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Plasmid characteristics of 2,558 Salmonella enteritidis strains were studied in the course of 
the microbiological monitoring of Salmonellae in the Primorye Region in 1995-2000. All the 
strains were differentiated into 59 plasmid variants (plasmidovars), 3 plasmidovars (38, 
38:1.4, and 38:2.3) were predominating (83.1% strains). The various bacterium plasmidovars 
did not differ by biotype and antibiotic resistance. Analysis of S. enteritidis strains isolated 
during 6 outbreaks of the disease showed that bacterial strains isolated for 30 familial foci 
and those isolated from patients were identical by plasmid profiles in each focus. The authors 
conclude that plasmid analysis in complex with restriction analysis of plasmid DNA can be 
used for the centralized microbiological monitoring of S. enteritidis.  
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One of actual problems of modern epidemiology is increase of efficiency of 
epidemiological surveillance. This problem has got the special importance in intestinal 
infections, morbidity with which has no steady tendency to decrease. 

Microbiological monitoring as the major part of epidemiological surveillance of 
Salmonella infection was always important. However epidemiological marking the pathogen 
was based on studying of phenotypic properties of Salmonella, which did not allow 
performing differentiation of studied strains. 

Now a number of effective methods of Salmonella enteritidis genotyping are 
developed, allowing estimating a genetic variety of the pathogen. The plasmid analysis [6, 11, 
14, 15], the restriction endonuclease analysis of plasmid and chromosomal DNA, ribotyping 
[10, 11, 12, 16], IS200-typing [12] and other approaches are used most frequently in 
epidemiological researches of the Salmonella infection caused by S. enteritidis. However 
most of these methods are rather labor-consuming and yet have no wide application. 

The aim of this study is the investigation of plasmid characteristics of S. enteritidis 
strains and a basis of opportunity of using the plasmid analysis data for the microbiological 
monitoring of pathogen. 

 
MATERIALS AND METHODS 
 

In the work, 2,558 S. enteritidis strains isolated in Primorye Region in 1995-2000 were 
used. On a source of isolation, strains were distributed as follows: 2,266 strains were isolated 
from patients, 101 – from carriers, 47 – from the persons contacting to patients, 27 – from 
objects of an environment and 117 – from foods. Salmonella identification was carried out by 
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standard methods [8]. Biotyping and antibiotic resistance studying were performed for 134 S. 
enteritidis strains. The biochemical features of strains were estimated on a fermentation of 
glucose, lactose, rhamnose, dulcitol, cellobiose, inositol, melezitose, aesculin, raffinose, 
gelatin and urea hydrolysis, growth on citrate and acetate media, presence of β-galactosidase 
activity, lysine and arginine decarboxylation, indole and hydrogen sulphide production, 
glycerol fermentation and mobility. Sensitivity to antibiotics (ampicillin, cephalothin, 
cefazolin, cefuroxime, cephoxitin, cefotaxime, ceftriaxone, cefoperazone, cephtazidim, 
cephalexin, cefaclor, cefixime, tetracycline, chloramphenicol, neomycin, kanamycin, 
streptomycin, gentamicin, sisomicin, tobramycin, amikacin, polymyxin, ofloxacin, and 
ciprofloxacin) by method of disk diffusion using commercial disks at the same 134 strains 
was investigated. Definition of the plasmid profiles of Salmonella strains was carried out by 
the alkaline lysis method [9]. Electrophoresis of plasmid DNA was performed in 0.7% 
agarose gel in the Tris-borate buffer. Gels were stained with ethidium bromide and 
photographed under UV-light. The Sa (26 MDa), RP4 (38 MDa), pBR322 (2.9 MDa), 
pCT105 (7.5 MDa) [1], and pVM82 (82 MDa) [2] plasmids were used as standards for 
definition of molecular weight. Isolation of plasmid DNA was carried out by the method 
described in a manual [5], and its digestion by TagI restriction endonuclease was conducted 
by the standard technique [4]. Results were statistically processed with use of Student criteria 
[3]. 

    
RESULTS AND DISCUSSION 

 
In May 1995, the decision on the organization of the centralized microbiological 

Salmonella monitoring in Primorye Region was accepted according to which the Salmonella 
strains isolated in Primorye Region from people, an environment and foods went to the 
Research Institute of Epidemiology and Microbiology for further studying their plasmid 
profiles. 

During 1995-2000 plasmid profiles of 2,558 S. enteritidis strains (70.8±0.8% from all 
S. enteritidis strains isolated in Primorye Region from various sources) were investigated. 
Results of plasmid profile analysis of the pathogen strains represented in the table, 
demonstrated that all strains were distributed in 59 plasmid variants (plasmidovars) among 
which three first plasmidovars - 38 MDa, 38:1.4 MDa and 38:2.3 MDa had dominating value. 
The portion of these plasmidovars was 83.1±0.7% strains. 

The analysis of strains belonging to various S. enteritidis plasmidovars has revealed 
non-uniformity of their distribution by years. For example, except for above described strains 
of three plasmidovars (38:3.4 MDa, 1.4 MDa, no plasmids) were annually isolated, strains of 
two plasmidovars (2.3 MDa, 38:2.8 MDa) – within five years, and strains of four 
plasmidovars (38:4.2 MDa, 38:2.6 MDa, 38:3.0:1.4 MDa and 50:38:1.4 MDa) – within 3-4 
years. As a whole, strains of these nine plasmidovars of the pathogen were not frequently 
isolated and their portion was only 12.6±0.7% of the isolates. 

Strains of other 47 plasmidovars of S. enteritidis were isolated much less often. The 
majority of plasmidovars consisted of 1-2 strains of the pathogen and they were isolated 
within one year. Their portion was 4.3±0.4% of the investigated isolates. By frequency of 
strain isolation, first seven plasmidovars of S. enteritidis (Table) were determined as the basic 
(Figure 1), and other ones – as rarely revealed. 

Patients, carriers, the persons contacting with patients, an environment and foods were 
source of isolation of dominating plasmidovars of the pathogen. Among other plasmidovars 
such a wide spectrum of sources was marked only for strains, which is not containing 
plasmids. Strains of other plasmidovars were most frequently isolated from patients, and 
further in decreasing order: from foods, from carriers, from the persons contacting to patients 
and from objects of an environment. 
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It is natural a question about relationship of plasmid with identical molecular weight in 
various strains of pathogen. For this purpose, plasmid DNA with molecular weight of 1.4 
MDa, isolated from 10 strains of corresponding plasmidovar of the pathogen, have been 
treated by restriction endonuclease TagI, and samples of linear fragments were compared 
between thems and with the restriction samples obtained after digestion by this restriction 
endonuclease of total plasmid DNA from four strains of plasmidovar 38:1.4 MDa (figure 2). 
It is established that digestion of plasmid with weight of 1.4 MDa leads to formation of four 
fragments identical in all strains of plasmidovar 1.4 MDa (figure 2, lines 1-3). Fragments of 
the same weight were revealed as bright bands at restriction of total plasmid DNA from 
strains of plasmidovars 38:1.4 MDa on the background of more pale fragments of plasmid 
with molecular weight of 38 MDa (lines 4-7). Similar results are obtained from the analysis 
with restriction endonuclease TagI of the plasmid with molecular weight of 2.3 MDa from 
strains of plasmidovars 2.3 MDa (lines 9-11) and 38:2.3 MDa (lines 12-13). Hence, the 
obtained results points to identity of plasmids with molecular weight of 1.4 MDa in strains of 
plasmidovars 1.4 MDa and 38:1.4 Mda, and plasmids 2.3 MDa in the strains of plasmidovars. 

Biochemical features and antibiotic resistance were investigated in 134 strains from 
which 21 strains belonged plasmidovar 38 MDa, 24 – to plasmidovar 38:1.4 MDa, 15 – to 
38:2.3 MDa, 11 – to 38:2.8 MDa, 9 – to 2.3 MDa, 4 – to 1.4 MDa, 3 – to 38:3.4 MDa, 2 
strains – to plasmidovars 70:55 MDa, 60:38:26:3.8 MDa, 38:6.0:2.2 Mda. 41 strains 
concerned to the rest of plasmidovars each of which consisted of one isolate. S. enteritidis 
strains isolated in 2000 were not investigated in these tests. 

By biotype all investigated strains irrespective of plasmid profile, time and a source of 
isolation, represented homogeneous group and only two isolates of plasmidovar 70:55 MDa 
differed from the other ones on absence of dulcitol and glycerol fermentation and on positive 
reaction with cellobiose and lactose. 

At studying sensitivity of S. enteritidis to antibiotics it was established that 122 strains 
were sensitive to all antibiotics irrespective of year of isolation and the plasmid profile. The 
various degree of antibiotic resistance was revealed for 12 strains. Both strains of pathogen of 
plasmidovar 60:38:26:3.8 MDa appeared resistant to streptomycin, and in addition two strains 
of plasmidovar 38:6.0:2.2 MDa were resistant to kanamycin and neomycin. Strains of the 
pathogen of plasmidovars 38:12:4.0:2.3 MDa and 50:38:7.0 MDa were resistant to 
tetracycline and streptomycin. Both strains of the pathogen of plasmidovars 70:55 MDa were 
resistant to ampicillin and cephalothin, one strain of plasmidovar 70:38 MDa – to 
chloramphenicol and one stain of plasmidovar 70 MDa – to ampicillin and chloramphenicol. 

Multiple antibiotic resistance was revealed only for two strains belonging different 
plasmidovars. So, strains of plasmidovars 95:38:2.3:1.4 MDa and 60:38:4.2:2.3 MDa 
appeared resistant to ampicillin, tetracycline, chloramphenicol and streptomycin. 

The plasmid profile analysis of 2,558 S. enteritidis strains has revealed presence 59 
plasmidovars of pathogen in Primorye Region. Our studies have shown that plasmids were 
present in 98.1% of strains and 96.2% of isolates had virulence plasmid with weight of 38 
MDa. However the epidemiological importance of revealed heterogeneity of S. enteritidis by 
the plasmid profile is limited to presence of three dominating plasmidovars of the pathogen, 
and only seven basic plasmidovars of the pathogen has the practical importance in etiology of 
infections. The demonstrated data have found confirmation in works of other researchers. 
Highly heterogeneous the plasmid profiles of S. enteritidis population were revealed in the 
USA [14, 16], in Spain [13], in Hong Kong [11]. Thus portions of strains containing virulence 
plasmid with molecular weight of 38 MDa, change from 80% in Hong Kong [11] up to 95.9% 
in Spain [13], and the quantity of dominating plasmidovars of pathogen is limited to 2-3. 

Hence, taking into account that on biotype and antibiotic resistance investigated S. 
enteritidis strains represent, with small exception, homogeneous group, the plasmid profile 
analysis can be considered the most simple and effective method of intra-specific typing of 
pathogen. This conclusion was confirmed by the restriction endonuclease analysis of plasmids 
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with molecular weights of 1.4 MDa and 2.3 MDa, which appeared to be homologous in 
strains of dominating plasmidovars 38:1.4 MDa and 38:2.3 MDa.  

Discussion about an origin of the some plasmidovars of S. enteritidis is required. The 
available data allows asserting that a part of plasmidovars of pathogen was delivered to 
Primorye Region with meat foods. So, strains of a pathogen of plasmidovars 38:3.6 MDa, 
38:5.0:2.4 MDa, 2.5 MDa and 38:7.5 MDa were isolated from the meat foods imported in 
Primorye Region from the foreign countries, and the disease caused by plasmidovar 38:4.2 
MDa was related to import foods in Primorye Region from other regions of Russia. 

Furthermore, strains of pathogen plasmidovars 1.4 MDa and 2.3 MDa differ from 
strains of dominating plasmidovars by absence of virulence plasmid with molecular weight of 
38 MDa. It is highly probable that their origin can be connected with loss of virulence 
plasmid in an organism of the patient. Earlier we showed such an opportunity for formation of 
Yersinia pseudotuberculosis strains, which were found, to lost virulence plasmid [7].  

The substantiation of an opportunity of construction of the centralized microbiological 
monitoring for S. enteritidis on a basis of the plasmid profile analysis of pathogen strains was 
got at studying six outbreaks of a Salmonella infection with the general number of 202 
patients and 30 cases of family diseases with the general number of the 66 patients. According 
to plasmid profile of S. enteritidis, two outbreaks have been caused by strains of plasmidovars 
38:1.4 MDa and 38:2.6 MDa and one outbreak – by strains of plasmidovars 38 MDa and 
38:2.3 MDa. In all cases strains of a pathogen isolated from patients and prospective factors 
of infection transfer belonged to identical plasmidovar. Similar results were obtained at the 
analysis of the family foci of the Salmonella infection. In spite of the fact that strains of all 
basic plasmidovars took part in etiology of infections in the various foci, in each concrete 
focus strains isolated from patients were identical on a plasmid profile.  

Hence, the obtained results testifies that the plasmid profile analysis in a complex with 
restriction endonuclease analysis of plasmid DNA can be used for centralized microbiological 
monitoring for S. enteritidis within the limits of territory of one region. Such a kind of 
microbiological monitoring allows to influence structurally on efficiency of epidemiological 
surveillance. 
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Figure 1. Electrophoregramm of S. enteritidis strains of various plasmidovars. 
1-12 are numbers of lines. 1-3 – control plasmids: 1-pVM82 (82 MDa), 2 - RP4 (38 MDa), 3 – Sа (26 MDa), 
pCT105 (7.5 MDa) pBR322 (2.9 MDa); 4-12 – strains of plasmidovars 38 MDa, 38:4.2 MDa, 38:3.4 MDa, 
38:3.0:1.4 MDa, 38:1.4 MDa, 1.4 MDa, 38:2.8 MDa, 38:2.6 MDa, 38:2.3 MDa. 
 

 
 

Figure 2. Electrophoretic division in 1.7% agarose gel of the fragments formed from digestion 
of plasmid DNA from S. enteritidis strains of plasmidovars 1.4 MDa, 38:1.4 MDa, 2.3 MDa 
and 38:2.3 MDa by TagI restriction endonuclease. 
1-13 are numbers of lines. 1-3 – fragments of plasmid 1.4 MDa DNA; 4-7 – fragments of total DNA from strains 
of plasmidovar 38:1.4 MDa; 8 - AluI fragments of DNA pBR322; 9 - 11 – fragments of plasmid 2.3 MDa DNA; 
12-13 – fragments of total DNA from strains of plasmidovar 38:2.3 MDa. 
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The table  

Plasmidovars of S. enteritidis in Primorye Region 
Amount of strains of given plasmidovars, 

isolated in 1995-2000 

Plamidovars of 

pathogen 

(MDa) 1995 1996 1997 1998 1999 2000 

Total 

strains 

Source of 

isolation 

38 133 169 106 172 61 101 742 pc t ef 
38: 1.4 83 155 169 171 254 205 1037 pc t ef 
38: 2.3 24 44 109 13 47 111 348 pc t ef 
38: 2.8 9 24 19 12 4 - 68 pc t f 
38: 4.2 - - 1 3 18 28 50 pc  f 
38: 2.6 - - - 60 11 4 75 pc t e 
38: 3.0: 1.4 - - - 17 7 6 30 pc 
50: 38: 1.4 - - - 2 8 2 12 p 
38: 3.4 1 1 1 4 2 1 10 pf 
No plasmids 6 9 4 11 11 7 48 c t ef 
1.4 1 3 3 4 2 4 17 pc 
2.3 2 2 3 - 2 4 13 p 
70: 38 1 - - 2 - - 3 p 
70: 55 2 - - - - - 2 c 
60: 38: 26: 3.8 2 - - - - - 2 f 
38: 6.0: 2.2 2 - - - - - 2 p 
38: 12: 4.0: 2.3 1 - - - - - 1 p 
38: 2.3: 1,4 - 4 - - 1 - 5 p 
23: 1.4 - 1 - - 1 - 2 p 
60: 38: 2.3 - 3 - - - - 3 p 
60: 38: 1.4 - 2 - - - - 2 c 
70 - 1 - - - - 1 p 
38: 2.8: 2.3: 1.4 - 1 - - - - 1 p 
38: 30: 2.3 - - 1 - 9 - 10 p 
38: 2.6: 1.4 - - 1 - 2 - 3 pt 
50: 38: 7.0 - - 1 - - - 1 p 
95: 38: 2.3: 1.4 - - 1 - - - 1 p 
38: 3.4: 2.8 - - 1 - - - 1 f 
30 - - 1 - - - 1 p 
48 - - 3 - - - 3 p 
3.4: 2.8 - - 2 - - - 2 p 
50: 38 - - - 9 2 - 11 pc 
38: 3.6 - - - 3 - - 3 f 
60: 38: 4.2: 2.3 - - - 1 - - 1 p 
38: 28: 4.2: 1.9 - - - 3 - - 3 p 
38: 3.9: 1.4 - - - 1 - - 1 p 
38: 4.2: 2.3 - - - 1 - - 1 p 
38: 5.0: 2.4 - - - 1 - - 1 f 
3.0: 1.4 - - - 1 - - 1 p 
3.0: 2.3 - - - 1 - - 1 p 
50: 38: 2.3 - - - - 1 2 3 pc 
38: 1.9 - - - - 6 - 6 p 
N o t e. A source of isolation: p - patients, c - carriers, t - the persons contacting with patients, e - objects of 
environment, f - food. 


