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An array of study on food microbiology unraveled the associa-
tion of food borne microorganisms including Staphylococcus spp., 
Vibrio spp., Enterococcus spp., Betaproteobacteria spp. Pseudomo-
nas spp., Stenotrophomonas spp., Acinetobacter spp., Klebsiella spp., 
Escherichia spp., Enterobacter, Proteus spp., Serratia spp., Aeromo-
nas spp., Salmonella enterica, Bacteroides fragilis, Streptococcus 
pyogenes, Bacillus anthracis, B. cereus; the emerging food borne 
pathogen Arcobacter spp., Cronobacter spp. and Listeria spp. Their 
associated pathogenesis and the subsequent modes for microbial 
infection, intoxication and the toxi-coinfection have been detected 
[1-4]. 

Abstract
While food borne infections and intoxications are frequently reported, the consequence of food poisoning caused by the normal 

flora remains obscure. If the immune system is compromised the normal flora could be pathogenic which in turn may result in 
disease outbreaks upon consumption of contaminated foods. Thus the current literature has attempted to discuss the food borne 
pathogenesis by the opportunistic pathogens. In this article, a mini review of literatures as well as an ingenious model was adopted 
to give an update on the opportunistic microorganisms involving food borne infections and intoxications. The current review delivers 
an understanding of the model and the pathogenesis by the opportunistic microorganisms finally resulting in food borne illness. 
Besides, the risk assessment of the opportunistic strains would benefit the betterment of the mass public health. The model proposed 
in this review is for the first time which may aid to simply understand the food borne complications caused by the normal flora. 
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Background

A food borne infection is known to involve the ingestion of the 
microbial pathogen, which in turn, continues to grow and survive 
within the food accompanied by tissue invasion with the conco-
mitant release of toxins and virulent enzymes [5,6]. Another term 
used in food microbiology is the food borne intoxication which 
is generally associated with consumption of food containing the 
preformed toxins produced by microbial growth prior to ingestion 
[6-13]. Besides the cases of food borne infections and intoxication, 

another clinically important food spoilage phenomenon must be 
pondered in case immune-suppressed persons, which is the focus 
of the current review. In the immune-compromised patients, fresh 
foods, salad vegetables, water, fish, meat, poultry and raw milk food 
and even water may serve as the major sources severe extra intes-
tinal infection with the symptoms of gastroenteritis accompanied 
by profuse watery diarrhea especially among the young children 
less than 5 years old, principally caused by Aeromonas species [6]. 
Arcobacter spp., the emerging oportunistic pathogen (especially 
A. butzleri and A. cryaerophilus, isolated from human diarrhoeal 
stool) account food borne illness among human and animals [3]. 
Other major pathogens involved in the food borne pathogenesis in 
the immune-suppressed patients have been reported to be Bruce-
lla spp., Campylobacter spp., Bacillus cereus, Clostridium botulinum 
and C. perfringens; Moraxella; Corynebacterium; Listeria spp., Pse-
udomonas spp., Cronobacter sakazakii; Shigella dysentariae, S. flex-
neri, S. boydii and S. sonnei; Salmonella spp., Vibrio cholerae, Yersinia 
enterocolitica, Plesiomonas shigelloides, Proteus spp., enteroinvasive 
Escherichia coli (EIEC), enteropathogenic E. coli (EPEC), enterohae-
morrhagic E. coli (EHEC), Verotoxin-producing E. coli (VTEC), etc. 
[5-7,14-16]. 
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Food borne diseases or food poisoning are generally categori-
zed into the food borne infections, intoxications, and toxi-coinfecti-
ons [17]. An interesting study indicating cyaniding as the potential 
Quorum Sensing (QS) based anti-biofilm and anti-bacterial agent 
for food borne pathogens would be strategically a proof of the in-
volvement of QS mechanisms in case of shading the food borne 
infections [18]. Another important food borne infection strategy 
can be mediated by the cultivable, and highly competitive opportu-
nistic pathogens which are often found to be associated with other 
eukaryotic hosts such as plants [19,20]. These are highly versati-
le in nutrition requirements; resistant against antibiotics and to-
xins; and they have the unique capacity of biofilm formation. Now 
a days, an increased number of immunocompromised individuals 
resulted in a superior number of food borne disease outbreaks 
associated with the consumption of vegetables [19]. Therefore, in 
order to understand the human health risk caused by food borne 
microorganisms which are opportunistic in nature, the current li-
terature review has been made in a brief form so that the food mi-
crobiologists can be aware of the virulence potential opportunistic 
microbial species which are apparently known to be beneficial for 
human health.

Rationale of current review

The endospheres and rhizospheres of plants have been repor-
ted as the significant reservoirs for emerging opportunistic patho-
gens like Escherichia coli pathotypes, Burkholderia, Enterobacter, 
Pseudomonas, Ralstonia, Serratia, Staphylococcus, Stenotrophomo-
nas, the multi-drug resistant multi-resistant species of Pseudomo-
nas and Stenotrophomonas, resulting in disease outbreaks [20-22]. 
Ironically it is to be noted that if plants serve as a natural reservoir 
of Enterobacteriaceae, then these bacteria apparently may seem 
to be natural part of human diet. Among the vegetable microbio-
mes, the opportunistic pathogens have a broad phylogenetic back-
ground frequently conquer the natural environments or associated 
with eukaryotic hosts maintaing an endophytic lifestyle which is 
quite beneficial for the immunocompetent hosts; whereas in the 
immunocompromised individuals, opportunistic pathogens can 
cause severe infections like pneumonia, bloodstream infections, 
urinary tract infections, surgical site infections and also diarrhea 
(Berg et al., 2014). A recent study using the whole genome sequen-
cing (WGS) unraveled a connection between Cronobacter sakazakii 
(a member of the family Enterobacteriaceae) and food-borne acute 
gastroenteritis (AGE) among the neonates, infants, and adults with 

Prevalence of opportunistic pathogens in plants and food 
borne diseases

immunocompromised condition Cronobacter spp. [5]. However, 
the pathogenicity and epidemiology of this species has not been 
well described till date. An interesting area of study of opportunis-
tic microorganisms lies on the probiotics. The Lactobacillus genus 
complex (LGC), which is usually the resident within the fermented 
food products (or supplied as supplement), is known to normally 
colonize the mouth, gastrointestinal (GI) tract, and female genito-
urinary tract of humans because of their multiple beneficial effects. 
Surprisingly food borne infections like endocarditis, bacteremia, 
and pleuropneumonia by lactobacilli; i.e., Lactobacillus rhamnosus 
have recently been reported [23]. 

Besides bacteria, food borne opportunistic bacterial species, an 
emerging fungal species which can act as a threatening to human 
health is the opportunistic pathogenic version of the yeast Sac-
charomyces cerevisiae, which is most commonly known as “baker’s 
yeast” in either traditional or industrial fermentative production of 
bread, beer or wine. Interestingly they are adapted to resist human 
defenses; i.e., to the reactive oxygen and nitrogen species [24].

The possible virulence factors for the opportunistic infections 
were previously analyzed and the O antigen gene cluster (OGC) 
has been reported to be responsible one for the opportunistic food 
borne infection especially by the species of Salmonella spp., Esche-
richia coli, and Shigella [15,25]. Bacterial polysaccharides such as 
capsular polysaccharides (K antigens) and O polysaccharides (O 
antigens, responsible for adhesion, cell recognition, and biofilm 
formation), present on the bacterial cell surfaces may serve as the 
mediator for the host - pathogen interactions [26-28]. Along with 
the discovery of the novel protein Wzz (that regulates the chain 
length of the O antigen and that is essential for the pathogenesis), 
the genetic studies for the O antigen synthesis revealed the nucle-
otide sugar synthesis genes; genes encoding glycosyltransferases 
(GTs), genes encoding the flippase and the polymerases [15,25]. 
Considering these suggestive data, a general model of the opportu-
nistic food borne infections has been proposed (Figure 1). 

Pathogenesis during opportunistic infections

It is known that the opportunistic pathogenic microorganisms 
usually do not shed disease in the healthy, immunocompetent host; 
rather these microorganisms are likely to take benefit from the 
compromised immune system of hosts, caused by recurrent infec-
tions, genetic predisposition, and due to several long-term antibi-
otic treatments; application of the immunosuppressive agents for 
organ transplant recipients; and the chemotherapy for cancer [19]. 

Mechanism of opportunistic food borne infection
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Cronobacter spp., including C. sakazakii, C. malonaticus, C. muytjen-
sii, C. turicensis, C. dublinensis, C. universalis and C. condiment, cau-
sing diarrhea, meningitis, enterocolitis, bacteraemia or sepsis, can 
be a role model for understanding the opportunisctic food borne 
infections. The genetic makeup of Cronobacter virulence princi-
pally underlies on the cpa gene, encoding the plasminogen acti-

vator, fhaBC gene, encoding the filamentous haemagglutinin gene; 
and the repA gene, encoding the general replication protein. Some 
other important opportunistic infection aspects cover (1) the po-
tential of biofilm formation; (2) production of the outer-membrane 
protein A; and (3) the escaping strategy of the immune response by 
using the immature dendrites and macrophages [4].

Figure 1: General model of opportunistic food borne infection and pathogenesis. Ingestion of microbial pathogens through the 
contaminated foods may combat the normal flora residing the host which in turn, may become invasive, resulting in food borne 
infections. On the other hand, the gastrointestinal flora may sometimes become pathogenic when the host’s immune system is 
compromised. Therefore, the weakened immune system may trigger the normal flora to transform into food borne pathogens.
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For the detection of food borne pathogens, traditional and sim-
ple culture methods undoubtedly urge a very practical means in 
the area of public health maintenance; nevertheless, such detecti-
on techniques are certainly laborious and time dependent. Howe-
ver, while an array of traditional methods of detecting food borne 
diseases are being applied [8,9,29-31], the quantitative microbial 
risk assessment (QMRA), built on experimental and meta-analyti-
cal data, stands as a comparatively new-fangled advancement in 
identifying health risks allied with the ubiquitous presence of 
opportunistic pathogens in the human environment [32]. The me-
thod is also suitable for the detection of the opportunist waterbor-
ne infections (OWI), principally the Legionella spp. [32,33]. It is to 
be pondered that the molecular methods involving the identifica-
tion of virulent genes are also significant in the detection of food 
borne infections which may be opportunistic [26,34,35]. 

Food borne opportunistic infections and public health  
assessment

The interplay between the infectious microorganisms and/or 
the normal flora and the immunocompromised host is always of 
great clinical interest for the scientist since a long time. Current 
review revealed the state of pathogenecity of the opportunis-
tic microorganisms upon food ingestion especially in case of the 
immunocompromised persons. The proposed model of opportu-
nistic food borne pathogenic infection may aid new insight to the 
current knowledge in food microbiology. Increased information on 
the function of the food borne microorganisms as an immune-sti-
mulant may be expected to trigger to develop vaccines against the 
food borne diseases. Besides, in course of maintenance of sound 
public health, the knowledge from this very literature may be pro-
pagated publicly to increase the awareness on food borne compli-
cations.

Conclusion
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