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Abstract : Listeria monocytogenes is a Gram-positive bacterium that is commonly isolated from food sources. This opportu-
nistic human pathogen is the causative agent of listeriosis, an illness that mainly effects  immunocompromised, the elderly, 
infants, and pregnant women. Ever since its detection, listeriosis cases has been very prevalent and commonly associated 
with food sources such as dairy products, ready-to-eat food, and poultry. The prevalence of listeriosis is of public health con-
cern and proper management is required to control this illness from spreading widely. Thus, this review seeks to elucidate a 
better understanding on the characteristics, taxanomy, prevalence and their associated food sources, as well as management 
methods in order to devise proper control actions to reduce listeriosis incidence worldwide.  
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Introduction

The bacterium Listeria monocytogenes is an ubiquitous 
facultative saprotroph which present widely in the soil, 
plants, ground water and vegetation(1;2). Animals, such as 
cattles, sheeps, goats and poultry which fed on these si-
lages are also identified as a host of this pathogen. As the 
causative agent of listeriosis, L. monocytogenes has been 
identified as animal pathogen since 1920s (3). Over the 
last two decades, L. monocytogenes has been associated 
with many foodborne diseseas in humans(3;4;5). Humans 

who consume contaminated food, especially ready-to-
eat (RTE) food, dairy products, meat and poultry, will 
later develop listeriosis(6;7;8). Despite the advancements 
in food preparations, healthcare system, and public 
awareness, this pathogen remains as a major cause of 
foodborne illness.   

This bacterium was first identified by Murray in 1926 
from unusual sudden death of laboratory rabbits in De-
partment of Pathology of Cambridge. Due to its strik-
ing characteristic of mononuclear leukocytosis, the 
isolated microorganism was named Bacterium monocy-
togenes(9;10). Prior to 1926, this pathogen was actually 
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encountered in 1891 by Hayem in France, 1893 by Henle 
in Germany and 1911 by Hulphers (which he named the 
organism as Bacillus hepatis)(11). In 1927, Pirie discov-
ered a unique microorganism which was responsive for 
“Tiger River disease” (later also known as listeriosis) 
in South Africa from gerbilles and named it Listerella 
hepatolytica, devoting it in honour of Lord Lister. Both 
the strains discovered by Murray and Pirie were found to 
be similar by the National Type Collection at the Lister 
Institute in London, and it was named Listeria monocy-
togenes(10). 

Initially, L. monocytogenes was known to cause veteri-
nary illness till Nyfeldt isolated this bacterium from 3 
patients who succumbed from infectious mononucleosis-
like disease in 1929. Nonetheless, its route of transmis-
sion was obscured until 1980 when a series of outbreaks 
associated with food occurred(11;12). Listeriosis first well-
documented foodborne outbreak was reported in Canada 
in 1983 after consumption of contaiminated coleslaw 
(4). Ever since then, many reported outbreaks happened 
in high-income countries including United States of 
America, Japan and Europe, predominantly attributed 
to meat and poultry products, dairy products, seafood 
and vegetables(13). Fish and fish products are known to 
be frequently contaminated with L. monocytogenes. For 
instance, this microorganism was isolated from 44% 
of fresh prawns in Malaysia(14), 10.5% of fish patties in 
Malaysia(15), 7.5% and 13.6% of crab and smoked fish 
samples in the US, respectively(1), and 5.5 to 12.1% of 
minced tuna and fish roe products in Japan. In 2011, a se-
vere and deadliest listeriosis outbreak occurred in United 
States of America (USA). The outbreak was associated 
with cantaloupe and caused 146 illneses with 30 deaths 
and one miscarriage(16).  

The high case fatality rate of listeriosis has demanded 
a need for scrutined identification and surveillance of 
L. monocytogenes. This bacterium is able to infect the 
human food chain directly or via animal farms(17). A 
contaimination level above 104 CFU/g is professed as 
a high level of contaimination and responsible for lis-
teriosis(18;19). Anything below 102 CFU/g of L. monocy-
togenes contaimination in food unlikely to cause clini-
cal illness(20), however there is reported levels of 102-104 
CFU/g of L. monocytogenes causing illness in immuno-
comromised people(19;21). According to WHO, pregnant 
women, the elderly or individuals with a weakened 
immune system, such as people with immuno-compro-
mised status due to HIV/AIDS, leukaemia, cancer, kid-
ney transplant and steroid therapy, are at greatest risk of 
severe listeriosis and should avoid high risk foods(22).  

L. monocytogenes has spread widely in the environments 
and management of Listeria in food production sector 
requires constant surveillance. Hence, better understand-
ing on the characteristics, taxanomy, prevalence and their 
associated food sources, as well as management methods 
is necessary in order to devise proper control actions to 
reduce listeriosis incidence worldwide.  

2. Characteristic of Listeria monocytogenes

L. monocytogenes is characterized as a short, Gram posi-
tive, non-spore forming and facultative anaerobe. It is 
a bacillus that may sometimes appear singly or in short 
chains resembling Streptococci(1;6;23). It is a non-fastidious 
bacillus with low G+C % DNA content(1;24). In addition, 
it is a facultative intracellular microorganism in which its 
expression of flagellum-based motility is dependent on 
the growth temperature, with the desirable temperatures 
being less than 30 oC(25).  

This bacterium occurs naturally in environments and of-
ten reported to be isolated from human, animals, food 
products and food processing plants including abattoirs 
and smokehouses(26). L. monocytogenes grows rapidly on 
most of the commonly used bacteriological media. On nu-
trient agar, bluish grey, smooth and slightly raised colo-
nies of the diameter 0.2-0.8mm are generally observed 
after 24 hours of incubation(6). A characteristic blue-green 
iridescence is demonstrated under obliquely transmitted 
light, making the colonies readily discriminated, even 
among high numbers of contaminants(6;27). Furthermore, it 
displays a characteristic of end-over-end tumbling motil-
ity at room temperature and this can be seen by an um-
brella-shaped pattern that develops overnight incubation 
in a semisolid agar(27;28).

As a psychotropic foodborne pathogen, L. monocytogenes 
is capable of multiplying at a range of temperatures 1-45oC 
and remains moderately inactivated at temperatures be-
low 0 oC, thus making RTE foods with a relatively long 
shelf-life of particular concern(1;6). Temperatures above 
50oC can completely inactivate the microorganism(1). This 
thermo-related characteristic allowed WHO to ensure 
high-temperature short-time pasteurization (71.7oC/15 
sec) is sufficient to completely inactivate normally popu-
lating L. monocytogenes in raw milk (6). Besides, its resil-
iency is proven by the ability to tolerant acid (pH range 
4.4 to 9.6) and high salt concentration (up to 10% NaCl), 
and the propensity of forming biofilms in order to thrive 
in food-processing environments(1;6;29). 

3. Taxanomy

Listeria genus consists of 17 species: L. monocytogenes, 
L. ivanovii, L. seeligeri, L. innocua, L. welshimeri, L. 
martii, L. rocourtiae, L. grayi, and recently discovered L. 
weihenstephanensis(30), L. fleischmannii(31), L. floridensis, 
L. aquatica, L. cornellensis, L. riparia, L. grandensis(32), 
L. booriae and L. newyorkensis(33). Among these species, 
L. grayi is the most distantly related species(1;23). Both L. 
ivanovii and L. monocytogenes are known to cause liste-
riosis primarily in ruminants and human, respectively(1;34). 

Although all species are phenotypically very similar, they 
can be easily differentiated by the following 5 tests: acid 
production from mannitol, D-xylose, L-rhamnose and 
α-methly-D-mannoside, and hemolysin production(6). 
L. monocytogenes is catalase positive, urease test posi-
tive, Voges-Proskauer test positive and oxidase test nega-
tive(6;27;28). It hydrolyses esculin and sodium hippurate, 
and shows beta-hemolysis on blood agar. Other charac-
teristics include CAMP test positive with Staphylococcus 
aureus and negative with Rhodococcus equi, production 
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of acid but not gas from D-glucose, production of acid 
from D-salicin, L-rhamnose and α-methyl-D-mannoside, 
no production of acid from D-mannitol or D-xylose, no re-
duction of nitrates to nitrites, methyl red positive, negative 
reactions for hydrogen sulphide production and ammonia 
production from arginine(6;28). However, since identification 
using biochemical methods are laborious, time-consuming 
and of greater chance inaccuracy, molecular typing proce-
dures are commonly employed(35). The high sensitive and 
discriminatory genotypic approach, such as pulsed-field 
gel electrophoresis (PFGE) and multi-virulence-locus se-
quence typing (MVLST) are frequently used recently to 
identify an outbreak. 

L. monocytogenes is one of the human foodborne patho-
gens of great public concern. It can be classified into 12 
serotypes (1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4c, 4d, 4e 
and 7), which is designated based on the immunoreactiv-
ity of the cell surfaces antigens, O and H. 1/2a, 1/2b and 
4b were identified to cause most (95%) human listeriosis, 
with 4b serotype most frequently (98%) associated with 
outbreaks(23;34). 1/2a and 1/2b serotypes were commonly 
related to sporadic cases(23).

L. monocytogenes isolates can also be categorized into at 
least 4 evolutionary lineages, with different but overlap-
ping ecological niches(26).  Lineage I which consists of se-
rotypes 1/2b, 4b, 3b and 3c, are associated with most hu-
man listeriosis outbreak due to their high pathogenecity. 
It contains 2 epidemic clones (ECs) of serotype 4b (ECI 
and ECII) that have been associated to multiple listeriosis 
epidemics globally and also significantly overrepresented 
among sporadic cases(36). Isolates in this subgroup carry 
listeriolysin S hemolysin that is not present in others(26). 
Evidences of low prevelance of plasmids and insertion se-
quence elements in these isolates, suggesting the existence 
of mechanisms that limit the acquisition of foreign DNA 
by horizontal gene transfer. Lineage II which consists of 
serotypes 1/2a, 1/2c and 3c, are commonly isolated from 
food, nature and farms. It is often associated to animal 
listeriosis and sporadic human cases. Most are virulence-
attenuated due to premature stop codon mutations (PMSC) 
in inlA and prfA. The isolate are more resistant to bacte-
riocins and have higher genetic recombination rates than 
that from lineage I, thus probably confers an advantage for 
their survival in environment. They have better ability to 
be recovered in certain enrichment media, indicating their 
enhanced ability to survive environmental stress and hence 
related to their genuine overrepresentation in foods. Lin-
eage III and lineage IV are less clinically important as they 
had low incidence among human listeriosis, suggesting of 
reduced human virulence.    

4. Prevalence of Listeria monocytogenes

The World Health Organization (WHO) has estimated 
around 600 million people are infected with foodborne 
disease yearly(37). Foodborne diseases effect the socioeco-
nomic development by straining the healthcare system, as 
well as harms the country’s economic, tourism and trade(37). 
The identified foodborne pathogens are such as Salmonella 
sp.(38;39;40;41), Listeria sp.(42;43) and Vibrio sp.(44;45;46) are often 
associated with foodborne gastroenteritis cases worldwide. 

L. monocytogenes, the causative agent of Listeriosis is 
known to cause sporadic cases, which a specific food 
source is rarely identified. The occurrence of ≥ 3 liste-
riosis cases of the same pulsovar strain over a period 
is defined as cluster(47). An outbreak is considered when 
the clusters of cases caused by a source strain are great-
er than expected during a specified period of time and 
place. It is challenging to investigate the origin of an 
outbreak as listeriosis has long and variable incubation 
period (3 to 70 days), which can lead to recall bias and 
difficulty in establishing an appropriate exposure period 
for food histories, and it will be much difficulty to iden-
tify rapidly foods that are not typically known to be a 
source of contamination in humans(48;49). 

4.1 United States

The US Centers for Disease Control and Prevention 
(CDC) has reported listeriosis was responsible for an ap-
proximately 1,600 illnesses and 260 deaths annually in 
the US. In 2013, the annual incidence was 0.26 cases per 
100,000 individuals, with a total number of 123 cases, 
112 hospitalizations and 24 deaths were reported(50;51). 
The incidence had declined by approximately 42% in 
2012 as compared to that of in 1996-1998. The significa-
tion declines in the number of outbreaks in ready-to-eat 
(RTE) red meats and poultry is due to the regulatory ini-
tiatives and industry actions that was implemented be-
tween 1998 and 2008. In contrast, listeriosis outbreaks 
is more prevalent from dairy products(52). The US has 
identified a number of listeriosis attributed food sources 
including fruit and vegetables (e.g., celery, lettuce, can-
taloupe, sprouts, stone fruit and caramel apples), as well 
as ice cream.

There were no significant changes observed in incidence 
between 2006-2008 and 2012. In Texas, machine cut 
diced celery which was served in 5 different hospitals 
caused listeriosis(53). The infected patients were  over 
55 years old, with mean age of 80 and had underlying 
health illnesses. 5/10 of the patients died and listerio-
sis was attributed as the cause of death. All 10 patients 
had one or more immunocompromising conditions or 
were receiving corticosteroid or acid-reducing treat-
ments that could have increased their susceptibility to 
invasive listeriosis. The largest multistate outbreaks in 
the US history took place in 2011 since 1998, associ-
ated with cantaloupe consumption from Jensen Farms in 
Colorado(50;54). 147 cases were reported among residents 
of 28 states, resulting in 33 deaths and 1 miscarriage. 
The median patient age was 78 years; most ill people 
were over 60, and 99% of the patients were hospital-
ized. Seven of the cases were related to pregnancy or 
were newborns. With the nationwide implementation of 
Listeria Initiative (LI) since 2005, the strong association 
of outbreaks to cantaloupe was rapidly identified and its 
transmission was efficiently halted in less than 2 weeks 
as compared to the one-month delay between outbreak 
detection and product recall during 1985 outbreak as-
sociated with Mexican-style cheese(50;55). This outbreak 
is extraordinary because it is associated with melon and 
comprising of widely differing PFGE pattern combina-
tions and 2 serotypes (1/2a and 1/2b).
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In 2011, another multistate outbreak associated with the 
consumption of Mexican-style cheese among the Hispan-
ic, pregnant women was reported(56). 7 pregnancy-related 
cases were identified and all reported to have consumed 
Mexican-style cheese during the month before the onset of 
illness. 2 out of 7 cases experienced stillbirths and 5 neo-
nates were affected. Investigation had suggested post-pas-
teurization contamination as the pasteurization procedure 
of the milk was properly done. 

Recently, five significant outbreaks were announced by 
CDC. During the period of September 2013 to October 
2014, 5 cases related to Hispanic-style soft cheese (quesito 
casero) consumption were reported. 4 were hospitalized 
and 1 death was announced, and among these cases, 3 
were identified to be pregnancy-related and a newborn was 
diagnosed with listeriosis(57). In February 2014, 8 people 
were infected with 1 succumbed from the listeriosis, due 
to consumption of fresh cheese curd (Cuajada en Terron) 
produced by Roos Food(58). In June and August 2014, 5 
cases suggestive of consumption of mung bean sprouts 
from Wholesome Soy Products, Inc, were reported from 
two US states. All were hospitalized and 2 deaths had oc-
curred(59). A multistate outbreak associated to commercially 
produced, prepackaged caramel apples was later reported 
in December 2014. As of January 2015, 32 cases were 
reported from 11 states - 31 hospitalization cases and 7 
deaths cases have been reported. 31 were hospitalized and 
7 deaths have been reported. Among these deaths, at least 
3 were resulted from listeriosis. 10 cases were pregnancy-
related, with resulting in abortion. 3 cases of meningitis 
were diagnosed among otherwise healthy children aged 
5-15 years. 25 of 28 (89%) patients have a history of eat-
ing commercially produced, prepackaged caramel apples. 
The outbreak strain was identified in the Californian pack-
ing plants. On 6th January 2015, Bidart Bros of Bakersfield 
voluntarily recalled all Granny Smith and Gala from this 
processing plant(60). Lately in February 2015, L. monocy-
togenes was isolated from single-serving ice-cream during 
a routine sampling, and it was believed to cause 10 cases 
and 3 deaths(61).

4.2 Europe

In the European countries, there is an increase in incidence 
from year 2000 (4.7 cases/million persons) to 2006 (6.3 
cases/millions person)(47;62). Total of 1554 cases were con-
firmed in 26 EU members in 2007, with an average notifi-
cation rate of 0.3 per 100, 000 population(62). A increasing 
pattern of incidences were seen in France, Finland, Den-
mark, England, Belgium and Wales, whereas a decrease 
pattern was observed in Sweden. However, the reason of 
the increase number of incidence cases remains unclear. In 
France, it was proposed that the reduction of salt content 
in food products as a preventive measure for hypertension 
recommended by the French Food Safety Agency in 2002, 
has result in foods, such as RTE meat products, to be more 
frequently and heavily contaminated in 2006-2007(47;62). 
The trend continues to demonstrate increment statistically, 
along with seasonal pattern over the period 2008-2012. In 
2012, a total of 1642 confirmed cases were reported with 
a high fatality rate of 17.8% (198 deaths), which was the 
highest number of fatal cases reported since 2006. Most of 

these cases were believed to be contributed from fishery 
products as most often L. monocytogenes sampling from 
these products were found beyond the safety limit(63). 

During January 2013-February 2014, 27 cases were re-
ported which was significantly higher than the reported 
annual incidence of 7-12 cases during 2009-2012 in 
Northern Spain. 11 cases were pregnancy-related and a 
total of 6 deaths had occurred. Sequence type (ST) 87 
serotype 1/2b strain, a rare L. monocytogenes type that 
had not been shown to cause human illnesses, was iso-
lated from 15 cases in two epidemiologically unrelated 
outbreaks. First cluster involving 5 cases was identified 
during August-September 2013 and out of 3 were preg-
nancy-related. Specific food as source of outbreak was 
failed to be identified. In the early November 2013 till 
late February 2014, 10 cases were reported to be pos-
sibly linked to the consumption of foie gras(64). 

It is also important to note that the prevalence of L. 
monocytogenes was much lower in fish products caught 
from tropical water as compared to that of in the West-
ern countries(65). Interestingly, serotype 4b isolates were 
commonly associated to summer and their existence in 
surface water was corresponded to higher air tempera-
tures and the existence of bacterial indicators of fecal 
contamination such as Escherichia coli and entero-
cocci(26). Conversely, serotype 1/2a strains were more 
prevalent in water during fall and winter. It is difficult 
to deduce the effect of natural environment on the L. 
monocytogenes strains due to limited studies avail-
able; however, 1/2a strains may be typical inhabitants 
of natural environment while 4b strains may be from 
the cattle’s excreta into water during summer. Thus, it 
somehow explained why listeriosis outbreaks are more 
prevalent in summer(7).

In a short, L. monocytogenes was commonly isolated 
from dairy and poultry products. Due to various fac-
tors like dietary habits, methods of processing food and 
health surveillance system, listeriosis was more preva-
lent in the US and Europe (as shown in Figure 1). It 
is important to keep in mind that the uncommon food 
sources can also be a source of transmission as shown 
in the recent outbreaks, thus with rapid detection allow 
effective interruption of the route of transmission. 

4.3 Asia 

Unlike United States and Europe where health surveil-
lance system was efficient, data collection of listeriosis 
was not appropriately done in Asia. Perhaps, also be-
cause of different diet habits and prevalence of infec-
tious illnesses, detailed investigations were focused on 
the commonly affected illnesses such as tuberculosis 
and dengue fever. In Japan, an estimation of 83 cases oc-
curred annually (equivalent to 0.65 per million individu-
als) and it was deduced that raw RTE seafood products 
might have contributed to some of the cases, though the 
most probable number (MPN) of the L. monocytogenes 
detected was low(66). In China, the average recovery rate 
of L. monocytogenes was deduced to be 3.7% in all food 
categories, with raw meat as the leading source, in 13 
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provinces. However, there was no surveillance data due to 
limited identification techniques and insufficient attention 
to L. monocytogenes contamination. The only record was 
about the veterinary and human outbreaks happened in Yu-
nan province in 1997(13).

4.4 Antibiotic resistant L.monocytogenes

Statistical analysis showed that L. monocytogenes was 
responsible for 23150 illnesses (0.337 per 100,000 popu-
lation incidence rate) with 5463 death globally in 2010. 
Among all the cases, septicemia was the most common 
outcome, followed by central nervous system (CNS) infec-
tion. However, data from only 52% of world population 
was available and also due to differences in health surveil-
lance system, the incidence and disease burden could not 
be extrapolated confidently(67). 

Over the years, the food sector has witnessed the occur-
rence of antimicrobial resistant bacteria such as Salmonel-
la, Stapylococcus aureus, Escherichia coli and L. mono-
cytogenes(68;69;70;71). In 1988, the first antibiotic resistant 
L. monocytogenes was identified in France. Since then, 
more and more strains from food sources are identified 
as antimicrobial resistant and human sporadic Listeriosis 
cases(72;73;74). As a precaution measure and to control the 
increasing number of antibiotic resistant strains, the Eu-
ropean Union has banned the usage of antibiotic as animal 
feed additives as of January 2006(75). 

The indiscriminate use of antimicrobials in community and 
farms has led to increasing cases of antimicrobial resistant 
L. monocytogenes in the environments. A study reported L. 
monocytogenes strains from dairy farm exhibiting multi-
drug resistance towards phenotype towards cephalosporin 
C, streptomycin, and trimethoprim(76). In addition in 2008, 

a another study found that L. monocytogenes strains 
from a turkey processing plant were multidrug resistant 
namely to ceftriaxone, ciprofloxacin, and oxacillin(77). 
Antimicrobial resistant L. monocytogenes strains has 
also been isolated from ready-to-eat foods. The strains 
exhibited antibiotic resistance towards ampicillin, 
gentamycin and methicillin(78). 

Given the increasing number of antibiotic-resistant L. 
monocytogenes strains being isolated around the world, 
it is imperative that we gain a better understanding of 
the extent of antibiotic resistance in L. monocytogenes, 
the antibiotic resistance gene patterns of this pathogen, 
and the ability of this pathogen to acquire resistance 
from other bacterial species. In addition, the range of 
antibiotics to which L. monocytogenes has acquired 
resistance is broad. Within this range of antibiotics are 
several that are traditionally used to treat listeriosis, 
such as penicillin and gentamicin. Multi-resistant strains 
are not common, but evidence for emergence is avail-
able(76). Overall, the use of antibiotic in the aquaculture 
and agriculture should be control and managed in order 
to reduce the emergence of antibiotic resistant strains of 
L. monocytogenes.   

Conclusion

Listeriosis is a rare but serious illness that predominant-
ly affects the high risk population. Especially in recent 
years where there was increase in outbreaks and cases 
especially in the developed countries eg. the United 
States, Finland and Denmark, which mostly related to 
consumption of contaminated processed food. Major-
ity of the affected individuals are pregnant or immuno-
compromised, and develop severe illnesses which result 
in abortion, long-term neurological complications and 

Figure 1.  Incidence rate and outbreak of listeriosis in different regions global. Listerosis have effected  around the world  from USA to the Asia counties
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even death. The severity of this illness alarmed the commu-
nity about the importance of surveillance and prevention 
of L. monocytogenes. Besides the “zero tolerance” policy 
for RTE foods in US, most of the countries do not take any 
essential actions to counteract this problem. It is yet un-
clear about the causes of the significant low prevalence of 
cases in the developing countries which might perhaps due 
to dietary habit or inefficient health surveillance system. 
To understand the listeriosis better and future therapeutic 
regimen development, it is crucial to have a detailed un-
derstanding about the pathogenesis of L. monocytogenes. 
PrfA and the sigma factors are the main regulators of the 
expression of downstream virulence genes and also for the 
bacteria adaptation to the stress conditions. For mamma-
lian cells invasion, InlA and InlB play critical for adhesion 
and internalization. Once within the cell, LLO and PLC 
aid in escaping from the phagosome, and subsequently 
together with actin assembly, allow intercellular spread. 
To treat the infection, the first-line treatment is penicillin 
with or without aminoglycosides, and TMP-SMZ is used 
in patients who are allergic to penicillin. In the current situ-
ation, antibiotics should be administrated wisely in aqua-
culture, agriculture and health care sectors to control the 
occurrence of antimicrobial resistance among pathogens. 
A non-antibiotic approach of utilizing bacteriophages in 
the aquaculture and agriculture fields may help to manage 
the increasing antimicrobial resistance problem. Bacterio-
phages have great advantages such as having host speci-
ficity, environmental friendly, readily discovered and iso-
lated from the environment, and cost effective compared 
to antibiotics(79). In addition, hactery farmers may adapt the 
method of switching antibiotics used in the aquatic field 
from time to time in order to allow withdrawal of antibi-
otic resistance profile in strains(80). In summary, antibiotic 
resistance is a public health worry that effects millions of 
healthcare treatment worldwide. It is very important to 
educate the public on this issue through awareness cam-
paigns or electronic media to prevent the over use of anti-
biotics and ensure the effectiveness of clinical antibiotics 
for treatments. In line with the campaigns, the Food and 
Agriculture Organization (FAO) had campaigns worldwide 
to increase awareness and promote the use of antimicrobi-
als among the public (90; 91).  

Acknowledgement

This work was supported by External Industry Grant 
(Biotek Abadi – Vote No. GBA-808813), MOSTI eScience 
funds (Project No. 06-02-10-SF0300) awarded to L.-H. L.

Conflict of Interest     
The authors declared that there is no conflict of interest.

Reference

1. Swaminathan, B., Cabanes, D., Zhang, W., and Cossart, P. (2007). Lis-
teria monocytogenes. In: Doyle, M. P., and Beuchat, L. R. Food Micro-
biology: Fundamentals and Frontiers. Washington: ASM Press. Chapter 
21, 457-491.

2. Gray, M. J., Freitag, N. E., and Boor, K. J. (2006). How the bac-
terial pathogen Listeria monocytogenes mediates the switch from 
environmental Dr. Jekyll to pathogenic Mr. Hyde. Infect Immun. 
74(5), 2505-2512.

3. Walsh, D., Duffy, G., Sheridan, J. J., Blair, I. S., and McDowell, D. 
A. (2001). Antibiotic resistance among Listeria, including Listeria 
monocytogenes, in retail foods. J. App. Microb. 90, 517-522. 

4. Schlech III, W. F., Lavigne, P. M., Bortolussi, R. A., Allen, A. C., 
Haldane, E. V., Wort, A. J., Hightower, A. W., Johnson, S. E., King, 
S. H., Nicholls, E. S., and Broome, C.V. (1983). Epidemic liste-
riosis-evidence for transmission by food. New England J. Medic. 
308(4), 203-206.

5. Anon. (1999) Update: multistate outbreak of listeriosis – United 
States, 1998-1999. MMWR 47, 1117-1118.

6. Ryser, E. T., and Donnelly, C. W. (2001). Listeria. In: Downes, F. P., 
Ito, K. Compendium of methods for microbiological examination of 
foods. Washington: APHA. Chapter 36, 343-356.

7. Janakiraman, V. (2008). Listeriosis in pregnancy: diagnosis, treat-
ment and prevention. Rev Obstet Gynecol. 1(4), 179-185.

8. Bartlett, J. G. (2013). Listeria monocytogenes. Johns Hopkins 
Medicine. Available at: http://www.hopkinsguides.com/hopkins/
ub/view/Johns_Hopkins_ABX_Guide/540318/all/Listeria_Mono-
cytogenes.

9. Murray, E. G. D., Webb, R. A., and Swann, M. B. R. (1926). A 
disease of rabbits characterised by a large mononuclear leukocyto-
sis, caused by a hitherto undescribed bacillus bacterium monocyto-
genes (n.sp.). J. Pathol. Bacteriol. 29(4), 407-439.

10. Rocourt, J., and Buchrieser, C. (2007). The genus Listeria and Lis-
teria monocytogenes: phylogenetic position, taxonomy, and identi-
fication. In: Ryser, E. T., Marth, E. H. Listeria, listeriosis, and food 
safety. Florida: CRC Press. Chapter 1, 1-20. 

11. Gray, M. L., and Killinger, A. H. (1966). Listeria monocytogenes 
and listeric infections. Bacteriol Rev. 30(2), 309-382.

12. Painter, J., and Slutsker, L. (2007). Listeriosis in humans. In: Ryser, 
E. T., Marth, E. H. Listeria, listeriosis, and food safety. Florida: 
CRC Press. Chapter 4, 85-109. 

13. Chen, J., Zhang, X., Mei, L., Jiang, L., and Fang, W. (2009). Pre-
valance of Listeria in Chinese food products from 13 provinces 
between 200 and 2007 and virulence characterization of Listeria 
monocytogenes isolates. Foodborne Pathog Dis. 6(1), 7-14.

14. Arumugaswamy, R. K., Ali, G. R. R., and Abd Hamid, S.N. (1994). 
Prevalence of Listeria monocytogenes in foods in Malaysia. Int J 
Food Microbiol. 23(1), 117-121.

15. Wong, W. C., Pui, C. F., Tunung, R., Cheah, Y. K., Nishibuchi, M., 
and Son, R. (2012). Prevalence of Listeria monocytogenes in fro-
zen burger patties in Malaysia. International Food Research Jour-
nal. 19(4), 1751-1756.

16. Laksanalamai, P., Joseph, L. A., Silk, B. J., Burall, L. S., Tarr, C. L., 
Gerner-Smidt, P., and Datta, A. R. (2012). Genomic characteriza-
tion of Listeria monocytogenes strains involved in a multistate lis-
teriosis outbreak associated with cantaloupe in US. PloS One, 7(7), 
42448. 

17. Gahan, C. G. M., and Hill, C. (2014). Listeria monocytogenes: sur-
vival and adaptation in the gastrointestinal tract. Frontiers in Cel-
lular and Infection Microbiology, 4(9).

18. Ooi, S. T., and Lorber, B. (2005). Gastroenteritis due to Listeria 
monocytogenes. Clin Infect. Dis. 40, 1327-1332.

19. Vazquez-Boland, J. A., Kuhn, M., Berche, P., Chakraborty, T., 
Domínguez-Bernal, G., Goebel, W., and et al. (2001). Listeria 
pathogenesis and molecular virulence determinants. Clin. Micro-
biol. Rev. 14, 584-640.

20. Chen, Y., Ross, W. H., Scott, V. N., and Gombas, D. E. (2003). 
Listeria monocytogenes: low levels equal low risk. J. Food Protect. 
66, 570-577.

21. McLauchlin, J., Mitchell, R. T., Smerdon, W. J., and Jewell, K. 
(2004). Listeria monocytogenes and listeriosis: a review of haz-
ard characterisation for use in microbiological risk assessment of 
foods. Inter. J. Food Microbiol. 92, 15-33.

22. World Health Organization (WHO). (2018). Listeriosis. http://
www.who.int/mediacentre/ factsheets/listeriosis/en/.

23. Jeyaletchumi, P., Tunung, R., Margaret, S. P., Son, P., Farinazleen, 
M. G., and Cheah, Y. K. (2010). Detection of Listeria monocyto-
genes in foods. Int Food Res J. 17(1), 1-11.

24. Hof, H. (2004). An update on the medical management of listerio-
sis. Expert Opin Pharmacother. 5(8), 1727-1735.

25. Mauder, N., Williams, T., Fritsch, F., Kuhn, M., and Beier, D. 
(2008). Response regulator degU of Listeria monocytogenes con-
trols temperature-responsive flagellar gene expression in its un-
phosphorylated state. J Bacteriol. 190(13), 4777-4781.

26. Orsi, R. H., den Bakker, H. C., and Wiedmann, M. (2011). Listeria 
monocytogenes lineages: genomics, evolution, ecology and pheno-
typic characteristics. Int J Med Microbiol. 301(2), 79-96.

27. Frobes, B. A., Sahm, D. F., and Weissfeld, A. S. (2007). Bailey & 
Scott’s Diagnostic Microbiology, 12th ed. St. Louis: Mosby. Chap-
ter 19, Listeria, Corynebacterium, and similar organisms. 288-302.

28. McLauchlin, J. (1990). Distribution of serovars of Listeria monocy-
togenes isolated from different categories of patients with listerio-
sis. Eur J Clin Microbiol Infect Dis. 9(3), 210-213.

29. Graves, L.M., Hunter, S.B., Ong, A.R., Schoonmaker-Bopp, D., 
Hise, K., Kornstein, L., DeWitt, W.E., Hayes, P.S., Dunne, E., 
Mead, P. and Swaminathan, B., (2005). Microbiological aspects 
of the investigation that traced the 1998 outbreak of listeriosis in 

A review on the characteristics, taxanomy...



the United States to contaminated hot dogs and establishment of mo-
lecular subtyping-based surveillance for Listeria monocytogenes in the 
PulseNet network. J. Clin. Microbiol 43(5), 2350-2355.

30. Halter, E. L., Neuhaus, K., and Scherer, S. (2013). Listeria weihenste-
phanensis sp. nov., isolated from the water plant Lemna trisulca taken 
from a freshwater pond. Int J Syst Evol Microbiol. 63(2), 641-647.

31. Bertsch, D., Rau, J., Eugster, M. R., et al. (2013). Listeria fleischmannii 
sp. nov., isolated from cheese. Int J Syst Evol Microbiol. 62(2),526-532.

32. den Bakker, H. C., Warchocki, S. Wright, E. M., et al. (2014). Listeria 
floridensis sp. nov., Listeria aquatic sp. nov., Listeria cornellensis sp. 
nov., Listeria riparia sp. nov. and Listeria grandensis sp. nov., from 
agricultural and natural environments. Int J Syst Evol Microbiol. 64(6), 
1882-1889.

33. Weller, D., Andrus, A., Wiedmann, M., and den Bakker, H. C. (2015). 
Listeria booriae sp. nov. and Listeria newyorkensis sp. nov., from food 
processing environments in the USA. Int J Syst Evol Microbiol. 65(1), 
286-292.

34. Centers for Disease Control and Prevention [CDC]. (2014a). National 
enteric disease surveillance: The Listeria Initiative.

35. Harakeh, S., Saleh, I., Zouhairi, O., Baydoun, E., Barbour, E., and Al-
wan, N. (2009). Antimicrobial resistance of Listeria monocytogenes 
isolated from dairy-based food products. Sci Total Environ. 407(13), 
4022-4027.

36. Nightingale, K.K., Ivy, R.A., Ho, A.J., Fortes, E.D., Njaa, B.L., Pe-
ters, R.M. and Wiedmann, M. (2008). inlA premature stop codons are 
common among Listeria monocytogenes isolates from foods and yield 
virulence-attenuated strains that confer protection against fully virulent 
strains. Applied and Environmental Microbiology, 74(21), 6570-6583.

37. World Health Organization (WHO). (2017). WHO Fact Sheets: Food 
Safety. Available at: http://www.who.int/news-room/fact-sheets/detail/
food-safety.

38. Khoo, C.H., Cheah, Y.K., Lee, L.H., Sim, J.H., Salleh, N.A., Sidik, 
S.M., Radu, S. and Sukardi, S. (2009). Virulotyping of Salmonella 
enterica subsp. enterica isolated from indigenous vegetables and 
poultry meat in Malaysia using multiplex-PCR. Antonie van Leeuwen-
hoek, 96(4), p.441.

39. Yoke-Kqueen, C., Learn-Han, L., Noorzaleha, A.S., Son, R., Sabrina, 
S., Jiun-Horng, S. and Chai-Hoon, K. (2008). Characterization of 
multiple-antimicrobial-resistant Salmonella enterica subsp. enterica 
isolated from indigenous vegetables and poultry in Malaysia. Lett. App. 
Microbiol. 46(3), 318-324.

40. Eng, S.K., Pusparajah, P., Ab Mutalib, N.S., Ser, H.L., Chan, K.G. and 
Lee, L.H. (2015). Salmonella: a review on pathogenesis, epidemiology 
and antibiotic resistance. Frontiers in Life Science, 8(3), pp.284-293.

41. Cheah, Y. K., Salleh, N. A., Lee, L. H., Radu, S., Sukardi, S. and Sim, 
J. H. (2008). Comparison of PCR fingerprinting techniques for the dis-
crimination of Salmonella enterica subsp. enterica serovar Weltevreden 
isolated from indigenous vegetables in Malaysia. World J. Microbiol. 
Biotech. 24(3), 327.

42. Law JW-F, Ab Mutalib N-S, Chan K-G and Lee L-H (2015a). An in-
sight into the isolation, enumeration, and molecular detection of Lis-
teria monocytogenes in food. Front. Microbiol. 6:1227. doi: 10.3389/
fmicb.2015.01227.

43. Law JW-F, Ab Mutalib N-S, Chan K-G and Lee L-H (2015b). Rapid 
methods for the detection of foodborne bacterial pathogens: principles, 
applications, advantages and limitations. Front. Microbiol. 5:770. doi: 
10.3389/fmicb.2014.00770.

44. Letchumanan V, Yin W-F, Lee L-H and Chan K-G (2015a). Prevalence 
and antimicrobial susceptibility of Vibrio parahaemolyticusisolated 
from retail shrimps in Malaysia. Front. Microbiol. 6:33. doi: 10.3389/
fmicb.2015.00033.

45. Letchumanan V, Pusparajah P, Tan LT-H, Yin W-F, Lee L-H and Chan 
K-G (2015b). Occurrence and Antibiotic Resistance of Vibrio para-
haemolyticus from Shellfish in Selangor, Malaysia. Front. Microbi-
ol. 6:1417. doi: 10.3389/fmicb.2015.01417.

46. Letchumanan, V., Chan, K. G., Khan, T. M., Bukhari, S. I., Ab Mutalib, 
N. S., Goh, B. H. and Lee, L. H. (2017). Bile sensing: The activation 
of Vibrio parahaemolyticus virulence. Frontiers in Microbio. 8, 728.

47. Goulet, V., Hedberg, C., Le Monnier, A., and de Valk, H. (2008). In-
creasing incidence of listeriosis in France and other European coun-
tries. Emerg Infect Dis. 14(5), 734-740.

48. Yde, M., Naranjo, M., Mattheus, W., and et al. (2012). Usefulness of 
the European Epidemic Intelligence Information System in the man-
agement of an outbreak of listeriosis, Belgium, 2011. Euro Surveill. 
17(38), 1-5.

49. Centers for Disease Control and Prevention [CDC]. (2010). Outbreak 
of invasive listeriosis associated with the consumption of hog head 
cheese – Louisiana, 2010. MMWR Morb Mortal Wkly Rep. 60(13), 
401-405.

50. Centers for Disease Control and Prevention [CDC]. (2014b). Listeria 
(Listeriosis): Statistics. Available at: http://www.cdc.gov/listeria/statis-
tics.html

51. Crim, S. M., Iwamoto, M., Huang, J. Y., et al. (2014). Incidence and 
trends of infection with pathogens transmitted commonly through food 
– Foodborne Diseases Active Surveillance Network, 10 U.S. Sites, 
2006-2013. MMWR Morb Mortal Wkly Rep. 63(15), 328-332.

52. Cartwright, E. J., Jackson, K. A., Johnson, S. D., Graves, L. M., Silk, 
B. J., & Mahon, B. E. (2013). Listeriosis outbreaks and associated food 
vehicles, United States, 1998-2008. Emerging Infectious Diseases, 19, 
1-9. http://doi.org/10.3201/eid1901.120393.

53. Gaul, L. K., Farag, N. H., Shim, T., Kingsley, M. A., Silk, B. J., & 
Hyytia-Trees, E. (2013). Hospital-acquired listeriosis outbreak caused 
by contaminated diced celery-Texas, 2010. Clin. Infect. Dis. 56, 20-26. 
http://dx.doi.org/10.1093/cid/cis817.

54. Centers for Disease Control and Prevention [CDC]. (2011). Mul-
tistate outbreak of listeriosis associated with Jensen Farms can-
taloupe – United States, August-September 2011. MMWR Morb 
Mortal Wkly Rep. 60(39), 1357-1358.

55. Centers for Disease Control and Prevention [CDC]. (2013). Vital 
signs: Listeria illnesses, deaths, and outbreaks – United States, 
2009-2011. MMWR Morb Mortal Wkly Rep. 62(22), 448-452.

56. Jackson, K. A., Biggerstaff, M., Tobin-D’Angelo, M, et al. (2011). 
Multistate outbreak of Listeria monocytogenes associated with 
Mexican-style cheese made from pasteurized milk among preg-
nant, Hispanic women. J Food Prot. 74(6), 949-953.

57. Centers for Disease Control and Prevention [CDC]. (2014c). Liste-
ria (Listeriosis): Oasis Brands, Inc. cheese recalls and investigation 
of human listeriosis cases (final update). Available at: http://www.
cdc.gov/listeria/outbreaks/cheese-10-14/index.html

58. Centers for Disease Control and Prevention [CDC]. (2014d). Lis-
teria (Listeriosis): Multistate outbreak of listeriosis linked to Roos 
Foods dairy products (final update). Available at: http://www.cdc.
gov/listeria/outbreaks/cheese-02-14/index.html 

59. Centers for Disease Control and Prevention [CDC]. (2015a). Lis-
teria (Listeriosis): Wholesome Soy Products, Inc. sprouts and in-
vestigation of human listeriosis cases (final update). Available at: 
http://www.cdc.gov/listeria/outbreaks/bean-sprouts-11-14/index.
html

60. Centers for Disease Control and Prevention [CDC]. (2015b). 
Listeria (Listeriosis): multistate outbreak of listeriosis linked to 
commercially produced, prepackaged caramel apples. Available 
at: http://www.cdc.gov/listeria/outbreaks/caramel-apples-12-14/
index.html

61. Centers for Disease Control and Prevention [CDC]. (2015c). Lis-
teria (Listeriosis): multistate outbreak of listeriosis linked to Blue 
Bell Creameries products (final update). Available at: http://www.
cdc.gov/listeria/outbreaks/ice-cream-03-15/index.html 

62. Allenberger, F., and Wagner, M. (2010). Listeriosis: a resurgent 
foodborne infection. Clin Microbiol Infect, 16(1), 16-23.

63. European Food Safety Authority (EFSA), and European Centre for 
Disease Preventation and Control (ECDC). (2014). The European 
Union summary report on trends and sources of zoonoses, zoonotic 
agents and food-borne outbreaks in 2012. EFSA Journal. 12(2).

64. Pérez-Trallero, E., Zigorraga, C., Artieda, J., Alkorta, M., and Ma-
rimón, J. M. (2014). Two outbreaks of Listeria monocytogenes 
infection, Northern Spain. Emerg Infect Dis. 20(12), 2155-2157.

65. Wong, W. C., Pui, C. F., Tunung, R., et al. (2012). Prevalence of 
Listeria monocytogenes in frozen burger patties in Malaysia. Int 
Food Res J. 19(4), 1751-1756.

66. Miya, S., Takahashi, H., Ishikawa, T., Fujii, T., and Kimura, B. 
(2010). Risk of Listeria monocytogenes contamination of raw 
ready-to-eat seafood products available at retail outlets in Japan. J 
Appl Environ Microbiol. 76(10), 3383-3386.

67. Maertens De Noordhout, C., Devleesschauwer, B., Angulo, F. J., 
Verbeke, G., Haagsma, J., Kirk, M., and et al. (2014). The global 
burden of listeriosis: a systematic review and meta-analysis. Lancet 
Infect. Dis. 14, 1073–1082. 

68. Van den Bogaard A. E., London, N., Driessen, C., and Stobber-
ingh, E. E. (2001). Antibiotic resistance of faecal Escherichia coli 
in poultry, poultry farmers and poultry slaughterers. J. Antimicrob 
Chemother. 47, 763–771.

69. White, D. G., Zhao, S., Sudler, R., Ayers, S., Friedman, S., Chen, 
S., McDermott, P. F., Wagner, D. D., and Meng, J. (2001). The iso-
lation of antibiotic resistant Salmonella from retail ground meats. N 
Engl J Med. 345, 1147–1154.

70. Dar, J. A., Thoker, M. A., Khan, J. A., Ali, A., Khan, M. A., Rizwan, 
M., Bhat, K. H., Dar, M. J., Ahmed, N., and Ahmad, S. (2006). Mo-
lecular epidemiology of clinical and carrier strains of methicillin 
resistant Staphylococcus aureus (MRSA) in the hospital settings of 
north India. Ann Clin Microbiol Antimicrob. 5,22.

71. Li, Q., Sherwood, J. S., and Logue, C. M. (2007). Antimicrobial re-
sistance of Listeria spp. recovered from processed bison. Lett Appl 
Microbiol. 44, 86–91.

72. Walsh, D., Duffy, G., Sheridan, J. J., Blair, I. S., and McDowell, D. 
A. (2001). Antibiotic resistance among Listeria, including Listeria 
monocytogenes, in retail foods. J Appl Microbiol. 90, 517–522.

73. Antunes, P., Reu, C., Sousa, J. C., Pestana, N., and Peixe, L. (2002). 
Incidence and susceptibility to antimicrobial agents of Listeria spp 
and Listeria monocytogenes isolated from poultry carcasses in 
Porto, Portugal. J Food Prot. 65,1888–1893.

74. Safdar, A., and Armstrong, D. (2003). Antimicrobial activities 
against 84 Listeria monocytogenes isolates from patients with sys-
temic listeriosis at a comprehensive cancer center (1955–1997). J 
Clin Microbiol. 41,483–485.

75. Castanon, J. I. R. (2007). History of the use of antibiotics as growth 
promoters in European poultry feeds. Poult Sci. 86,2466–2471.

76. Srinivasan, V., Nam, H. M., Nguyen, L. T., Tamilselvam, B., Mu-
rinda, S. E., and Oliver, S. P. (2005). Prevalence of antimicrobial re-
sistance genes in Listeria monocytogenes isolated from dairy farms. 
Foodborne Pathog Dis. 2, 201–210.

77. Lyon, S. A., Berrang, M. E., Fedorka-Cray, P. J., Fletcher, D. L., 
and Meinersmann, R. J. (2008). Antimicrobial resistance of Liste-
ria monocytogenes isolated from a poultry further processing plant. 
Foodborne Pathog Dis. 5, 253–259.

78. Pesavento, G., Ducci, B., Nieri, D., Comodo, N., and Lo Nostro, 
A. (2010). Prevalence and antibiotic resistance of Listeria spp. iso-
lated from raw meat and retail foods. Food Cont. 21,708–713.

79. Letchumanan V, Chan K-G, Pusparajah P, Saokaew S, Duangjai 

                                                                                                                                                                                                             Letchumanan V et al.



A, Goh B-H, Ab Mutalib N-S and Lee L-H (2016). Insights into Bac-
teriophage Application in Controlling Vibrio Species. Front. Micro-
biol. 7:1114. doi: 10.3389/fmicb.2016.01114.

80. Letchumanan V, Chan K-G and Lee L-H (2015) An insight of tradi-
tional plasmid curing in Vibrio species. Front. Microbiol. 6:735. doi: 
10.3389/fmicb.2015.00735.

81. Food Standards Australia New Zealand [FSANZ]. (2013). Agents of 
foodborne illness: Listeria monocytogenes. Available at: http://www.
foodstandards.gov.au/publications/Pages/ agentsoffoodborneill5155.
aspx 

82. Centre for Health Protection [CHP]. (2013). Scientific committee on 
enteric infections and foodborne diseases: updated situation of listerio-
sis in Hong Kong.

83. European Food Safety Authority (EFSA), and European Centre for Dis-
ease Preventation and Control (ECDC). (2011). The European Union 
summary report on trends and sources of zoonoses, zoonotic agents and 
food-borne outbreaks in 2009. EFSA Journal. 9(3).

84. European Food Safety Authority (EFSA), and European Centre for Dis-
ease Preventation and Control (ECDC). (2012). The European Union 
summary report on trends and sources of zoonoses, zoonotic agents and 
food-borne outbreaks in 2010. EFSA Journal. 10(3).

85. European Food Safety Authority (EFSA), and European Centre for Dis-
ease Preventation and Control (ECDC). (2013). The European Union 
summary report on trends and sources of zoonoses, zoonotic agents and 

food-borne outbreaks in 2011. EFSA Journal. 11(4).
86. European Food Safety Authority (EFSA), and European Centre for 

Disease Preventation and Control (ECDC). (2015). The European 
Union summary report on trends and sources of zoonoses, zoonotic 
agents and food-borne outbreaks in 2013. EFSA Journal. 13(1).

87. Bright, A. (2010). Monitoring the incidence and causes of diseases 
potentially transmitted by food in Australia: annual report of the 
OzFoodNet network, 2009. Commun Dis Intell. 34(4), 396-426.

88. Centre for Health Protection [CHP]. (2014) Notifiable infectious 
disease: number of notifications for notifiable infectious diseases in 
2012. Available at: http://www.chp.gov.hk/en/data/1/10/26/43/590.
html 

89. Centre for Health Protection [CHP]. (2015) Notifiable infec-
tious disease: number of notifications for notifiable infec-
tious diseases in 2013. Available at: http://www.chp.gov.hk/en/
data/1/10/26/43/1429.html

90. Food and Agriculture Organization [FAO] (2015). The FAO Action 
Plan on Antimicrobial Resistance 2016–2020. Rome: Food and Ag-
riculture Organization of the United Nations.

91. Lee, L-H., Ab Mutalib, N-S., Law, JW-F., Wong, S. H., and Let-
chumanan, V. (2018) Discovery on antibiotic resistance patterns 
of Vibrio parahaemolyticus in Selangor reveals carbapenemase 
producing Vibrio parahaemolyticus in marine and freshwater fish. 
Front. Microbiol. 9, 1-13. 

A review on the characteristics, taxanomy...


