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Introduction infectious dose, the animal species infected, their age 
and individual immune response [3]. They and, perhaps, Salmonella spp., belonging to the family of 
many other, yet unknown, virulence determinants are Enterobacteriaceae, are Gram negative, facultative 
molecularly studied, as new pathogenic Salmonella anaerobic, straight rods, with peritrichous flagella.  
serovars emerge. The accumulated evidence show that The genus includes the species S. enterica (the type 
a mechanism making a serovar virulent for one animal species) and S. bongori, which are divided into more 
species could make this serovar less or completely than 2,500 serovars. Worth noting is that, the 
avirulent for another animal species. This acquired previously known subspecies of S. enterica referred to 
phenomenon is called “serovar host specificity” or as subspecies Ι, ΙΙ, ΙΙΙa, IIIb, IV and VI are currently 
“serovar host adaptation” [4]. Two Salmonella named as S. enterica subsp. enterica (subspecies Ι), S. 
examples indicative of host specificity in animals are enterica subsp. salamae (subspecies ΙI), S. enterica 
Salmonella enterica ser. Dublin, usually associated subsp. arizonae (subspecies ΙIIa), S. enterica subsp. 
with disease in cattle, and Salmonella enterica ser. diarizonae (subspecies ΙIIb), S. enterica subsp. 
Choleraesuis consistently responsible for only pig hountanae (subspecies ΙV) and S. enterica subsp. 
salmonellosis [5]. However, regardless of the indica (subspecies VI) [1]. The genus Salmonella, 
accumulated information on host specificity and recovered from nearly all vertebrates and many insects, 
adaptation, a clear understanding is yet to be achieved is considered a “universal pathogen” [2]. The 
on a serovar's pathogenicity, with regard to an animal pathogenic specificity of Salmonella serovars depends 
host. on each serovar's ability to adapt to the environment of 

Nevertheless, newer and older molecular methods its host. This adaptation is regulated by various 
used to epidemiologically study serovars have shown  microbial characteristics, which also assist the 
close DNA relatedness between serovars and a expression of specific clinical manifestations in a 
common ancestor living 25 to 40 million years ago specific host species. In addition to the virulence 
[4,6,7]. These findings demonstrate that Salmonella determinants of a serovar, important are also the 
spp. has, since its divergence from the E. coli lineage, 
most likely evolved in three phases [6].

In the first phase the microorganism acquired, 
through horizontal gene transfer, the SPI-1 (Salmonella 
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Abstract

Salmonella enterica, the most pathogenic species of the genus Salmonella, includes more than 2,500 serovars, many of which 
are of great veterinary and medical significance. The emergence of food-borne pathogens, such as Salmonella spp., has 
increased knowledge about the mechanisms helping microorganisms to persist and spread within new host populations. It has 
also increased information about the properties they acquire for adapting in the biological environment of a new host. The 
differences observed between serovars in their host preference and clinical manifestations are referred to as “serovar-host 
specificity” or “serovar-host adaptation”. The genus Salmonella, highly adaptive to vertebrate hosts, has many pathogenic 
serovars showing host specificity. Serovar Salmonella Typhi, causing disease to man and higher primates, is a good example 
of host specificity. Thus, understanding the mechanisms that Salmonella serovars use to overcome animal species' barriers or 
adapt to new hosts is also important for understanding the origins of any other infectious diseases or the emergence of new 
pathogens. In addition, molecular methods used to study the virulence determinants of Salmonella serovars, could also be used 
to model ways of studying the virulence determinants used by bacteria in general, when causing disease to a specific animal 
species. 
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Pathogenic Island-1) pathogenicity determinant. The susceptible to them and others having a greater number. 
SPI-1 encodes genes helping the microorganism to Thus, attempting to define the importance of “host 

specificity-host adaptation” in Salmonella infections, invade host cells [8] and it is present in all Salmonella 
the properties of pathogenicity characterizing a serovars, but absent in E.coli and other relative 
specific serovar, epidemiologically observed in a bacteria. 
sensitive host, should be defined. Such attempts of During the second phase, two distinct species of 
defining the pathogenicity determinants of Salmonella Salmonella emerged by horizontal gene transfer. They 
serovars causing infections in man and animals have are Salmonella enterica acquiring also the SPI-2, 
resulted in grouping serovars in three major groups. which is helping it to survive within host cells, such as 

One group includes serovars, such as Dublin and the macrophages [9] and Salmonella bongori. Both 
Choleraesuis, proven to cause systemic disease species are possessing pathogenic determinants 
respectively in cattle and pigs only , while other animal helping them to colonize deeper tissue. In addition to 
species or man could be infected accidentally [12, 4]. the two major virulence determinants of S. enterica 
However, in the latter hosts, infection is frequently (SPIs 1 and 2), there are also 14 different pathogenicity 
subclinical, making them carrier animals, thus islands present in varying numbers within different 
“symptomless excreters” and reservoirs of the infecting serovars [10].
serovars. These animals cause environmental contami-The third phase of the microorganism's evolution 
nation, becoming a risk to susceptible animal species is related to the division of Salmonella spp. into 
[4].subspecies and the adaptation of subspecies I 

The second group includes serovars, such as (subspecies enterica) to warm-blooded vertebrates 
Typhi, Gallinarum, Abortusovis, Typhisuis and (birds and mammals), thus adaptation within an 
Abortusequi, which are highly host adapted, thus, they increased range of animal hosts. The remaining 
are almost exclusively associated with systemic subspecies and Salmonella bongori are mainly adapted 
disease when they infect man, fowl, ovine, pigs and to cold-blooded vertebrates. Therefore, one couldn't 
equine, respectively. These serovars, referred to as but question the nature of the mechanisms helping 
host-restricted (HR) serovars, are strictly associated Salmonella serovars diverge from their common 
with one very specific host species [3, 13].ancestor and emerge as serovars differing in their host 

The third group of serovars consists of non-host range.
adapted serovars called unrestricted serovars posing a For understanding the many biological characte-
risk to many animal species and man. The most ristics leading to serovar development, essential is the 
clinically important serovars in this group are understanding of the mechanisms helping a particular 
Salmonella Typhimurium and Salmonella Enteritidis. serovar to adhere and proliferate in the tissue of a given 
They are of a greater epidemiological importance, host. Thus, research has focused on the micro-
compared to the previous ones, although they cause a organism's acquired ability for “host specificity and 
relatively mild enteric disease to their hosts [13, 14]. adaptation”. 
These serovars are also associated with more severe 

Host specificity - host adaptation of the genus 
disease in young hosts, compared to adults. Perhaps, Salmonella
they lack mechanisms helping them to invade the 

The majority (99.5%) of the isolated serovars mature immune system of older hosts [6].
from animals and man belong to S. enterica subsp. In summarizing the above, host adaptation in 
enterica. The other subspecies are associated mainly many ways, is the ability of a pathogen to cause disease 
with cold-blooded animals. All animal species are in a particular animal population, regardless of the 
susceptible to various Salmonella serovars under degree of pathogenicity it exhibits for a different 
certain circumstances, but not all are as severely animal host. For example, serovar Choleraesuis is 
affected clinically. Clinical severity is associated with considered a porcine adapted serovar, not because it 
specific serovars affecting specific animal species [11]. causes the severest disease in swine compared to man, 
Most of the serovars belonging to subspecies enterica but because it persists in pig populations infected by 
cause acute, localized gastroenteritis of short duration direct transmission, making them a natural host for this 
rather than systematic disease. Only a small number of serovar, thus its reservoir [5]. What are, therefore, the 
serovars are causes of severe systemic disease in man known factors determining “host specificity and 
and animals, manifested as septicaemia, fever and/or adaptation”?
abortion. The latter serovars, although due to their 

Factors within the genus Salmonella determining limited number are extensively studied molecularly, 
host specificity and adaptationthey haven't yet fully revealed the factors of their 

adaptation [4]. Although the exact mechanisms leading to “host 
Scientifically, all pathogens could, perhaps, be specificity” have not been fully understood, the 

considered as host-adapted pathogens, regardless of existing evidence shows that they act independently of 
observed epidemiological differences between similar each other at the various phases of an infection. During 
microorganisms showing some as having a single host the process of adaptation, the expression of a serovar's 
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pathogenicity is influenced by the environmental and pathogenic strains. Best examples of host specificity 
genetic factors influencing each host [15]. During the dependent on gene deletions are, perhaps, serovars 
course of this adaptation, each host adapted/host Salmonella Typhimurium, Enteritidis, Choleraesuis, 
restricted serovar (HA/HR) must overcome the Gallinarum, Pullorum, Abortusovis, Paratyphi C and 

Dublin [14]. Studies using genome sequencing of host-encountered specific and non-specific immune 
adapted/host-restricted serovars, such as Typhi, mechanisms. Thus, pathogenicity of HA serovars 
Gallinarum, Choleraesuis and the newly emerging in results from the development of ways helping their 
sub-Saharan Africa invasive strains of Salmonella survival in a host. Examples to this are serovars of 
Typhimurium, revealed that these serovars have Salmonella enterica subsp. enterica, which have 
undergone extensive gene deletion and truncation [24-developed the ability to evade the immune mechanisms 
28]. In systemically non-invasive Salmonella, the of warm-blooded animals. They have, during their 
majority of lost genes have functional orthologs, which evolution, acquired the ability to modify to their favor, 
play a key role in intestinal colonization. Thus, these the physiological functions of their host, such as 
lost genes have resulted in loss of an intestinal multipli-intracellular engulfment, apoptosis, transfer of 
cation cycle for narrowly host adapted Salmonellae antigens by M cells, migration of macrophages and 
followed by a concurrent acquisition of mechanisms lymphocytes in the reticuloendothilial system and 
helping the microorganism to survive in a systemic others [6]. A well known serovar belonging to this 
niche [27]. Point mutations, the target of positive group of serovars, is Salmonella Typhi, pathogenic to 
selection, together with horizontal gene transfer and man, but not, for e.g., to mice. Its acquired ability to 
genome degradation could be responsible for a differential survive and divide in only human macrophages, makes 
pathoadaptive evolution of some Salmonella serovars it pathogenic to man, but not to mice [16, 17]. Serovars 
[29]. It appears from the analysis of the mannose-such as the HR Salmonella Typhi, Salmonella 
sensitive fimbrial adhesin FimH that even single amino Gallinarum and Salmonella Abortusovis, showing 
acid replacement, resulting in specific structural mutations high tropism for the lymphatic organs of their hosts, 
in FimH variants of host-adapted (systemically are, perhaps, regulating their natural hosts' biological 
invasive) serovars, play an important role in the environment, in their favor [15]. They, by attaching to 
differential adaptive evolution of Salmonella spp. cells of the bone marrow, bursa of Fabricious and 
Thus, activation or inactivation of mannose-specific Peyer's patches are affecting the development of B-
adhesive properties in different systemically invasive cells, thus immune response. The result of such 
serovars of Salmonella reflects the dynamic interactions, particularly in adult animals, help the 
trajectories of adaptation of a serovar to the biological establishment of chronic or subclinical infection and, 
environment of a specific host. Furthermore, phyloge-thus prolonged subclinical excretion, but they do not 
netic analysis has indicated that these mutations are, help the development of severe gastroenteritis [18, 19]. 
most likely, of a convergent nature (common pathogenic Serovars not fully adapted to evade mature immune 
traits incorporated into different genetic backgrounds) system, lack specificity, causing deadly systemic 
and occur under strong positive selection, illustrative disease in adult animals by invading their defense 
of the role of point amino acid changes for a host-mechanisms compared to HR serovars [6]. The latter 
adapted Salmonella.are mildly enteropathogenic compared to the 

Certainly, in depth study is needed for the molecular unrestricted serovars, thus, they do not cause intestinal 
composition of flagella, chemotaxis genes [30], inflammation [20]. A common characteristic of ΗR 
fimbriae, bacteriophages, the presence of virulence serovars is their ability to infect the reproductive 
plasmids and subtypes of each specific serovar, to system, affecting egg production in poultry and causing 
understand mechanisms of pathogenicity and host abortions in mammals. They greatly proliferate in fetal 
specificity [14, 15]. Studies correlating some phage tissues, which when aborted, disseminate a large 
types of Salmonella Typhimurium with their hosts number of microorganisms in the environment [3].
have shown marked host specificity [31]. However, the It has also been shown that the ability of a serovar 
majority of phage types studied had a broad host range, to metabolize a wide range of amino acids adds to its 
perhaps, suggesting a phage transfer of virulent genes virulence [21, 22]. Although, serovars metabolizing 
between hosts, leading eventually to host specificity. for their multiplication the same metabolites (e.g. 
The unrestricted serovar Typhimurium may comprise a cysteine, thiamin, nicotinic acid) are thought as closely 
spectrum of variants differing in regard to virulence related, each HR or HA serovar has most likely evolved 
and reflecting a summation of the spatial and/or independently. On the other hand, the heterogenicity of 

serovars in relation to different metabolic profiles, temporal selective pressures within a particular host 
facilitates either the completion of the pathway to [32]. In this study, all Typhimurium strains deriving 
infection [23] or, when lacking specificity, it is favoring from animal clinical cases were virulent also in mice, 
host adaptation [15]. whereas many Typhimurium strains deriving from man 

The process of Salmonella host adaptation is clinically ill lacked this ability. Of interest was that 
believed that either it involves acquisition of novel many of the Typhimurium stains deriving from human 
genetic elements encoding specific virulence factors or gastroenteritis lacked the Salmonella virulence 
loss of genes, thus a liability observed frequently in plasmid, present in all animal strains and strains 
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isolated from human bacteremia. Furthermore, some respective host(s) contributing to the different host-
strains of serovar Typhimurium isolated from man and specificity observed between different serovars. 
harboring the Salmonella virulence plasmid were Undoubtedly, as information accumulates, a better 
avirulent in mice, and the opposite was observed with understanding would be achieved concerning the 
those deriving from animals and phenotypically mechanisms helping closely related serovars to show 
exhibiting virulent determinants. These findings different host specificities.
suggest that Salmonella isolates of the same serovar This information has revealed that a close 
deriving from human salmonelloses are distinctly similarity of core regions exist, both within and among 
different from those isolated from animals. This means, the genomes of various serovars [37]. Some examples 
that selective pressure within a particular host, may are evidence of recombination and rearrangement, 
give rise to bacterial strain variants that exhibit genomic degradation, pseudogenes and clonal 
different pathogenicity determinants, thus varying diversity. In particular, genomic comparisons of host-
degree of pathogenicity. restricted and host-adapted serovars show that genomic 

Similarly, serovars of Salmonella enterica subsp. degradation is a common evolutionary mechanism for 
enterica, associated with disease in mammals and host adaptation and increased pathogenicity [37, 38].  
birds, show different degrees of adaptability. Perhaps, Others have shown that host restriction and change of 
pathogenicity determinants, such as the FimH adhesins ecological niche (site of attachment or type of diseases) 
play an important role. For example, the type 1 FimH are linked to the accumulation of large numbers of 
adhesins are expressed by serovars of S. enterica pseudogenes and an overall reduction in genome size 
isolated from mammalian and avian hosts, while the [28]. Examples are serovars Typhi and Paratyphi A, 
type 2 FimH is expressed exclusively by the avian- restricted to man and causing a similar systemic 
adapted serovar Gallinarum. Consequently, these data disease. Genome sequence similarity between Typhi 
show that allelic variation of the S. enterica FimH and Paratyphi A serovars and their different 
adhesin directs host-cell-specific recognition, thus pathogenicity when compared to the unrestricted 
selective binding to mammalian or avian receptors. serovars of S. enterica, has been attributed to a 
This allele-specific binding parallels the host specificity relatively recent recombination of a quarter of their 
of the respective FimH-expressing pathogen [33]. genomes, making the accumulation of pseudogenes a 

However, regardless of the progress in the study key feature of convergent evolution for these and other 
of HA/HR serovars, the mechanisms and genes host-adapted pathogens [29]. Another example 
involved in the expression of “host specificity” are yet supporting the role of convergent evolution among the 
to be fully clarified. Research about the distribution of typhoid agents is serovar Paratyphi C, which has 
Salmonella Pathogenic Islands (SPIs), fimbriae diverged from the same ancestor as serovar Choleraesuis, 
operons and virulence plasmids has shown that, by accumulating genomic novelty during its adaptation 
various combinations of virulent determinants, formed process to man. The genomic analysis of these two 
during the evolution of the microorganism, are needed Salmonella serovars has revealed a highly similar 
for a variant to become pathogenic in a particular range genomic construction between the two and their 
of host species. Mutations horizontally transmitted distinct pathogenic features, making them excellent 
could have helped the development of “host models for studying Salmonella's host adaptation and 
specificity” [6] by helping Salmonella serovars to pathogenic divergence [37].
harbour unique virulence factors [34]. Molecular and Hence, Salmonella adaptation to a particular host 
phylogenetic analyses of the SPIs' genes, showed that species is a complex phenomenon, which depends, 
these genes encode for translocon proteins (SipD, SseC apparently, on a large number of gene products. The 
and SseD) present on both Salmonella pathogenicity mastery of understanding the interactions between 
islands (SPI-1 and SPI-2) and also encode an effector Salmonella serovars and their natural hosts needs 
protein inhibiting the pathway of the host cells comparative analysis of the interactions between the 
mitogen-activated protein kinase (sptP gene) [35]. In physiology of various animal species and their genetic 
addition, they encode effector proteins (SseF and SifA) composition. 
important in placing the Salmonella-containing vacuole 

Conclusions
in a juxtanuclear position. The products of these genes 
directly interact with the host cell and modulate its Despite the efforts of understanding the funda-
functions, thus favoring host specificity. Another study mental mechanisms of S. enterica's pathogenesis, the 
of the SPI genes has shown the close evolutionary specific genes involved and the mechanisms needed 
relatedness between serovars Gallinarum and for a serovar to express “host adaptation-host 

specificity” are yet to be defined. However, research on Enteritidis [36], although the former is highly adapted 
the mechanisms involved when pathogens exert (restricted) to poultry and is the only known non-motile 
selective pressure on the host's immune system has led serovar, while serovar Enteritidis is an unrestricted 
to the conclusion that “host adaptation” of a serovar serovar.  Analysis of the functions of genes associated 
helps it to competitively exclude other serovars in a to SPI-1 to -5 showed that virulence genes might have 
given animal population. In addition, as the degree of evolved under positive selection imposed by a serovar's 
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