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Introduction 
Variation in clinical manifestations of salmonella infection is explained by variety of 

Salmonella serovars [3]. The difference in severity of illness was shown to be connected with 
presence of serovar-specific virulence plasmid in some Salmonella serovars [5, 7]. 

New approach to the analysis of reasons of a clinical manifestation variety of infections 
is based on clone concept of bacteria population structure [9, 13]. According to this concept 
pathogenicity is the intraspecific characteristic of bacteria and is connected with clones of 
pathogens. Pathogenic clones of bacteria are characterized by unique combinations of virulence 
genes and are responsible for severity of a clinical development of illness [2, 8]. 
 The bacteria of Salmonella genus have polyclonal structure of populations [10, 14]. For 
intraspecific Salmonella typing the molecular genetic methods are applied. Among them the 
plasmid analysis [15, 16], multilocus enzyme electrophoresis [10], ribotyping [11] and others 
have received broad distribution. Their application has allowed to differentiate Salmonella 
serovars on plasmid variants (plasmidovars, according to their plasmid profile), electrophoretic 
types, ribotypes. We used the plasmid analysis for Salmonella differentiation. 

The aim of this study was the investigation of epidemiological features and variations in 
a clinical manifestation of salmonella infection caused by various S. enteritidis plasmidovars. 

 
Materials and Methods 

  642 S. enteritidis strains used in this study was obtained were isolated from feces of 599 
patients, 29 carriers and 14 specimens of products in 1988-1995. Salmonella identification was 
conducted by the standard methods [4]. Plasmid search was performed by the method [6]. 
Extracted plasmid DNAs were electrophoresed for 2.5 hours at 150 mA on a 0.7 % horizontal 
agarose gel in Tris-acetate buffer. Then the gels were stained with ethidium bromide and were 
photographed at UV-light. 
 For study of epidemiology of salmonella infection analysis of the population morbidity 
was used which included studies of eight-year and annual dynamics, sexual and age structure of 
the patients. 

The clinical course of a salmonella infection was investigated in 47 patients, from which 
the S. enteritidis strains containing plasmid with molecular weight of 38 MDa were isolated and 
in 53 patients, from which the strains containing plasmids 38:1.4 MDa were isolated. The 
patients were selected by randomized selection in infectious hospitals of Primorye Region 
(Vladivostok, Artyom, Nakhodka). The results are processed by traditional methods with use of 
Student’s criteria [1]. 
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Results and Discussion 
The analysis of etiological structure of salmonella infection in Primorye Region has 

shown that during 1987 prevalent in etiology S. typhimurium serovar was changed by S. 
enteritidis, as a result salmonella infection caused by S. enteritidis has acquired widespread 
distribution. In 1988 new for Primorye Region Salmonella serovar has caused the rise of 
population morbidity in 9.1 times (from 22.3 to 203.0 per 100 thousand population) in 
comparison with that in 1986. Both high sporadic morbidity and infection outbreak were 
registered. However, since 1989 morbidity by salmonellosis in Region has become dynamically 
to be reduced from 149.1 per 100 thousand population in 1989 to 39.9 in 1995. 

Analysis of plasmid structure of S. enteritidis isolated in 1988-1992 from 254 patients 
during outbreaks and from 133 patients during sporadic morbidity has shown that 11 plasmid 
profiles of the pathogen mattered in etiology of this infection. However, plasmid profile, 
consisting of only one plasmid with a molecular weight of 38 MDa was found to be prevalent 
(88.7 % of all investigated strains, Table 1). The patients who have excreted plasmidless S. 
enteritidis have made 7.6 %. Quantity of such patients was constant for whole period of 
supervision. Strains with other plasmid profiles were isolated from some individuals in October - 
November 1991 and in May - October 1992, and additional plasmid profiles revealed in 1991 
differed from plasmid profiles of the pathogens revealed in 1992 (Table 1). The occurrence of 
strains with additional plasmid profiles did not influence on morbidity character, which 
continued dynamically to be reduced. Thus, research of S. enteritidis population structure has 
allowed reaching the conclusion that during 1988 - 1992 the plasmid variant of pathogen, having 
single plasmid with a molecular weight of 38 MDa was dominated in Region.                                         
  Similar results were obtained at research of 14 S. enteritidis strains isolated from food 
products. So, in 1988 10 S. enteritidis strains were isolated from three egg specimens of local 
poultry factory and from 7 specimens of food containing eggs. In 1991 one S. enteritidis strain 
was isolated from meat of the hens of local poultry factory and in 1992 three S. enteritidis strains 
were isolated from the hens and from food containing eggs. The study of plasmid profiles of 
these strains has shown that all of them also contained single plasmid with a molecular weight of 
38 MDa. These data specify the correlation between prevalence of the same plasmid profile in 
the strains isolated from people and from the production of the industrial poultry farming 
factories. 
  In July 1995 S. enteritidis with new plasmid profile (plasmids of 38:1.4 MDa) has 
appeared in Region. The first case of infection caused by strain with this plasmid profile was 
registered in Artyom on July 9, 1995, and then the strain with such plasmid profile has acquired 
significance in etiology of salmonella infections in Vladivostok, Artyom and Nakhodka. 
  In 1995 S. enteritidis strains isolated from 228 patients and 18 carriers were investigated. 
Two plasmid profiles - 38 MDa and 38:1.4 MDa which made 48.4 % and 34.2 % of total 
morbidity respectively were shown to play the main role in etiology the illness (Table 1). For 
this year, as well as for 1991-1992, additional plasmid profiles of S. enteritidis, distinguished 
from plasmid profiles of the strains isolated in the previous years were revealed. It is necessary 
to pay attention that strains with new plasmid profiles 38:2.3 MDa and 38:2.7 MDa were the 
reason 8.1% and 2.9% of diseases, respectively. The strains with other seven plasmid profiles 
were isolated from the individual patients. 
   The occurrence of S. enteritidis strain with plasmid profile 38:1.4 MDa was reflected on 
the population morbidity in 1995. So, in July 1994 morbidity by salmonella infection (in 
parameters per 100 thousand the population) has made 5.52, in August, September, October, 
November and December it was equal 3.84, 2.97, 2.45, 1.32, 0.79, respectively. In the same 
months of 1995 the significant decrease of morbidity took place only in July (in 1.9 times, 
parameter 2.98). In August, November and December 1995 the growth in 2 and 1.8 times 
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(parameters 7.74, 2.39 and 1.40, respectively) was observed, and in September and in October – 
small decrease in 1.6 times (4.89) and in 1.2 times (2.04) was registered. 
 Of interest was to look dynamics of isolation of S. enteritidis with various plasmid 
profiles in these months of 1995 (Table. 2). 474 patients were registered in second half of 1995. 
Plasmid profiles of S. enteritidis isolated from 246 patients (52.1%) were investigated. In July, 
August and September all four most frequently isolated plasmid profiles of pathogen in etiology 
of salmonella infections has mattered. However, prevalent profiles of the agent were various. In 
July strain with plasmid profile 38 MDa (68.9%) dominated. On the contrary, in August a main 
role in etiology of infection took strain with plasmid profile 38:1.4 MDa (55.5%), and in 
September strain with plasmid profile 38 MDa again has acquired (57.1%) a leading position. 
Similar results were obtained in October but in this period strain with plasmid profile 38:2.3 
MDa has acquired appreciable role. The S. enteritidis strains with plasmid profiles of 38 MDa 
and 38:1.4 MDa kept the importance in etiology of infection in November and December. 
 On the basis of proportion of the patients who have excreted pathogen with various 
plasmid profiles morbidity in parameters per 100 thousand population resulted from appropriate 
plasmid profiles was estimated (Figure). Morbidity, caused by the sum of all revealed plasmid 
profiles of S. enteritidis, was characterized by sharp rise in August and subsequent decrease in 
September - October. The similar course of morbidity was not peculiar to any of plasmid 
profiles. Morbidity caused by strain with plasmid profile 38 MDa was characterized by small 
increase in August - September with the subsequent significant decrease in October. On the 
contrary, the morbidity parameters caused by S. enteritidis with plasmid profile 38:1.4 MDa 
were the highest in August with sharp decrease in September. Thus, dynamics morbidity of the 
population by various strains of S. enteritidis with plasmid profiles has features characteristic of 
each of them. 

The observed differences were the basis for study of features of infection caused by the 
strains with various plasmid profiles. The clinical manifestations of illness caused by S. 
enteritidis with plasmid profiles 38 MDa (47 persons, group 1) and 38:1.4 MDa (53 persons, 
group 2) were investigated. In both groups the persons of hard working age (from 20 to 59 years) 
- 57.6 and 64.2% in groups, and the men - 65.8% and 59.2% in 1 and 2 groups, respectively, 
were prevailed. 

In all patients the disease proceeded as gastrointestinal form. The patients were 
hospitalized for 1-2 day from a beginning of disease. The illness began with abdominal pain, 
increasing temperature up to 38-40ºC, general ailment, weakness and headache. The differences 
in a clinical manifestation of illness were connected with severity of gastroenterocolitic and 
dehydration syndromes, frequency of a development of infectious-toxic shock and acute renal 
failure (Table 3). So, in half of the patients of the first group which have excreted S. enteritidis 
with plasmid profile of 38 MDa, vomiting was observed, and repeated vomiting took place only 
at 23.4% of the persons. The repeated stool (more than 6 times in a day) was observed in 55.3% 
of the patients. In the majority of the patients (61.7 %) dehydratation was absent or was shown 
to be in an easy degree. The symptoms of II rate hypovolemic shock were revealed only in one 
case, and infectious-toxic shock and acute renal failure were showed in five patients. The 
subclinical manifestation of infection was revealed in 12.8% of the infected. 
 In the second group of the patients the clinical course of illness was heavier. Vomiting 
was observed in 79.2 % of the patients, and in half of them it was repeated. Diarrhea was 
observed in 98.1% of diseased and in the majority of them diarrheal syndrome was manifested 
by more often stool. Dehydratation was absent or was easy only in 22.6% of the patients. In five 
persons with dehydratation of III-IV rate the clinic of hypovolemic shock was developed, which 
was accompanied by short-term convulsive syndrome in three patients. The clinic of 
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hypovolemic shock was manifested as repeated vomiting, countless loose stool, diffuse cyanosis, 
and sharp decrease of elasticity and turgor of skin covers. 

The clinic of infectious toxic shock was developed in 34% of the patients, and in 13.2% 
of the patients and had shock of I rate and 20.8% of the patients had shock of II degree. In the 
patients slackness, lethargy, adynamy, cyanosis of skin covers, the decrease of systolic arterial 
pressure lower than 90 mmHg, and tachycardia more than 90 bites per minute were observed. 9 
patients had symptoms of acute renal failure. Moderate azotemia within the limits of 28.5 – 64.3 
mmol/l was observed in 4 patients. The phenomena of infectious toxic and hypovolemic shocks 
were short-term, and the outcome of disease was favorable in all patients. Any cases of carriers 
were not registered. 

The change of S. typhimurium on S. enteritidis in 1987 has resulted in domination of one 
plasmidovar of pathogen - 38 MDa that is connected with its circulation in the industrial poultry-
farming enterprises. The close results are obtained in Spain [12] and in USA [17], where 
domination of several S. enteritidis plasmidovars was also revealed. Appearance of new S. 
enteritidis plasmidovars in the single patients did not influence on morbidity in 1991-1992. The 
fact that these plasmidovars were isolated from only the individual patients for the limited time 
allows to assume their migratory nature.  

At the same time, the appearance of new S. enteritidis plasmidovar can essentially 
influence on morbidity. For example, in July 1995, when plasmidovar 38:1.4 MDa has appeared 
in the first time, and its role in morbidity was low, dynamical decrease of morbidity took place. 
In August, when a role plasmidovar 38:1.4 MDa in etiology of illness has sharply increased, 
common morbidity by salmonella infection has also increased. The morbidity decrease in 
September was determined by decreasing of a role of plasmidovar 38:1,4 MDa in etiology of 
illness, whereas plasmidovar 38 MDa kept its importance. Total morbidity caused by all 
plasmidovars reflects only quantitative parameters of illness in the certain periods of time, 
whereas separate plasmidovars have characteristic of each from them dynamics. 
 The salmonella infection caused by S. enteritidis plasmidovar 38:1.4 MDa differs from a 
salmonella infection caused by S. enteritidis with a plasmid profile 38 MDa by heavier course of 
an infection. The clinic of this salmonella infection is characterized more severity of dehydration 
syndrome in the patients, often complication of infectious-toxic shock and developments of 
acute renal failure. Given results allow to believe that the manifestation of these syndromes in 
clinic of a salmonella infection is determined by features of the pathogen, but not host. 
 Furthermore, differences in a plasmid profile, epidemiological features and clinical 
manifestation of infection allow to consider that the investigated plasmid profiles represent 
various clones of S. enteritidis. Therefore, epidemiological features and variation of a clinical 
manifestation of salmonella infections may be resulted from various clones of pathogen serovar. 
It is rather probable that features of S. enteritidis plasmidovar 38:1.4 MDa underlying clinical-
epidemiological manifestations of illness are determined by its higher virulence for human. 
 

Conclusions 
1. Dynamics of morbidity by separate S. enteritidis with various plasmid profiles has peculiarity 
characteristic for each of them. The occurrence of the strains with new S. enteritidis plasmid 
profiles can essentially influence on the population morbidity by a salmonella infection. 
2. Strains with different S. enteritidis plasmid profiles can cause distinguishing on severity of 
clinical manifestation of infection. The clinic of a salmonella infection caused by S. enteritidis 
with plasmid profile 38:1.4 MDa differs from salmonella infection caused by S. enteritidis, 
containing only one plasmid of 38 MDa, by heavier course, propensity to development of 
infectious toxic and hypovolemic shocks and by acute renal failure. 
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3. The distinction of S. enteritidis strains on plasmid profile, epidemiological features and 
clinical manifestation of infection, allows to consider that the strains with plasmid profiles 
marked by plasmids of 38 and 38:1.4 MDa represent various clones of pathogen. 
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Table 1 

Plasmid profiles of S. enteritidis strains isolated from 

patients and carriers in 1988-1995 in Primorye Region. 

Patients which excreted the strains of 
various plasmid profiles, % 

Plasmid profiles, 
MDa 

Amount of patients, 
which exctreted the 

plasmid profiles 
 

1988, 
1989, 
1990 

(n=239) 

 
1991 

(n=78) 

 
1992 

(n=65) 

Medium in 
5 years 
(n=382) 

 
1995 

(n=246) 

 

38                                                458                         91.6                 85.9                81.5                  88.7           48.4 

Without plasmids                        35                            8.4                   7.7                  4.6                    7.6              2.4  

38 : 2.1                                           1                              -                     1.3                    -                     0.26               - 

38 : 31                                            1                              -                     1.3                    -                     0.26               - 

62 : 38                                            2                              -                     2.5                    -                     0.52               - 

62 : 38 : 2.1                                   1                              -                     1.3                    -                     0.26               - 

38 : 2,2                                           4                              -                       -                   6.2                    1.1                 - 

38 : 2.4                                           2                              -                       -                   3.2                    0.52               - 

38 : 3.0                                           1                              -                       -                   1.5                    0.26               - 

38 : 4.4 : 3.5                                  1                              -                       -                   1.5                    0.26               - 

45 : 30                                            1                              -                       -                   1.5                   0.26                - 

38 : 1.4                                         84                              -                       -                    -                         -               34.2 

38 : 2.3                                         20                              -                       -                    -                         -                 8.1 

38 : 2,7                                          7                              -                       -                     -                        -                  2.9 

59 : 38                                           3                              -                       -                     -                        -                  1.2 

38 : 6.0 : 1.9                                2                                -                       -                     -                        -                  0.8 

38 : 22                                          1                                -                       -                     -                       -                   0.4 

38 : 30                                          1                                -                       -                     -                       -                   0.4 

70 : 38                                          1                                -                       -                     -                       -                   0.4 

38:12:4.0:2.0                              1                                 -                      -                     -                       -                    0.4 

38 : 3.5                                         1                                 -                     -                      -                       -                   0.4 

Total…                                     628                               100                100                100                  100              100 
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Table 2 
Dynamics of isolation of S. enteritidis with different plasmid profiles from patients in Primorye Region in 1995.  

 
Studied indices July August September October November December Total 

 
     Registered patients                                                        66                 171               108                  45                53                 31             474 
 
     Patients with strains which were                   abs.         45                 108                 49                  32                   8*                4*            246 
 
     studied in plasmid analysis                             %          68.2               63.1               45.3               71.1               15.1             12.9           52.1 
 
 
     Patients excreted pathogen of                       abs.          31                   36                 28                  18                   4                   2              119 
 
     38 MDa plasmid profile                                 %         68.9               33.3                57.1              56.2               50.0              50.0           48.2 
 
     Patients excreted pathogen of                       abs.           5                    60                 10                   7                     -                   2               84 
 
     38:1.4 MDa plasmid profile                            %         11.1                55.5               20.4               21.9                  -                 50.0           34.0 
 
     Patients excreted pathogen of                       abs.          4                      7                    1                    4                    4                    -              20 
 
     38:2.3 MDa plasmid profile                           %          8.9                   6.5                 2.0               12.5               50.0                 -               8.1 
 
     Patients excreted pathogen of                       abs.          2                      2                    3                    -                     -                     -              7 
 
     38:2.7 MDa plasmid profile                           %          4.4                   1.8                 6.1                 -                     -                     -               2.8 
* Strains, which was studied in November and December 1995, not completely reflect epidemiological importance of different plasmid profiles 
because of their small number.
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Table 3 

Symptoms and syndromes of salmonella infections caused by different 
plasmid profiles of S. enteritidis 

 
    Plasmid profiles of S.enteritidis (в MDa)            p 
         Syndromes and 
            symptoms 
 

               38 
            (n=47) 

             38 : 1.4 
              (n=53) 

     Measure of  
     difference 
    confidence     

 
Gastroenterocolitical syndrome 

 
Vomiting                                  24 (51.1±7.29)                  42 (79.2±5.57)                   0.02 
Once vomiting                         13 (27.6±9.32)                  16 (30.2±7.08)       
Repeat vomiting                      11 (23.4±8.83)                  26 (49.0±7.71)                   0.28 
Diarrhea                                  41 (87.2±4.87)                  52 (98.1±0.98)                   0.28 
Stool frequency: 
up to 5 times in a day               15 (44.7±7.76)                  12 (23.1±5.84)                  0.28 
6 and more times a day            26 (55.3±7.76)                  40 (76.9±5.84)                  0.28 
 

Dehydration syndrome 
 

Dehydratation degree: 
absence or 1 degree               29 (62.55±7.06)                 12 (22.6±5.74)                  0.01 
2                                             16 (34.05±6.91)                 34 (64.1±6.59)                  0.02 
3-4                                              2 (4.25±2.94)                  7 (13.2±4.65)                   0.11 
Hypovolemic shock of                 1 (2.1±2.09)                       5 (9.4±4.0)                   0.11 
II degree 
 
Infectious- 
toxic shock of                            5 (10.6±4.49)                 18 (34.0±6.51)                   0.04 
I-II degree 
 
Acute renal 
failure:                                       5 (10.6±4.49)                  9 (16.0±5.03)                   0.424 
- proteinuria 
>0,3 g/l                                      2 (4.2±2.92)                  11 (20.7±5.56)                   0.09 
- cylinderuria                             4 (8.5±4.07)                    8 (15.1±4.92)                   0.318 
- leukocytouria                         5 (13.1±4.92)                  17 (36.9±6.63)                   0.04 
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Figure. Dynamics of salmonella infection morbidity caused
by different S. enteritidis plasmid profiles (per 100 thousand population)
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