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Introduction
Listeria monocytogenes is a Gram-positive, rod shaped, 

non-spore forming bacteria that   appears coccoid and motile 
having peritrichous ϐlagella. It can also appear in single or 
short chains V form. This bacterium has ubiquitous nature, 
due to which it is a food safety threat and can easily enter the 
processing environment through raw ingredients [1]. It can 
be found in soil, water, vegetation, animal faeces, soft chesses, 
and cold smoked ϐishery products (Figure 1).

It has the capability to grow in refrigerated, packaged, 
ready-made products without changing food’s taste or smell. 
They are 0.5 - 2 micrometer in length and 0.5 - 4 micrometer in 
diameter. Listeria is observed positive for various biochemical 
tests including catalase, [2] Christie-Atkins Munch-Peterson 
(CAMP), β hemolysis, Methyl-Red-Voges-Proskauer (MRVP), 
[3]. It can survive at optimum temperature of 30 ℃ - 37 ℃, can 
grow beyond 45 ℃ and pH range of 5.5 - 9.6. The pathogen can 

Abstract 

Listeria monocytogenes is one of the major foods borne pathogen that is found in soil, 
water and animal faeces which causes the disease known as listeriosis. The pathogen mainly 
affects the newborns, pregnant women, elderly age people, and immunocompromised 
host. It mainly enters in the gut of humans through the intake of raw vegetables, unwashed 
foods, uncooked or half cooked food. It is diffi cult to recognize the bacteria as it does not 
bring immediate change in the food color and food taste. This review aims to highlight the 
mechanism of infection of the bacteria, its special characteristics, symptoms of the disease, 
pathogenesis and treatment prevention.

Graphical abstract

tolerate high salt concentration of 10% - 12% NaCl [4] and is 
able to survive and replicate in somatic as well as non-somatic 
cell. This food-borne pathogen is heat resistant, so it can even 
display growth beyond these temperature ranges. Listeriosis 
is a very dangerous disease which affects the people by eating 

More Information 

*Corresponding author: Sakshi Tewari, Department 
of Life Sciences, J.C. Bose University of Science and 
Technology, YMCA, NH-2, Sector-6, Mathura Road, 
Faridabad, Haryana, 121006, India, 
Email: sakshitewari.jcbust@gmail.com; 
sakshi.tewari@jcboseust.ac.in

Submitted: March 03, 2026
Accepted: April 08, 2026
Published: April 10, 2026

Citation: Kavita, Tewari S. Listeria monocytogenes: A 
Tale of Food-Borne Pathogen. Arch Case Rep. 2026; 
10(2): 030-038. Available from: 
https://dx.doi.org/10.29328/journal.acr.1001186

Copyright license: © 2026 Kavita, et al. This is an 
open access article distributed under the Creative 
Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

Keywords: Listeria monocytogenes; Food borne 
pathogen; Listeriosis; Listeriolysin O; Robustness; 
Virulence factors; Biofi lms

Abbreviations: LM: Listeria monocytogenes; FDA: Food 
and Drug Administration; CDC: Centers for Disease 
Control and Prevention; C- met: Mesen chymal–
epithelial transition factor; AI: Artifi cial Intelligence

OPEN ACCESS

Figure 1: Factors contributing to L. monocytogenes transmission, and this 
fi gure was created by BioRender.
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with 4.9%, Jharkhand with 3.5%, Kerala with 2.1%, Rajasthan 
reported with the least cases of about 1.1% (Figure 3). 

Human listeriosis is a dreadful disease that has impacted 
in India and other countries as well in last two decades. There 
has been a list of reports on the outbreak of Listeria. There 
have been more than 30 outbreaks of listeriosis in various 
parts of the globe since 1981 due to consuming various food 
products including raw and industrially processed foods. 
According to the data, in 2024, a deadly outbreak of Listeria 
in 11 states has been linked to dozens of dairy products [6], 
including popular super bowl snacks, queso fresco and Cotija 
cheese. In the America, Listeria is the third leading cause of 
death from foodborne illness killing about 260 people in a 
year (as per the CDC, 2024). Even with adequate antibiotic 
treatment, the disease has a high mortality rate of about 20% 
to 30%, according to American Food and Drug Administration. 
Pregnant women are about 10 times more likely to prone 
from listeriosis and the illness can be fatal to the foetus (as per 
the FDA, 2024). The two deaths associated with the infections 
were reported in California and Texas. Deli meat and hot dogs 
were common source of Listeria outbreaks in the 1990s, likely 
because of the difϐiculty in cleaning the resistant bacteria from 
every nook and cranny in deli food preparation devices. Eating 
foods made from raw milk is risky and consuming it can make 
person infected with Listeria and other harmful germs.

There are several food items that resulted in the outbreak 
of Listeria. In year 2000 raw milk [7] and raw meat served 
as a source for outbreak. In year 2011, 2012, 2013, 2014 
Cantaloupes, Ricotta cheese, Cheese dairy product beans 
worked as a source of outbreak respectively (Figure 4). High-
risk infection individuals should not eat raw or even lightly 

the contaminated food. Symptoms in the infected people 
appears with in few hours and can be appear in two days after 
eating the contaminated food. Severe form of the bacteria 
takes days to months to show the symptoms. Listeriosis can 
affects the various organs/sites of the human body including: 
brain, spinal cord membranes, blood etc. Invasion of Listeria 
in human body could be of two types non-invasive listeriosis 
and severe infection. Non-invasive includes moderate form of 
the disease including various symptoms like fever, diarrhea, 
headache and muscle pain. Severe infection mainly affects 
pregnant women and people with weakened immune system. 
Disease has wide range of symptoms, it mainly depends on 
the severity of illness, symptoms may last from days to weeks. 
Mild symptoms include: fever, muscle aches, nausea, vomiting, 
and diarrhea. Severe form includes stiff neck, confusion, loss 
of balance, and convulsions. In immuno-compromised host, 
old age patients, or individual suffering from health issues 
including diabetes, kidney disorders, lung diseases etc. May 
eventually lose their lives due to untreated listeriosis.

Outbreaks of L. monocytogenes

As per the international reports, Ireland reported the 
highest cases of listeriosis with 19.4%. The increased number 
of Listeria infections in Ireland has no bearing on a particular 
signiϐicant issue. The high percentage could be caused due 
to several factors, such as the type of bacteria, temperature, 
improved healthcare surveillance, the population of Ireland, 
and the increased demand for packaged food, including ready-
to-eat food items. Listeria is a psychotropic bacterium that 
survive at 11 °C which facilitates bacterial survival in Ireland’s 
cold climate. Increased incidences also shows that the country 
has an improved healthcare surveillance system that can 
identify even extremely low mild cases. Over 15% of Ireland’s 
population is elderly, which is a signiϐicant contributing 
factor to bacterial infections followed by Sweden with 13.6%, 
Australia with 8.90%, Denmark with 8.45%, Europe with 
2.94%, America with 0.52% (Figure 2) [5].

As per the global data, published in 2017, 8 states of India 
reported high outbreaks of L. monocytogenes. Maharashtra 
reported highest cases of listeriosis 53.8% followed by Gujarat 
with 9%, Punjab with 6.6%, Bareilly with 5.1%, Tamil Nadu 

Figure 2: International outbreaks of listeriosis in various countries.

Figure 3: National outbreaks of listeriosis in different states of India during 
the years (2001-2018).

Figure 4: Percentage of contaminated food samples with L. 
monocytogenes.
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cooked sprouts as they may be contagious. Always thoroughly 
heat sprouts ϐirst - even homegrown versions can harbour the 
bacteria. Certain leafy greens such as kale, spinach lower to 
the ground and are more chances to contaminate by Listeria in 
the soil. Melons are another source of Listeria infection.

Mechanism of action of L. monocytogenes

In Animal excrement, soil, and water all naturally contain 
Listeria. It now reaches the crop during the agricultural 
stages through soil and water (the bacteria enter the crops 
through the contaminated water). These bacteria create a 
bioϐilm inside the crops, which prevents them from being 
eliminated even after repeated processing. Additionally, 
Listeria will survive during refrigeration processing because 
of the temperature, which would be favorable for its growth. 
Finally, it enters humans through the food products which 
are ready to eat. There are several reports that explain the 
impact of L. monocytogenes on humans. Maximum ϐindings 
stated that listeriosis can be speciϐically life-threatening for 
pregnant women and their infants, which may lead to serious 
complications with their pregnancy and can lead miscarriage 
and stillbirth. Infants born with listeriosis infection suffers 
from various complications and require immediate medication, 
even lead to life-long health problems and ultimately leads 
to death. According to the Centre for disease control (as per 
CDC, 2017) and prevention report 1,600 people get infected 
with Listeria each year in the United States and 260 people 
die from the infection. The bacteria could be isolated from the 
human digestive tract during the time of infection. Food that 
involves the highest risk of infection includes consumption of 
raw sprouts. unpasteurized milk, soft cheeses, cold deli meats, 
cold hot dogs, smoked seafood etc. If an individual consumes 
such contaminated food containing Listeria it can signiϐicantly 
harm the person terribly. Primary virulence factors of Listeria 
include Internalin (bacterial surface proteins for host cell 
attachments). Listeriosis O (helps the bacteria escape out from 
host cell vacuole). Actin-polymerization: (helps the bacteria 
to move within and between cells). Phosphatidylinositol-
speciϐic phospholipase C (helps the bacteria to escape from 
host cell vacuole and cause membrane disruption). The 
pathogen has the capability to grow at reduced temperatures. 
Low temperatures induce enzyme such as RNA helicase that 
modiϐies the bacterial activity and replication process at low 
temperatures. The capability of the bacteria to produce bioϐilms 
enhances the ability to survive under harsh environmental 
conditions. Listeria also utilizes ϐlagella at reduction 
temperatures. L. monocytogenes has cell-surface galactose 
residues, lipoteichoic acids, and surface proteins called 
internalin that binds primarily to gastrointestinal epithelial 
cells via host protein cadherins, allowing entry into the cell. 
After invasion into host cells, bacteria have the ability to initiate 
a cell-mediated immune response in the host phagocytized, L. 
monocytogenes can lyse the internalized vacuole via a pore 
forming cytotoxic protein called Listeriolysin O among other 
phospholipase proteins which are not pore-forming. It is also 

responsible for displaying the Beta-hemolysis when grown 
on blood agar. Once free from the vacuole, the bacteria can 
disrupt the normal cellular processes by moving through the 
cell via actin polymerization. The bacterium surface protein, 
Act A [8] stimulated by host intercellular proteins that innately 
regulate actin ϐilaments. These actin monomers are connected 
only at one end utilizing host intracellular cytoskeleton 
ϐilaments. This tail, often refers as rocket tail that provide the 
ability of bacteria to move swiftly through the intracellular 
cytosol, between cells, or disseminate hematogenous. 
Cadherins is an epithelial attachment protein that is found in 
abundance in the blood-brain barrier as well as the placental-
fetus barrier which may explain why the bacteria can infect 
neonates and cause meningitis. L. monocytogenes forms 
“rocket tails” via actin polymerization that allows the bacteria 
to move rapidly between cells, avoid antibody detection, 
and spread hematogenous. Once the infection has occurred 
L. monocytogenes can cause amnionitis, sepsis, spontaneous 
abortion in pregnant women, granulomatous infant septic, 
and meningitis.

1. In normal humans: L. monocytogenes mechanism of 
infection involves several steps; Listeria can be transmitted 
into the host by the consumption of contaminated foods. 
Several dairy products can act as a source by which bacteria 
transmit in host by ingestion and bacteria primarily enter into 
the host intestine [8]. This is the key step when Listeria evade 
the host cell, two surface proteins that are used by Listeria to 
invade the non-phagocytic cells (liver, macrophage and some 
epithelial cells) includes Internalin A and B [9]. Internalin A [10] 
is a protein used by bacteria to bind E-cadherins on the surface 
of non-phagocytic cells. Internalin B [10] is used by bacteria 
for the interaction of C-met receptor these interactions would 
help the bacteria to internalized into the host cell through 
phagocytosis and endocytosis [11]. After entering into the 
host, membrane bound vesicles can easily trap the bacteria, 
these vesicles are called phagosome, when bacteria get trap 
into the phagosome [12], it releases a toxin called listeriolysin. 
It refers to the toxin produce by the bacteria which is used 
to lyse the phagosome so that phagosome is not able to 
release lysosome (that including enzyme lipases, nucleases, 
sulfatases that damage the bacteria) and prevent itself from 
being damaged bacteria also produces two phospholipases 
[12], these are phospholipase A and B which is used for the 
breakdown of vacuolar membrane. Once the bacteria pass the 
phagosome it enters into the cytoplasm bacteria could easily 
replicate into the cytoplasm of host cell. Bacteria expresses a 
protein called Act A or Actin A protein with the help of this 
protein a long tail of actin protein is attached at one side of 
the bacteria make it communicable with the neighboring cell 
and hence the infection spreads into the other cells. Once 
bacteria enter into the neighboring cell it gets trapped into the 
membrane bound vesicles and releases listeriolysin and the 
infection cycle keep goes on (Figure 5).
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2. Pregnant women: During pregnancy, ingestion of the 
contaminated food, allows the bacteria enter inside the body. 
As the immune system is already suppressed, it does not 
recognize the bacteria and phagocytosis does not initiate and 
hence bacteria become presiding. Bacteria primarily enter 
into the intestine cause intestinal evasion and then migrate 
into blood cause bacteremia. Listeria can affect both types 
of cells which are extra villous trophoblast cells (EVT) [13] 
and syncytiotrophoblast cells (SYN) [14]. L. monocytogenes 
entered into the SYN of the placenta. Bacteria especially infect 
placenta [15] in the pregnant women to cause listeriosis 
because placenta is the key site to produce bacterial surface 
proteins Internalin A, this protein is used by the bacteria 
to binding of E-cadherins to the non-phagocytic cells. This 
binding will help the bacteria to uptake, once the uptake 
is done bacteria become able to cross the placental barrier. 
Mostly from week 29 to week 40 [16] infection become very 
frequently which also indicates that the SYN might be there 
where the bacteria enter in the placenta bacteria could 
instantly cohere to the trophoblast epithelium penetrate the 
trophoblast layer and get into the center of villous tissues 
[17] In the placenta bacteria primarily infects the cells 
which are present in the middle arterial catheter where 
the staining result was positive for cytokeratin stipulate its 
fetal trophoblastic source. Bacteria could easily migrate to 
other trophoblastic cells and could infect the cells of SYN 
villous center in the labyrinthine zone of placenta. Studies on 
mouse observed that pregnant mice were more prone to this 
bacterial infection, associated with Foxp3 and T regulatory 
cells [18]. Bacteria primarily infect the fetal by crossing the 
placental barrier, and afterwards it reduces the capability of 
the fetal tolerance to T regulatory cells [19]. As compared to 
normal female’s pregnant females are 19 times more prone 
to this infection because in the reduction of T cell immunity. 
Accumulation of maternal T cells bind with the fetal antigens 
and CD8+ cells increased the level of CXCR3 [20] recruiting 
CD8+ T cells into the decidua [21], that leads to fetal death. 
The bacterial infection reduced the level of B- cell lymphoma 
extra- large (Bcl-XL) and heme oxygenase level 1 (HO-1) [22], 
cells which leads miscarriage/fetal death. Besides an anti- 
listeria reaction depend upon colony stimulating factor (CSF 
–1) [23] mediated by macrophages (Figure 6).

3. Mechanism of action in infants: Neonatal could be 
infected by early onset listeriosis (from placenta transmission), 
in pregnant women, bacteria can cross the placenta and enter 
into amniocentic ϐluid that infect the fetus. Higher mortality 
rate about (20% - 40%) and it is not easily diagnosed. 
Neonatal could be infected by late onset listeriosis (from 
vaginal delivery), if the bacteria are present in the vaginal 
region of the women during the delivery time, neonatal inhale 
or ingest the bacteria. Lower mortality rate about (0% - 20%) 
and it is easily diagnosed. When it enters into the body, it 
directly suppressed the functioning of immune system which 
reduces the T cell -immunity and body is not able to ϐight with 
the pathogen. The bacteria cause several new diseases in the 
infants: sepsis, granulomatosis (Figure 7).

Robustness of Listeria

Listeria is quite robust and strong bacteria. Adverse 
conditions have little or no impact on its growth that is 
the major reason why has ability to cause severity. Low 
temperature; Listeria can survive at a temperature of 0° to 
45 °C [24] at low temperature cell is affecting and as a result, 
lead to the reduction in the membrane ϐluidity, when stress 
conditions increases Listeria response to stress conditions by 
changing the membrane ϐluid composition towards increase 
concentration of unsaturated fatty acids, this shifting is 
important to inhibit the formation of gel like state so that no 
cytoplasmic leakage can occur, sigma B factor play a key role 
for the bacteria to adapt the environment which prefers low 
temperature [25] sigma B help the formation of cold shock 
domain family proteins,(Csps) these proteins help to inhibit 
the formation of misfolded proteins that generally occur 

Figure 5: Mechanism of infection of L. monocytogenes in a normal human, 
and this fi gure was created by BioRender.

Figure 6: Mechanism of infection of L. monocytogenes in a pregnant 
woman, and this fi gure was created by BioRender.

Figure 7: Mechanism of infection of L. monocytogenes in neonates and 
this fi gure was created by BioRender.
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in the cold stress environment so that Listeria can easily 
survive. Sigma B protein regulate those genes which help in 
the formation of compatible solutes, such as (Betaine and 
Carnitine). Thus, these factors help listeria for adaptation and 
survival at 0 ºC (Figure 8).

Low pH: Low pH indicates that the environment is highly 
acidic, this high acidity refers more protons H+ ions inside 
a cell, so the bacteria use two defence pathways against 
these high H+ ions. The ϐirst defence pathway is Glutamate 
decarboxylase system, this is a defence mechanism where 
glutamate is converted into Gamma Amino Butyric Acid 
(GABA) with the help of the enzyme glutamate decarboxylase 
[26] during this conversion the H+ protons are deproteinized 
from the cell as deprotonation increases less H+ protons are 
available inside the cell, this leads to reduce the acidity inside 
the cell. Now listeria can easily survive inside the cell, by 
using the ϐirst defence pathway. The second defence pathway 
used by the bacteria is ADI pathway [27] where ADI stands 
for Arginine deaminase pathway, in this system arginine is 
converted into ornithine and ammonia this reaction catalyses 
by the enzymes carbamoyetransferase and carbamate kinase. 
ammonia reduces the acidity inside the cell and promote a 
suitable environment for the survival of Listeria.

High pH: High Ph indicates the environment is highly 
alkaline, high alkanity refers more OH- ions F1 – F0 ATP 
system, helps to remove the H+ protons inside the cell and 
promote the production of bufferine which is an alkaline 
compound, this compound maintain the alkanity inside the cell 
so that environment inside the cell is transient from acidic to 
alkaline environment for bacterial survival ,sigma B proteins 
also help by regulating the expression of the genes which are 
responsible for the maintaining of a alkaline environment.

Bio ilm formation: Listeria is able to make bioϐilm 
formation through the attachment of various surfaces 
including; stainless steel, polystyrene and glass [28]. Listeria 
forms bioϐilms at a 4 ºC and 12 ºC. Some scientists observed 
that this bacteria form bioϐilm at a temperature of around 4 ºC 

with higher levels on glass instead of polystyrene and stainless 
steel. Some observed that formation of bioϐilm at higher levels 
on stainless steel and glass at a temperature of 4 ºC instead 
of polystyrene. Some concluded that formation of bioϐilm at 
higher levels on glass. Bacteria shows ϐlagella at a temperature 
less than 30 ºC and become non ϐlagellated at a temperature 
greater than 30 ºC. Bioϐilm refers cluster of bacteria attached 
to a surface, formation of bioϐilm including four steps; 
attachment, EMS formation, quorum sensing, increase in 
population and maturation [29]. Attachment is the initial step 
for the formation, it starts colonization, and gram + ve bacteria 
produce EPS. EPS including (DNA, protein, polysaccharides 
and other inorganic molecule). Quorum sensing is used for 
cell-to-cell communication [30], and ϐinal the maturation 
step and dispersal. A virulence gene Prf A, a transcriptional 
activator PrfA, including internalin A and internalin B, 
internalin A, helps in attachment of bacteria with the surfaces 
such as stainless steel, glass and polystyrene [31]. Without the 
expression of internalin A and internalin B, bacteria would not 
be able to form bioϐilm. PrfA also help in the formation of EPS, 
including (DNA, proteins, polysaccharides and other inorganic 
materials)., formation of EPS is important as it would maintain 
the bacterial structural integrity and help in the stable bioϐilm 
formation. EPS, covers the bacteria against environmental 
stresses, includes: antimicrobial agents, bactericide agents, 
germicide agents and oxidative stresses. After attachment and 
formation of a complete EPA matrix, the transcriptional factor 
PrfA regulates those stabilizing genes which are used for the 
formation of the bioϐilm and would help it to stabilize for a 
long-time survival. PrfA also regulates some genes that ensure 
Listeria for the energy production inside bioϐilm. Sigma B 
factor which helps the bacteria in the formation of bioϐilm, 
sigma B is activated under extremophilic conditions such 
as; high temperature, high salt, high acid. When conditions 
become favourable sigma B starts activating and regulating 
the tolerance gene that would help the bacteria to tolerate 
harsh conditions. Sigma B produce a gene called bapL (which 
would use by the bacteria in the initial attachment). Without 
the attachment by Sigma B Listeria would not able to form 
bioϐilm. EPS is important for stable bioϐilm formation, sigma 
B provides favourable environment for the growth of Listeria 
against harsh conditions such as; oxidative stress, heat stress. 
When the bioϐilm reached to the maturation stage sigma B help 
in regulating the genes that responsible for signal production. 
Signal or cell to cell communication this process is also 
called Quorum sensing. When bioϐilm maturation completes, 
process of dispersal take place, this is important for the new 
colonization. AgrBDCA, is stands for accessory gene regulation 
which are Agr B, Agr D, Agr C, Agr A. AgrA and Agr D is used to 
induce AIP (autoinducing peptides), Agr D would be cleaved by 
AgrB, for the production of AIP (autoinducing peptides), they 
act as signalling molecules in Quorum sensing process. Once 
bacterial cell density reaches to an increase level, agr system 
become active and AIP binds to Agr C, and promotes bioϐilm 
dispersal. AgrC acts as sensor kinase, AgrC binds to AIP and by 

Figure 8: Robustness of L. monocytogenes, and this fi gure was created 
by BioRender.
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the process of autophosphorylation AgrC become active. Once 
it is activated a cascade of reaction parallelly starts, during the 
reaction one phosphate group of AgrC is transports to AgrA, 
this reaction is important for regulating the gene that are 
responsible for the expression of bioϐilm formation. AgrC is 
less active in the during the primary stage pf bioϐilm formation 
such as (attachment, EMS production, Quorum sensing) but 
when bioϐilm reaches at the maturation stage AgrC become 
active and leads to bioϐilm dispersal, important for the new 
colonization. AgrA this is a response regulator by the process 
of phosphorylation it become activated by AgrC. AgrA is a 
response regulator [32], regulated those gene that take part 
in bioϐilm formation. AgrA help in the formation of EPS, and it 
can promote the dispersal of bioϐilm when new colonization 
takes place, and help in transition from maturation stage to 
original planktonic stage. Agr system varies with variation 
in temperature. For example; if the temperature is 25 °C 
this system is not active and the process of quorum sensing 
diminished and if the temperature is 37 °C this system is 
active and AIP level increases which leads to dispersal. If the 
bacteria form bioϐilm it can severally affect the host.

Some special features of Listeria include its analysis at the 
initial level, Listeria has low contamination levels and there 
is still no speciϐic enumeration method for testing food. It can 
develop resistance to antibiotics (Gentamycin, Ampicillin) 
[33,34], resistance to common preservative methods (salt 
or acidic condition) and cross-resistance to other stresses. It 
can survive and multiply itself at very low temperature (5 ℃) 
even can reach dangerous levels during storage. It can grow 
itself in the presence or absence of oxygen and contaminate 
food during processing. Many food-born bacteria can survive 
nearing freezing temperatures, but not able to absorb 
nutrients, grow and replicate.

Detection of Listeria in food samples 

1. Proof man LMTIA method: this is a new novel nucleic 
acid ampliϐication method for the detection of Listeria in 
food samples and this technique is based on the principle 
that the primer for LMTIA were designed based on the target 
sequence this technique can produce single chain structure, 
double chain structure and raft chain structure during the 
ampliϐication stage [35]. The proof man probe is labeled with 
a ϐluorophore at 3-prime end and quencher at 5-prime ends 
respectively a DNA polymerase (pfu) [35] was also acquainted 
with for the sequence speciϐic detection. It is important to 
have a mismatch at the 3-prime end of the proof man probe 
to activate the 3-prime nucleotide and 5-prime exonuclease 
activity of the proofreading enzyme pfu. After binding of the 
proof man probe to the target sequences the mismatched 
nucleotide will be cleaved by the help of the enzyme pfu, it 
will lead to the release of a ϐluorophore, slit probe can act as 
an extensible primer that improves isothermal ampliϐication 
efϐiciency [35]. Positive samples in the presence of the target 
gene can be ampliϐied and detected by a pink ϐluorescent signal. 

Negative signals in the absence of the target gene resulted in 
no ampliϐication and hence no ϐluorescent signal. Hence on the 
basis of the proof man probe LMTIA ampliϐication products 
can be detects by the ϐlorescence intensity as the ampliϐication 
reaction proceeds.

2. Optical label free biosensor: this method does not 
require labelling such that in (ELISA and PCR in these methods 
labelling is required for detection and the labelling could be 
of ϐluorescence and dye with the target microorganism and 
consumes lots of time) but this technique is label free thus 
reduces the preparation time. Label free biosensor [36] is 
used to detect Listeria in food due to their perceptiveness, 
preciseness and capabilities to detect Listeria in real time. 
Optical biosensors identify variations in light properties 
as they engage with target molecules [36]. In case of L. 
monocytogenes surface is impregnated with antibodies, 
aptamers and Molecularly Imprinted Polymers (MIP) that 
speciϐic for Listeria. In Surface Plasmon Resonance (SPR), when 
Listeria binds to the surface of biosensors it leads to a change 
in the refractive index that interchange the resonance angle of 
the light this swapping is used to detect Listeria in real time, 
and photonic crystals sensors depends on the interchange in 
the refractive index when Listeria binds to the surface of the 
sensors leads an interchange in the wavelength of the reϐlective 
light, and interferometric sensors are used to detect the phase 
interchange of light and it is caused when Listeria binds to the 
surface of sensors [36]. Optical biosensors enable real time 
detection of Listeria infection in food without complex sample 
preparation, this is a very sensitive technique. This technique 
can detect Listeria even at very low concentration present 
in any food sample. In milk, meat and vegetables biosensors 
can directly detect Listeria because these biosensors can be 
integrated with the microϐluidic system to enable a continuous 
ϐlow of food samples onto the sensor surface and this would 
lead to high throughput screening of food products.

3. Zero tolerance policy: L. monocytogenes is a pathogenic 
bacterium that cause serious illness in pregnant women, 
neonatal and immunocompromised patients. Since ready to 
eat food products do not undergo cooking more chances of a 
bacteria to present in the food and as a result the bacteria can 
easily enters in the humans and cause infection. That is why 
a zero-tolerance policy is administrated by America., where 
FDA regulates that no Listeria should be present in 25-gram 
sample of ready to eat food products and if Listeria is present 
in these samples that food is considered to be an adulterated 
and subjected to recall [37].

4. Arti icial intelligence: Artiϐicial intelligence contributes 
a lot in detecting Listeria in foods. Artiϐicial intelligence includes 
the concept of machine learning and deep learning techniques 
[38], which are very beneϐicial to analyze the images by the 
help of microscopy. AI systems are trained so that it can easily 
recognize the special characteristic of Listeria, and distinguish 
it with other food borne pathogens. Under microscopy it 
signiϐicantly speeding up and reduces the rate of human 
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error. AI algorithm helps in identify the colony morphology 
very accurately than the traditional methods. Hence AI helps 
enhancing the quality of images [39]. AI algorithms examine 
the whole genome sequencing data to more effectively detect 
L. monocytogenes. AI algorithm recognize the speciϐic gene 
which are responsible for the identiϐication of Listeria [39], 
and make it feasible to detect and diagnose. AI could process 
the data from label free biosensors so that it can detect the 
small changes in the external environment, indication for the 
presence of Listeria. Some AI integrated sensors and label free 
biosensor [40], detecting Listeria in the food industries by 
sensing the electrical signals from the very small changes in 
the external environment. AI can be used as an early indication 
weapon. AI system can be integrated to microbial data to 
detect an early contamination source so that it can used as an 
early indication weapon.

Treatment and diagnosis of Listeria

Prevention of Listeria could be done by consuming 
properly cook the food, keeping food at a suitable temperature, 
washing hands and surfaces before and after cooking the food, 
remove cheese rinds and pasteurize soft cheese. Listeriosis 
can be treated by using antibiotics. The most recommended 
and effective medicine for listeriosis is Ampicillin. It interferes 
with bacterial cell wall synthesis, shows bactericidal activity. 
Sometimes, Gentamicin in combination with Ampicillin 
can be used. Gentamicin is an aminoglycoside antibiotic 
that interferes with bacterial protein synthesis. Persons 
who cannot use Ampicillin are recommended to use 
trimethoprim-sulfamethoxazole. Antibiotics for pregnant 
women also prevent the foetus from listeriosis. There are 
two ways to prevent Listeria infections: ϐirst, when the 
bacteria contaminate food, and second, when it infects the 
body. Antibiotics, such as previously discussed Gentamycin 
and Ampicillin, are very efϐicient modern drugs that prevent 
infections. However, improper and inadequate dosage of 
antibiotics can lead to bacterial resistance. Bacteriophages, 
bacteriocins, competitive bacterial species like LAB, plant-
based extracts like essential oils, and endolysins are some 
of the alternative antimicrobial approaches that researchers 
are currently using at the experimental level to prevent and 
control the growth of L. monocytogenes in food. While bacteria 
harm their cell walls, bacteriophages speciϐically target and 
lyse bacterial cells. Essential oils speciϐically target certain 
enzymes and membrane permeability that prevent bacteria 
from resisting. However, these alternative methods are only 
operating at the experimental level, which emphasizes the 
necessity for more research on the methods being developed 
rather than relying solely on antibiotics as a main treatment. 
Antibiotic resistance is an important concern even though 
antibiotics are the main treatment for Listeria. Resistance 
may arise from improper antibiotic doses or from taking 
antibiotics without a prescription. To survive, bacteria can 
also create bioϐilms. Bacteria will begin to form bioϐilms if the 
dosage is inadequate. Antibiotics cannot properly penetrate 

these situations, and the bacteria are not eliminated. Bacteria 
start to get resistant to those antibiotics when they are not 
eradicated. Additionally, Listeria is an intracellular pathogen, 
which means it lives within the host cell. Bacteria may 
potentially acquire resistance if the antibiotic is unable to 
enter the host cell. Diagnosis is done by taking the following 
samples for the detection of L. monocytogenes in blood, 
cerebrospinal ϐluid [34], vomit, food, animal feed, etc. High 
throughput techniques are employed for detecting Listeria, 
it includes pulsed ϐield gel electrophoresis and polymerase 
chain reaction. These techniques are used to determine DNA 
ϐingerprint patterns. These methods directly target nucleic 
acids and help in delivering more accurate, reliable, and 
minimizing cases of false positive results. PCR helps to detect 
the minimum DNA concentration by inoculating meat samples 
with different inocula of L. monocytogenes.

Conclusion and future prospects
This review concludes listeriosis is a serious diseased which 

need to be diagnosed properly by various techniques including 
whole genome sequencing (gold standard test for Listeria), 
Enzyme Linked Immunosorbent Assay (ELISA), Polymerase 
Chain Reaction (PCR), Pulsed- Field Gel Electrophoresis 
(PFGE). Raw food, raw vegetables and dairy products should 
not be used without washing. Food must be cooked properly 
and stored in the refrigerator at low temperature. The species 
monocytogenes consists of 13 serotypes which includes 1/2a, 
1/2b, 1/2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 4e, and 7. Among 13 
serotypes 1/2a, 1/2b, and 4b are related to cause foodborne 
infections. L. monocytogenes cause foodborne mortality, 
and 255 deaths recorded in the America and fatality rate 
15%-30%. Listeria shows mild symptoms with self-limiting 
infection and in healthy individuals it remains asymptomatic 
sometimes. In pregnant females and immunocompromised 
patients, it identiϐies by fever, muscle aches, nausea and 
vomiting with the occasional diarrhoea. It can be a challenging 
task to recognize the food which caused the infection as the 
incubation period of the bacteria is too long. Research on 
this bacterium will provide considerable insight into how 
pathogenic bacteria adapt to mammalian hosts, invade 
eukaryotic cells, move intracellularly, interfere with host cell 
functions and disseminate within tissues.
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