Evaluation of the antibacterial activity of some biocides on vancomycin-resistant Enterococcus faecalis strains
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Abstract
In this study, six brands of readily available disinfectants and eight soaps commonly used in health care facility and at homes were assessed for anti-enterococcal property against eleven strains of E.  faecalis. Ten of the strains were vancomycin-resistant while one (DMOF 38) was sensitive to vancomycin. Two of the disinfectants, NXD and ZGCs were the most effective by completely inhibiting the test organisms even at the manufacturers’ recommended in-use concentrations. ZAL followed by VGL had the least anti-enterococcal effect. DMOF 53 and DMOF 47 were the most resistant strains while DMOF 38 and DMOF 21 showed the least resistance to the disinfectants. The vancomycin-sensitive strain, DMOF 38, showed relatively moderate resistance. This shows that there is no correlation between resistance to vancomycin (in particular) and disinfectants. The disinfectants: CRT, RBT, TMS and DTA, in that decreasing order, showed high anti-enterococci property while MSF and NVA showed the least effect on the enterococci. Strains recovered from Lux soap have confluent growth pattern which showed their ability to survive on its surface. Survival was least on CRT soap followed by DTL soap. Most of the strains strived very well on the surfaces of most of the soap samples. This shows that the enterococcal strains can be transmitted by using the same soap with the carrier.
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Introduction


Enterococci are naturally resistant to antibiotics (Murray, 1990). They acquire antibiotic resistance and spread the resistance genes to other species (Ott and Wirick, 2008). Multiple antibiotic-resistant enterococci (MRE) are emerging as a global threat to public health. MRE threatens to compromise effective treatment (Rahangdale et al., 2008). The application of biocides to heavily contaminated environments reduces health-care-associated transmission of contagious diseases (Javis, 1994; Poole, 2005). According to Muto et al. (2000), health care facilities can be contaminated during activities in hospital practices with microorganisms associated with hospital infections.  


Biocides are used extensively in hospitals and other health care settings for a variety of purposes. In particular, they are an essential part of infection control practices and aid in the prevention of nosocomial infections (Reynaldo et al., 2004). A wide variety of active chemical agents or biocides have been used both for antisepsis and disinfection for the prevention of both endemic and epidemic infections and/or diseases (Block, 1991). Biocide have a broader spectrum of activity than antibiotics yet less emphasis is laid on biocides compared to antibiotics, as biocides have multiple targets (Harrison et al., 2008). The widespread use of antiseptic and disinfectant products has led to microbial resistance, in particular cross-resistance to antibiotics.

Most biocides are used singly or in combination. They contain a variety of products which vary considerably in activity against microorganisms (Rutala and Weber, 2001). As with antibiotics and other chemotherapeutic agents, acquired resistance to antiseptics and disinfectants can arise by either mutation or the acquisition of genetic material in the form of plasmids or transposons. It is important to note that "resistance" as a term can often be used loosely and in many cases must be interpreted with some prudence. The role of plasmids in encoding resistance to biocides has been reported by Vali et al. (2008). It was concluded that apart from certain specific examples such as silver, other metals, and organomercurials, plasmids were not normally responsible for the elevated levels of antiseptic or disinfectant resistance associated with certain microorganisms.  


The resistance pattern of vancomycin-resistant Enterococcus faecalis to some common antimicrobials was therefore investigated in this study.
MATERIALS AND METHODS

Source of disinfectants


Six brands of common disinfectants used in both household and hospitals were purchased from a local market in Ado-Ekiti and were given the codes DTL,  ZAL,  NXD, SVN, VGL and ZGC. The active ingredients of the test disinfectants and their concentrations are stated in Table 1.
Source and standardization of test organisms

The vancomycin-resistant strains of Enterococcus faecalis (VREF) were obtained from the Department of Microbiology, University of Ado-Ekiti, Nigeria. The strains were revived and standardized using the method of Clinical and Laboratory Standards Institute (CLSI) (2005). 
Determination of susceptibility of E.  faecalis to disinfectants

Five-fold serial dilutions of each biocide were made, using the manufacturer’s recommended in-use dilution  and concentrations 100 and 50% below and above as lower and upper levels, respectively.  A 1ml aliquot of each dilution was transferred into tubes containing 10ml of the 18 hours culture (in Mueller-Hilton broth, Oxoid) with approximately 105 cfu/ml. After a contact period of 8 minutes, a loopful of the culture was transferred to a sterile plate of SB agar and incubated at 37oC for 24h.
Determination of susceptibility of Enterococcus faecalis to antiseptic soaps 


The agar dilution method was used to assess the antimicrobial effect of the soap samples (CRT, DTA, DTL, MSF, NVA, RBT and TMS) obtained from different supermarkets in Ado-Ekiti, Nigeria.  A 10%w/v of the soap solution was incorporated into Mueller-Hilton (Oxoid) agar. The plates were then incubated at 37oC for 24h. The growth pattern of the test organisms was observed. 

Results and Discussion

The control of infectious diseases largely depends on approaches that break the transmission chain of infections caused by pathogenic organisms. This is important more so as the presence of these pathogens is inevitable in the environment including hospitals, offices and homes (Pan et al., 2006). In this study, six brands of disinfectants commonly used in the health care facility and at home were purchased from local retail pharmacies and provision stores and assessed for their anti-enterococcal property. The active ingredients of the test disinfectants and surfactants (soaps) with their concentrations are stated in Tables 2 and 3 respectively. Table 4 shows the results of the anti-enterococcal quality of disinfectants evaluated at different concentrations. Two of the disinfectants (NXD and ZGCs) were most effective by completely inhibiting the test organisms even at the manufacturers’ recommended in-use concentrations. ZAL had the least anti-enterococcal effect, followed by VGL. Beside NXD and ZGCs, the recommended concentrations of the disinfectants were not effective on the isolates. It is clear that E.  faecalis, like other nosocomial bacteria, can adapt to a variety of environmental, physical and chemical conditions, and it is therefore not surprising that resistance to extensively used antiseptics and disinfectants has been reported (Karatzas et al., 2008). Many of these reports of resistance often have parallel issues including inadequate cleaning, incorrect product use, or ineffective infection control practices, which cannot be underemphasized.

The nature of the active ingredients and particularly their concentrations in these preparations may explain why some of the disinfectants are inhibitory while some are not. Quite an array of chemical agents are presented or marketed as chemical floor disinfectants, each with different compositions, activity and mode of action (Weber et al., 2007). The disinfectants that inhibit the test organisms at the manufacturer’s recommended concentration had the mixtures of dichlorometaxylenol and terpineol. Vali et al., (2008) reported that some acquired mechanisms of resistance, particularly with heavy-metals have also been shown to have clinical significance, but in most cases the results have been speculative (Noguchi et al., 2006). In addition, a particular antiseptic or disinfectant product may be better selected as part of infection control practices based on particular circumstances or nosocomial outbreaks; for example, certain active agents are clearly more efficacious against gram-positive than gram-negative bacteria (Mullapudi et al., 2008). 

DMOF 53 was the most resistant strain tested, followed by DMOF 47 while DMOF 38 and DMOF 21 showed the least resistance to disinfectants. Vancomycin sensitive strain, DMOF 38 showed relatively moderate resistance. This shows that there is no correlation between vancomycin resistance and resistance in particular to disinfectants in general. Soap samples CRT, RBT, TMS and DTA, in that sequence showed high anti-enterococci property, with CRT showing the highest followed by RBT.

Table 2 shows the general descriptions of soap samples assessed for anti-enterococcal property. The active chemical component and their concentrations were shown with the expiry dates. Except for CRT, all other soap samples had just one active ingredient. Four of the soaps had trichlorocabanilide as the antiseptic active component, which is very effective against both Gram negative or positive bacteria (Karpanen et al., 2008) howbeit at different concentrations. A total of eleven strains of E.  faecalis were used in this study (Table 1). Ten of the strains were vancomycin-resistant while one (DMOF 38) was vancomycin-sensitive. 
Soaps are used in hospitals, industrial establishments, public buildings, on farms, and in the homes for the general purposes of cleanliness and to destroy or inhibit microorganisms for control and prevention of infection (Webber et al., 2007; 2008).  MSF and NVA showed the least effect on the enterococci. Its population increased with time reaching the maximum at the end of the experiment (10th hour) in NVA and DTL.   


 Table 6, shows the ability of the test organisms to survive on the surface of the soap samples. The organisms survived most on the surface of the Bland soap (LXX) while the survival was least on CRT followed by DTL. The organisms strived very well on the surface of most soap samples. This indicates that the organisms can be transmitted by the soaps (Muller and Kramer, 2008) through hand washing without further disinfection. This may however explain the need for the use additional disinfection in medical practices.
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Table 1: Antibiotic resistant pattern of selected Enterococcus faecalis
	Strains
	Antibiotic Resistant Pattern

	Enterococcus faecalis DMOF 21  
	Nor+, Van+, Pef+, Cip+

	Enterococcus faecalis DMOF 67
	Nor+, Van+, Pef+, Cip+

	Enterococcus faecalis DMOF 47
	Nor+ ,Van+, Ofl+,  Cip+

	Enterococcus faecalis DMOF 81  
	Nor+, Van+, Ofl+,  Cip+

	Enterococcus faecalis DMOF 97  
	Nor+, Van+, Ofl+, Cip+

	Enterococcus faecalis DMOF 53  
	Nor+, Van+, Ofl+,  Cip+

	Enterococcus faecalis DMOF 04  
	Nor+, Van+, Ofl+, Cip-

	Enterococcus faecalis DMOF 69  
	Nor+, Van+, Ofl+, Cip+

	Enterococcus faecalis DMOF 89  
	Nor+, Van+, Ofl+,  Cip+ 

	Enterococcus faecalis DMOF 26 
	Nor+, Van+, Ofl+,  Cip+

	Enterococcus faecalis DMOF 38  
	Nor+, Van-, Ofl+, Cip+


                  Nor=Norfloxacin     Van=Vancomycin    Pef=Pefloxacin      Cip=Ciprofloxacin   Ofl=Ofloxacin     += resistant       -= susceptible

Table 2: A summary of the various types of disinfectants, their active ingredients, concentration and recommended concentrations.

	Disinfectant
	Active ingredients
	Composition
	Manufacturing/ Expiry Date
	Recommended in-use

Concentrations (% v/v)

	
	
	Concentrations (%w/v)
	Manufacturers’ address
	
	

	ZGC
	Dichlorometaxylenol

Terpineol
	2.5

10
	Gongoni Co.,  Kano, Nigeria
	08-2008/07-2011
	0.20

	DTL
	Chloroxylenol

Isopropyl Alcohol

Oleum pini-aromaticum
	4.8

9.43

8.38
	Reckitt and Colman Product Ltd, Hull, England
	09-2008/09/2011
	5.00

	SVN
	Chlorhexidine

Cetrimide
	0.3

3.0
	Pharmedica (Pty) Ltd., London, England
	06-2008/06-2012
	6.00

	ZAL
	Phenol
	27.0
	Glaxo-SmithKline, Brentford, England
	---/11-2010
	0.50

	NXD
	Dichlorometaxylenol

Terpineol
	2.5

10
	Johnson Wax, Nig Ltd
	12-2006/11-2009
	2.0

	VGL
	Chlorhexidine

Cetrimide
	0.3

3.0
	VGL pharmaceuticals, Nig.
	08-2005/07-2009
	2.0


Table 3: A summary of the various tested soaps, their active ingredients and concentration

	Soap
	Colour
	Active ingredients
	Concentration
	Manufacturing/Expiry date

	MSF
	Pink
	Trichlorocarbanilide
	0.1%w/w
	04-2006/03-2009

	RBT
	Blue
	Mercuric oxide
	1%w/w
	06-2006/07-2009

	TMS
	Yellow
	Monosulfram
	5%w/w
	02-2006/06-2009

	CRT
	Cream milk
	Trichlorocabanilide

Triclosan
	0.1%w/w

0.1%w/w
	06-2006/06-2009

	NVA
	Dark blue
	Trichlorocabanilide
	1.0%w/w
	05-2005/04-2009

	DTA
	Milky
	Trichlorocabanilide
	0.5%w/w
	02-2006/02-2006

	DTL
	Cool blue
	Chloroxylenol
	0.5%w/w
	08-2006/08-2009


Table 4: Effect of concentrations (below and above recommended dilution) of disinfectants on VREF

	Disinfectant
	Organism

	Name
	Dilutions
	DMOF 21
	DMOF 67
	DMOF 47
	DMOF 81  
	DMOF 67  
	DMOF 324   
	DMOF 456 
	DMOF 405  
	DMOF 505 
	DMOF 532 
	DMOF 38  

	ZAL
	4 X R
	--
	+
	--
	+
	--
	--
	--
	--
	--
	+
	--

	
	2 X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	--

	
	R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	--

	
	½ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	
	¼ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	NXD
	4 X R
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	
	2 X R
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	
	R
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	
	½ X R
	--
	--
	--
	+
	+
	+
	+
	--
	--
	--
	+

	
	¼ X R
	--
	--
	+
	+
	+
	+
	+
	--
	--
	--
	+

	SVN
	4 X R
	+
	+
	--
	--
	--
	+
	+
	--
	--
	--
	+

	
	2 X R
	+
	+
	+
	+
	--
	+
	+
	+
	--
	--
	+

	
	R
	+
	+
	+
	+
	--
	+
	+
	+
	+
	--
	+

	
	½ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	
	¼ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	DTL
	4 X R
	--
	--
	--
	--
	--
	--
	--
	+
	--
	+
	--

	
	2 X R
	--
	--
	+
	--
	--
	--
	+
	+
	+
	+
	--

	
	R
	--
	--
	+
	--
	--
	--
	+
	+
	+
	+
	--

	
	½ X R
	--
	--
	+
	+
	+
	--
	+
	+
	+
	+
	+

	
	¼ X R
	+
	+
	+
	+
	+
	--
	+
	+
	+
	+
	+

	VGL
	4 X R
	--
	+
	--
	--
	--
	+
	+
	--
	--
	--
	+

	
	2 X R
	+
	+
	+
	+
	--
	+
	+
	+
	--
	--
	+

	
	R
	+
	+
	+
	+
	--
	+
	+
	+
	+
	+
	+

	
	½ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	
	¼ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	ZGC
	4 X R
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	
	2 X R
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	
	R
	--
	--
	--
	--
	+
	--
	+
	--
	--
	--
	--

	
	½ X R
	+
	+
	+
	--
	+
	+
	+
	+
	+
	+
	+

	
	¼ X R
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+


Table 5: Growth rate of VREF (cfu/ml) in solutions of test soap samples
	Disinfectant
	Organism

	Soap
	Time (Hr)
	DMOF 21
	DMOF 67
	DMOF 47
	DMOF 81  
	DMOF 67  
	DMOF 324   
	DMOF 456 
	DMOF 405  
	DMOF 505 
	DMOF 532 
	DMOF 38  

	CRT
	2
	3
	6
	4
	11
	-
	10
	3
	-
	2
	2
	3

	
	4
	7
	8
	9
	12
	-
	14
	1
	2
	6
	7
	

	
	6
	2
	3
	14
	7
	
	11
	-
	5
	8
	4
	5

	
	8
	-
	3
	5
	3
	7
	4
	-
	6
	7
	-
	8

	
	10
	-
	-
	-
	-
	12
	1
	-
	9
	4
	-
	7

	RBT
	2
	2
	4
	3
	7
	3
	2
	-
	6
	5
	3
	3

	
	4
	4
	2
	9
	12
	8
	8
	4
	6
	17
	7
	3

	
	6
	6
	8
	4
	14
	11
	9
	3
	9
	14
	11
	4

	
	8
	8
	11
	4
	15
	7
	7
	7
	8
	13
	9
	-

	
	10
	10
	5
	-
	13
	6
	8
	9
	9
	13
	8
	-

	DTL
	2
	2
	11
	8
	7
	3
	9
	7
	-
	4
	11
	2

	
	4
	4
	13
	9
	10
	5
	8
	10
	3
	7
	14
	4

	
	6
	6
	17
	21
	19
	6
	3
	4
	8
	21
	9
	13

	
	8
	8
	27
	17
	24
	9
	1
	4
	11
	23
	5
	17

	
	10
	11
	29
	27
	26
	12
	-
	1
	14
	32
	2
	2

	DTA
	2
	2
	4
	-
	6
	3
	7
	1
	3
	6
	4
	9

	
	4
	4
	21
	3
	11
	8
	13
	5
	8
	7
	8
	13

	
	6
	6
	15
	12
	14
	11
	18
	9
	14
	12
	11
	11

	
	8
	8
	14
	12
	17
	18
	11
	10
	17
	9
	13
	6

	
	10
	12
	12
	7
	22
	12
	5
	14
	13
	8
	13
	2

	MSF
	2
	2
	21
	14
	19
	8
	12
	28
	21
	5
	17
	8

	
	4
	4
	29
	27
	24
	14
	17
	31
	23
	12
	22
	8

	
	6
	6
	17
	34
	18
	19
	30
	34
	27
	14
	19
	12

	
	8
	9
	7
	38
	15
	17
	34
	8
	28
	11
	18
	16

	
	10
	12
	3
	38
	13
	12
	37
	38
	28
	14
	13
	24

	TMS
	2
	2
	14
	6
	5
	9
	3
	6
	8
	17
	19
	14

	
	4
	4
	11
	19
	7
	16
	7
	9
	12
	15
	16
	13

	
	6
	6
	7
	15
	8
	22
	8
	13
	14
	8
	11
	8

	
	8
	8
	5
	14
	7
	20
	11
	7
	9
	7
	4
	5

	
	10
	10
	5
	11
	4
	13
	17
	2
	5
	7
	2
	2

	NVA
	2
	2
	18
	17
	15
	9
	12
	24
	7
	13
	11
	21

	
	4
	4
	28
	22
	19
	14
	7
	31
	19
	16
	13
	25

	
	6
	6
	25
	23
	19
	21
	21
	33
	23
	21
	24
	28

	
	8
	8
	27
	31
	21
	25
	27
	36
	26
	22
	24
	31

	
	10
	12
	29
	34
	24
	30
	27
	38
	31
	29
	29
	36


Data are the modal values of three determinations
Table 6: Survival of E. faecalis on soap surface

	
	Organisms

	Soap
	DMOF 21
	DMOF 67
	DMOF 47
	DMOF 81  
	DMOF 67  
	DMOF 324   
	DMOF 456 
	DMOF 405  
	DMOF 505 
	DMOF 532 
	DMOF 38  

	CRT
	-
	-
	-
	-
	-
	-
	-
	+
	-
	++
	-

	RBT
	++
	++
	+++
	++
	+++
	+++
	+++
	++
	+++
	+++
	+

	DTL
	++
	++
	-
	+++
	+++
	+++
	-
	-
	+++
	+++
	++

	DTA
	++
	+++
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	-

	MSF
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	TMS
	+++
	+++
	++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	NVA
	+++
	+++
	++
	+++
	+++
	+
	++
	+++
	+++
	+++
	+++

	Bland (LXX)
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++


+++ = very many colonies (≥5.9 x 103cfu/ml)

++ = many colonies (between 5.9 x 102 and 5.9 x103cfu/ml)

+= few colonies (between 30 and 5.8 x 102cfu/ml)

-= scanty or no growth (<30 cfu/ml)
1

