100% to penicillin, 7.8% to gentamicin, 45.1%

to vancomycin and 11.7% to trimethoprim/sulfamethoxa-

zole in Yemen (Obaidat et al. 2015). Another study from

Turkey showed 66.7% resistance to penicillin, 75% to

ampicillin, 8.3% to gentamicin, 0% to vancomycin and

50% to trimethoprim/sulfamethoxazole (Aras and Ardiç

2015). Also, Ha et al. in a study in South Korea indicated

that ampicillin, gentamicin, vancomycin and trimetho-

prim/sulfamethoxazole resistance rates of L. monocytoge-

nes isolated from food products were 97%, 0%, 0% and

0%, respectively, (Ha et al. 2017). On the other hand, it is

necessary to monitor the extensive use of antibiotics as

supplements to enhance the growth or prevent, control and

treat diseases in animals or as pesticide on fruits, and also

use of sub-inhibitory concentrations of antibiotics in

human diseases treatment which can lead to the emergence

of the antibiotic resistance and effect on human infection

therapy (Olaimat et al. 2018). It is worth noting that

tetracycline is frequently used for treating animal infec-

tions in Iran (Akrami-Mohajeri et al. 2018). This drug is

also used in treating human infections (Olaimat et al.

2018). Our results indicated that L. monocytogenes strains

isolated from food products (40.5%), animal (69.5%) and

human (18.3%) samples exhibited a high resistance rate to

tetracycline. Similar results were observed for other Lis-

teria species (Table 2). However, 3% and 6% of L.

monocytogenes isolates from food products in Italy and

Canada were resistant to tetracycline, respectively (Ab-

dollahzadeh et al. 2016). In pregnant women, erythromycin

is an antibiotic of choice to treat listeriosis (Olaimat et al.

2018). However, the current study showed that 26.8% of

human isolates of L. monocytogenes were resistant to

erythromycin. Other antibiotics used to treat listeriosis are

rifampicin, chloramphenicol and fluoroquinolones (Olai-

mat et al. 2018). Among them, chloramphenicol-resistant

L. monocytogenes strains isolated from food (17.7%),
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ciprofloxacin-resistant L. monocytogenes strains isolated

from food origin (25.4%) showed high resistance rates.

However, rifampin-resistant L. monocytogenes strains iso-

lated from food (5.4%) and animal (2.6%) origins had low

resistance rates. In addition to the pathogen source, other

species of the genus Listeria can affect the emergence of L.

monocytogenes antibiotic resistance in through genetic

material exchange (Allen et al. 2016). Therefore, investi-

gation of the antibiotic resistance of other Listeria species

is also important. Our study showed that resistance of

Listeria species isolated from foods and food processing

environments and animal sources in Iran was high to some

antibiotics (Table 2).

Conclusion

The present systematic review and meta-analysis warns

about the emergence of Listeria species resistant to dif-

ferent antibiotics in different pathogen sources in Iran. For

example, a high prevalence of L. monocytogenes strains

resistant to commonly used antibiotics in treating human

listeriosis i.e. penicillin, ampicillin and gentamicin was

observed in Iran. In addition, other species of the genus

Listeria indicated high resistance rates to some antibiotics.

Therefore, to reduce the spread of Listeria drug resistance

in Iran, excessive use of antibiotics either in the treatment

of human infections or in animal feeding as growth sup-

plements and prophylaxis should be controlled and limited.

Nonetheless, our findings suggest that trimethoprim/sul-

famethoxazole, vancomycin and ciprofloxacin can be

Fig. 2 Funnel plots depicting

publication bias of studies

reporting the prevalence

antibiotic resistance of L.

monocytogenes to penicillin

(a) and ampicillin (b) in human

specimens
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alterative antibiotics, due to their low resistance rates, in

the treatment of human listeriosis in Iran. Finally, we

recommend evaluating mechanisms of antibiotic resistance

in Listeria species, especially L. monocytogenes in Iran.
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