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Abstract— According to current human opinion and knowledge living organisms can be divided into seven kingdoms. The 

similarities and differences between these seven groups also the relationships between them are very interesting. These 

relationships lead to creation the different kinds of biological terms such as, mutualism, commensalism and parasitism. So 

plants and animal also microorganisms have to fight sometimes. The mechanisms of pathogenicity and the mechanisms of 

defense can be either similar or different. Emphasizing aspect of pathogenicity of some microorganisms, such as Salmonella, 

Fusarium and Tobacco mosaic virus can case to disease in plants and animals. 
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I. INTRODUCTION 

Our enormous universe contains of wonderful diversity of living organisms. More than of strange of wonderful diversity, the 

relationships between this living things is very interesting and surprising. Briefly these relationships divide to profitable and 

detrimental. For example the all of relations between plants, animal and humans with harmful microorganisms are 

detrimental. In the same way that living things are very different, they have a lot of common characteristics. Alike these 

differences and similarities between living things, also their relationships have similar characteristics and dissimilar 

characteristics. For example we can consider relation between host plants and animal plants with their specific pathogens. 

The manner of combat for plants and animals against their pathogen based on their cellular characteristics either host cell or 

pathogen cell is different. In fact because of the marked differences between their cellular structures and modes of life, it is 

not unreasonable to expect that very different strategies for attack, defense, and counterattack would have evolved in plants 

and animals against their respective pathogens [1]. 

The ability of pathogenic microorganisms to harm both animal and plant hosts has been documented since the initial 

demonstration in the 1870s that microbes were causal agents of disease. Since the initial discoveries by [2] that Bacillus 

anthracis caused anthrax and by [3] that Erwinia amylovora caused fire blight in pears, our knowledge base has expanded 

enormously. 

In this paper we try to point the mechanisms of pathogenicity in plants and animals, defense systems in plants and animals 

against their pathogens and finally parallels in pathogenesis on plant and animal hosts 

II. THE MECHANISMS OF PATHOGENICITY IN PLANTS AND ANIMALS 

The first step in the recognition of a pathogen is a general response, when non – specific receptors on the surface of plant or 

animal cells detect non – specific PAMPs (pathogen – associated molecular patterns). These molecules regularly occur in 

bacteria, fungi and in several other microbes. Typical examples are: lipo polysaccharides, peptidoglycans, chitin, and 

bacterial flagella. PAMP – receptors can be regarded as multi domain proteins with similar biological functions and protein 

structures [4; 5; 6; 7; and 8]. When these plant or animal receptors are activated by PAMPs, general reactions are stimulated 

in infected hosts. Ion fluxes are activated, an oxidative burst is initiated, and mitogen – activated protein kinases (MAP 

kinases) are expressed.  

Furthermore, a set of transcriptional changes occur, in plants, so – called pathogenesis – related proteins and phytoalexins are 

being accumulated. All these alterations may have roles in PAMP – induced immunity (pattern –triggered immunity) [9and 

7]. Although PAMP – triggered immunity can be considered as a general response of plant or animal organisms to pathogens, 

another type of immunity permits the inhibition of specific pathogenic races in resistant hosts. In these cases specific 

effectors of pathogenic races trigger the immune response [10]. In both plants and animals, a lipid compound, phosphatidyl – 

inositol 3 – phosphate mediates entry of pathogen effectors into host cells [11]. Plant or animal NLR receptor (Nucleotide – 

binding domain and Leucine – rich Repeat – c containing receptors) that interact with these effectors possess a very specific 

recognition ability. Interestingly, effector recognition by a receptor is associated with an almost infinite number of effector 
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(antigen) –binding ability of animal receptors. In this case somatic recombination and mutation is generated in the receptor – 

carrying lymphocytes determining a high degree of immune diversity. Effector recognition by a receptor results in clonal 

expansion of lymphocytes and formation of memory cells having receptors with effector – binding specificity identical to 

that of lymphocytes. These procedures allow a secondary immune response against a subsequent infection.  

An adaptive immune system does not exist in plants. Plants have no lymphocytes, immune memory cells are not formed and 

the phenomenon of somatic recombination has not been unequivocally demonstrated. However, as regards similarity, plant 

NLR Receptors, the r – proteins also have nucleotide – binding and leucine – rich – repeat domains like their animal 

counterparts. In addition, there is a secondary immune response operating in plants that confers inhibition of secondary 

infections and is triggered by a primary infection that occurred earlier in a distal plant organ. This phenomenon is called 

systemic acquired resistance (SAR) [12; 13; and 14]. 

One can raise the question, how can plants develop specific resistance mechanisms induced by numerous effectors of 

different pathogenic races? Plants do not have an adaptive immune system that is the basis of immune diversity in animals. 

Only a limited number of specific receptors (r – proteins) exist in plant organisms, and still, immune plants can recognize a 

high number of effectors of pathogenic races. The “gene – for – gene concept” tried to answer this question [15]. According 

to the original experiments rust – resistant flax strains express different r – genes corresponding to specific avirulence 

(effector) genes in each pathogenic rust race. In each incompatible (resistant) host/pathogen combination an avirulence gene 

encodes a specific effector and a plant r – gene encodes a specific receptor. Thus, an effector of a race can activate only the 

corresponding specific plant receptor. However, it turned out that only a few hundred r – genes exist in host plants, as 

compared to the almost infinite number of effectors encoded by pathogen avirulence genes. Therefore, this concept cannot 

explain the high degree of immune capacity and broad immune diversity of plants. 

Recent investigations on the mechanism of plant non – adaptive immunity point to the possibility that plants may exhibit a 

different type of immune diversity. Several results have shown that plant r – protein receptors do not directly recognize 

effectors of pathogens as foreign proteins in most host/pathogen combinations. Rather, pathogen effectors modify target self 

– proteins in plants in the course of the infection process As a result of the photolytic activity, phosphorylation, acetylation 

etc. exerted by effectors, the modified self – proteins become “foreign” (non – self) for plant receptors. Thus, the receptor r – 

protein can recognize the modified target self – protein. This is the essence of the “guard hypothesis”. An r – protein is 

somehow connected to a target self – protein(s). After modifications, target proteins are able to initiate recognition processes 

and an immune response develops [16; 17; and 18]. 

It seems clear from the “guard hypothesis” that only a limited number of receptor r –proteins will be required to recognize 

different pathogenic races because the very large number of effectors released by those races may modify the same target 

protein. It also turned out that a large number of effectors can alter only a few conserved target self – proteins, which will be 

able to activate r – proteins. Thus, immunity will be initiated in a very large number of plant cultivar/pathogenic race 

combinations. It would seem that immune diversity may exist also in plants, because only a small number of r – proteins can 

recognize an almost infinite number of races – specific effectors.  

As a consequence of the effector receptor interaction signal transduction chains are activated and, in the end, invading 

pathogens will be inhibited or killed. A series of genes are activated or inhibited in the resistant plant. However, the role of 

these genes in the immunity process is not exactly clear so far [19]. Surprisingly demonstrated that similar gene groups are 

activated in infected hosts whether the plant exhibits susceptibility or resistance. In the case of compatible or incompatible 

Arabidopsis–Pseudomonas combinations one can detect common mRNA expression profiles. If we compare specific and non 

– specific immune processes, again same or similar gene groups are activated [20 and 21]. All these facts refer to the 

possibility that timing of gene activations, Rather than gene alteration itself has a pivotal role in disease resistance. It was 

shown in several experiments that those genes are activated much earlier in resistant plants than in susceptible ones. 

Accordingly it seems reasonable to suppose that different forms of plant immunity have a common basic mechanism.  

If an effector protein of a pathogen, modifies a plant protein which has no role in non – self – recognition, this modified 

protein will not be foreign, therefore will not be recognized by receptor r – proteins. 

In this case the pathogen effector acts as a virulence factor rather than an avirulence gene product. In fact, the original 

function of pathogen effectors is to promote pathogenesis as virulence factors [22]. Therefore, effector proteins of a given 

pathogen could be regarded as “double agents”, as was expressed by [23], since effectors may behave as avirulence factors in 
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immune processes or virulence factors in reactions of susceptibility. [24] It has been shown that according to the damage or 

danger signal model in the mammalian immune system the recognition of the modified self – mechanism also exists. 

This section is closed with a brief noticing to immunity system in animal especially in invertebrate. 

Mobile immune cells and a circulatory system permit diseased animals to exert immunity in the whole body. In addition, 

immune memory cells are also formed having receptors with antigen – binding ability allowing a secondary immune 

response to a subsequent infection. This immune memory – based response is a very effective type of adaptive immune 

response in animals. Interestingly, immune memory operates also in invertebrate animals although they do not have an 

adaptive immune response system. The mechanism is not well understood at the moment [25]. 

III. DEFENSE SYSTEMS IN PLANTS AND ANIMALS AGAINST THEIR PATHOGENS 

3.1 The kingdoms of life 

Charles Darwin described the evolution of species as „the tree of life, an expression implying that all life originates from a 

single common root [26]. Until the 1960s, only three kingdoms of life were recognized: the single – celled protista, and the 

multicellular plantae and animalia. In 1959, Whittaker [27] defined a five domain system distinguishing prokaryotic and 

eukaryotic single – celled organisms and, in addition, adding fungi as a recognized kingdom [27]. The resulting of five 

kingdom system became a widely accepted standard. Since then, additional kingdoms have been proposed, of which only 

two are more or less commonly accepted. Based on rRNA gene differences, a division of prokaryotes into eubacteria and 

archaea was proposed [28 and29]. In addition, the kingdom Chromista, containing many algal groups as well as most water 

moulds, was put forward [30]. As a consequence, the generally recognized seven kingdoms of life are as follows.  

3.1.1 Kingdom Eubacteria 

These unicellular organisms are prokaryotic and lack a nucleus and other membrane – bounded organelles. The cell wall is 

composed partially of peptidoglycan, a complex structural molecule that is not found in eukaryotic cells. 

3.1.2 Kingdom Archaea 

Many archaeans are anaerobic and thrive under extreme conditions. Together with the eubacteria they compose the 

prokaryotes. With respect to cellular structure and metabolism, they resemble eubacteria, while with respect to transcription 

and translation, they are similar to eukaryotes. In contrast to eubacteria, archaea lack peptidoglycans in their cell wall. This 

kingdom is not universally recognized, and some systematicians classify archaea as an infrakingdom of the bacteria [31].  

3.1.3 Kingdom Protista 

This kingdom contains single celled eukaryotes. Protista are unicellular or colonial homokaryotic organisms that can be 

either autotrophic or heterotrophic. Locomotion occurs by means of flagella or pseudopodia. 

3.1.4 Kingdom Chromista 

Almost all of the species of the Chromista are photosynthetic, except for the water moulds, and most are also aquatic. Almost 

all fall into the traditional category of „algae‟. The photosynthetic members possess chlorophyll c, which does not occur in 

plants or the related „green algae‟ (Chlorophyta, Charophyta, etc.). The best – known colourless members of the Chromista 

are a group with fungus like morphology, the oomycetes. 

3.1.5 Kingdom Fungi 

These are heterotrophic eukaryotes relatively closely related to animalia but distinguished in part by the possession of cells 

with acarbohydrate cell wall. Reproduction is usually by means of nonmotile spores or, in one phylum, flagellated zoospores. 

Somatic structures often appear filamentous and branched, growing only at the apex. Unicellular organisms reproducing by 

budding are also characteristic of certain groups. Many but not all fungi reproduce sexually as well as asexually. They 

include moulds, mushrooms, yeasts, mildews, smuts, and rumen symbionts, as well as the conspicuous component of lichens 

(a symbiosis between fungi and algae or cyanobacteria).  

3.1.6 Kingdom Plantae 

These are autotrophic, mostly multicellular organisms, usually with haplo – diploid life cycles. They typically develop from 

embryos and use chlorophyll to convert CO2 with the aid of sunlight into complex carbohydrates.  
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3.1.7 Kingdom Animalia 

This kingdom encompasses heterotrophic multi – cellular organisms whose cells do not synthesise cell walls or 

photosynthetic pigments. They develop from a diploid blastula. Within these seven kingdoms of life, five major groups of 

microbial pathogens are currently recognized: bacteria,fungi, protozoa, helminths and oomycetes. Protozoa (kingdom 

Protista) are single – celled eukaryotes that include amoeba (for instance the Entamoeb species that cause gastrointestinal 

disease) and a large diversity of other microorganisms (for example the malaria parasites Plasmodium spp. and the flagellated 

Trypanosoma spp.). Helminths (kingdom Animalia) are multicellular invertebrates that, unlike protozoa, have differentiated 

tissues. Various types of vermiform animals, such as the nematodes that cause elephantiasis and river blindness, are included 

in this category. Finally, oomycetes (kingdom Chromista) are filamentous aquatic organisms that have cell walls composed 

of cellulose and a predominantly diploid lifecycle. Asexual reproduction is by biflagellated zoospores. The most well known 

oomycete pathogen is Phytophthora infestans, causal agent of potato late blight that caused the Great Irish Famine (1845 – 

1847), when up to one million people died and a similar number emigrated, many to the USA. So far, archaea are not 

identified as direct causal agents of infectious diseases. However, recent studies show a correlation between infections and 

the presence of archaea [32]. Therefore it is expected that archaea will be identified as causes of infectious diseases. 

3.2 Plant and animal defense 

The plant and animal host kingdoms have both innate and inducible/adaptive defense responses that are very different. These 

defense systems are generally effective in that the majority of fungi in the environment cannot cause disease. The immune 

system of mammals involves the innate complement system, circulating cells such as phagocytes that can internalize and 

destroy pathogen cells, and adaptive antibody – mediated defenses. The complement pathway, involving soluble factors and 

corresponding receptors, can lead to the formation of a pore complex in accessible pathogen membranes and subsequent lysis 

and opsonization, whereby proteins form a coating on antigens, pathogen cells, or host cells infected by the pathogen. This 

process “tags” them for clearance by the immune system and can trigger proinflammatory stimulation of chemotaxis [33 and 

34]. 

Many serious fungal infections of mammals occur in immunocompromised hosts, suggesting that mammalian defense 

systems are usually very effective against fungi. The severity of fungal diseases ranges from serious infections 

(histoplasmosis, blastomycosis, and coccidioidomycosis) [35] requiring hospitalization to superficial cutaneous infections 

(e.g., tinea) which are extremely common and caused by fungi such as Candida and Trichophyton spp.  

In contrast, animals‟ fungal pathogens of plants have developed many mechanisms to evade or overcome healthy host plant 

defenses. Although plants do not have circulating or phagocytic cells, their cells have a thick, complex wall that acts as a 

barrier to invasion. Plants display innate pathogen – specific resistance, genetically controlled via resistance genes. 

Additionally, plants display inducible systemic acquired resistance, which occurs when previous exposure to a pathogen 

activates signaling pathways acting via molecules such as jasmonate, ethylene, and salicylic acid. These small and sometimes 

volatile molecules spread throughout the plant or even the plant population. This triggers responses such as the expression of 

“pathogenesis related proteins,” including chitinases or glucanases, which can lead to the increased resistance of the whole 

plant against a subsequent pathogen attack [36].This outcome is analogous to that resulting from immunization or pre 

exposure to a pathogen in animals, where the defense system is primed to improve resistance to subsequent challenge by the 

pathogen. The jasmonate (or lipoxygenase) pathway mentioned above involves oxygenation of fatty acids, and a similar 

pathway known as the eicosanoid (e.g., prostaglandins and leukotrienes) pathway is present in mammals. Oxylipins, end 

products of these pathways, are implicated in host defense and stress responses. These molecules are also present in fungi 

and involved in signaling and development [37].  

3.3 Programmed Cell death and Oxidative Burst 

Commonalities of the defense systems of different hosts against fungal pathogens include programmed cell death and 

oxidative burst response [38 and 39]. Animal and plant pathogenic microbes (fungal and bacterial) release molecules with 

pathogenicity – associated molecular patterns. Determinants on fungus – derived polysaccharides and proteins are recognized 

(usually indirectly) by conserved receptors in animals and plants and elicit a defense response. These receptors are often 

transmembrane proteins with leucine – rich repeat domains and are manifested as resistance gene products in plants and Toll 

– interleukin receptors in animal and insect cells (8). This appears to be either an ancient conserved eukaryotic pathway [40] 

or the result of convergent evolution whereby similar motifs have been recruited for defense in different systems [41]. 
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The suicide of individual cells is an efficient and conserved mechanism to achieve and maintain homeostasis in multicellular 

organisms as a response to pathogen attack and abiotic stress, as well as in normal development [42]. The selective 

elimination of certain cells is carried out by a gene – directed process called programmed cell death that is mentioned above. 

This is an energy dependent asynchronic process that comprises the loss of cell – to – cell contacts, cytoplasmic shrinkage, 

membrane blebbing, DNA fragmentation, disassembly of the nuclei and formation of apoptotic bodies. The execution of 

programmed cell death requires the participation of complex cell suicide machinery that involves several molecules regulated 

by the expression of a certain set of genes. The self – contained nature of programmed cell death contrasts with necrosis, 

which is an unregulated process of traumatic destruction, followed by the release of intracellular components without the 

active participation of the cell [43]. In animals, the active study of programmed cell death began in 1972 when Kerr et al. 

introduced the term apoptosis as “a basic biological phenomenon with a wide range of implications in tissue kinetics” [44]. 

However, it took more than a decade to realize the biological importance of programmed cell death in plant pathogenesis and 

development [45]. As in animals, programmed cell death plays a key role in numerous vegetative and reproductive phases of 

plant development, including the senescence of leaves, xylogenesis, death of petals after fertilization, postembryonic decay 

of aleuronic layers, root cap development, somatic and zygotic embryogenesis and sex determination. Similarly, programmed 

cell death in plants occurs in response to biotic and abiotic stimuli. In plant pathogen interactions, programmed cell death 

serves not only as a defense mechanism of the plant in incompatible interactions, but also to promote the dissemination of the 

pathogen in compatible interactions [46]. Avirulent infections are usually characterized by a localized cell death known as 

hypersensitive response (HR) which results in the formation of necrotic lesions around the infection sites [47]. On the other 

hand, there is the abiotic stress response, and the best example is aerenchyma development under low oxygen conditions, in 

which root cortical cells are induced to die and form larger airspaces, enabling a greater diffusion of air from the upper parts 

of the plant [48]. Programmed cell death in plants has also been characterised in response to high temperature [49]. Finally, 

some of the morphological features of apoptosis as well as transduction pathways and signal molecules have been shown to 

be similar in both animals and plants. However, differences in the execution of Programmed cell death have also been 

observed.  

Oxidative burst response is a phenomena that include the production at the cell surface of different molecules such as: 

hydrogen peroxide (H2O2), superoxide (O2
-
), singlet oxygen (O2) and hydroxyl radical (OH

-
). Specifically, against 

microorganisms a sophisticated sensory system enables them to perceive chemical signals from potential pathogens and to 

translate them into appropriate biochemical responses [50 and 51].In biological systems „oxidative stress‟ results from the 

presence of elevated levels of oxidizing agents that are able to abstract electrons from essential organic molecules and disturb 

cellular functions. Under normal conditions reactive oxygen species (ROS) appear in cells as unwelcome harmful by – 

products formed as a result of successive one – electron reductions of molecular oxygen [52]. As a consequence of 

disturbances in the normal redox state of the cell ROS molecules are produced, which have a toxic effect on it and damage all 

components inside them including proteins, lipids, and DNA. The magnitude of this damage depends upon the size of these 

changes, with a cell being able to overcome small perturbations and regain its original state. Most plant cells possess facing 

an even greater burden of ROS has the ability to detoxify it and have also acquired the relevant protective mechanisms to 

maintain the lowest possible levels of ROS inside. To these protective mechanisms belong some antioxidant molecules 

(tocopherol, ascorbate (ASC), glutathione (GSH), proline, betaine and carotenoids) and antioxidant enzymes like superoxide 

dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT). However, more severe oxidative stress can cause cell 

death and even moderate oxidation can trigger apoptosis, while more intense stresses may cause necrosis [53 and 54]. It is 

known that one of the earliest of many diverse defense reactions activated in plant tissues in response to pathogen attack, is 

the rapid and transient accumulation of huge amounts of ROS and depending on the interaction, these ROS – generating 

mechanisms involve plasma membrane NADPH oxidases or cell – wall peroxidases [55].Studies related with the role of ROS 

during plant pathogen interaction have been carried out in all kind of interactions. In hemibiotrophic interaction by [56; 57 

and 58], in necrotrophic interaction by [59; 60; 61 and 62] and in biotrophic interaction by [63 and 64]. Besides another ones 

regarding to this theme have been done by [65; 66; 67; 68 and 69]. In spite of this plethora of information about ROS role in 

different plant – pathogen interactions, knowledge is still scarcely and not enough for a complete understanding of the 

oxidative stress in plants although, it is believed that during an interaction a coordinated activation at the site of infection 

requires tight control of the production of ROS, such as H2O2and O2
-
 . Besides, some research has indicated that the ROS 

produced in the oxidative burst could serve not only as protectant against invading pathogen, but could also be the signals 

activating further plant defense reactions [70].  

Mammals in general, as well as most of their organs, are quite intolerant of anoxia and/or ischemia partly because their 

metabolism is ill – equipped to endure the energy shortfall that occurs when mitochondrial ATP production is blocked and 
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partly because of injuries that arise due to a burst of ROS formation when oxygen is reintroduced. Clearly, in mammalian 

systems, the antioxidant defenses of the organism can be over whelmed by rapid and large changes in tissue ROS levels. 

However, although unusual for most mammals, many organisms routinely experience wide variation in oxygen availability to 

their tissues due to factors such as environmental oxygen lack, breath hold diving, extracellular freezing, or apneic breathing 

patterns in arrested metabolic states. To cope with these situations, many lower vertebrates and invertebrates have well – 

developed tolerances for anoxia and ischemia that allow them to endure these stresses as part of their normal life [71]. For 

example, various gill breathing intertidal marine invertebrates routinely experience cyclic bouts of oxygen deprivation with 

the tides and have evolved excellent capacities for facultative anaerobiosis that, in fact, allow them to survive for days or 

weeks at a time without oxygen [72]. Among vertebrates, anoxia tolerance is highly developed in various species of 

freshwater turtles that dive routinely and also hibernate underwater; species of the Chrysemys and Trachemys genera, for 

example, can survive for 3 – 4 months submerged in deoxygenated water at 30º C [73 and 74]. Freeze – tolerant animals have 

to deal not only with anoxia but also with ischemia for when extracellular body fluids freeze, all circulation is cut off and 

individual cells must rely on internal fermentative fuel reserves to survive for perhaps days or weeks until they thaw again. 

Freeze tolerance is quite common among cold – hardy insects in northern latitudes and is also a strategy used by several 

species of woodland frogs and some hatching turtles for winter survival [75]. In addition, many other types of animals, while 

not facing such extremes of anoxia or ischemia, experience wide variation in oxygen availability in their normal life and 

endure wide cycles of normoxic and hypoxic conditions. For example, estivating animals (such as various land snails and 

burrowing toads) have this experience since they use apnoeic breathing patterns to minimize body water loss during longterm 

dormancy [76 – 78] and diving animals (such as seals and whales) experience profound hypoxia in many organs due to 

circulatory readjustments that preferentially direct oxygenated blood to the skeletal muscles and brain [79]. Hibernating 

mammals also experience hypoxia due to apnoeic breathing while dormant and experience a rapid 10 – 20 – fold increase in 

oxygen consumption during arousal when they rewarm their bodies from ambient back to 37ºC over just a few minutes [80]. 

IV. PARALLELS IN PATHOGENESIS ON PLANT AND ANIMAL HOST 

4.1 Fungus 

The best studied fungal isolate that can affect both animals and plants is Fusarium oxysporum f. sp. lycopersici, which can 

kill both immunodepressed mice and tomato plants [81]. Studies of this fungus highlight commonalities and differences in 

the mechanisms of pathogenicity on animal and plant hosts. For example, a mitogen – activated protein (MAP) kinase gene, 

Fmk1, of F. oxysporum is not required for virulence in mice but is essentialfor virulence in tomatoes. In contrast, the zinc 

finger transcription factor gene PacC is necessary for full virulence in mice but not in tomatoes [81]. PacC is important for 

virulence in a range of other plant – specific and animal – specific fungi, as it mediates the environmental pH signal, which in 

turn alters gene expression appropriately. Another soilborne fungus, Aspergillus flavus, can infect animals, insects, and 

plants, particularly seeds of corn, peanuts, cotton, and nut trees. This fungus, like several other Aspergillus species, produces 

highly toxic, carcinogenic aflatoxins. Several strains isolated from humans and insects can also cause disease in corn [82]. 

Different nutritional pathways may be important for the virulence of this fungus on different hosts, since a cysteine and 

methionine auxotroph of A. flavus has reduced conidiation in vitro and on plant hosts, but this auxotroph can still complete a 

disease cycle on insect hosts [83]. 

4.2 Bacteria 

The genus Salmonella consists of only two species, S. bongori and S. enterica, and the latter is divided into six subspecies. 

Enterica includes more than 1,500 serotypes, which despite their high genetic similarity vary greatly in their host range and 

disease outcome ranging from enteritis to typhoid fever [84].Salmonella enterica subsp. entericais an important economic 

and public health problem throughout the world. The degree of adaptation to hosts varies between Salmonella serotypes and 

determines the pathogenicity. Serotypes adapted to humans, such as S. typhi and S. paratyphi A, B, C, cause systemic 

typhoid fever. These serotypes are not pathogenic for animals. Similarly, S. gallinarum and S. abortusovis, which are 

specifically adapted to poultry and ovine, respectively, are responsible for severe systemic infections in these animals. 

However, S. choleraesuis, for which pigs are the primary hosts, also causes severe systemic illness in humans. Ubiquitous 

serotypes, such as S. enteritidis or S. typhimurium, generally cause gastrointestinal infections in humans but can induce other 

diseases in animals [85]. For example, they can produce typhoid – like infections in mice, systemic infection in humans or 

asymptomatic intestinal colonization in chickens and pigs [86]. Some of them are responsible for chlorosis on plant leaves 

sometimes causing death [87; 88, 89 and 90]. Disease in mammals occurs after ingestion of contaminated food or water. 

Salmonella infection of animals and humans depends on the ability of bacteria to survive the harsh conditions of the gastric 
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tract before entering the intestinal epithelium and subsequently colonizing the mesenteric lymph nodes and internal organs in 

the case of systemic infections. In order to enter non – phagocytic cells and survive within the host environment, Salmonella 

has evolved mechanisms to interact with host cells and to induce its own internalization [91 and 92] Salmonella usually 

enters agricultural environments via animal feces. Animals can directly contaminate plants or surface water used for 

irrigation and pesticide or fertilizer diluent through contaminated feces. Recently, there has been an increasing number of 

reports, linking Salmonella contaminated raw vegetables and fruits with food poisoning [93]. Salmonella is able to adapt to 

different external conditions including low pH or high temperature, allowing it to survive outside the host organism [94 and 

95]. Indeed, Salmonella is able to attach and adhere to plant surfaces before actively infecting the interior of different plants, 

leading to colonization of plant organs [96 and 97], and suppression of the plant immune system [98]. In addition, 

Salmonella originating from plants retains virulence toward animals [89]. Thus, plants are an alternative host for Salmonella 

pathogens, and have a role in its transmission back to animals. 

4.3 Viruses  

Unlike animal viruses, plant viruses cannot replicate in humans or other animals, largely due to the lack of specific receptors 

for recognition and entry into host cells. However, it has been demonstrated that cowpea mosaic virus enters the bloodstream 

in mice from the intestine when administrated in cowpea leaves and induces the production of antibodies without replicating 

[99; 100; and 101]. More recently, a case – control study showed that pepper mild mottle virus may be found in human feces 

and is associated with clinical immune responses [102]. These studies suggest that plant viruses may play a role in human 

health and disease. Until now, the possible effects of consumption of TMV (tomato mosaic virus) in tobacco products have 

not been investigated. Tobacco smoking has been shown to cause cancers [103], heart disease [104], and chronic obstructive 

lung disease [105]. It also increases the risk for development of multiple autoimmune disorders such as rheumatoid arthritis 

[106] and multiple sclerosis [107; 108 and 109] Although the health risks of tobacco smoking are well documented, 

increasing evidence suggests that smokers have a lower incidence of some inflammatory and neurodegenerative diseases. For 

example, smoking is reported to reduce human autoimmune responses in systemic lupus erythematosus [119] and ulcerative 

colitis [111]. Of particular interest to neurodegenerative disorders, epidemiological studies consistently show smokers to 

have a lower risk of developing Parkinson‟s disease [112 and 113,] which is associated with a long duration of smoking 

rather than smoking intensity [114]. Such an inverse association is also observed in people who use chewing tobacco [115]. 

The protective effects of smoking have been suggested to result from the ability of nicotine (the main addictive ingredient of 

tobacco) to inducing immunosuppression [108] and neuroprotective action [116 and 117] but the biological mechanisms by 

which this occurs remain largely unclear. As a complex mixture of more than 4,700 chemical compounds, many constituents 

of cigarettes have been shown to modulate immune function including both the humoral and cell – mediated immune 

responses [108]. Tobacco mosaic virus can survive for years in cigars and cigarettes made from infected tobacco leaves, and 

TMV can be found on the surface of cigarettes. Therefore, we presume that smokers are more likely to be exposed to TMV 

than non – smokers. We tested whether exposure to tobacco products induces immune responses o TMV in humans and 

compared the differences among individuals who were smokers, smokeless tobacco users and nonsmokers. Identification of 

mechanisms for TMV – elicited specific immune responses may aid in defining the etiology and pathogenesis of smoking – 

related human diseases. It has also proven that the human protein TOMM40L (an outer mitochondrial membrane 40 homolog 

– like translocase) contains a strong homology of six contiguous amino acids to the TMV coat protein, and TOMM40L 

peptide exhibited cross – reactivity with anti – TMV antibodies. There is a mimicry between TMV and human TOMM40L 

that is caused to raising the question as to whether TMV has a potential role in smokers against Parkinson‟s disease 

development. 

The potential mechanisms of molecular mimicry between plant viruses and human disease should be further explored [118].  

V. CONCLUSION  

Whereas living organisms are very different, on the other hand are very similar. These differences and similarities include 

relationship between them and the methods of their defense against their pathogens. The most important difference between 

plants and animals is absence of circulatory system and an adaptive immune system in plants. In both plants and animals the 

first step in the recognition of a pathogen is a general response, when non – specific receptors on the surface of plant or 

animal cells detect non – specific PAMPs (pathogen – associated molecular patterns). These molecules regularly occur in 

bacteria, fungi and in several other microbes. Plant do not have immune system that is the base of immunity in animals so 

how can plants recognize a high number of effectors of pathogenic races? The answer is “gene – for – gene concept”. In each 
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incompatible (resistant) host/pathogen combination an avirulence gene encodes a specific effector and a plant r – gene 

encodes a specific receptor. 
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