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ABSTRACT 

  The increase of multiple-antibiotic resistant staphylococci has resulted in 

infections that are becoming challenging to cure.  In hopes of preventing the spread of 

these opportunistic pathogens, there has been a rise in the use of triclosan - containing 

products within the community. It has been proposed that the abuse of these antimicrobial 

products may lead to resistance.  The main purpose of this study was to determine the 

different levels of triclosan, (2,4,4’-trichloro-2’-hydroxydiphenyl ether), susceptibility 

among sixty-six Staphylococcus isolates recovered from Southern Vancouver Island. This 

was accomplished by determining their minimum inhibitory concentration (MIC) values 

using the microdilution broth method. Among the Staphylococcus isolates, 1.5% had a 

MIC value of 8mg/L, 74.2% had a MIC value of 6mg/L, 16.7% had a MIC value of 

4mg/L, 3.0% had a MIC value of 2mg/L and 4.5% had a MIC value of 1mg/L or less. 

When compared to previous studies it appeared that the levels of triclosan resistance are 

increasing over time. In addition, a comparison between methicillin-resistant 

Staphylococcus aureus (MRSA) and the coagulase-negative Staphylococcus isolates 

(CoNS) revealed no significant difference in the levels of triclosan resistance. Finally, the 

sample data indicates that there was no evident correlation between antibiotic and 

triclosan resistance.  
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INTRODUCTION 

  Ubiquitous in nature, members of the genus Staphylococcus are commonly 

associated with the surface of the skin, skin glands, and mucous membranes of warm-

blooded animals (Prescott et al., 2005). These bacteria can be identified as Gram-

positive, facultative anaerobic, cluster-forming, non-motile cocci. They are part of the 

natural microflora of both humans and animals. For instance, 100% of healthy individuals 

carry Staphylococcus epidermidis and 60% of the population harbours Staphylococcus 

aureus at least once during their lifetime (Karatzas et al., 2007). A cause of concern is the 

many diseases that can arise due to the pathogenic tendencies of the bacteria. 

Staphylococcus aureus, one of the most prominent opportunistic pathogens, causes a 

broad spectrum of illnesses in individuals with compromised immune systems. 

Pathological conditions associated with this staphylococcal species, range from minor 

illnesses: skin infections, boils, and food poisoning, to life-threatening diseases: 

endocarditis, osteomyelitis, pneumonia, brain absecesses, meningitis, toxic shock 

syndrome etc. (Shittu and Lin, 2006 and Prescott et al., 2005). In addition, 

Staphylococcus aureus is a cause of considerable morbidity and mortality as a 

nosocomial pathogen. In the distant past, S. aureus infections were often fatal, but since 

the discovery of antibiotics, public health has significantly improved (Collignon, 2002). 

 Antibiotics are natural substances produced by microorganisms to out compete 

other microorganisms in their natural environment. Scientists have discovered ways to 

utilize these substances to cure bacterial infections (Gilbert and McBain, 2003; Prescott 

et al., 2005). The first effective antibiotic was penicillin, discovered by Alexander 



 4

Fleming in 1928 (Ligon, 2004a). Although the discovery of penicillin was accidental, it is 

nevertheless considered one of the greatest innovations in the history of medicine. The 

use of antibiotics drastically changed the process of treating infectious diseases and most 

importantly saved the lives of millions of people (Ligon, 2004b).  However, in 1952, 

shortly after the Nobel Prize-winning discovery of penicillin, microbes with resistance to 

antibiotics were identified.  

  Resistance is the relative insusceptibility of microorganisms to a particular 

treatment under a particular set of conditions (Gilbert and McBain, 2003). The first 

documented species of bacteria that demonstrated resistance to the first line of antibiotics 

were Staphylococcus aureus (Lewis, 1995). Temporarily, the semi-synthetic antibiotic 

methicillin was used to successfully treat nosocomial staphylococcal infections, which 

were resistant to penicillin and other antibiotics, but eventually methicillin - resistant 

Staphylococcus aureus emerged  (Prescott et al., 2005; Collignon, 2002; Bermes, 1998)  

 Methicillin - resistant Staphylococcus aureus (MRSA) are bacteria that are 

resistant to beta-lactam antibiotics, including methicillin. This family of antibiotics 

comprises penicillins, cephalosporins, carbapenems and monobactams, which are all 

characterized by the presence of their unique ß-lactam ring (Prescott et al., 2005). As 

research continues, the list of antibiotics to which MRSA isolates are resistant to is 

continually increasing. Thus more severe and life threatening infections will arise as 

treatment options become restricted (Bhattacharya et al., 2007).  

  By 1998, vancomycin was considered one of the only antibiotics that provided 

successful clinical treatment against MRSA infections (Bermes, 1998); however, by 

2002, some MRSA strains gained resistance to vancomycin (Yoshikawa, 2002). As a 
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result of the minimal amount of effective antibiotics, new antibiotics such as 

quinupristin-dalfopristin and linezolid were developed, but once again MRSA quickly 

gained resistance (Livermore, 2003; Collignon, 2002). Evidently, Staphylococcus species 

often demonstrate a strong ability to overcome antibiotic treatment. Perhaps overtime 

these bacteria will become resistant to all existing antibiotics.  

  Staphyloccocus species has evolved many mechanisms to facilitate antibiotic 

resistance. Staphylococcal resistance to several antibiotics can be achieved by the 

production of ß-lactamases, the acquisition of the chromosomal gene mecA, and the 

possession of efflux pumps (Prescott et al., 2005). The production of the enzyme ß-

lactamase inactivates the beta-lactam antibiotics by cleaving its functional beta-lactam 

ring. The other successful system adopted by staphylococcal isolates is the acquisition of 

the mecA gene. This gene encodes a mutant penicillin-binding protein called PBP2a, or 

penicillin- binding protein 2a, an enzyme that has a very low affinity for -lactam 

antibiotics.  Even after methicillin inactivates native penicillin-binding proteins, in 

staphylococcal isolates with the mecA gene, PBP2a serves as a replacement cell-wall-

synthesizing enzyme that is resistant to methicillin deactivation (Prescott et al., 2005; 

Katayama et al., 2003). In order for staphylococcal isolates to expand their resistance past 

the beta-lactam family of antibiotics, they gained resistance through the efflux pump 

system. Efflux pumps are transport proteins involved in the removal of toxic substrates, 

including antibiotics, from within the bacterial cells into the external environment. An 

example of antibiotic resistance caused by efflux pumps is the resistance to 

fluoroquinolones,  (Prescott et al., 2005; Webber and Piddock, 2003; Markham et. al., 
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1999). At least one of these mechanisms are found to be present in the ever-growing 

number of strains with multiple antibiotic resistance (Webber and Piddock, 2003).   

  Several reasons have been proposed to explain the rapid spread of antibiotic 

resistance among Staphylococcus species.  Presently, the most widely accepted reason for 

the increase in antibiotic resistance is the inappropriate, incomplete course of antibiotic 

treatment and the over prescription of antibiotics in clinical medicine, animal husbandry, 

and veterinary practice (Gilbert and McBain, 2003). This excessive use of antibiotics has 

acted as a selective pressure favouring the survival of antibiotic-resistant bacteria. With 

the increase on the numbers of these ‘super-bugs’, the fear of the possibility of catching 

an incurable bacterial infection was greatly amplified. Industries exploited the public’s 

panic by introducing antimicrobial agents to a multitude of otherwise traditionally 

innocuous products (Gilbert and McBain, 2003).  

  Antimicrobial agents are human made chemicals that have been developed for the 

use as decontaminants and for use in improving cleanliness of various surroundings 

(Prescott et al., 2005; Fraise, 2002). Triclosan (2,4,4’-trichloro-2’-hydroxydiphenyl ether) 

is the most common active ingredient in antimicrobial products used today. Triclosan 

interacts with an enoyl-acyl carrier protein reductase (FabI) that inhibits fatty acid 

synthesis in bacteria. Fatty acids are essential components for cell membrane production, 

thus the bacteria that encounter this chemical are greatly damaged and die by cell lysis 

(McBain et al., 2003). This ingredient was introduced in the 1960’s and has since been 

extensively incorporated into domestic products like shampoos, toothpastes, deodorants, 

detergents, moulded plastic containers and chopping boards, toys, clothing, cutlery etc. 

(McBain et al., 2003). Like other antimicrobial agents, triclosan is overused and misused. 
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Indeed, more than 50% of all antimicrobial products usage is deemed unnecessary (Braid 

and Wale, 2002). Consequently, the over-use and overexposure to antibacterial agents 

may lead to the antimicrobial resistance of many bacterial species, in a way similar to the 

growth of antibiotics resistance in bacteria. Moreover, recently published research reveals 

that some MRSA isolates are already showing low-levels of resistance to the 

antimicrobial triclosan (Schmid and Kaplan, 2004). 

  Although, Heathman first recognized antimicrobial resistance 70 years ago, well 

before the discovery of antibiotic resistance (Fraise, 2002), the last 50 years of research 

has focused primarily on studying antibiotic resistance. Considering that triclosan is 

commonly used for both public and industrial cleaning purposes, we may expect to 

eventually observe a resistance to it among Staphylococcus species. Only a small number 

of studies have reported resistance of triclosan among different bacteria species (Suller 

and Russell, 2000); further study is needed to confirm these findings. In addition, the 

possibility of a link between antimicrobial resistance and antibiotic resistance has only 

been considered recently (Cole et al., 2003; Gilbert and McBain, 2003; Fraise, 2002). 

  The main purpose of this research was to determine the levels of triclosan 

susceptibility in Staphylococcus isolates recovered from the surfaces of objects located in 

public places on Southern Vancouver Island. The idea behind this project arose from the 

results of previous studies conducted by Malaspina University College Biology students 

(Fernandes, 2005; Beerens, 2004). Those studies involved surveying the presence of 

MRSA in public places such as ATM machines, homeless shelters, gyms and schools.  

These results produced negligible MRSA recovery even though the places surveyed 

where expected to harbour MRSA according to the Centres of Disease Control and 
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Prevention (CDC, 2008). In contrast, high levels of other Staphylococcus species, other 

than S. aureus were easily isolated. Interestingly, these results did not correlate with the 

observed increase in outbreaks of community acquired MRSA infections (VIHA, 2007). 

Thus, these events seem to indicate that MRSA was not surviving on the surfaces of 

objects as well as other Staphylococcus species. 

  One possible explanation for this low recovery rate of MRSA might involve the 

cleaning protocol used to clean the surfaces of objects in public places. A review of the 

products commonly used in these facilities revealed that the most common active 

ingredient in antimicrobial cleaning solutions is triclosan. One question to ask is whether 

there are differences in the levels of triclosan susceptibility among all Staphylococcus 

isolates recovered form Southern Vancouver Island. An experiment was designed to 

determine the minimum inhibitory concentration values of triclosan among thirty-eight 

methicillin-resistant Staphylococcus aureus isolates and twenty-eight other 

Staphylococcus isolates recovered during many microbiological surveys conducted in 

Southern Vancouver Island. In addition, since some researchers (Aiello et al. 2004; Cole 

et al., 2003; Suller and Russell, 2000) suggest a possible link between antimicrobial 

resistance and antibiotic resistance, the second objective of this research was to search for 

a potential correlation between triclosan resistance and antibiotic resistance.  
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MATERIALS AND METHODS 

Source of Bacteria 

  Current Malaspina University College biology students collected the 

Staphylococcus isolates from Southern Vancouver Island in 2007. In Nanaimo, Fatima 

Kaabar, Jennifer O’Donnell and Jaspreet Randhawa collected the samples. In Campbell 

River Jennifer O’Donnell collected more samples of Staphylococcus isolates.  

  The source of methicillin-resistant Staphylococcus aureus (MRSA) included 

clinical isolates collected in Nanaimo from MRSA infected patients between the years of 

2004 – 2007 by the Vancouver Island Health authorities (VIHA). These MRSA samples 

were given as a fresh culture.  

Sampling and Identification 

  Primary sites for the sample collection were surfaces that serve as common 

interfaces for the general public. The bacterial samples were initially collected using 

moist sterile swabs in saline. The swab was then rubbed onto selective and differential 

media, mannitol salt agar. Mannitol fermenting colonies were selected for further testing 

in order to elucidate their identification; those tests included: Gram- staining, the catalase 

test and the coagulase test. Only bacteria that were Gram-positive cocci and catalase – 

positive were subjected to the coagulase test. The coagulase test (Becton Dickinson 

BBLTM Coagulase Plasma, Rabbit) was performed to differentiate S. aureus from other 

coagulase negative Staphylococcus (CoNS). The MRSA identifications were provided by 

VIHA. Follow procedure described by Amanda Beerens (2004) and Antonio Fernandes 

(2005). 
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Testing for Antibiotic Resistance 

  Using the Kirby-Bauer test, antibiotics resistance profiles were generated for all 

Staphylococcus isolates collected from the environment. The Kirby-Bauer test followed 

the specifications from performance standards for antimicrobial susceptibility testing; 

seventeenth informational supplement (Wikler, 2007). The antibiotic resistance test was 

based on the following antibiotics: penicillin, oxacillin, clindamycin, rifampin, 

vancomycin, quinupristin/dalfopristin, novobiocin, erythromycin, tetracyclines, 

trimethoprim and gentamicin.  The antibiotic resistant profiles for the MRSA strains were 

provided by VIHA. 

Testing for Resistance to Triclosan   

  Resistance to triclosan (2,4,4’-trichloro-2’-hydroxydiphenyl ether) was evaluated 

by determining the minimum inhibitory concentration value (MIC) of triclosan that was 

able to inhibit bacterial growth. The MIC value is by definition, the lowest lethal 

concentration of the antimicrobial agent that will inhibit visible bacterial growth after 24 

hours of incubation (EUCAST, 2000).  The MIC tests for triclosan were performed using 

a microdilution broth method similar to that recommended by the Clinical and Laboratory 

Standards Institute (2006), using flat bottom 96-well microtiter plates (BD FalconTn, 

Franklin Lakes USA).   

  Two fold serial dilutions of triclosan were prepared in Dimethly Sulfozide 

(DMSO) (Sigma, St. Louis MO. USA) starting from stock solutions made by dissolving 

triclosan powder in 99.5 % DMSO. DMSO was chosen as a triclosan solvent because 

triclosan is insoluble in water. Since high levels of DMSO can be toxic to bacteria, the 
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dilutions were designed so that the bacteria were exposed to a maximum DMSO 

concentration of 5% (Jacob and Herschler, 2007).   The triclosan concentrations tested 

ranged from 0.0625 mg/L to the highest concentration at which no growth was observed.  

  Single well-isolated colonies, from nutrient agar plates containing selected 

bacterial isolates, were used to inoculate 10 mL of Mueller-Hinton broth (Oxoid, 

Basingstoke Hampshire England) tubes.  The inoculated tubes were grown at 37oC for 

18-24 hours.  After the initial incubation period, the cell density of the broth culture was 

adjusted by diluting as needed with sterile phosphate buffered saline (PBS) until an 

OD625 of 0.08 was achieved as detected by using a Spectronic® 20+ series 

spectrophotometer (Bausch & Lomb).  

  Each test microwell was inoculated with 200µL of the adjusted overnight 

bacterial culture, supplemented with 37.5µL of fresh Mueller-Hinton broth and 12.5µL of 

a triclosan stock adjusted to give a specific final volume of 250µL. Each test included 

two controls; the first control was designed to ensure that the concentration of DMSO 

used had no inhibitory affect on the growth of the bacteria. This control consisted of 

bacteria, 5% DMSO and broth.  The second control was designed to ensure that the 

growing conditions used in the test allowed for successful growth of the bacteria. This 

control consisted of bacteria and broth. In addition, these controls were used to establish a 

baseline for the approximate bacterial growth in that environmental setting.  Each test 

was done in triplicates to increase the reliability of the results.  

  As soon as the tests were set up, an initial reading of the cell density was taken 

using the Spectra Max® 190 Microplate Sprectrophotometer by Molecular Devices and 

the computer program called SoftMax Pro 4.8. Then the 96-well microtiter plates were 
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incubated at 37oC for 18 to 24 hours.  After the incubation period, changes in cell density 

were measured and compared to the initial reading in order to find the MIC value. 

Calculations & Statistical Analysis 

  To consider the genuine effectiveness of triclosan on the bacteria, the percentage 

of live bacteria was determined. Bacterial growth was calculated by taking the initial cell 

density reading and subtracting it from the final cell density reading. This number was 

then divided by the change in cell density grown in the DMSO control and then finally 

multiplied by 100 to obtain a final percentage. In addition, because every test was 

performed in triplicates, the standard deviation was calculated to determine the spread of 

the values. The mean of the three trials was calculated to determine the average. To 

consider if there was a correlation between antibiotic resistance and triclosan resistance a 

statistical analysis known as chi-squared contingency table was used. 
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RESULTS 

  The environmental survey of Southern Vancouver Island during the summer of 

2007 resulted in the recovery of only coagulase-negative Staphylococcus (CoNS) isolates 

and did not produce any methicillin- resistant Staphylococcus aureus (MRSA) isolates. 

However, the Kirby-Bauer test revealed that 35.7% of the CoNS were methicillin-

resistant. A comparison between the antibiotic resistant profile of our CoNS isolates and 

that of the MRSA clinical isolates provided by the Vancouver Island Health Authorities 

(VIHA) revealed a significant difference in number of antibiotics to which they are 

simultaneously resistant to as shown in Table 1.  

Table 1.  Number of antibiotics to which different staphylococci, isolated from South 
Vancouver Island during the years 2004-2007, are resistant to. 

Number of Antibiotics 1CONS 2MRSA Total 
6-8 1 9 10 
3-5 7 26 33 

2 or less 20 3 23 
1Coagulates negative Staphylococcus; 2methicillin-resistant Staphylococcus aureus 

  An examination of Table 1 revealed that 92.4% of all Staphylococcus isolates 

from Southern Vancouver Island were resistant to at least one antibiotic. Of those 

resistant to antibiotics 83.6% have multiple-antibiotic resistance and 77.0% were 

methicillin-resistant. In addition, the majority of MRSA isolates were resistant to at least 

three antibiotics. Among the antibiotics tested, resistance to penicillin was most frequent. 

It was found that 100% of all MRSA and 53.57% of all CoNS were resistant to penicillin, 

but all CoNS were susceptible to the antibiotic gentamicin, rifampin and quinupristin/ 

dalfopristin, and only four CoNS isolates were intermediately resistant to the antibiotic 

vancomycin. All MRSA, on the other hand, were susceptible to vancomycin (Table 3 and 

Table 4). 



 14

  Next, all of the Staphylococcus isolates were tested on their resistance to triclosan. 

This was evaluated by determining the minimum inhibitory concentration (MIC) value of 

triclosan. The microdilution broth method (Clinical and Laboratory Standards Institute; 

2006) produced results that are presented in Table 2.  

Table 2. The Minimum Inhibitory Concentration values for triclosan among 
staphylococci isolated from South Vancouver Island during the years 2004-2007.  
Average MIC Values (mg/L) 1CONS 2MRSA Total 
High MIC: 5-8 22 28 50 
Low MIC: 4 or less 6 10 16 
Total 28 38 66 
1Coagulates negative Staphylococcus; 2methicillin-resistant Staphylococcus aureus 

  The minimum inhibitory concentration values in Table 2 were grouped based on 

high triclosan tolerance and low triclosan tolerance. There was a higher proportion, 

75.8%, of the sample that have high MIC values of 5-8mg/L and only 24.2% of the 

sample that have low MIC values of 4mg/L or less. There was no apparent difference 

between the frequency of high triclosan tolerance between CoNS and MRSA. Table 3 

and Table 4 lists the antibiotic resistant profile for each CoNS (Table 3) and MRSA 

(Table 4) isolates and their triclosan MIC value. In these tables there was further 

categorization of the data into break point and percent resistance. Percent resistance was 

used as another way to categorize the MIC values, which shows the actual variability of 

the data between isolates. The numbers indicate the percent of bacteria that were alive at 

the lower triclosan concentration of the break point. A review of the data presented in 

those tables does not reveal any apparent correlation between high triclosan MIC values 

and any particular antibiotic. 
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Table 3.  Antibiotic Resistance Profile and Average Triclosan MIC values for CoNS 
isolates, recovered from South Vancouver Island during the year 2007. 

Staphyloccocus  
Isolate number  

(2007) 

Antibiotic  
Resistance  

Profile 

Average Minimum Inhibitory 
Concentration  

(mg/L) 1Breakpoint (mg/L) 2Resistance (%) 

33 Ox4, P3, TMP9 6.00 4 to 6 83.98 

36 Ox, P, TMP, Nv7, CC5, E8 6.00 4 to 6 64.72 

11 P, E 6.00 4 to 6 59.79 

34   6.00 4 to 6 49.69 

42 E 6.00 4 to 6 41.50 

15 E(I) 6.00 4 to 6 40.95 

35 Ox, P 6.00 4 to 6 40.47 

38 TMP 6.00 4 to 6 40.43 

39 CC, TMP(I) 6.00 4 to 6 37.01 

10   6.00 4 to 6 35.99 

37 TMP(I) 6.00 4 to 6 34.61 

6 VN(I)6 6.00 4 to 6 32.06 

7 P 6.00 4 to 6 29.76 

1 P, E  6.00 4 to 6 25.98 

CR2 Ox, P, E 6.00 4 to 6 16.04 

31 Ox, P, TMP, E 6.00 4 to 6 16.04 

32 Ox, P, TMP 6.00 4 to 6 15.38 

41   6.00 4 to 6 15.75 

CR14 Ox, P, E, Vn(I) 6.00 4 to 6 12.82 

40 P, Vn(I) 6.00 4 to 6 3.15 

4 P, Vn(I) 6.00 4 to 6 5.26 

CR13 Ox, P, E 6.00 4 to 6 0.83 

2 Ox(I), P, E, TMP 4.00 2 to 4 4.57 

14 E 2.00 1 to 2 3.30 

3 Vn(I) 2.00 1 to 2 2.34 

5 P 1.00 0.5 to 1 9.70 
9  0.50 0.25 to 0.50 0.37 
8   0.0625 N/A N/A 

 
1Break point: the range of [triclosan] at which Staphylococcus isolates are inhibited; 2Resistance: the percent survivability of 
Staphylococcus isolates at the lower [triclosan] of the break point. 3Penicillin, 4oxacillin, 5clindamycin, 6vancomycin intermediate, 
7novobiocin, 8erythromycin. 9trimethoprim. 
 
  The minimum inhibitor concentration values presented in Table 3 and Table were 

summarized and reported as an average of three trials. There seemed to be very little 

variability between the MIC values obtained from the twenty-eight CoNS isolates.  

Among these isolates, 78.6% had a MIC value of 6mg/L, 3.6% had a MIC value of 

4mg/L, 7.1% had a MIC value of 2mg/L, 3.6% had a MIC value of 1mg/L, 3.6% had a 

MIC value of 0.5mg/L and 3.7% had a MIC value of 0.0625mg/L. Although, most of the 

sample appears to have the same MIC value of 6mg/L, the percent resistance shows a 
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great range in the survivability at the lower end. In other words even though isolate CR13 

and isolate 33 have a MIC value of 6mg/L, they each survived differently at 4mg/L. 

Barely 1% of CR13 survived in 4mg/L of triclosan, on the other hand 84% of isolate 33 

survived in 4mg/L of triclosan. In Table 4 among the MRSA isolates 2.6% had a MIC 

value of 8mg/L, 71.1% had a MIC value of 6mg/L and 26.3% had a MIC value of 4mg/L.  

Table 4. Antibiotic resistance profile and average triclosan MIC values for MRSA 
isolates, recovered from South Vancouver Island during the years of 2004- 2007. 

MRSA 2004  
Antibiotic 

 Resistance Profile 

Minimum Inhibitory 
Concentration  

(mg/L)  1Breakpoint (mg/L) 

2Resistance  
(%) 

M38924 Ox, E, P 8.00 6 to 8 1.04 
M17593 4Ox, 8E, 3P 6.00 4 to 6 10.60 

M15798 
Ox, ,E, P, 5CC, 10GM, 6RD, 7TE, 
9TMP 6.00 4 to 6 9.98 

M16729 Ox, E, P 6.00 4 to 6 6.99 
M16529 Ox, E, P, CC GM, TE, TMP 6.00 4 to 6 4.79 
M22198 Ox, E, P, CC, 6.00 4 to 6 4.62 
M22089 Ox, E, P 6.00 4 to 6 4.40 
M39225 Ox, E, P, CC, TE 6.00 4 to 6 4.08 

M605 Ox, P  6.00 4 to 6 3.82 
M39157 Ox, P 6.00 4 to 6 3.68 
M16088 Ox, E, P, CC, GM, TE, TMP 6.00 4 to 6 3.59 
M38776 Ox, E, P, CC 6.00 4 to 6 3.51 
M22149 OX, E, P 6.00 4 to 6 2.34 
BC1R Ox, E, P, CC 6.00 4 to 6 2.27 

M39442 Ox, E, P 6.00 4 to 6 2.09 
M100 Ox, E, P, CC, GM TE, TMP 6.00 4 to 6 1.75 
M76 Ox, E, P, CC 6.00 4 to 6 1.62 

M39497 Ox, E, P, CC 6.00 4 to 6 1.62 
M20823 Ox, E, P, CC 6.00 4 to 6 1.57 
M1206 Ox, E, P, CC 6.00 4 to 6 1.45 

M22083 Ox, E, P 6.00 4 to 6 1.29 
M23111 Ox, E, P 6.00 4 to 6 1.07 
M16575 Ox, E, P 6.00 4 to 6 1.00 

M533 Ox, P 6.00 4 to 6 0.90 
M21980 Ox, E, P, CC (I) 6.00 4 to 6 0.85 
M22584 Ox, E, P 6.00 4 to 6 0.71 
M1861 OX, E, P, CC,GM, TE, TMP 6.00 4 to 6 0.29 
M2695 OX, E, P, CC 6.00 4 to 6 0.28 

M22709 Ox, E, P 4.00 2 to 4 18.79 
M23011 Ox, E, P 4.00 2 to 4 17.10 
M57894 Ox, E, P, CC, GM, TE, TMP 4.00 2 to 4 16.38 
M3785 Ox, E, P, CC, GM, TE, TMP 4.00 2 to 4 15.10 

M40127 Ox, E, P 4.00 2 to 4 5.62 
M39325 Ox, E, P, CC 4.00 2 to 4 4.59 
M15796 Ox, E (I), P 4.00 2 to 4 3.64
M16436 Ox, E, P, CC, GM, TE, TMP 4.00 2 to 4 2.59 
BC760 Ox, E, P, CC, GM, TE, TMP 4.00 2 to 4 0.04 

M21934 Ox, E, P, CC 4.00 2 to 4 0.03 
1Break point: the range of [triclosan] at which Staphylococcus isolates are inhibited; 2Resistance: the percent survivability of  
Staphylococcus isolates at the lower [triclosan] of the break point; (I): intermediate. 3Penicillin, 4oxacillin, 5clindamycin, 6rifampin,  
7tetracyclines 8erythromycin. 9trimethoprim and 10gentamicin. 
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  In order to determine if there was a correlation between high triclosan tolerance 

and simultaneous resistance to a number of antibiotics, a chi-squared contingency 

statistical procedure was used to investigate the null hypothesis (Table 5). The null 

hypothesis stated that antibiotic resistance and triclosan resistance are independent of one 

another.  

Table 5. The number of antibiotics to which Staphylococcus isolates are simultaneous 
resistant to and average triclosan MIC values for Staphylococcus isolates, recovered from 
South Vancouver Island during the years of 2004-2007. 
Number of Antibiotics High MIC value 

5-8 mg/L 
Low MIC value 

≤ 4 mg/L 
Total 

6-8 6 4 10 
3-5 26 7 33 
≤ 2 18 5 23 

Total 50 16 66 

 

 Using the contingency table a p-value of 0.450 was obtained. Considering the p-

value is greater than 0.05, the null hypothesis can be accepted. Thus, the sample data 

states that antibiotic resistance and average triclosan resistance are independent (2=1.60, 

df=2 and P=0.450). Based on the results obtained it can be concluded that both antibiotic 

and the average triclosan resistance were independent of one another.    
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DISCUSSION 

  The apparent absence of MRSA from objects found in public places in Southern 

Vancouver Island, lead to the speculation that the sanitizing agents used for routine 

cleaning may be effective in the elimination of this organism.   Most antimicrobial 

products, used in both cleaning and personal grooming, contain triclosan as the active 

ingredient.  In the last few years, this compound has also been incorporated in children’s 

toys, plastics containers and even clothing.  There has been concern that with the 

continuous exposure to low concentrations of triclosan, organisms with enhanced 

resistance may rise. 

  More recent environmental microbiological surveys conducted in the community 

of Southern Vancouver Island confirmed the negligible recovery of Staphylococcus 

aureus including MRSA, even though the samples were taken from locations 

recommended by the CDC (2008). On the other hand, there was a high recovery of 

multiple- antibiotic resistant CoNS isolates. Thus, it was hypothesized that MRSA strains 

were more susceptible to triclosan than CoNS.    The results obtained from the minimum 

inhibitory concentration assays of triclosan were summarized in Table 3 and 4, which 

indicated no significant difference in the levels of triclosan susceptibility between CoNS 

and clinical MRSA isolates.  Therefore, these results do not appear to support this study’s 

hypothesis.   

 There are several possible explanations that might address the lack of S. aureus 

and MRSA recovery in the environment. Firstly, CoNS have been described as hardier  

bacteria and are more able to survive inhospitable environments than S. aureus (Salyers 

and Whitt, 2002). In addition there are reports that address the competitive abilities of 
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CoNS. There is evidence suggesting that S. aureus and S. epidermidis compete by means 

of quorum-sensing cross talk (Otto et al., 2001).  According to Otto’s paper (2001), S. 

aureus produce an arg pheromone that controls the expression of several virulent factors 

such as alpha-toxin, beta-toxin, delta toxin, serine protease, DNase, fibrinolysin, 

enterotoxin B and toxic shock syndrome toxin. However, the pheromones produced by 

Staphylococcus epidermidis appear to inhibit S. aureus’ arg pheromone (Otto et al., 

2001). Although these observations may be better suited to explain the predominance of 

S. epidermidis on the skin of humans and animals, this kind of competition may also 

occur on inanimate objects. Thus, it could be a contributing factor to the negligible 

recovery of MRSA in the objects surveyed during this study.   

  Another issue to be addressed is how to decide if the bacteria are resistant to 

triclosan.  Over the last several years, the standard for triclosan resistance has not been 

pinpointed to a particular concentration. Several authors have used a different standard 

for triclosan resistance (Fan et al., 2002, Levy, 2001; Suller and Russell, 2000).  For this 

study, a triclosan MIC value of 5mg/L or higher was considered resistant, while a MIC 

value of 4mg/L or lower was considered susceptible to triclosan.  This decision was 

based on a previous study performed by Suller and Russell (2000). In their paper, Suller 

and Russell chose their triclosan resistance standard value based on the overexpression of 

the FabI gene in Staphylococcus spp.  The study by Fan et al. (2002) also reported that 

triclosan resistance was associated with the overexpression of the FabI gene.  Yet, their 

triclosan MIC values were higher than those reported by Suller and Russell’s paper (Fan 

et al., 2002; Suller and Russell, 2000). Future research, should investigate if the 
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overexpression of the FabI gene is present in the high triclosan tolerant isolates found in 

Table 2.  

  Alternatively, one could argue that the standard for triclosan resistance should be 

determined by the maximum amount of triclosan found in antimicrobial products. 

Unfortunately, the amount of triclosan varies between products; for instance in 

Bacdown® antimicrobial hand soap there is 0.5mg/L of triclosan (Decon Laboratories 

Inc., 2006) and in mouth wash there is 0.03mg/L of triclosan (Carvalho et al. 2004). If 

these values were used as the standards, most of the Staphylococcus isolates recovered 

from the community in Southern Vancouver Island would appear to be resistant to 

triclosan.   On the other hand some soaps have triclosan levels of 2,500mg/L (Levy, 

2001).  This in turn, would imply that in this study all of the Staphylococcus isolates were 

susceptible to triclosan. Evidently, the literature itself has not been very consistent with 

respect to the triclosan standard; therefore, it is difficult to decide at which point the 

bacteria should be considered resistant to triclosan. 

  The triclosan MIC values obtained in this study ranged between 0.0625mg/L and 

8mg/L, which seem to be slightly higher than the ones found in the literature. In 2000, 

triclosan MIC’s ranged between 0.025mg/L and 1mg/L (Suller and Russell, 2000); in 

2002, triclosan MIC’s ranged between, 0.016mg/L and 2mg/L (Fan et al., 2002) and in 

2004, triclosan MIC’s ranged between 0.004mg/L and 4 mg/L (Aiello et al. 2004). Also 

unpublished data performed by Jennifer O’Donnell from an earlier Malaspina study, 

conducted on sixty Staphyloccocus isolates that were collected between 2003-2005 from 

the South Central Vancouver Island community, obtained triclosan MIC values that 

ranged from 0.0625 and 4mg/L.  When reviewing these studies, an apparent trend 
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towards increasing levels of triclosan resistant staphylococci seems to emerge.  

Interestingly, these observations are concomitant with the abrupt increase in the usage of 

triclosan containing products within the community (Aiello et al., 2004). Indeed, the data 

seems to support the notion that overexposure to triclosan is creating the same type of 

selective pressure towards triclosan resistance as the one observed for antibiotic 

resistance.    Nonetheless, one must acknowledge that no clear conclusions can be drawn 

between our data and the literature because these studies were done in different countries, 

using different species of Staphylococcus, and using different methods. Also, variation in 

sample sizes may have had an effect on the data presented. 

 Recently, scientists (Aiello et al.; 2004, Cole et al., 2003; Gilbert and McBain, 

2003; Berms, 1998) have expressed concern that the use of antimicrobials may be 

selecting for antibiotic resistant strains of bacteria; therefore, further investigation of a 

possible association between high triclosan tolerance and simultaneous resistance to a 

number of antibiotics was needed. As shown in Table 1, virtually all of the 

Staphylococcus isolates, 92.4%, from Southern Vancouver Island were resistant to at 

least one antibiotic, and most of them, 83.6%, have multiple-antibiotic resistance, with 

the majority being MRSA isolates. Based on Tables 1 and 2 there was no obvious 

evidence suggesting a correlation between antibiotics resistance and triclosan resistance, 

but further confirmation was done using a chi-squared contingency table statistical 

procedure. The null hypothesis, which states antibiotic resistance and average triclosan 

resistance are independent, was supported by the data obtained. Thus, it can be observed 

and statistically proven that both antibiotic resistance and average triclosan resistance had 

no evident correlation with one another. These findings correspond with the results 
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obtained in various research studies  (Cole et al., 2003; Gilbert and McBain, 2003; Fraise, 

2002). 

  In conclusion, the information collected from this study suggests that the absence 

of MRSA isolates, found on objects in public places from in the community of Southern 

Vancouver Island, may not be due to their differential triclosan susceptibility. Indeed, a 

trend towards increasing triclosan levels over time in all staphylococcal isolates from 

Southern Vancouver Island was observed, which could one day pose a severe health 

threat to the community. Finally, the sample data revealed that there was no evident 

correlation between antibiotic resistance and triclosan resistance.  
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APPENDIX 

Preparation for Triclosan Dilution 

 An initial stock solution was made by dissolving 0.001g of powder triclosan in 

1mL of DMSO; thus making this initial stock concentration of 1000mg/L (0.1%). Next 

400µL of the super stock was added to 4.6mL of DMSO, which made stock number one. 

Stock number two was made my taking 2.5mL of stock one and adding it to DMSO for a 

total volume of 5mL. Taking 2.5 mL of the previous stock and adding it to DMSO for a 

total volume of 5mL made stock number three. This serial dilution continues until stock 

number seven is made.  Once all of the stocks are made they are ready to be used in the 

96-well plate. 

 
 






