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DIRTY ENVIRONMENTS AND ANTIBIOTICS RESISTANCE 
 
 

CÎRSTEA Doina Maria, ŞTEFĂNESCU Mugur Cristian 
 

Abstract. Studies on the resistance to antibiotics are carried out mainly on bacterial strains from clinical environments. Resistance 
reservoirs from natural environments or polluted environments have not been sufficiently studied, as they are a genuine source of 
maintenance of the phenomenon of resistance as well as its origin. Antibiotic resistance is present in the world of microorganisms 
before antibiotics appear, this was stimulated by the presence in the environment of various substances that led to the emergence and 
development of resistance mechanisms. Such pollutants are the stress factors for microbiota area, leading to the development of 
defence strategies against pollutant, strategies that can be used as efficient mechanisms of antibiotic resistance phenomenon. The 
present study was aimed to signal the importance dirty environments of the antibiotic resistance phenomenon. 
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Rezumat. Medii poluate și rezistența la antibiotic. Studiile asupra rezistenţei la antibiotice sunt frecvente, efectuate mai ales pe tulpini 
bacteriene provenite din medii clinice. Rezervoarele de rezistenţă din mediile naturale, respectiv poluate nu au fost suficient studiate, acestea 
costituind o reală sursă de întreţinere a fenomenului de rezistenţă cât şi originea acestuia. Antibiorezistenţa este prezentă în lumea 
microorganismelor înainte de apariţia antibioticelor, aceasta a fost stimulată de prezenţa în mediu a diferitelor substanţe ce au condus la 
apariţia şi dezvoltarea mecanismelor de rezistenţă. Astfel, poluanţii sunt factorii de stres pentru microbiota zonală, ce conduc la dezvoltarea 
unor strategii de apărare contra poluantului, strategii ce pot fi utilizate ca mecanisme eficiente în fenomenul de antibiorezistenţă. Prin 
prezentul studiu s-a urmărit semnalarea importanţei mediilor murdare în fenomenul de rezistenţă la antibiotice. 
 
Cuvinte cheie: antibiorezistenţă, poluant, microorganism. 
 

INTRODUCTION 
 

Antibiotic resistance represents the ability of microorganisms (bacteria, fungi, etc.) to survive and multiply in 
the presence of antibiotic doses, frequently a lethal dose (ZAMAN et al., 2017; DUGASSA & SHUKURI, 2017). 

The uncontrolled use of antibiotics over the last 80 years and the increase in pollution have exerted a major 
impact on bacterial communities, leading to the selection of antibiotic-resistant bacteria, which are a major health 
problem (LEVY, 1992), so studying the phenomenon of antibiotic resistance is important for both human health and the 
environment. 

Much of the specialty studies focus on discovering and understanding of the resistance mechanisms, which are 
carried out on bacterial strains in clinical and veterinary isolated, whereas other environmental reservoirs of antibiotic 
resistance are not well characterized (NWOSU, 2001; SEVENO et al., 2002; RIESENFELD et al., 2004). 
 

ORIGIN OF ANTIBIOTIC RESISTANCE 
 

The origin of antibiotic resistance has not been established and will most likely not be, but antibiotic resistance 
is known to have occurred before Penicillin was discovered by Alexander Fleming in 1928. The assertion that antibiotic 
resistance existed prior to the therapeutic use of antibiotics, as the first patient was treated with penicillin in 1942, 
supports the discovery of penicillinases (β-lactamases) in 1940 (DAVIES et al., 2010). Moreover, in the history of 
antibiotics, one can notice the discovery of resistance mechanisms specific to certain antibiotics almost simultaneously 
with their introduction into the clinical environment. Thus, in 1944 streptomycin was introduced for the treatment of 
Tuberculosis, during the treatment of the first patients, a bacterial strain of Mycobacterium tuberculosis proving to be 
resistant to the antibiotic concentrations used (DAVIES & DAVIES, 2010). 

Resistance mechanisms are present in natural environments prior to the emergence and use of antibiotics, they 
have emerged as a result of the selective pressure of some favoured agents, which probably evolved in bacterial 
populations in water and soil in millions of years. (MARTINEZ, 2012). Resistance has emerged as a way of defending 
against toxic compounds present in the environment, such as plant metabolites and microbiota from soil or pollutants. 

 
SELECTIVE PRESSURE OF EXTERNAL FACTORS ON THE OCCURRENCE, 

MAINTENANCE AND TRANSMISSION OF ANTIBIOTIC RESISTANCE PHENOMENON 
Both pathogenic and non-pathogenic microorganisms are pressured by the selective exercise of natural, but 

especially anthropogenic factors (Fig. 1), we can talk about a wide variety of toxins or inhibitory molecules found in the 
environment. 

Stress factors can be representations of many sources, such as: herbal products, natural and synthetic 
antibiotics, produced as a result of organic degradation. Biocides secreted by insect plants and fungal compounds that 
inhibit the growth of bacteria in the rhizosphere. A selective pressure factor is also lysozyme from the nasal secretion, 
which favoured the selection of antibiotic-resistant strains. 
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Figure 1. Factors for the occurrence, maintenance and transmission of antibiotic resistance phenomenon (original). 
 

These factors can lead to mutations (GULLBERG et al., 2014; LEEKITCHAROENPHON et al., 2016; 
DIARMAID & ANDERSSON, 2017), with effect on the resistance to different antibiotics. These mutations can be 
maintained within the bacterial line that appears, horizontal gene transfer, but may be transmitted to other species by 
vertical gene transfer. 

Thus, antibiotic resistance genes are ubiquitous in natural environments (AMINOV & MACKIE, 2007; 
MARTINEZ, 2009; ALLEN et al., 2010), and soil bacteria are a reservoir of new antibiotic resistance genes (RIESENFELD 
et al., 2004). These stress factors cause the emergence of resistance mechanisms, implicitly resistance genes. 

 
POLLUTED MEDIA AND ANTIBIOTIC RESISTANCE 

Antibiotic resistance is a due to chromosomal genes, mobile DNA segments (transposons, integrated by 
genetic recombination or resulting by mutation of normal, integron genes, but most often given by the presence of the 
plasmids. These genetic determinants can lead to multiple resistance to antibiotics, which facilitates the spread of 
resistance in natural bacterial populations. In some cases, plasmid-induced resistance has specific molecular 
mechanisms, which are fundamentally different from those of chromosomal-induced resistance. In most cases, multiple 
antibiotic resistance is provided by efflux systems (RAMOS et al., 2002). 

PUTMAN et al., 2000 described two major classes of transporters that are involved in multiple antibiotic 
resistance: the ABC transporter that uses energy released by ATP hydrolysis, to pump antibiotics from inside the cell to 
the outside, and the secondary transporter that uses the gradient. electrochemical transmembrane of H + or Na + ions, to 
pump antibiotics from inside the cell to the outside. 

Some mechanisms of multiple antibiotic resistance have been observed in some bacteria, functioning as 
hydrocarbon excretion systems, used to maintain the intracellular concentration of hydrocarbons below the equilibrium 
level. These systems involve an efflux pump, which also contributes to tolerance to n-peptane, cyclohexane, toluene, 
phenanthrene, anthracene (RAMOS et al., 2002; HEARN et al., 2003). 

Since 1999, KOBAIASHI et al. have demonstrated the connection between toluene efflux pumps and 
antibiotic resistance efflux pumps. They obtained a mutant of the Pseudomonas putida strain IH-2000, a toluene-tolerant 
strain. In the mutant strain, some of the outer membrane proteins were lost, including the Srp protein. which is a 
channel protein of the toluene efflux pump. Thus, the decrease of the tolerance to hydrocarbons, but also the reduction 
of the minimum inhibitory concentration (CMI) to antibiotics was found, from which it was concluded that the efflux 
pump systems are linked or shared with the efflux pump system involved in antibiotic resistance. 

MARTINEZ, 2009; 2012 considers that antibiotic resistance is similar in many aspects to the contamination 
with heavy metals. 

WRIGHT et al., 2008, believes that bacteria isolated from polluted environments with heavy metals have high 
antibiotic resistance. 
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In 2009 THOMPSONET et al., highlights the presence of the tet A gene, a gene that confers tetracycline 
resistance to a strain of Sratia marcascens, a strain isolated from heavy metal water. 

Thus it is possible to speak of the selective pressure of the pollutants on the zone microbiota (DERORE et al., 
1994; D’COSTA et al., 2006), conferring a simultaneous resistance to both the pollutant and the antibiotic. 

 
CONCLUSIONS 

 
The genetic support underlying the phenomenon of antibiotic resistance has been present in nature long before 

the finding of this phenomenon in the clinical environments. 
The mechanisms involved in resistance may be common or similar to the mechanisms involved in pollutant 

removal. 
Pollutants can be considered as selective pressure factors in the phenomenon of resistance. 
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