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Abstract: Trimethoprim (TMP) is chemotherapeutic agent, which is mostly used to treat 

community-acquired urinary tract infections in medicine, but TMP is also commonly used in 

veterinary and during livestock production. There are multiple mechanisms by which strains 

become resistant to trimethoprim like bypass mechanism encoding by dfr genes. Aim of the research 

was to assess the differentiation of dfrA genes in commensal Escherichia coli strains isolated from 

pigs from a breeding farm with intense supplementation of antibiotics in metaphylaxis program. A 

total of one hundred and sixty-four E.coli strains were isolated from feces of fifty animals. 

Trimethoprim resistance was tested by microdilution method and revealed that 92% of tested strains 

were resistant with high MIC values (>32 mg/L). Resistance genes were tested by PCR and PCR-

RFLP methods and six different genes were detected: dfrA1, dfrA5, dfrA7, dfrA12, dfrA14, dfrA21. 

Among 37% of the strains two to four different dfrA genes were detected in different combinations. 

In only three cases, all the strains derived from one individual had the same pattern of resistance 

genes among the others there was significant variability. DfrA genes were also detected in strains 

sensitive to TMP. Genes sequence analysis revealed nucleotide changes within some genes, which 

highlight the potential for alterations leading to the emergence of new resistance gene variants. The 

study shows the great diversity of the trimethoprim resistance genes, both within the tested animal 

population and in the individual host. 
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1. Introduction 

Trimethoprim (TMP) is a synthetic, broad-spectrum chemotherapeutic agent. TMP inhibits 

dihydrofolate reductase (DHFR)- an enzyme, that catalyzes the reduction of dihydrofolate to 

tetrahydrofolate in microbial cells . The main role of DHFR is related to biosynthesis pathways of the 

thymidylate, purines and several amino acids. TMP is mostly used to treat community-acquired 

urinary tract infections in medicine [1,2]. In veterinary medicine and during livestock production, 

trimethoprim is commonly used in combination with sulfonamides and can be administered orally, 

as a bolus, medicated fodder or in drinking water [3]. An intense use of antibiotics in these sectors 

leads to the rapid selection of resistant strains which, through the environment, can pose a serious 

health risk. Resistance to trimethoprim persists over the years [4]. 

There are multiple mechanisms by which strains become resistant to trimethoprim; to these 

mechanisms belongs impermeability of cell membranes, activity of the efflux pump, overproduction 
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chromosomal of DHFR and one of the most frequently identified- bypass mechanism. The last 

mentioned mechanism is associated with the presence of the acquired dfr genes encoding a non-allelic 

variants of dihydrofolate reductase (DHFR) and is responsible for high levels of trimethoprim 

resistance [1,5]. Two main families of dfr genes which are dfrA and dfrB among Gram negative bacteria 

have been distinguish. The dfrA family is larger, includes subfamilies dfrA1-group and dfrA12-group, 

consists of genes that are at least 474 nucleotides long and share even less than 25% amino acid sequence 

identity [6]. Currently thirty eight dfrA genes identified in different species are already described [7]. 

Dfr genes are found mostly as gene cassettes within variable parts of class 1 and class 2 integrons but 

also with common regions ISCR [8]. Association with the mobile genetic elements contributes to the 

rapid spread of resistance to trimethoprim among bacteria. Trimethoprim (TMP) was first used 

chemotherapeutic to treat infection in humans in 1962 and in 1974 Sköld described first plasmid- 

mediating enzyme responsible for resistance to high levels of trimethoprim in E. coli strains [9]. In 

addition to horizontal gene transfer, selection of resistant mutants in an environment of high 

antibiotic pressure is the second driving force for the emergence and spread of antibiotic resistance. 

The aim of the study was to assess the differentiation of dfrA genes determining resistance to 

trimethoprim in commensal Escherichia coli strains isolated from pigs from a breeding farm with an 

intensive supply of antibiotics in metaphylaxis program.  

2. Materials and Methods  

2.1. Material Collection and Bacterial Isolation 

E.coli were isolated from fecal samples of 50 pigs, piglets and sows form one farm in Lubuskie 

province in Poland. The material was from swine farming, where piglets in the period after weaning 

were subject to the medical metaphylaxis program. The animals were treated with medicated fodder 

contained amoxicillin, trimethoprim, sulfamethoxazole for four weeks.  

Fresh feces were collected and transported under refrigeration to the laboratory, and inoculated 

on McConkey agar. After cultivation ten typical, pink colonies per sample were further identified by 

biochemical testing and finally frozen in -80˚C. E. coli isolates were differentiated based on BOX-PCR 

fingerprint analysis [10,11].  

2.2. Antibiotic Susceptibility Testing 

Trimethoprim resistance was tested by microdilution method. Colonies of E. coli cultures (18h) 

were suspended and diluted to a value of 0.5 McFarland, then inoculated with Mueller Hinton Broth 

(Merck) and spread into the wells of the 96-well plate with TMP solutions. The range of tested TMP 

values were 0.25-32 mg/l. After 18h incubation at 36˚C the MIC values were calculate. The results 

were interpreted according to EFSA [12]. 

2.3. Detection of Trimethoprim Resistance dfrA Genes 

Thermal lysates were the source of template DNA. PCR method was used to identify dfrA5, 

dfrA7, dfrA14, dfrA24, dfrA26 genes [13]. PCR-RFLP method was used to identify genes from two dfr 

gene groups: group A1 (dfrA1, dfrA15, dfrA15b, dfrA16, dfrA16b, dfrA28) and A12 (dfrA12, dfrA13, 

dfrA21 and dfrA22). In this method primers covering the conservative regions of dfr gene groups is 

used and the resulting amplicons are digested with restriction enzymes PvuI, AluI, TruI, MspI, TasI. 

The obtained products of a certain length indicate the type of the dfr gene [14]. 

2.4. Sequence Analysis 

Selected PCR products from amplification of groups A1 genes, due to non-specific restriction 

digest products were sequence (Genomed, Poland). The sequence has been assembled in Nucleotide 

BLAST (https://blast.ncbi.nlm.nih.gov), the description of an exemplary alignment has been carried 

out using T-Coffee (http://tcoffee.crg.cat) and BOXSHADE (https://embnet.vital-it.ch/cgi-

bin/BOX_form_parser) online tools. 
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3. Results 

3.1. Resistance to TMP 

A total of one hundred and sixty-four E.coli strains were isolated from feces of fifty animals, from 

two to six non-identical isolates per animal samples. In this set one hundred and fifty one (92%) 

isolates were resistant to TMP and they derived from samples of forty-nine individuals. In samples 

from ten pigs, E. coli both sensitive both resistant to TMP were detected. Studies revealed that 92% of 

tested strains were resistant with high MIC values (>32 mg/L). 

3.2. Prevalence of dfrA Genes 

In the tested set of E.coli (164), six different genes were detected: dfrA1, dfrA5, dfrA7, dfrA12, 

dfrA14 and dfrA21. The dfrA1 gene was the most common (n= 105/64%), and was not detected in only 

one strains from one animal. Dfr12 gene was detected in 60 E.coli (37%), dfr7 gene in 28 strains (17%) 

and dfr5, dfrA14 and dfr21 genes were detected respectively in 18 (11%), 15 (9%) and 14 (9%) of tested 

strains (Table 1.). 

Table 1. Prevalence of trimethoprim resistance dfrA genes among E. coli isolates from pigs. 

dfrA1 dfr12 dfr7 dfr5 dfrA14 dfr21 

105 (65%) 60 (36.6%) 28 (17.1%) 18 (11%) 15 (9.1%) 14 (8.5%) 

36.6% of the strains (n=59) carried two to four different dfrA genes in different combinations. In 

32 strains (20.1%) two dfrA genes were detected, in 19 strains (11.6%) three genes were detected, in 6 

(3.7%) four genes were detected and in one (0.6%) strain five TMP resistance genes were detected 

(Table 2.). DfrA genes were also detected in three strains sensitive to TMP.  

Table 2. Distribution of trimethoprim resistance genes among E. coli isolates from pigs. 

Number of Strains with Multiple dfrA Genes 

18 dfrA1 dfrA12    

7 dfrA1 dfrA7    

3 dfrA1 dfrA5    

1 dfrA1 dfrA21    

1 dfrA5 dfrA7    

1 dfrA5 dfrA14    

1 dfrA7 dfrA12    

1 dfrA12 dfrA21    

7 dfrA1 dfrA12 dfrA21   

5 dfrA1 dfrA5 dfrA14   

1 dfrA1 dfrA5 dfrA7   

2 dfrA1 dfrA7 dfrA12   

1 dfrA1 dfrA12 dfrA14   

2 dfrA5 dfrA7 dfrA14   

1 dfrA5 dfrA12 dfrA14   

2 dfrA1 dfrA7 dfrA12 dfrA21  

1 dfrA1 dfrA7 dfrA12 dfrA14  

2 dfrA1 dfrA12 dfrA14 dfrA21  

1 dfrA1 dfrA5 dfrA7 dfrA14  

1 dfrA1 dfrA5 dfrA7 dfrA12 dfrA21 

Total number 59     

In only four cases all of the strains derived from one individual had the same pattern of TMP 

resistance genes, among the others there was significant variability was shown. Taking into account 

the number of genes in the strains from a given animal, strains from 46 individuals had from two to 
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six different genes. In E. coli from samples from 17 animals, two different genes were detected, from 

19 - three genes, from 6 - four genes, from 3 - five genes, and in E. coli strains from 2 animals, 6 

different genes were detected (Table 3). 

Table 3. Number of animals in which E.coli strains with different dfrA genes detected. 

1 Gene  2 Genes 3 Genes  4 Gene  5 Gene  6 Genes 

per animal sample 

3 (6%) 17 (34%) 19 (38%) 6 (12%) 3 (6%) 1 (2%) 

3.3. Sequence Analysis of dfrA1 Genes 

During restriction enzyme analysis of PCR products of dfrA1 genes group, in five cases digestion 

with PvuI and TasI enzymes indicated the presence of the dfrA1 gene but non-specific products after 

TruI and AluI digesting were revealed. PCR products were sequenced and nucleotide sequences 

were analyzed in NCBI Nucleotide BLAST. Sequence alignment revealed the highest identity score 

with dfrA1at 89.27% (GB: NG_047685.1). Numerous single nucleotide changes and several deletions 

were detected (Figure 1.). Comparing translated amino acid sequence to the NCBI data base, the 

highest protein identity score was 83.02% (GB:EFY9453405.1).  

 

Figure 1. Alignment result with dfrA1 sequence GB: NG_047685.1. 

4. Discussion 

The prevalence of the resistant strains in the sample collection from pigs was very high, reaching 

92%. Only the strains from one animal showed a sensitivity to TMP. This results clearly show the 
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enormous power of selection pressure. An animal husbandry where antibiotics are intensively 

administered selected resistant strains.  

In addition to the high prevalence, the high level of resistance has also been demonstrated 

among most of the strains. For all resistant E.coli the minimum growth inhibitory concentration 

exceeded 32mg/L. It is worth mentioning that the cut-off values for E.coli resistance both for zoonotic 

and human strains are significantly lower (R>2 and R>4mg/L respectively) [12,15]. 

The research showed a large diversity of dfrA genes in the studied population. Literature reports 

the detection of multiple TMP resistance genes but mostly in strains that are isolated from a larger 

collection or from different environments [13,16–18]. It is also rare to identify six different genes 

corresponding to resistance to the same antibiotic in one strain.  

It is known that the relationship between dfr genes and mobile elements is mostly responsible 

for this genetic diversity. The dfr genes are found as gene cassettes within variable parts of class 1 and 

class 2 integrons and common regions like ISCR2 [8]. Trimetoprim resistance genes detected in this 

study: dfrA1, dfrA5, dfrA7, dfrA12, dfrA14, dfrA17, dfrA21 have been found as gene cassettes, present 

within variable regions of class 1 and 2 integrons [16–20]. It was shown that among E. coli form one 

pig farm, large variety of plasmids carrying multiple resistance genes can exist [20]. 

One of the theories that explain great diversity and global distribution of dfr genes is that they 

originate from a wide variety of bacteria and are disseminated through horizontal gene transfer 

[5,21]. The dfrA21 gene is a good illustration of this assumption. This gene was first detected in 

Salmonella enterica Livingstone producing beta-lactamase CTX-M-27 in the neonatal unit in 2005 in 

Tunisia [22]. Currently, a large number of records with dfrA21 gene are available in the NCBI 

database, like in Klebsiella pneumoniae from Chilean hospital (GenBank accession no. KY286108), or 

from United Kingdom (NZ_FLGL01000034.1), Pseudomonas aeruginosa from Brazilian states 

(NZ_JADPHL010000124.1), Citrobacter freundii from the Unites States (NZ_JADVDT010000023.1). 

Recently described new dfr genes- dhfr37 has been detected in gram-negative Rheinheimera spp. from 

Yellow Sea, China [23] and dfrA38 was found in Acinetobacter baumannii isolates [7]. It is a matter of a 

short time when these genes will be identified in our environment.  

The second mechanism contributing to the emergence of resistance are mutations within the 

genes. An example are the changes in the sequence of the dfrA1 gene observed in the presented 

studies, which were caught by changing the restriction site. Nucleotide changes could lead to a new 

variant of the gene, encoding a trimethoprim-insensitive dihydrofolate reductase. Selection of 

resistant mutants is accelerated in the presence of antibiotic pressure like in the animal breeding 

environment with an intensive supply of antibiotics. However mutations and rearrangements of 

horizontal gene transfer can lead to switching off the expression of these genes [24]. It is often 

assumed that detected resistance gene are expressed, but it has been shown that dfrA genes present 

in the cells may not be expressed, particularly gene cassettes of class 1 integrons [24]. After all, 

resistance genes are detected in sensitive strains.  

Various approaches to the effects of antibiotics and selection pressure on the development of 

resistance are discussed. It has been shown that exposure to very low antibiotic concentrations can 

select low-level resistant mutants and use of an antibiotic at a concentration above the minimal 

inhibitory, would limit the emergence of resistant mutants [25–27]. The use of antibiotics in the 

livestock sector has been a great concern. Governmental and international agencies have been 

pointing to the rational use of antibiotics. Fortunately, the latest data of European Medicines Agency 

in European surveillance of veterinary antimicrobial consumption, shows a downward trend over 

several years and overall decline in antibiotic sales [28]. Unfortunately whenever antibiotics are used 

improperly, resistance will be generated. The current research adds voice to the appeal and the 

rational management of antibiotics.  

4. Conclusions 

The study shows the great diversity of the trimethoprim resistance genes, both within the tested 

animal population and in the individual host. In addition, genes sequence analysis revealed 

nucleotide changes within some genes, which highlight the potential for alterations leading to the 
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emergence of new resistance gene variants. Research shows how the intensive use of antibiotics in 

the population contributes significantly to the development of antibiotic resistance. 
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