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The appearance of bacterial resistance to disinfectants and antiseptics is an issue of substantial health 
concern, resulting in low efficiency of epidemic control activities and emergence of microorganisms 
with cross-resistance to antibiotics and biocides. A synopsis of the main mechanisms of development 
of resistance to biocides is presented. The emphasis is placed to health risks and impact on medical 
practice. The main methods for detection of resistance, and prevention measures of key importance 
for its control are outlined. 
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INTRODUCTION 

During the past decades, numerous anti-
bacterial substances – antibiotics, chemo-
therapeutics, antiseptics and disinfectants 
have been implemented in medical prac-
tice, which expanded substantial pathogen 
control arsenal and gave rise to optimistic 
prospects with regard to infectious dis-
eases control. Unfortunately, a marked 
global tendency towards increase in mi-
crobial resistance to antibiotics is noted 
with resultant serious challenges to the 
treatment and control of infectious dis-
eases in animals and men (Rossolini et al., 
2014). Improper use is outlined as the 
main cause for the emergence of resis-
tance to antibiotics: abuse, insufficient 

doses, rather short or rather long treatment 
courses. Thus, natural selection stimulates 
microbial evolution with consequent con-
tinuous corrections in their genome and 
phenotype to make microorganisms more 
adaptable to the adverse environment 
(Wolff, 1993).   

Apart towards antibiotics, microorgan-
isms develop also resistance to various 
biocides, including disinfectants and anti-
septics. It is established that some of 
mechanisms conferring resistance are 
common for both antibiotics and biocides. 
The number of evidence demonstrating 
that the frequent and repeated contact with 
some antiseptics and disinfectants leads to 
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development of resistance both to the spe-
cific substance and to some other bio-
cides/antibiotics e.g. development of 
cross-resistance is continuously increasing 
(Gnanadhas et al., 2012).   

The selective pressure exerted by bio-
cides could benefit the survival of resis-
tant pathogens and lead to their broader 
spread with all ensuring health hazards. 
Unlike antibiotic resistance which is long 
known and extensively studied, the emer-
gence of bacterial resistance to antiseptics 
and disinfectants is an often neglected 
problem whose health and practical im-
pact is not fully recognised.  

DISINFECTION 

Disinfection is one of the basic epidemic 
control activities aimed at reduction of 
potential risk from onset and spread of 
infectious diseases among animals and 
men (Russell & Russell, 1995; Rutala, 
1995;  Karadzhov, 2013). The terms for 
chemical agents used in disinfection prac-
tice discriminate them with respect to the 
mode and site of action (Russell & Rus-
sell, 1995; Dvorak, 2008;  Karadzhov, 
2013): biocides – a more general term 
denoting chemical agents capable to de-
stroy or irreversibly inactivate most 
pathogens or to inhibit their growth and 
development;; disinfectants – biocides 
applied on surfaces or other non-live ob-
jects; antiseptics – applied to living tissue 
e.g. skin, mucosae.   

RESISTANCE 

In general, resistance is the ability of mi-
croorganisms to survive the impact of 
harmful agents (Maillard, 2013). Biocide 
resistant microorganisms could be defined 
as: 1) strains that could not be killed or 
inhibited by concentrations of biocides 

that are usually used in the practice; 2) 
strains that could not be killed or inhibited 
by biocide concentrations, to which other 
strains of the same species are susceptible; 
3) bacterial cells that could not be killed 
or inhibited by concentrations that are 
effective against most cells of the bacterial 
culture (SCENIHR, 2009b).  

Microbial resistance could be inherent 
or acquired through mutation or exchange 
of mobile genetic elements (Poole, 2002). 
It is acknowledged that the natural resis-
tance of microorganisms to environmental 
factors (high temperature, UV radiation, 
redox potential, ionising radiation etc.) 
and resistance/sensitivity to biocides are 
different. These variations are a manifes-
tation of the inherent resistance of micro-
organisms, naturally encoded in the re-
spective bacterial genome, expressed in 
all strains of a given species and due to 
different cell structure, composition and 
physiological features. Inherent resistance, 
this is the high level of resistance could be 
most accurately described as “insensiti-
vity”, as the specific microbial species has 
never been sensitive to the antimicrobial 
agent. For instance, non-enveloped vi-
ruses and bacterial spores are insensitive 
to the effect of quaternary ammonium 
compounds (QAC), alcohols and phenols 
(Karadzhov, 2013).  

Acquired resistance is present when a 
given microorganism becomes resistant to 
a specific antimicrobial agent, to which it 
was previously sensitive. As s rule, multi-
ple cell structures are targeted by bio-
cides. Acquired resistance is usually asso-
ciated to alterations of these target struc-
tures or structures that consequently im-
pede the access of biocides to a specific 
target. Examples are modification of the 
cell envelope,  changes in cell permeabi-
lity, efflux pumps activity and conversion 
(biotransformation) of biocides into harm-
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less metabolites (Davin-Regli et al., 
2008). Unlike inherent resistance, the ac-
quired one is not a feature of the entire 
species, but of specific strains or subpopu-
lation (Maillard, 2013). 

Intrinsic resistance to disinfectants 
and antiseptics 

To reach the target site of action, antisep-
tics and disinfectants should pass through 
the outer cellular layers. That is why, the 
specific structural features and functions 
of cell envelope determining its perme-
ability are among the most important fac-
tors of inherent resistance (McDonnell & 
Russell, 1999). For instance the different 
cellular wall structure in Gr+ and Gr- bac-
teria is the reason for their different bio-
cide resistance. The outer membrane of 
Gr- bacteria is a barrier restricting the 
entry of chemically different antimicrobial 
agents so as a rule, vegetative Gr- bacteria 
are more resilient than Gr+ (McDonnell & 
Russell, 1999). For example, the concen-
trations of benzalconium chloride (QAC) 
needed to inhibit the growth of E.coli and 
P.aeruginosa are 100 and 500 times 
higher, respectively compared to those for 
S. aureus. Similar relationships have been 
observed for other disinfectants – chlor-
hexidine, hexachlorophene and triclosan. 
The exceptionally high resistance of P. 
aeruginosa to these disinfectants is attri-
buted to the higher amount of fat and cati-
onic elements in its outer membrane, 
higher magnesium content and formation 
of stronger bonds among lipopolysaccha-
rides as well as to lower size of porins, 
which does not allow biocides’ simple 
diffusion (Brown, 1975, McDonnell & 
Russell, 1999; Chevalier et al., 2017). At 
the same time, the higher amount of lipids 
in the cellular wall makes P. aeruginosa 
substantially more sensitive to o-phenyl-
phenol (McDonnell & Russell, 1999). The 

knowledge and compliance with these 
specific features is essential for selection 
of an appropriate disinfectant in the prac-
tice and high efficacy of disinfection pro-
cedures.  

Acquired resistance to disinfectants  
and antiseptics 

It results from microbial  alterations 
caused by mutation and/or changed ex-
pression of endogenous genes, as well as 
by transfer of exogenous genes (e.g. plas-
mids). These changes could be irreversi-
ble or transient, and as a rule are an ex-
pression of adaptation of microorganisms 
to changed environmental conditions 
(Wales & Davies, 2015).  

Genetic changes in microorganisms 
could lead to several different mecha-
nisms of resistance: altered target struc-
ture, reduced permeability of the cell en-
velope, microbial enzyme alterations with 
appearance of isoforms of higher activity 
or novel biocide-degrading enzyme syn-
thesis, modification of efflux pumps re-
sulting in enhanced biocide evacuation 
from microbial cells and others (Seier-
Petersen, 2013).  

One of the commonest adaptation re-
sponses from contact with sublethal con-
centrations of biocides, especially in Gr- 
bacteria, is the change in outer cell mem-
brane permeability. It is mainly mani-
fested with increased amount of lipids and 
lipopolysaccharides, reduction of porins, 
making the penetration of biocides more 
difficult (McDonnell & Russell, 1999; 
Denyer & Maillard, 2002; Sticker, 2004). 
It is found out that the decreased perme-
ability of cell membrane could be due to 
modification of the composition of pro-
teins, fatty acids and phospholipids with 
resultant change in membrane ultrastruc-
ture (Gandhi et al., 1993; Méchin et al., 
1999; Winder et al., 2000; Boeris et al., 
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2007). Resistance to biocide could occur 
also secondary to modifications in other 
target cell structures. A classical example 
is resistance to triclosan (substance block-
ing the activity of bacterial and fungal 
enoyl reductase). Mutations in enzymatic 
structure decrease triclosan binding affini-
ty and results in building of resistance, 
described in numerous microbial species 
(Maillard, 2013).  

Another common mechanism of resis-
tance emergence is the modification 
(overexpression) of bacterial efflux pumps 
after sublethal contact with a biocide (Bai-
ley et al., 2009). Microbial efflux pumps 
comprise transport proteins that reduce 
intracellular content of toxic compounds, 
including biocides. Numerous chromo-
somally coded multidrug efflux pumps 
with enhanced activity have been des-
cribed in Gr- bacteria (EmrE, MsfA, 
SugEE, PmpM etc.), responsible for the 
lower microbial sensitivity to QACs, tri-
closan and chlorhexidine (Seier-Petersen, 
2013). In Gr+ bacteria, chromosomally 
encoded efflux pumps are less frequently 
encountered, but these are detected in S. 
aureus (Price et al., 2012). An example 
for plasmid-encoded resistance to biocides 
and efflux pump alterations is methicillin-
resistant S. aureus (MRSA) (Sasatsu et 
al.,1995). MRSA possess qac genes, 
plasmid DNA fragments encoding resis-
tance to β-lactam antibiotics, heavy metals 
and some biocides as QACs, diamines, 
biguanides (chlorhexidine), as well as to 
some dyes e.g. acridines (McDonnell & 
Russell, 1999; Jaglic & Cervinkova, 
2012). Multiple research reports have 
shown that MRSA exhibits a substantially 
higher resistance to cationic antiseptics 
and disinfectants than conventional strains 
(Al-Masaudi et al., 1984; Townsend et 
al., 1984; Brumfitt et al., 1985; Gillespie 
et al., 1989; Cookson et al., 1991). In a 

study with 120 MRSA isolates, Irizarry et 
al. (1996) reported that MICs of QAC and 
chlorhexidine in MRSA were 5–10 times 
higher and suggested that residual 
amounts of antiseptics and disinfectants 
presented everywhere in hospital envi-
ronments contributed to the selection and 
maintenance of MRSA strains in these 
facilities with all important clinical ef-
fects.  

A less frequently encountered mecha-
nism of emerging resistance is the synthe-
sis of enzymes degrading and inactivating 
antimicrobial substances (Hugo, 1991; 
Ogase et al., 1992; Bloomfield, 2000). An 
example is the development of resistance 
of aldehydes consequently to aldehyde 
dehydrogenase synthesis. In some clinical 
Enterobacteriaceae isolates and some P. 
aeruginosa and P. putida strains, formal-
dehyde is reduced by glutathione-
dependent dehydrogenase, encoded by the 
adhC gene, part of plasmid DNA (Kum-
merle et al., 1996; Seier-Petersen, 2013). 
In a similar manner, the active free radi-
cals of disinfectants releasing chlorine and 
iodine could be inactivated by synthesis of 
catalases, superoxide dismutases or alkyl 
hydroperoxidases (Greenberg et al., 1990; 
Demple, 1996). 

RELATIONSHIPS BETWEEN BIOCIDE 
USE AND RESISTANCE TO ANTI-
BIOTICS AND DISNIFECTANTS  

The antibacterial effect of biocides and 
antibiotics is realised through comparable 
mechanisms. Under the action of toxic 
stress exerted by one chemical agent, mi-
croorganisms react with adaptation re-
sponse which could be also efficient 
against other chemically unrelated anti-
microbial drugs – e.g. emergence of cross 
resistance to biocides and antibiotics 
(SCENIHR, 2009a). In most instances, 
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resistance is due to alterations in cellular 
efflux pumps (Levy, 2002), but also to 
changes in cell envelope (Denyer & Mail-
lard, 2002). It is established that Gr- bac-
teria could decrease the amount of harm-
ful intracellular agents by reduction of 
outer membrane permeability, through 
reduced synthesis of porins, increased 
amount of lipopolysaccharides and lipids 
or overexpression of efflux pump mem-
brane proteins. Тhis adaptation response 
incurs simultaneous resistance to antibio-
tics and biocides (Denyer & Maillard, 
2002; SCENIHR, 2009a). 

The risk from emergence of antibiotic 
resistance consequently to biocide use 
could be either direct or indirect. The di-
rect risk is associated with selection of 
microorganisms resistance to both groups 
of antimicrobial drugs, under the pressure 
of biocides. The indirect risk comes from 
the transfer of mobile genetic elements 
encoding common mechanisms of resis-
tance. A third option is possible – simul-
taneous presence of both risks which 
would result in exchange of resistance 
genes among already resistant bacteria, 
hence in resistance spectrum broadening 
(SCENIHR, 2009a). It is reported that the 
use of some biocides e.g. QACs, bigua-
nides and phenols induces resistance more 
easily. It is affirmed that the use of cati-
onic biocides like QAC and chlorhexidine 
is the exact cause  for the wide spread of 
qac genes responsible for multidrug efflux 
pumps (Paulsen et al., 1996). The applica-
tion of triclosan also leads to development 
of the same type of resistance mechanisms 
(Schweizer, 2001). That is why the exten-
sive use of the same biocides, were they 
triclosan or QAC, as disinfectants, saniti-
sers and preservatives in personal hygiene 
products  has a cumulative effect and in-
creases the risk from emergence of cross 
resistance (SCENIHR, 2009a).  

A primary risk factor for spread of re-
sistance to antibiotics and biocides is the 
bacterial predisposition to acquire and 
transfer it through genetic exchange. 
Three mechanisms of horizontal genetic 
transfer are acknowledged: 1) transduc-
tion: via bacteriophages, 2) transforma-
tion: through diffusion of genetic elements 
to the cell and their incorporation in the 
genome, and 3) conjugation. The latter is 
perhaps the most efficient transfer realised 
through direct contact between two cells, 
allowing for transfer of plasmids, trans-
posons and other genetic determinants 
(Dzidic & Bedeković, 2003). The mem-
bers of the genus Enterococcus and family  
Enterobacteriaceae are the most prone to 
genetic exchange (Courvalin, 1994).  

The extensive utilisation of biocides, 
for instance in agriculture, livestock hus-
bandry and household and industrial 
products could lead to spread of mobile 
genetic elements encoding for mecha-
nisms of resistance and selective replica-
tion and accumulation of resistance bacte-
ria in the environment.  

METHODS FOR DETECTION OF 
RESISTANCE TO BIOCIDES 

Regardless that so far, there is no stan-
dardised method for detection and evalua-
tion of microbial resistance to biocides, as 
well as cross-resistance to biocides and 
antibiotics, several laboratory techniques 
could be applied to this end. They are the 
determination of the minimum inhibitory 
concentration (MIC) and/or minimum 
bactericidal concentration (MBC) of the 
biocide in bacterial isolates, suspension or 
surface tests for evaluation of the effi-
ciency of disinfectants and antiseptics, 
microbiological antibiotic sensitivity tests, 
and molecular-genetic techniques for de-
tection of genes determining resistance 
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(Sekiguchi et al., 2004; Knapp, 2014; 
Knapp et al., 2015).  

MEASURES FOR BIOCIDE 
RESISTANCE CONTROL  

Biocides are broadly spread chemical 
agents and ingredients of various products 
– disinfectants, antiseptics, preservatives 
in cosmetics, pesticides etc. The authori-
sation for placing on the market and use 
of biocides at the territory of the European 
Union is regulated by Regulation (EU) No 
528/2012 of the European Parliament and 
of the Council (Anonymous, 2012). It 
includes also a requirement to manufac-
turers of biocides to provide information 
and evaluation of the probability for 
emergence of resistance among targeted 
microorganisms. Regulations associated to 
the use of biocides in the EC and the USA 
are continuously developing. With regard 
to the increasing use of biocides and the 
aggravation of the problem with resistance 
to antibiotics, additional data and imple-
mentation of procedures for risk assess-
ment and control are necessary 
(SCENIHR, 2009a). Data for the envi-
ronmental impact of disinfectant and anti-
septic residues should be expanded. In the 
soil and wastewater, biocides are already 
diluted, e.g. at sublethal concentrations 
which could give rise to development of 
resistance among commensal microbial 
species and further, through genetic ex-
change, to transfer resistance to pathogens 
of public health importance. That is why, 
the collection and purification of waste-
water containing traces of biocides is an 
important step to decrease this specific 
risk (Nuñez & Moretton, 2007).  

The initial stage of the global control 
on resistance should include implementa-
tion of monitoring programmes for sur-
veillance of the of biocide resistance  

level and development of cross resistance 
in all fields involving biocidе application 
(SCENIHR, 2009a). In our belief, a pri-
mary measure should imply the introduc-
tion of microbiological monitoring on the 
sensitivity of target isolates from hospitals 
to prescribed biocidal concentrations on a 
periodical basis. It is demonstrated that 
one of the possible and highly hazardous 
sites for occurrence of resistant strains are 
containers where solutions of disinfectants 
or antiseptics are stored (Weber et al., 
2007). That is why, the periodical tests of 
microbiological purity of working solu-
tions has been advised.  

To decrease the risk from emergence 
of resistance in the practice, it is important 
that biocides are applied at an efficient 
concentration and exposure that would 
decrease the probability from sublethal 
exposure of bacteria and occurrence of 
adaptation responses (Russell & McDon-
nell, 2000). Another relevant recommen-
dation is biocide use at a rotational basis 
e.g. periodical change of the used active 
substance. The frequent changes of used 
disinfectants could reduce the probability 
from development of resistance and limit 
the accumulation of resistant microorgan-
isms in the environment (Murtough et al., 
2001). There is no specific answer to the 
questions about biocides’ rotation fre-
quency – it depends on the type of disin-
fectant, the site and conditions for its ap-
plication, as well as the extent of micro-
bial contamination. The frequency should 
correspond to the risk and probability of 
development of resistance to the respec-
tive chemical agent and the “more fre-
quent is better” principle. The most com-
monly recommended period for alterna-
tion of active substances of disinfectants 
in the practice is one month (Murtough et 
al., 2002). The efficient rotation of disin-
fectants however requires detailed knowl-
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edge on their mechanisms of action – rota-
tion would be efficient only if the disin-
fectant that would be used next has a dif-
ferent mechanism of action and acts on 
different microbial target structure. Thus, 
the replacement of a QAC disinfectant 
with a product from the biguianide group 
e.g. chlorhexidine would be irrational and 
erroneous due to the similar target and 
mechanism of action (Karadzhov, 2013). 

REFERENCES 

Al-Masaudi, S., M. Day & A. D Russell, 1984. 
Sensitivity of methicillin-resistant Staphy-
lococcus aureus strains to some antibiot-
ics, antiseptics and disinfectants. Journal 
of Applied Microbiology, 65, 329–337.  

Anonymous, 2012. Regulation (EU) No 
528/2012 of the European Parliament and 
of the Council of 22 May 2012 concerning 
the making available on the market and 
use of biocidal products. Official Journal 
of the European Union, pp. 123.  

Bailey, A. M., C. Constantinidou, A. Ivens, M. 
I. Garvey, M. A. Webber, N. Coldham, J. 
L. Hobman, J. Wain, M. J. Woodward & 
L. J. V. Piddock, 2009. Exposure of Es-
cherichia coli and Salmonella enterica se-
rovar Typhimurium to triclosan induces a 
species-specific response, including drug 
detoxification. Journal of Antimicrobial 
Chemotherapy, 64, 973–985.  

Bloomfield, S. F., 2000. Resistance of bacte-
rial spores to chemical agents. In: Princi-
ples and Practice of Disinfection, Preser-
vation and Sterilization, 3rd edn, eds A. D. 
Russell, W. B. Hugo & G. A. J. Ayliffe, 
Inin Press. Blackwell Science, Oxford, 
England. 

Boeris, P. S., C. E. Domenech & G. I. Luc-
chesi, 2007. Modification of phospholipid 
composition in Pseudomonas putidaa 
ATCC 12633 induced by contact with tet-
radecyltrimethylammonium. Journal of 
Applied Microbiology, 103, 1048–1054.  

Brown, M. R. W., 1975. Resistance of Pseu-
domonas aeruginosa. John Wiley & Sons, 
London.  

Brumfitt, W., S. Dixson & J. M. Hamilton-
Miller, 1985. Resistance to antiseptics in 
methicillin and gentamicin resistant 
Staphylococcus aureus. Lancet, 1, 1442–
1443.  

Chevalier, S., E. Bouffartigues, J. Bodilis, O. 
Maillot, O. Lesouhaitier, M. G. J. Feuillo-
ley, N. Orange, A. Dufour & P. Cornelis, 
2017. Structure, function and regulation of 
Pseudomonas aeruginosa porins. FEMS 
Microbiology Reviews, 41 (5), 698–722. 
https://doi.org/10.1093/femsre/fux020 

Cookson, B. D., M. C. Botton & H. Platt, 
1991. Chlorhexidine resistance in methi-
cillin-resistant Staphylococcus aureus or 
just an elevated MIC? An in vitro and in 
vivo assessment. Antimicrobial Agents and 
Chemotherapy, 35, 19972002.  

Courvalin, P., 1994. Transfer of antibiotic resis-
tance genes between gram-positiveand 
gram-negative bacteria. Antimicrobial 
Agents and Chemotherapy, 38, 14471451. 

Davin-Regli, A., J.-M. Bolla, C. James, J.-P. 
Lavigne, J. Chevalier, E. Garnotel & J.-M. 
Pages, 2008. Membrane permeability and 
regulation of drug “influx and efflux” in 
enterobacterial pathogens. Current Drug 
Targets, 9, 750–759. 

Demple, B., 1996. Redox signaling and gene 
control in the Escherichia coli soxRS oxi-
dative stress regulon – a review. Gene, 
179, 53–57.  

Denyer, S. P. & J.-Y. Maillard, 2002. Cellular 
impermeability and uptake of biocides and 
antibiotics in Gram-negative bacteria. 
Journal of Applied Microbiology, 92, 
35S–45S.  

Dvorak, G., 2008. Disinfection 101. Center for 
Food Security and Public Health, Iowa 
State University, http://www.cfsph.iastate. 
edu/Disinfection/Assets/Disinfection101.p
df (06 June 2019, date last accessed). 

Dzidic, S. & V. Bedeković, 2003. Horizontal 
gene transfer-emerging multidrug resis-



Bacterial resistance to antiseptics and disinfectants – minireview 

BJVM, 24, No 3 314 

tance in hospital bacteria. Acta Pharma-
cologica Sinica, 24, 519–526. 

Gandhi, P. A., A. D. Sawant, L. A. Wilson & 
D. G. Ahearn, 1993. Adaptation and 
growth of Serratia marcescens in contact 
lens disinfectant solutions containing 
chlorhexidine gluconate, Applied and En-
vironmental Microbiology, 59, 183–188. 

Gillespie, M., B. Lyon & R. A. Skurray, 1989. 
Gentamicin and antiseptic resistance in 
epidemic methicillin resistant Staphylo-
coccus aureus. Lancet, 333, 503.  

Gnanadhas, D. P., S. A. Marathe & D. Chak-
ravortty, 2012. Biocides – resistance, 
cross-resistance mechanisms and assess-
ment. Expert Opinion on Investigational 
Drugs, 22, 191–206.  

Greenberg, J. T., P. Monach, J. H. Chou, P. D. 
Josephyt & B. Demplet, 1990. Positive 
control of a global antioxidant defense 
regulon activated by superoxide-
generating agents in Escherichia coli.  
Proceedings of the National Academy of 
Sciences of the United States of America, 
87, 6181–6185. 

Hugo, W. B., 1991. The degradation of pre-
servatives by microorganisms. Interna-
tional Biodeterioration & Biodegradation, 
27, 185–194.  

Irizarry, L., T. Merlin, J. Rupp & J. Griffith, 
1996. Reduced susceptibility of methicil-
lin-resistant Staphylococcus aureus to 
cetylpyridinium chloride and chlorhexi-
dine. Chemotherapy, 42, 248–252.  

Jaglic, Z. & D. Cervinkova, 2012. Genetic 
basis of resistance to quaternary ammo-
nium compounds the qac genes and their 
role. Veterinarni Medicina, 57 (6), 275–
281. 

Karadzhov, S., 2013. Disinfection. In: General 
Epizootology and Preventive Medicine, 
eds Y. Ivanov, N. Nedelchev, S. Karad-
zhov, S. Kesyakova, Ch. Filipov & R. 
Pepovich. Network Tehnology Solutions, 
Sofia, pp. 445–582 (BG). 

Knapp, L. J., 2014. Bacterial resistance to 
biocides: Development of a predictive pro-

tocol, PhD Thesis, Cardiff University, UK, 
pp. 20–29. 

Knapp, L., A. Amézquita, P. McClure, S. 
Stewart & J.-Y. Maillard, 2015. Develop-
ment of a protocol for predicting bacterial 
resistance to microbicides. Applied and 
Environmental Microbiology, 81 (8), 
2652-2659. 

Kummerle, N., H. H. Feucht & P. M. Kaulfers, 
1996. Plasmid-mediated formaldehyde re-
sistance in Escherichia coli: characterization 
of resistance gene. Antimicrobial Agents 
and Chemotherapy, 40, 2276–2279. 

Levy, S. B., 2002. Active efflux, a common 
mechanism for biocide and antibiotic resis-
tance. Journal of Applied Microbiology, 
92, 65–71. 

Maillard, J.-Y., 2013. 6.1. Mechanisms of 
bacterial resistance to microbicides. In: 
Russel, Hugo and Ayliffe’s Principles and 
Practice of Disinfection, Preservation and 
Sterilization, 5th edn, eds A. P. Fraise, J.-
Y. Maillard & S. A. Sattar, Wiley-
Blackwell, pp. 108–120.  

McDonnell, G. & A. D. Russell, 1999. Anti-
septics and disinfectants: Activity, action, 
and resistance. Clinical Microbiology Re-
views, 12, 147–179. 

Méchin, L., F. Dubois-Brissonnet, B. Heyd & 
J. Y. Leveau, 1999. Adaptation of Pseu-
domonas aeruginosa ATCC 15442 to 
didecyldimethylammonium bromide in-
duces changes in membrane fatty acid 
composition and in resistance of cells. 
Journal of Applied Microbiology, 86, 859–
866.  

Murtough, S. M., S. J. Hiom, M. Palmer & A. 
D. Russell, 2001. Biocide rotation in the 
healthcare setting: is there a case for policy 
implementation? Journal of Hospital In-
fection, 48, 1–6.  

Murtough, S. M., S. J. Hiom, M. Palmer & A. 
D. Russell, 2002. A survey of rotational 
use of biocides in hospital pharmacy asep-
tic units. Journal of Hospital Infection, 50, 
228–231.  

Nuñez, L. & J. Moretton, 2007. Disinfectant-
resistant bacteria in Buenos Aires city 



G. Zhelev  

BJVM, 24, No 3 315 

hospital wastewater. Brazilian Journal of 
Microbiology, 38, 644–648.  

Ogase, H., I. Nigai, K. Kameda, S. Kume, & S. 
Ono, 1992. Identification and quantitative 
analysis of degradation products of chlor-
hexidine with chlorhexidine-resistant bac-
teria with three-dimensional high perform-
ance liquid chromatography. Journal of 
Applied Microbiology, 73, 71–78. 

Paulsen, I. T., M. H. Brown & R. A. Skurray, 
1996. Proton-dependent multidrug efflux 
systems. Microbiological Reviews, 60, 
575–608. 

Poole, K., 2002. Mechanisms of bacterial bio-
cide and antibiotic resistance. Journal of 
Applied Microbiology Symposium Sup-
plement, 92, 55S–64S. 

Price, L. B., M. Stegger, H. Hasman, M. Aziz, 
J. Larsen, P. S. Andersen, T. Pearson, A. 
E. Waters, J. T. Foster, J. Schupp, J. Gil-
lece, E. Driebe, C. M. Liu, B. Springer, I. 
Zdovc, A. Battisti, A. Franco, J. Zmudzki, 
S. Schwarz, P. Butaye, E. Jouy, C. Pomba, 
M. C. Porrero, R. Ruimy, T. C. Smith, D. 
A. Robinson, J. S. Weese, C. S. Arriola, F. 
Yu, F. Laurent, P. Keim, R. Skov & F. M. 
Aarestrup, 2012. Staphylococcus aureus 
CC398: Host Adaptation and Emergence 
of Methicillin Resistance in Livestock. 
MBio, 3, doi: 10.1128/mBio.00305-11. 

Rossolini, G. M., F. Arena, P. Pecile & S. 
Pollini, 2014. Update on the antibiotic re-
sistance crisis. Current Opinion in Phar-
macology, 18, 56–60.  

Russell, A. D. & N. J. Russell, 1995. Biocides: 
Activity, action and resistance. Symposium 
of the Society for General Microbiology, 
53, 327–365.  

Russell, A. D. & G. McDonnell, 2000. Con-
centration: A major factor in studying bio-
cidal action. Journal of Hospital Infection, 
44, 1–3.  

Rutala, W. A., 1995. APIC guidelines for se-
lection and use of disinfectants. American 
Journal of Infection Control, 23, 313–342. 

Sasatsu, M., Y. Shirai, M. Hase, N. Noguchi, 
M. Kono, H. Behr, J. Freney & T. Arai, 
1995. The origin of the antiseptic-

resistance gene ebr in Staphylococcus 
aureus. Microbios, 84, 161–169. 

SCENIHR, 2009a. Scientific Committee on 
Emerging and Newly Identified Health 
Risks, European commission, Directorate-
General for Health & Consumers. Assess-
ment of the Antibiotic Resistance Effects 
of Biocides. http://ec.europa.eu/health/ph_ 
risk/committees/04_scenihr/docs/scenihr_
o_021.pdf (06 June 2019, date last ac-
cessed).  

SCENIHR, 2009b. Scientific Committee on 
Emerging and Newly Identified Health 
Risks, European commission, Directorate-
General for Health & Consumers. Effects 
of Biocides on Antibiotic Resistance. 
https://ec.europa.eu/health/scientific_com
mittees/opinions_layman/en/biocides-an-
tibiotic-resistance/biocides-antibiotic-re-
sistance-greenfacts.pdf (06 October 2019, 
date last accessed). 

Schweizer, H. P., 2001. Triclosan: A widely 
used biocide and its link to antibiotics. 
FEMS Microbiology Letters, 202, 1–7.  

Sekiguchi, J., Т. Hama, Т. Fujino, М. Araake, 
А. Irie, К. Saruta, Н. Konosaki, Н. Nishi-
mura, А. Kawano, К. Kudo, Т. Kondo, Т. 
Sasazuki, Т. Kuratsuji, Н. Yoshikura & Т. 
Kirikae, 2004. Detection of the antiseptic- 
and disinfectant-resistance genes qacA, 
qacB, and qacC in methicillin-resistant 
Staphylococcus aureus isolated in a Tokyo 
hospital. Japanese Journal of Infectious 
Diseases, 57, 288–291. 

Seier-Petersen, M. A., 2013. Development of 
bacterial resistance to biocides and antim-
icrobial agents as a consequence of biocide 
usage. PhD Thesis, Technical University 
of Denmark. 

Sticker, D. J., 2004. Intrinsic resistance of 
Gran-negative bacteria. In: Principles and 
Practice of Disinfection, Preservation and 
Sterilisation, 4th edn, Blackwell Scientific 
Publications, Oxford, pp. 154–169. 

Townsend, D. E., N. Ashdown & L. C. Greed, 
1984. Transposition of gentamicin resis-
tance to staphylococcal plasmids encoding 



Bacterial resistance to antiseptics and disinfectants – minireview 

BJVM, 24, No 3 316 

resistance to cationic agents. Journal of An-
timicrobial Chemotherapy, 14, 115–124.  

Wales, A. D. & R. H. Davies, 2015. Co-
selection of resistance to antibiotics, bio-
cides and heavy metals, and its relevance 
to foodborne pathogens. Antibiotics, 4, 
572–576.  

Weber, D. J., A. W. Rutala & E. E. Sickbert-
Bennett, 2007. Outbreaks associated with 
contaminated antiseptics and disinfectants. 
Antimicrobial Agents and Chemotherapy, 
51, 4217–4224.  

Winder, C. L., I. S. I. Al-Adham, S. M. A. 
Abdel Malek, T. E. J. Buultjens, A. J. Hor-
rocks, & P. J. Collier, 2000. Outer mem-
brane protein shifts in biocide-resistant 
Pseudomonas aeruginosa PAO1. Journal 
of Applied Microbiology, 89, 289–295.  

Wolff, M. J., 1993. Use and misuse of antibi-
otics in Latin America. Clinical Infectious 
Diseases, 17, S346–S351.  

 

 

Paper received 06.06.2019; accepted for 
publication 21.09.2019 

 

Correspondence:  
 
Dr. Georgi Zhelev 
Department of Veterinary Microbiology, 
Infectious and Parasitic Diseases, 
Faculty of Veterinary Medicine, 
Trakia University, 
6000, Stara Zagora, Bulgaria, 
e-mail: zhelev_vet@abv.bg 

 
 


