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Abstract 
 

The objective of this study is to assess the molecular reference methods (PCR-sequencing) to identify 
genes responsible for producing β-lactamases TEM, SHV and CTX-M (blaSHV, blaTEM and blaCTX-M). For 
this purpose, 18 strains of ESBL-producing Salmonella Typhimurium showing multiple drug resistance 
(MDR) were genotyped for investigating molecular markers of antibiotic resistance. Detection of genes 
encoding for β-lactamases (blaSHV, blaTEM, blaCTX-M) was performed by a simplex PCR-sequencing, using 
primers specific nucleotide sequences for genes bla. One of these primers (blaTEM-F) was built especially for 
this study. The ESBL genes were identified by PCR and revealed by sequence analysis. 
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1. Introduction 

This study was performed to identify and confirm by PCR the strains of S. Typhimurium 
producing extended spectrum β-lactamases that is PCR-sequencing to detect gene blaSHV, 
blaTEM and blaCTX-M. A total of 18 strains of multidrug-resistant Salmonella Typhimurium 
ESBL-production were tested by using primers different from those used in the initial study 
for the presence of the coding genes for extended-spectrum β-lactamases (Tables 1 and 2) [1-
3]. One of the specific objectives of the execution phase was to establish PCR methodology to 
highlight the genetic markers involved in bacterial resistance. To this end, were evaluated 
molecular methods for detecting mutations in the sequence of genes involved in the resistance 
to the antimicrobials to S. Typhimurium using the technique of enzymatic amplification 
followed by sequencing. Simultaneously, we studied selection (construction) of specific 
primers and working protocols were defined for detecting genes responsible for resistance to 
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β-lactam antibiotics. PCR reactions were optimized for each gene coding for blaSHV, blaTEM, 
and blaCTX-M, respectively. The PCR was adapted for the investigation of molecular markers 
of resistance to antibiotics in the variation / modification of parameters of the amplification 
reaction (the amount of primer placed in the reaction, the quantity and the quality / purity of 
the DNA, the optimal dilution of reagents participants, the number of reaction cycles, 
annealing temperature etc.). 

 
 
2. Material and Methods 

Microbial strains 
We have studied a total of 18 strains of Salmonella Typhimurium, which were recovered 

from fecals, isolated from children younger than 4 years of age (between 2 months to 3.9) 
hospitalized for gastrointestinal disorders (infectious diarrhea) in a pediatric hospital district, 
characterized following previous phenotypic and genetic analyses carried out by us by: i) the 
presence of the phenomenon of multidrug-resistant (MDR), a number of 16 strains of 
Salmonella enterica serovar Typhimurium while being resistant to β-lactam antibiotics 
(ampicillin, amoxicillin-clavulanate, cefotaxime, ceftazidime), aminoglycosides (gentamicin, 
kanamycin and streptomycin), nalidixic acid, tetracycline, trimethoprim-sulfamethoxazole 
and sulfonamides - after testing by the antibiotic test disc diffusion method (Kirby-Bauer) 
according to the Clinical and Laboratory Standards Institute (CLSI) guidelines. Table 1 lists 
the phenotypes of resistance detected in the 18 S. Typhimurium isolates [4]; ii)  all the strains 
have been producing β-lactamases (ESBLs); ESBL production was detected by the double 
disc synergy test (DDST) with cefotaxime, ceftazidime, and aztreonam discs placed in the 
proximity of the amoxicillin/clavulanate disc (DDST) [5]. The phenotypic tests results 
indicated the presence of extended sprectrum β-lactamases. In addition, a number of 16 
strains ESBLs phenotypes associated resistance to aminoglycosides, nalidixic acid, 
trimethoprim-sulfamethoxazole (cotrimoxazole) and tetracycline, and of these, seven showed 
ESBLs phenotype associated with chloramphenicol resistance; iii) molecular analysis of all 
the 18 strains of S. Typhimurium resistant to multiple antibiotics assets in Romania PCR 
showed three resistance profiles: blaSHV

+, blaSHV
+ blaTEM

+ and blaSHV
+ blaTEM

+ blaCTX-M
+, 

respectively; iv) sixteen strains of S. Typhimurium were simultaneously carrying 2 genes 
(blaTEM and blaSHV). The blaCTX-M gene was identified only in one case in association with 
other two genes. PCR and sequence analysis were performed with SHV-, TEM-, and CTX-M- 
specific primers to detect blaSHV, blaTEM and blaCTX-M genes. Details of the specific parameters 
of the enzymatic amplification reactions for identified ESBL genes (the target genes coding 
for β-lactamases, sequence of the primers, the size of the amplicons, the annealing 
temperature etc.) are shown in Tables 2-4. Gel electrophoresis revealed the presence of the 18 
strains of S. Typhimurium positive for bla amplicons (genes) of the expected molecular 
weight: blaTEM (972 bp), blaSHV (868 bp) or blaCTX-M (876 bp) coding for ESBLs [1-3]. 

 
Automatic sequencing 
Some large Amplicons being analyzed (about 1000 pb), two reactions were performed for 

each amplicon sequencing: a primer used the "forward" and the other primer "reverse". The 
sequencing of amplicons was performed using the same primers with the amplified target 
genes (Table 1). We worked with ABI PRISM ® BigDye® Terminator v3.1 Ready Reaction 
Cycle Sequencing Kit (Applied Biosystems), on an ABI 3100 Avant automated sequencer 
(Applied Biosystems) using different fluorescent markers that enable the analysis in a 
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polymer of very high resolution (POP 6 - Applied Biosystems). Charging capillary samples 
was performed under the following conditions: oven temperature: 50°C; injection voltage: 
1V; injection time: 15 sec. 

 
Table 1. Salmonella Typhimurium strains used in this study. 

 
Number 

of 
isolates 

 
Age of 
patient 

The 
presence of 
ESBL by 

double disc 

Resistence phenotype to β- and non β-lactam antibiotics Genotype of resistance 
A

M
P

 

A
M

C
 

C
T

X
 

C
A

Z
 

F
O

X
 

IP
M

 

C
N

 

K
 

S
 

S
3 W
 

N
A

 

C
IP

 

C
 

T
E

 

T
E

M
 

S
H

V
 

C
T

X
 

1. 3 years positive R R R R S S R R R R R R S R R pos pos neg 

2. 2 ½ years 

positive 

R R R R S S R R R R R R S R R pos pos neg 
3. 8 months positive R R R R S S R R R R R R S R R pos pos neg 
6. 1.4 years positive R R R R S S R R R R R R S R R pos pos pos 
7. 3.7 years positive R R R R S S R R R R R R S S R pos pos neg 
8. 2,5 years positive R R R R S S R R R R R R S S R pos pos neg 
9. 7 months positive R R R R S S R R R R R R S S R pos pos neg 
10. 3 months positive R R R R S S R R R R R R S S R pos pos neg 
11. 2 months positive R R R R S S R R R R R R S S R pos pos neg 
12. 3 years positive R R R R S S R R R R R R S S R pos pos neg 
13. 1.3 years positive R R R R S S R R R R R R S S R pos pos neg 
14. 8 months positive R R R R S S R R R R R R S R R pos pos neg 
15. 3 months positive R R R R S S R R R R R R S S R pos pos neg 
16. 2.5 years positive R R R R S S R R R R R R S R R pos pos neg 
17. 11 months positive R R R R S S R R R R R R S R R pos pos neg 
18. 3.9 years positive R R R R S S R R R R R R S S R pos pos neg 

*AMP, ampicillin; AMC, amoxicillin/clavulanate; CTX, cefotaxime; CAZ, ceftazidime; FOX, cefoxitin; IPM, 
imipenem; CN, gentamicin; K, kanamycin; S, streptomycin; S3, sulfonamides; W, trimethoprim; NA, nalidixic 
acid; CIP, ciprofloxacin; C, chloramfenicol; TE, tetracyclin; R: resistance; I: intermediate; S: susceptible. 

 
Table 2. Primers used to PCR reactions for blaTEM, blaSHV and blaCTX-M genes in this study. 

 
Detected 

genes 
Primer 

Primer sequence 
(5’ → 3’) Amplicons size (bp) 

Position of 
primers 

Annealing 
temperature (°C) 

 
References 

Observation 

blaTEM TEM-1F TCGGGGAAATGTGCGCG  
972 

90-105 
50 [6] 

For 
identification TEM-2R TGCTTAATCAGTGAGGCACC 1062-1042 

blaSHV 
SHV-1F TGGTTATGCGTTATATTCGCC  

868 

120-140  
58 

[7] 
For 

identification SHV-2R GGTTAGCGTTGCCAGTGCT 990-972 

blaCTX-M 

group 1 
CTX-M7 GCGTGATACCACTTCACCTC  

260 
540–559  

54 
 

[8] 

For 
identification CTX-M8 TGAAGTAAGTGACCAGAATC 780–779 

blaCTX-M 

group 2 
CTX-M17 TGATACCACCACGCCGCTC  

341 
543–561  

67 
For 

identification CTX-M18 TATTGCATCAGAAACCGTGGG 863–883 
blaCTX-M 

group 8 
and 

25/26 

CTX-M19 CAATCTGACGTTGGGCAATG 
 

207 

582–601 
 

58  
[8] 

For 
identification 

CTX-M20 ATAACCGTCGGTGACAATT 855–873 

blaCTX-M 

group 9 
CTX-M11 ATCAAGCCTGCCGATCTGGTTA  

293 
298–319  

62 
For 

identification CTX-M12 GTAAGCTGACGCAACGTCTGC 570–590 

 
blaTEM 

TEM-F GAAGACGAAAGGGCCTCGTG 
 

1097 

6-27 
 

55 

[9] 
For 

sequencing TEM-R CTAAAGTATATATGAGTAAACTTGG 1079-1056 
In this 
study 

blaSHV 
 

SHV-F CGCCGGGTTATTCTTATTTGTCGC  
1016 

3-26  
68 

 
[10] 

For 
sequencing 

SHV-R TCTTTCCGATGCCGCCGCCAGTCA 1018-995 

blaCTX-M 
CTXM-F TCGTCTCTTCCAGAATAAGG 

1100 
238-  

56 
 

[11] 
For 

sequencing 
CTXM-R AAGGAGAACCAGGAACCACG 721- 

 
Table 3. Primers used for the amplification of gene CTX-M. 

 
Primer Primer sequence 

(5’ → 3’) 
Amplicons size (bp) Reference Detected gene 

CTX-M-F TGGTTAAAAAATCACTGCG  
876pb 

 
[12] 

CTX-M 
CTX-M-R ATTACAAACCGTCGGTGAC 
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Table 4. The list of reagents and materials consumed in the molecular analysis of strains of Salmonella 
Typhimurium in this study 
(from PCR to sequencing) 

No. Product 
Company 

producing / 
importing 

Quantity 
required 

Observation 

1. Taq polimerase 
BioLabs/ Top 
Diagnostics (400U) 

3 1,5 U for a reaction 

2. dNTP mix (U1515) Promega/ Dexter 
 
1 

10 mM concentration, volume 
1000 ml (required for 1000 
responses) 

 
3. 

 
Primers 

 
Invitrogen/ Medist 

 
200 

Quantity required for the four 
pairs of primers (the nucleotide 
sequences of the primers are 
shown in Table 1). 

4. 
Molecular weight marker - 100 bp 
(G6951) 

Promega/ Dexter 1 
Required for verification 
amplicons resulting from PCR 
reaction 

5. 
Gel purification kit (Wizard SV Gel and 
PCR Clean-up) 

Promega/ Dexter 
 

 250 samples 

6. 
ABI PRISM ® BigDye ® 
Terminator v3.1 Ready Reaction Cycle 
Sequencing Kit (4337455) 

 
Applied 
Biosystems/ Biogen 

 
1 

 

7. 
3130 and 3100-Avant Capillary Array, 
4 x 50 cm Capillaries (4333466) 

Applied 
Biosystems/ Biogen 

1  

8. 
3100 POP-6 TM Performance Optimized 
Polymer (4316357) 

Applied 
Biosystems/ Biogen 

1  

9. DyeEx 2.0 Spin Kit (250) 
Qiagen/ Omnivet/ 
Profisan 

 
2 

250 reactions (2 for each 
amplicon sequencing reactions). 

10. 
Buffer electrophoresis migration 
10X TBE (1 liter) 

Promega/ BioRad   

11. Agarose BioRad   

 
12. 

 
Various consumables (tips, tubes) 

  

Tubes (1.5 mL) 
Tubes (0.2 ml) 
Tips with filter (various 
categories) 
Tips without filter. 

 
 
A milestone in the nucleotide sequencing was an extension capillary electrophoresis of 

products of the genes analyzed. Capillary electrophoresis was performed in 50 cm filled with 
POP-6 polymer (Applied Biosystems), whose resolution (98.5% accuracy in identifying marked 
bases) is 650 bp. Reading was done by laser - which recognizes "color" fluorochromes and 
transcribes in the nucleotide A, T, G and C. Capillary electrophoresis sequencing the product 
was performed on ABI Prism automatic analyzer 3100-Avant Genetic Analyzer. 

 
Editing the obtained sequences 
Computer analysis of the DNA sequences, identified by automatic sequencing technique 

described above, sought to determine the nucleotide composition of the DNA fragment of 
interest. Editing the obtained sequences was performed through the program BioEdit, freely 
available on the Internet. With this program, the sense and antisense sequences were aligned, 
and then, based on this alignment, consensus sequences were obtained. 
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Interpretation of results 
The sequences obtained were compared with the GenBank database of the National 

Center for Biotechnology Information (www.ncbi.nlm.nih.gov), using the BLAST program. 
 
 

3. Results and Discussion 
PCR technique was applied to highlight genes encoding β-lactamase synthesis of specific 

strains of Salmonella responsible for resistance to various β-lactams and showing 16 S. 
Typhimurium positive for SHV-, TEM-, and CTX-M- genes, as revealed by the specific 972 
bp bla-TEM, 868 bp bla-SHV and 876 bp bla-CTX-M amplicons respectively, which is also 
considered molecular markers of ESBLs producing [1] strains. Thus PCR reactions were 
optimized to detect coding genes for ESBLs. The sequences of the primers selected for PCR 
amplification and amplicon size are shown in Tables 2 and 3. 
  
 

Study of blaSHV gene included the following steps: 
1) For identification (by PCR-simplex method), regions 555-574 and 934-916 were 

investigated using pairs of primers SHV prime 2F, and SHV prime End R, respectively.  
2) For PCR-sequencing procedure regions of the same gene were highlighted 3-26 and 

1018-995 using primer pairs HSHV-2F and HSHV-2R. 
 
 In the latter case (PCR-sequencing) were used: a) a sense primer (forward) – HSHV-2F – 
exhibiting complementarity to the initial portion of the gene (nucleotides located in positions 
3-26 in the chain), and is 24 nucleotides in the following sequence:  
5’-CGCCGGGTTATTCTTATTTGTCGC-3’ (GenBank Accession No AF227204) and b) an 
antisense primer (reverse) – HSHV-2R – consisting of the following nucleotide sequence 
(number of 24) which corresponds to the nucleotides 1018-995 in gene:  
5’-TCTTTCCGATGCCGCCGCCAGTCA-3’ (GenBank Accession No AF227204). 

The amplified fragment was size 1016 bp and the change in codons sequence of the 
genome of S. enterica serotype Typhimurium strains was highlighted by sequencing.  

Molecular detection by PCR-sequencing of genes blaTEM 
For molecular amplification (PCR-sequencing) of the gene responsible for the production 

of β-lactamases TEM were used two pairs of primers that target the specific sequences placed 
on top and amplify a fragment of 1097 bp. In this study we used oligonucleotide TEM 1F (5’-
GAAGACGAAAGGGCCTCGTG-3’) taken from expert literature [8]. 

Because the primer TEM 1R (5’-GGTCTGACAGTTACCAATGC-3’) is attached to the 
complementary strand of DNA from position 1079 (end of the gene of interest), the primer would 
not have been useful for sequencing the operation intended by us, because the last bases of the 
gene could not be sequenced. Mutations being punctiform, there may have been undetectable 
changes in this region of the gene and thus the type of ESBLs -TEM could not be identified. Thus, 
another specific primer R for the sequencing, TEM 1R was constructed and used for this study, 
with the sequence of nucleotides 5’-CTAAAGTATATATGAGTAAACTTGG-3’ which is 
attached to the complementary strand starting with a codon located outside the gene at a distance 
of about 20 bases from the primer described in the expert literature [8]. Highlighting by PCR of 
the blaTEM gene of Salmonella Typhimurium strains resistant to β-lactams is shown in Fig. 3. 
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a)           b)         c) 

 
 

Fig. 1. Gel electrophoresis of amplicons evidence: 
a) blaTEM (972 bp), b) blaSHV (868 bp) and c) blaCTX-M (876 bp). 

 

 
 

Fig. 2. Gel electrophoresis of blaSHV amplicon (1016 bp) obtained by PCR- sequencing to test for strains of 
Salmonella Typhimurium. Line 9 – molecular weight marker (100 bp, Promega); lines 1-8 and 10-16 - STM 

strains; line 17 - positive control; 18 - negative control (distilled water). 
 

Detection of blaCTX-M gene by PCR-sequencing 
PCR tests previously carried out showed that the analyzed strains of S. enterica serovar 

Typhimurium are positive for the presence of blaCTX-M gene in a very low percentage (one 
strain was confirmed by molecular analysis as blaCTX -M group 1). The molecular sequencing 
detected the gene using the primers described in Table 3. The results of the PCR method to 
obtain a specific amplicon size 1100pb are shown in Fig. no. 4.  

Sequencing of amplification products to identify coding alleles for β-lactamase. 
The results of the control of the degree of purification of the PCR amplicons are shown in 

Fig. 5. 
Molecular characterization of the S. Typhimurium strains for the detection of antibiotic-

resistant mutants was accomplished by sequencing in both directions with the sense- and 
antisense primers, respectively (see Table 1) of amplicons resulting from PCR.  
 

blaTEM - 972bp 

blaCTX-M - 
876b

blaSHV - 868bp 

     1     2    3     4     5     6     7     8     9    10   11   12   13   14  15   16   17   18   

1016 bp 
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Fig. 3. Gel electrophoresis of blaTEM amplicon (1097pb) obtained by PCR-sequencing to test for strains of 
Salmonella Typhimurium. Line 12 -  molecular weight marker (100pb, Promega); lines 1-11 and 13-21 - STM 

strains; 22 - positive control; 23 - negative control (distilled water). 
 

 
 

Fig. 4. Gel electrophoresis of blaCTX-M amplicon (1100 bp) obtained by PCR sequencing to test strains of 
Salmonella Typhimurium. Lines 1-2 - STM strains; Line 4 - positive control; 5 - negative control (distilled 

water); Line 3 - molecular weight marker of 100pb (Promega). 
 

As a general rule, the amplicon (target DNA) was opened in the two complementary 
strands and each of them was sequenced separately → first appears as nucleotides like: 5-'TG 
TGC TCA CAC TGA GCG-3' and the other under form: 3-'AGT ACG GTG CGC ACT AC-
5' (the phenomenon of complementarity). Thus the sequence of nucleotide sequences from a 
chain was identified. At the end, the two strands overlapped and the results were compared in 
order to identify the respective amplicon, the punctiform mutation responsible for the 
emergence of antibiotic resistance.  

Genotypic analysis by PCR and sequencing showed the presence of SHV-5 and TEM-1 
in the multiresistant S. Typhimurim strains isolated from patients with gastrointestinal 
disorders (infectious diarrhea). It managed to detect the presence of β-lactamase CTX-M 
family (group 1). 

As shown in Table 4, blaSHV was the most frequent isolated bla gene in S. Typhimurium. 
 

4. Conclusion 
The presence of genes implicated in the resistance to β-lactam (blaSHV

+, blaTEM
+ and 

blaCTX-M
+) was detected by PCR-amplified and subsequently sequencing. The molecular 

analysis by PCR has been correlated with the phenotypic tests. The sequencing method is 

 1    2   3    4    5    6     7     8    9   10  11  12  13   14  15  16  17   18   19  20   21   22   23 

1097 bp 

1100 bp 

1      2     3      4      5 
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representing the gold standard for the confirmation of extended spectrum β-lactamase 
encoding genes. 

 

 
 

Fig. 5. Control of purified TEM amplicons (in the top) and SHV (below). 
 
PCR-sequencing results are listed in Table 4. 

BIO
TRACE
BioEdit v ersion 7.0.0 (7/2/04)

Model 3100

KB.bcp

6278050-02 6286102-06 6278003-02

File: TEMS790F_POP6_2008-04-17_G12.ab1

  �� `2

TEMS790F

Lane 3

Signal G:44 A:37 T:39 C:24

KB_3100_POP6_BDTv3.mob

?? no 'MTXF' field

Points 827 to 13501

NNNNN N N N N
10
T GNN TNNN T T

20
T T CNNN NN NN

30
T T C A A TA T G T

40
A T C C G C T CA T

50
G A G A CAA T AA

60
C C C T G G T AA A

70
T GC T T CAA T A

80
A TA T T G AA A A

90
A G GA A GA GTA

100
T GA G TAT T CA

110
A CA T T T T C G T

120
G T C GC C C T

T T C C T G
160
T T T TT GC T CA

170
C C CA G A A A C G

180
C T G G T G A A A G

190
TA A A A GA T GC

200
T G A A G AT CA G

210
T T G GG T G CA C

220
G AG TG GG T T A

230
CA T C G A A C T G

240
G A T C T CA A CA

250
G CG G T A A G A T

260
C C T T G A G A G T

270
T T T C GC CC C

C T T T T A
310
A A GT T C T G C T

320
A T G T G G T G C G

330
G T A T T A T C C C

340
G TG T TG A C GC

350
CG G G C AA G AG

360
CA A C T C G G T C

370
GC CG CA T A CA

380
C TA T T C T CA G

390
AA T GA C T TG G

400
T T G A G T AC T C

410
N C C A G T CA CA

420
G A AA A G C A T C

43
T

T T AT
460
G CN G NG C T G C

470
C A TA A C C A T G

480
A G T GA T AA CA

490
C T G C T G CCAA

500
C TT A CT T CT G

510
ANN A C G A T CG

520
G A G GA C CGA A

530
N G A G C TA A CC

540
GC T T T T T T GC

550
AC AA C A TG G G

560
G G A TCA T G TA

570
A C T CG C CT T G

5

 
 

Fig. 6. Electrophoregram of TEM-1 amplicon. 
 

blaTEM 1097 bp 

blaSHV 1016 bp 
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BIO
TRACE
BioEdit v ersion 7.0.0 (7/2/04)

Model 3100

KB.bcp

6278050-02 6286102-06 6278003-02

File: SHVS788F_POP6_POP6_E02.ab1

� �� �î ¬

SHVS788F

Lane 1

Signal G:67 A:33 T:25 C:48

KB_3100_POP6_BDTv3.mob

?? no 'MTXF' field

Points 971 to 13501

NNN NNN N NN
10
NNN C T CCC T G

20
T TA G C N C CC T

30
G C C GC TG G C G

40
G TACAC G C CA

50
G C C C G CAG C C

60
G C T T G AG CAA

70
A T TAA A C TA A

80
G C GA A A GC CA

90
G C T G T C G GG C

100
CG C G TA G G CA

110
T G A T A GA A A T

120
G G A T C T G G

C G CG C C
160
G A TG A A CG N T

170
T T C CCA T G A T

180
GA G CA C C T T T

190
AA A G TA G T G C

200
T C T G C G G C G C

210
AG T G C T GG C G

220
CG GG T GG A TG

230
C C G G TG A C GA

240
A CA G C TG G AG

250
C GA A AG A T C C

260
A C TA T C G C CA

270
G CA G G A T C T

A A A CA C
310
C T T G C C G A CG

320
G CA T G A C G G T

330
C G GC G A A C T C

340
T GC G C C GC CG

350
C CA T TA C CA T

360
G A G C GA T NN C

370
A G CG C C GC CN

380
A T C T G C T A C T

390
G GC CA C C G T C

400
G G CG GC C C CG

410
C AGG AT T G A C

420
T G C C T T T T T G

4

C T T
460
G A C C GC TG GG

470
A A A CG GA A C T

480
GAA T GA N G C G

490
CT T C C CG G CG

500
A CG C CC G C G A

510
CAC CA C T A C C

520
C CG G C CAG C A

530
TGN NNG C G AC

540
C C T G C G CAA G

550
C T G C T GA CC N

560
N C C A GC G T C T

570
G A NC G C CC G T

58
T

 
 

Fig. 7. Electrophoregram of SHV-5 amplicon. 
 

Table 4. PCR-sequencing for blaTEM, blaSHV and blaCTX-M. 
 

Resistance genes PCR strains positive Type (Ambler classification) 

blaTEM 16 TEM-1 

blaSHV 18 SHV-5 
 

blaCTX-M 
 
1 

CTX-M group 1 
(1, 3, 10,11, 12, 15, 22, 23, 27, 28, 29, 30, 32, 33, 34, 
36, 37, 42) 

 
Our study provides evidence of EBSL-producing in Salmonella Typhimurium strains, 

TEM-1 and SHV-5, due to the presence of the blaTEM and blaSHV. All of the S. enterica 
serovar Typhimurium isolated tested were positive for blaSHV. The detection of more than one 
β-lactamase gene in the same strain of Salmonella enterica serovar Typhimurium was very 
frequent (16 isolates). One of the Salmonella isolates produced these two ESBLs and also the 
CTX-M-1 enyzme. Such triple ESBL producing strain is very rare, and had never been 
previously described  in Romania. 

These strains contained genes coding for β-lactamase (TEM-1, SV-5, CTX-M) and also 
genes responsible for resistance to aminoglycosides, trimethoprim-sulfamethoxazole 
(cotrimoxazole) and tetracycline. In addition, it was the frequent association of the β-
lactamase production with nalidixic acid resistance (100%). 

One of the antimicrobial resistance genes (blaTEM
+) was determined using a new primer 

and to our knowledge it has not been described in the up to date expert literature. 
Strains tested and identified as β-lactam antibiotics resistant came entirely from a 

particular geographical area in the country and therefore the results are not representative of 
the entire national territory. Semi-quantitative determinations of fecal ESBL-Salmonella 
could not be correlated with the clinical symptoms of the subjects and thus, can not be used to 
monitor the progression of infection or response to therapeutic interventions, if any, in 
addition to the clinical evaluation and laboratory. Looking through the results, calling the 
molecular microbiological diagnosis using mainly enzymatic amplification technique to 
identify genes coding for antibiotic resistance was successful. PCR-sequencing proved to be a 
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reliable method for detecting blaTEM and blaSHV of S. Typhimurium strains resistant to β-
lactam antibiotic. 

Data from this study were compared with those of Romanian expert literature. The lack 
of real statistical data on the incidence of the disease in Romania caused by S. Typhimurium 
(which often is undervalued and consequently the therapeutic approach is inadequate) is 
largely due to methodological limitations of material nature and clinical laboratories. 
Moreover, this study is among the first of its kind carried out in Romania related to MDR S. 
Typhimurium producing ESBL. 

The presence of ESBLs-producing Enterobacteriaceae clinical isolates collected imposes 
targeted administration of antibiotics on pathogen susceptibility and clinical implementation 
and connection between labs in Romania of a continous epidemiological surveillance system 
of the resistance phenomenon. 
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