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 :      

     : 

       

       98.3  

,  155000-    [Rabsch et al., 2001, Majowicz et al., 2010]: 

      

      

  :  ,    ,  

    Salmonella enterica serovar 

Typhimurium (S. Typhimurium)  Salmonella enterica serovar Enteritidis (S. 

Enteritidis),     ,  , 

          

 [Hendriksen et al., 2011]:    

   ,   , 

       

,      [Coburn et al., 2007]:  

    ,    

      

   ,    

  [Thomson et al., 2008; Jacobsen et al., 2011]: 

      

 -    ,     

  (   )   

  [Hawrelak et al., 2004; Licciardi et al., 2010; Cremon et al., 2014; 

Lerner et al., 2016]: 

        

   ,   

  ( ):      

,     [Winter et al., 2010; Ahmer et al., 

2011]: 

     

   ,   -  

      

   ,    

   : 

       in vitro   

 ,  in vivo ,   
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 - -   , 

 : 

  :     

    , 

  -  , 

   (in vivo) -   

    : 

       

I.        

: 

II.  -     

  ,   

 : 

III.      

  : 

IV.     

: 

    :   

        

      

 :  in vivo    

      

      

,       

: 

,     , . 

1.        

    -  : 

2.   S. Enteritidis    

  

3. S. Enteritidis-     IL-17-    

   : 

4.      

-     : 

   -   

     

,      

 :    ,   
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      ,  

       

   -  : 

         

    ,   

      

:       

    

,       

     

: 

 :    

        

     2016 .-   18-

: 

  :   

   3     : 

   :    115 

 ,   5 , 14 :     

    176 :    

 , ,  ,  

,  , ,   

 : 

 

    

:     2013-2015 . 

« »      89 

 ,   20  :  

     S. Typhimurium  S. Enteritidis 

     :  

     S. Enteritidis-    

  (  n=57, 4   n=23 (  ` 

M=2,6,  ` SD=1,1), 4   n=34 (M=23,9, SD=19,4)), 

S. Typhimurium-      (  n=32, 4 

  n=21 (M=2,15, SD=0,9), 4   n=11 (M=20,03, 

SD=19,4))      (  n=20, 4  

 n=10 (M=2,6, SD=0,9), 4   n=10 (M=26,2, SD=12,4)):  
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     4     

     : 

       

  ,  : 

        : 

       : 

       : 

 :      

     ,   

 ( -  ) :    

   (anamnesis vitae  anamnesis morbi): 

     

    ,  

  :      : 

       

   

   :   -

      : 

-       Galaxie 

Workstation   : 

   E-  (IgE) :   

IgE-      , -

    : 

  :  

     -  

  ELISA-  : 

:  -     

GenElute Five-Minute Plasmid Miniprep     

 :  36  (S. Typhimurium n=12, S. 

Enteritidis n=24)   spvRABC, pefA, spiC, pegD   

   (PCR) : 

    Mann-Whitney  

exact   (GraphPad Software Inc., ):  

    SPSS Statistics 19 (SPSS Inc., )  

:     p<0.05   

<0.1: 

 



7 

 

    

      

  

        

 ,     

 [Grassl et al., 2008]: 

    ,  S. Typhimurium  

   66%-     4  

,  S. Enteritidis-       

40% :        

: 

      

      :  

    ,   

    :     

 , ,     

      

   : ,    

         

:       

   S. Enteritidis-   ,  S. Typhimurium 

 ,   S. Enteritidis- ,    

     3 :  

   S. Typhimurium-   80%  

,  S. Enteritidis-     37.5%-  : 

       S. Typhimurium-

    ,    

 ( . 1),   ,      

      [Lawley et al., 

2013]: 

       

 : 

     ( )    

     ( . 2 ):  

    ,  S. Typhimurium   

      ( . 2 ): 
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 1.   S. Typhimurium  S. Enteritidis  

  

 

 

 

 

 

 

 

 

 

 

 2.       1. 

, 2. E. Coli, 3.  , 4. 

, 5. , 6. , 7.  , 

  8.    9.   : 

 

,     ,    

       

   -  : 

 

.    

  1-S. Enteritidis  

<4, 2-S. Typhimurium` <4, 3-  

 <4: 84.2%  

,  =0.1 

 

 

. S. Typhimurium-   

  1-S. Typhimurium` 

>4, 2-S. Typhimurium` <4, 3-  

` >4, 4-  ` 

<4: 89.3%  , 

 =0.031 
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-     ,    

  :    IgE-  

,        

         

  [Kerkhof et al., 2003]: 

 IgE-  S. Enteritidis  S. Typhimurium  

:  ,   IgE-   3-5  

(p<0.0001)   S. Enteritidis-     

       ,  S. 

Typhimurium-     IgE-     

 IgE-   (p=0.12): S. Eneteritidis-   

       IgE-  

      S. Typhimurium-   

  (p<0.0001): 

 

 
 3.      

 IgE-  :  , S. Enteritidis  S. 

Typhimurium   :       

  : *     

   S. Enteritidis-   S. 

Typhimurium-      nn-

Whitney U-test): 
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    S. Enteritidis-    

   IgE-       

(p<0.0001):      IgE-    

, , ,    

  ( . 3): S. Typhimurium-     

IgE-          

,   ,  S. Typhimurium-      

    [Herz et al., 2000; Pelosi et al., 2005]: 

       

        

[Strachan, 1989]:     ,    

       

 [Penders et al., 2007a; Penders et al., 2007b; Prakash et al., 2011]:  

       

   IgE-     

        IgE-  

   ( . 4): 

 

 

 4.    -    

 IgE-  : 

 

 
.    . 1-S. 

Enteritidis  >4, 2-S. Typhimurium  >4, 3-

 ` >4  84.6%  

, = 0.091 

 
. S. Enteritidis-   

 . 1-S. Enteritidis  

>4, 2-S. Enteritidis  <4, 3-  

` >4, 4-  

` <4  93.9%  
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  ,        

     [Ktsoyan et al., 2013],  

      

 ,    IgE-   B   

[Milovanovich, 2010; Nakajima et al., 2014]:     

, ,  , IgE-      

    : IgE-    

 S. Enteritidis-      S. Typhimurium- ,  

      S. Typhimurium-  

   , ,   

     S. Enteritidis-    IgE-  

   ( . 1, . 4 , ): 

 

IL-17-   IgE-   S. Enteritidis-    

  

  ,  IL-17-   S. Enteritidis-  

        

 [Ktsoyan et al., 2013]: 

     IL-17-   

 ,     

 [Oboki et al., 2008; Cosmi et al., 2011; Newcomb et al., 2013; 

Zhao et al., 2013; Manni et al., 2014; Naji et al., 2014]: 

   IL-17-       IgE-  

 ,      

  ( . 5): 

 

 

 

 

 

 

 

 

 

 

 

      

     IgE-   IL-17-  ,    

 5.   

IL-17-   IgE-  , S. Enteritidis-

   

 :  

=0.683 
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  IgE-   :  ,   

       

 IgE-  :  ,    

    IgE-   : , 

         

  [Herz et al., 2000]: 

 

    -

     

     - ,  ,  

      ,    

      

 , ,     :  

S. Typhimurium-   S. Enteritidis-     ,  

 ,     -

     (5-20  

  , p<0.05) ( . 6): 

 
 

 6. -      

   (median + IQR): *   

      (p<0.05)  **  

 S. Enteritidis-   S. Typhimurium-    

(p<0.05): 
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 7.  , 

  

   

-   

  

:  

 1-S. Enteritidis, 2-S. 

Typhimurium, 3-  

 94.6%  

= 0.055: 

-      

       

 ( . 7):      ,  S. enterica 

     -   

       -

  : 

 

 

 
 

 

 

 -   

      -   

 ,     

 ( . 1):      -   

   -   95%-  [Cook et al., 1998]: 

        

        

   [Cummings et al., 1987]:   

 : :    

      ,  

    ( . 1): 
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 1.  

       -  

   : 

 

 

   

% 
M±SD 

( / ) 
% 

M±SD 

( / ) 
% 

M±SD 

( / ) 

 78.19 7.96 ± 3.86 11.49 1.17±0.49 10.32 1.05±0.32 

S.Enteritidis 35.62 20.37±17.22 50.63 28.97±25.35 13.75 7.87±4.63 

S.Typhimurium 31.72 30.11±13.73 49.64 47.14±31.48 18.64 17.7±6.65 

 

        

  - ,     

  [Velázquez et al., 1997]    

    : 

   -2-  (SPI-2)  III 

       -  

,      , 

  ,     - , 

   [Spadoni et al., 2015; van der Beek et al., 2015]: 

     ,  

   -     

 ,      , , , 

     :    -

       

    ,   

 ( )     -   

 :     ,    

    ,  -

       

     ( . 8): 
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 8. -    -    

 (median + IQR): *       

  (p<0.05), **       

  (p<0.05):     : 

 

    (   )  

     :    

      ,    

   . ,     

,    -    

,          

  (  ),     

    : 

 

   

     S. Enteritidis-   

S. Typhimurium-         

   :   

   ,     

   : 

  ( . 9)  ,  S. Enteritidis 

 25%-  (24-  6- )     , 

 S. Typhimurium 12        
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  :  , S. Typhimurium   

 svpB  pegD ,  spvC    83.3%- : S. Enteritidis-  

 svpB    75%  (24-  18- ),  

16-    spvC : S. Enteritidis-    (8.3%) 

   spv : S. Enteritidis-   100%-  

  pegD :    spvA-  ,    

  : 

 

 
 

 9.   (%)  S.Typhimurium (n=12)  S. Enteritidis 

(n=24) : 

 

        

 (S. Enteritidis - 91.7%, S. Typhimurium - 100%)     

   (  ): 

SPI-2-   spiC ,       

 ,    : pefA  

   S. Enteritidis  (87.5%),  S. 

Typhimurium  67%-    : ,  

     :  

 , ,    

 ,     

 :    

      

    : 

 10-     : 
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 10.   : 

 

 

 

1.   ,    -   

      

: 

2.      -  , 

     : 
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3.    (   

)     

 ( - )  ,   

   `   -  

  : 

4. S. Enteritidis-       

IL-17-    IgE-  `   

:  ,      

 : 

5. S. Eneteritidis  S. Typhimurium      

    ,    

    : 
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in vitro. 
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-
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Typhimurium -

IgE

S. Typhimurium IgE

S. Enteritidis IgE 

IgE 
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IL- IgE

IL- IgE S. Enteritidis. 
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- -
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MKRTCHYAN MKHITAR 

 

INTERRELATION OF METABOLIC ACTIVITY AND INFLAMMATORY RESPONSE IN 

SALMONELLOSIS CAUSED BY DIFFERENT SEROTYPES 

 

Summary 

 

Keywords: salmonellosis, sensitization, SCFA, IgE, dysbiosis, serotype specificity, 

genetic heterogeneity 

 

Salmonella infections remain one of the leading causes of gastrointestinal disorders 

in the world resulting in significant morbidity and mortality rates. The complexity of 

problem solution is linked to a wide variety of clinical presentation and spread of 

asymptomatic forms of the infection, as well as diversity of ways and agents of disease 

transmission. Despite of genetic affinity, the Salmonella serotypes significantly differ by 

its host specificity, virulence and disease manifestation. Properties of pathogenicity of 

Salmonella serovars and induced host-dependent immune response, serotype and 

specific host-microbe interaction are not well studied. The majority of investigations was 

carried out on murine model or in vitro. The present work is implemented with the use 

of clinical material of subjects with salmonellosis (acute stage), caused by most prevalent 

serotypes in Armenia. The samples are provided by the "Nork" Republican Infectious 

Clinical Hospital during the period of 2013-2015. 

In this work the characteristics of specific Salmonella induced inflammatory 

response, and its molecular bases were studied. 

In the acute stage of salmonellosis microbiota alterations, immune status and clinical 

presentation are considered in combination. Pathogen, dysbiosis and immune status, 

each separately can be trigger of the disease onset. 

Deep, serotype specific dysbiosis has been revealed, which is more pronounced in 

younger age, especially in patients infected with S. Typhimurium. In this work an 

attempt was made to identify the influence of serotype specific inflammation on possible 

immune disturbances, namely, allergic sensitization of the organism. For this purpose, 

the systemic concentration of total IgE, the biomarker of allergy, was measured, which 

may indicate the likelihood of sensitization even in patients with negative specific allergy 

tests. Our investigations revealed that inflammation caused by S. Typhimurium does not 

affect on system concentration of total IgE, whereas in S. Enteritidis infections the 

concentration of IgE exceeds the normal value. Statistical analysis indicated a negative 
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association between the degree of dysbiosis and IgE concentration, i.e. the dysbiosis 

may be excluded as a factor contributing the sensitization of organism during S. 

Enteritidis infection. Previously it was established, that during inflammation caused by 

this serotype, a sharp increase of IL-17 takes place, which nowadays is regarded as a 

factor promoting the production of IgE in human B cells. In the current study a 

significant correlation was found between the concentrations of IL-17 and IgE suggesting 

a possible role of this cytokine in triggering the production of IgE in response to S. 

Enteritidis infection. 

In the blood of patients with salmonellosis, despite of dysbiotic conditions, elevated 

concentration of gut metabolites, namely short chain fatty acids (SCFA) was detected. 

The increase in the concentration of SCFAs was observed also in disease with 

autoinflammatory nature (familial Mediterranean fever, FMF), with suppressed 

microbiota. Both these diseases, however, share a common component, i.e. active 

inflammation. The elevation of concentration of main SCFAs can be the result of gut 

inflammation, which affects on metabolism in tissues, as well as in the organs, especially 

liver. Based on the results obtained we hypothesized, that the inflammation leads to two 

major consequences: first, to the compromised gut barrier function, which then results 

in excessive translation of the luminal content, including SCFAs, into systemic 

circulation; and second, inflammation affects the intestinal epithelium and the organs 

beyond the gastrointestinal tract such as the liver that are involved in metabolism and 

clearance of microbial metabolites and compounds. Different clinical presentation 

during salmonellosis caused by two different serotypes, as well as specific host-microbe 

interaction can be caused by genetic diversity of these serotypes. During the screening 

of plasmid encoded virulence genes of S. Enteritidis and S. Typhimurium, heterogeneity 

between these two serotypes was detected. Moreover, we revealed heterogeneity within 

the serotype, which does not lead to a variety of clinical manifestations. 

Our results provide information on the relationship of host-pathogen-microflora, 

which creates a background for further overall description of non-typhoid Salmonella in 

Armenia, which will help to the development of strategies for the prevention and 

treatment of salmonellosis. 

 

 


