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Abstract

Major advances in the development and use of antimicrobial textiles to control bacterial proliferation on wound beds
continue. However, wound dressings are, in general, not included in standardized regimens for measuring and monitoring
their antimicrobial effectiveness. This work adapts these methods to assess the antibacterial activity of textiles designed for
wound healing purposes. Environmental conditions representative of those present at the wound site (i.e., moisture levels,
infection, and available nutrients) were evaluated. This work shows that moisture levels were the environmental factor that
had the greatest influence on the antimicrobial agent activities tested. These results suggest that it is possible to use the more

representative environmental conditions present on the wound bed for in vitro screening of textile antimicrobial activity.
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Introduction

In recent years, an increasing number of chronic wounds
associated with various pathologies, such as arterial insuf-
ficiencies, chronic venous conditions, diabetes mellitus,
and dermatological or immunological diseases, have been
observed. Consequently, a wide range of wound care prod-
ucts have been commercialized to improve the quality of
patients’ lives.'™*

Microorganism deposition on the wound site is one of the
major problems encountered at the wound bed. Associ-
ated infections increase the production of wound exudate,
leading to more frequent replacements of wound dressings,
causing pain to patients and increasing the probability of
removing newly-formed skin.>®

Despite the existence of many kinds of wound dressings, tex-
tiles are still the most widely used in view of their low cost.”
Moreover, the number of antimicrobial textiles for wound-
healing purposes increases each year. The need for in vitro
antimicrobial activity test methods to assess wound dressing
effectiveness is of the utmost importance.>®

Several standard methods have recently been proposed for
assessing the antimicrobial properties of textiles, includ-
ing both qualitative (AATCC Test Method (TM) 147:2011,
ISO 20645:2004, and JIS L 1902:2008-Halo Method) and
quantitative (AATCC TM 100:2004, ISO 20742:2013, and
JIS L 10902:2008) methods. However, there is no consensus
regarding the most appropriate method to use, and conse-
quently, numerous published works offer adaptations to the
standard methods or newly-developed approaches. Further-
more, as demonstrated in previous investigations,”'’ these
methods have drawbacks related to the “real” or “optimized”
conditions of use, and also consume time and materials.
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The environmental conditions used are especially important
in assessing antimicrobial textiles for wound treatment.
Therefore, many published methods do not represent wound
site conditions in vivo, such as infection or a high level of
moisture arising from sweat or wound exudate.

Therefore, the aim of this work was to propose a modified
method allowing a more realistic assessment of wound-
dressing textile antimicrobial activity based on the JIS L
1902: Adsorption Method.

Experimental

Materials

The microorganisms used in this study were the Gram-
positive bacterium Staphylococcus aureus (ATCC 6538) and
Gram-negative bacterium Klebsiella pneumoniae (ATCC
11296), selected according to the standard JIS L 1902. ATCC
is the American Type Culture Collection.

Cotton fabric (100% cotton, 112.6 g/m?) was obtained from
Lameirinho SA and used as a standard textile substrate. The
diffusible agent (Ruco-bac AGP) was supplied by Rudolf
Produtos Quimicos SA, and the non-diffusible agent (Sani-
tized T99) was obtained from Clariant Quimicos Lda.

The synthetic sweat solution used was based on the “acid
sweat solution” described in the standard ISO 105-E04: 2008
(0.5 g/L of L-histidine monohydrochloride monohydrate, 5
g/L of sodium chloride, and 2.2 g/L of sodium dihydrogen
orthophosphate dehydrate, pH 5.5).

Procedures

Antimicrobial Agent Fabric Treatment

Solutions of the diffusible agent were prepared with tap
water to mimic textile industrial wet process conditions for



each desired concentration (0, 0.5, 1.25, 2.5, 3.75, and 5 g/
mL). Cotton samples (25 x 60 cm) were used. The samples
were immersed in the diffusible agent solution at the desired
concentration for 5.0 min. Subsequently, the samples were
padded with a wet pickup of 90% (as recommended by the
supplier), and then dried at ambient temperature.

The non-diffusible agent samples were prepared using the
procedure described above, with the exception of a wet
pickup value of 80% (as suggested by the supplier). The con-
centrations of the solutions used were 0, 0.082, 0.205, 0.41,
and 0.82 g/mL.

Antimicrobial Assessment

The absorption method described in JIS L 1902:2008"" was
used as a baseline for the proposed method. The JIS L 1902
absorption method was modified as follows. An inoculum
was prepared in 20.0 + 0.1 mL of TSB (Tryptic Soy Broth,
Merck) and incubated for a period of 18 to 24 h at 37 + 1 °C
under agitation (120 rpm). Subsequently, the bacterial con-
centration was adjusted to 3 x 10° cells/mL via absorbance
readings, and based on a corresponding calibration curve.
An aliquot of the above suspension (400 uL) was added to 20
mL of TSB and incubated for 3.0 h at 37 + 1 °C. The bacterial
concentration was again measured and 3 x 10° cells/mL were
obtained using a 20-fold dilution of TSB (in distilled water).
The specified volume of this inoculum was then added to
each sample. Samples were incubated for 18 to 24 h at 37 +

1 °C. Subsequently, 20 mL of physiological saline solution
(8.5 g of NaCl and 2.0 g of nonionic surfactant Tween 20
(Sigma Chemical Co.) per liter) were added to the samples,
which were then vortexed. The number of living bacteria
was assessed by the serial dilution plate count method." All
assays were performed in triplicate and repeated three times.

Statistical Analysis

An analysis of variance (ANOVA) was carried out to deter-
mine any significant differences between the standard
conditions and the new adaptations. The data were processed
with the Graphpad Prism program for Windows, version 6.

Results and Discussion

The development and availability of antimicrobial-treated
textiles for wound-healing proposes have increased substan-
tially in recent years. Adaptations of available antimicrobial
test methods for testing these products are also in progress.

Several published works have used methodologies adapted
from the standard,'*' or, alternatively, have described newly-
developed ones."”** However, this fails to guarantee the
standardization of results, and the correct assessment of dif-
ferences or similarities, among various research investigations.

The most common drawbacks found regarding adaptation
to or creation of new methods include: 1) the application
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of qualitative methods (without complementary analysis)

as quantitative methods,’2) the reduced contact time of the
textile material with bacteria,'>7222 3) the reduced bacterial
concentrations involved,'>!”?* and 4) the nature and rel-
evance of the culture medium used.!*1617:2425

A previous study conducted by this group has shown that
quantitative methods are more accurate and reliable than
qualitative ones. It has also been reported that the JIS
L:1902 - absorption method is the most sensitive method
available to date.’ Therefore, this method was chosen as the
baseline method against which adjustments for antibacte-
rial activity assessment of textiles designed and developed
for effective wound treatments were compared. The goal of
this paper was to analyze the effect of technical and environ-
mental variations on the test method. The method was then
modified for a more realistic assessment of treated textile
bactericidal activities optimized for wound healing, and not
the activity of the antibacterial agents per se.

Technical Adaptations

Technical test method adaptation was assessed to reduce

the economic burden associated with the disposable mate-
rial used. Instead of the 50-mL conical tubes utilized in the
JIS L 1902 method, we used six-well plates as an incuba-
tion container device (for this adaptation, a control sample,
cotton without any added antimicrobial agent, was used).
The number of bacteria was assessed immediately after the
sample was inoculated (0.0 h), and also after a 24 h incuba-
tion period. Using the conical tubes as an incubation device,
the number of cells recovered after 24 h (2.51 x 10° cells/mL)
was much greater than that present after the baseline (0.0

h) sample incubation period (2.5 x 10° cells/mL). However,
when the six-well plates were used, no bacteria were recov-
ered from the sample subsequent to this incubation period,
although immediately after inoculation, 2.5 x 10° cells/mL
were recovered from the textile on the six-well plate. The
results obtained strongly suggested that the incubation device
should permit a vortexing stage since, without this step, the
microorganisms remain attached to the textile material,
which renders growth assessments difficult, if not impossible.

For the remaining alterations, two antimicrobial agents
already available on the market were used. The diffusible agent
used, based on silver activity, exerts broad-spectrum and
powerful antimicrobial actions with diffusible activity (i.e., the
silver can migrate as Ag(I) ions from the textile material to the
skin). Indeed, this antimicrobial activity is ascribable to this
ion’s ability to complex with and denature a range of extracel-
lular proteins, and also to bind to critical biomolecules such

as DNA and RNA, and, in this manner, disrupt their func-
tions.” The other agent used exerts a non-diftusible activity,
and is based on a silicon-functional tetra-alkylammonium
compound. In this case, quaternary ammonium functional

September/October 2015  Vol.2,No.5 | 2



AATCC Journal of Research

groups are covalently linked to the textiles, which enhances
their durability and resistance to repeated washing episodes to
which the antimicrobial finishing agent is exposed. However,
the antimicrobial agent cannot migrate from the textile to the
surrounding environment.

Samples with increasing concentrations of both antimicro-
bial agents were prepared, and the influence of the sample’s
weight (0.1 g or 0.4 g) on its activity was assessed. Based on
Fig. 1A, it was observed that the weight of fabric did not
interfere with the sample’s ability to kill bacteria, and that
1.25 g/mL of diffusible agent was enough to destroy both
bacteria. A similar behavior was detected for the non-diffus-
ible agent (Fig. 1B), although a smaller concentration (0.41
g/mL) was needed to destroy all bacteria. Therefore, reduc-
tions in the sample size would have an economic benefit in
view of the lower amounts of textiles and reagent volumes
required for the assessment of their antibacterial activity,
and hence the overall cost of the procedure will be reduced.

Environmental Adaptations

As noted above, the published or documented standards
available are not applicable to wound dressings, and con-
sequently the concentrations of microorganism and the
volume of inoculum involved do not reflect the conditions
found in healthy skin. Therefore, to predict the behavior of
antimicrobial wound dressings during their contact period
with the wound, such assessments should be conducted with
environmental conditions as close as possible to those found
at the wound site in vivo.

In the present work, we tested the efficiencies of textiles
antibacterial activities when exposed to environmental con-
ditions similar to the ones found on a wound site, such as
1) higher volumes of inoculum (100 and 200 pL) to mimic
the high levels of moisture present in a wound, 2) different
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inoculum concentrations (3 x 10°, 3 x 10% and 3 x 107 cells/
mL) were used since healthy skin has 10° bacteria/cm? (at
higher values than this the skin is considered to be infect-
ed),” and 3) a synthetic sweat solution was used to provide
similar nutrients to those available on the skin.

For efficient adaptation to environmental conditions, 0.10

g samples containing appropriate concentrations of each
antimicrobial agent (i.e., those that allow the growth of both
classes of bacteria (using 0.5 g/mL and 0.205 g/mL of the
diffusible and non-diffusible agents, respectively) were used,
since higher concentrations of both agents destroyed all of
the bacteria under all conditions tested, and therefore the
effects of these alterations were not discernable.

Both antibacterial agents were capable of killing Gram-posi-
tive and Gram-negative bacteria regardless of the inoculum
concentration (Fig. 2). The diffusible agent was able to
destroy 80% of S. aureus and 90% of K. pneunomiae. The
death rate was lower for the non-diffusible agent, although
60% and 70% of the Gram-positive and Gram-negative bac-
teria were destroyed, respectively.

The inoculum volume had no effect on the antibacterial
activity of the diffusible agent against S. aureus (Fig. 3A),
since the percentage of killed cells were similar for all the
volumes tested (between 84% and 87%). For K. pneumoniae,
the activity of this agent was reduced with increased inocu-
lum volumes (86%, 32%, and 22% of cell death, respectively).
This loss of activity was also detected for the non-diftfusible
agent against K. pneumoniae, although less than that
observed with the diffusible agent, as expected. Increases

in inoculum volume caused a greater than 10% reduction

in the bactericidal capacity of the non-diffusible agent. For
S. aureus also, there was a diminished antibacterial activity
of the non-diffusible agent when higher volumes were used
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Fig. 1. Effect of the sample weight (g) on textile antibacterial activity obtained with different concentrations of (A) diffuse agent (g/mL), and (B) non-diffuse
agent (g/mL). The procedure was performed in triplicate for each bacterium in, at least, three independent assays (n = 9).
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(49% and 47%), as shown in Fig. 3B. Based on these results, it
appears that moisture levels represent a crucial parameter for

assessing the antimicrobial activity of textiles, especially in the
case of textiles coupled to non-diffusible antimicrobial agents.

Nutrients available on the wound site control the deposition
and growth of microorganisms. Therefore, the medium used
for the antimicrobial assessment of wound dressings affects
their reaction response. A rich medium will enhance micro-
organism growth and false negatives may be unavoidable.
Otherwise, if a poor medium is employed, the microorgan-
ism growth may be hindered and false positives may occur.
The most suitable medium should have a pH value and
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nutrient content/concentrations similar to those found on
human skin. Synthetic sweat formulations represent a viable
option, since they have pH values similar to skin and also
contain at least some of the most important biomolecules
and minerals present in the wound environment.

With regard to the growth medium used, the findings of this
study reveal that the antimicrobial activities of the textiles
pre-treated with both agents were dependent on its nature,
and also on the bacteria tested (Fig. 4). For instance, the
diffusible agent-loaded textile had a similar K. pneumoniae
death rate in TSB (diluted 20x) and the synthetic sweat
solution (SSS), but a reduced effect against S. aureus when

(B) 100 -
~ 801
)
o 60-
(]
| .
< 40
[y ]
@
O 2.
0 T T T
3x10° 3x10° 3x10°
[Inoculum]
cells/mL

Fig. 2. Effect of the inoculum concentration on textile antibacterial activity. (A) Diffuse agent (0.5 g/mL) and (B) non-diffuse agent (0.205 g/mL). Lighter
color: S. aureus and dark color K. pneumoniae *statistically different from the 1 x 10° cells/mL of inoculum. The procedure was made in triplicate for each

bacterium in, at least, three independent assays (n = 9).
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Fig. 3. Effect of the inoculum volume on textile antibacterial activity. (A) Diffuse agent (0.5 g/mL) and (B) non-diffuse agent (0.205 g/mL). Lighter color: S.
aureus and dark color K. pneumoniae *statistically different from the 50 pL of inoculum. The procedure was made in triplicate for each bacterium in, at least,

three independent assays (n = 9).
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Fig. 4. Effect of the medium on textile antibacterial activity. (A) Diffuse agent (0.5 g/mL) and (B) non-diffuse agent (0.205 g/mL). Lighter color: S. aureus
and dark color K. pneumoniae *statistically different from the 50 pL of inoculum. The procedure was made in triplicate for each bacterium in, at least, three

independent assays (n =

Table I.

9).

Comparison among the Available Standards and the Proposed Method

Quantitative
Number
Date

Title

Scope

Microorganism

Inoculum Concentration
Inoculum Volume
Medium

Sample Size

Procedure

Material and equipment

Time (days)
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AATCC
100
2012

Antibacterial Finishes on Tex-
tile Materials: Assessment of

Quantitative procedure for
the evaluation of the degree of
antibacterial activity.

S. aureus ATCC 6538
K. pneumoniae ATCC 4352
Other suitable species

1x 10° CFU/mL

1 mL

NB; TSB; BHI; MHB
48 cm (circular)
Better

Good

5

September/October 2015

1SO
20743
2013

Textiles—Determination of
Antibacterial Activity of Textile
Products (Adsorption Method)

Determination of the antibacterial
activity of all antibacterial textile
products including nonwovens.
Applicable to all textile prod-

ucts, including cloth, wadding,
thread, and material for clothing,
bedclothes, home furnishings, and
miscellaneous goods, regardless of

the type of antibacterial agent used.

S. aureus ATCC 6538
K. pneumoniae ATCC 4352

1 x 10° CFU/mL
0.2 mL

NB diluted 20x
0.4 g (circular)
Good

Better

5

JISL
19002
2008

Testing for Antibacterial
Activity and Efficacy on Textile
Products—Quantitative Method
(Adsorption Test)

Evaluation of the antibacterial
activity to bacteria on antibacte-
rial deodorant finished or mi-
crobial control finished textile
products (general use for the
household product and special
use for medical and equivalent
facilities).

S. aureus ATCC 6538
Escherichia coli NBRC 3301

K. pneumoniae ATCC 4352
Pseudomonas aeruginosa NBRC
3080

Methicillin resistant S. aureus
IID 1677

1 x 10° CFU/mL
0.2 mL

Saline medium
04g

Good

Better

5

Proposed Method

2015

Testing for Antibacterial Activity

and Efficacy on Textile Products for
Wound Dressing Application—Quan-
titative Method

Quantitative procedure for the
evaluation of the degree of antibacte-
rial activity of textile to be used for
wound treatment.

S. aureus ATCC 6538
K. pneumoniae ATCC 4352
Other suitable species

3 x 10’ CFU/mL
0.2mL

Sweat acid solution
0.1g

Better

Better

5



SSS was used (65% death cell, and 82% for the TSB (diluted
20x)). A different effect was observed for the non-diffusible
agent. A similar death rate was achieved for S. aureus regard-
less of the medium used, and a reduced effect was observed
when SSS was used in the K. pneumoniae incubations.

For all the environmental conditions tested, the diffusible
agent showed a superior death rate when compared to that
of the non-diffusible agent. As noted above, the non-diffus-
ible antimicrobial agent is covalently-linked to the textile
material, and their interaction with bacteria depends on

the contact area and the agent concentrations available for
these interactions. In contrast, diffusible agents can be liber-
ated from the textile to the surrounding environment, and
therefore their activities depend only on the textile content
of these species.?** Hence, these agents may exhibit different
behaviors, even under the same environmental conditions;
for this reason, it was important to evaluate the activities of
both non-diffusible and diffusible antimicrobial agents to
validate the improvements made to the available methods.

Conclusions

In conclusion, the test method adjustments suggested in
this work can be 1) successfully applied to both diffusing
and non-diffusing antimicrobial agents, and also for Gram-
positive and Gram-negative bacteria, and 2) performed
under test conditions similar to those found on most types
of wounds (exudate, infected skin, and sweat).

From the adaptations suggested, moisture levels werefound
to exert the greatest effect on the activities of the antibacteri-
al textiles used. Therefore, further studies should incorporate
high levels of moisture to predict the tested textile’s behavior
under wound exudate conditions. Nevertheless, the medium
also modifies the efficacies of antibacterial textiles, and
therefore the synthetic sweat solution appears to represent

a viable option to predict the effect of the textiles on an
infected wound.

The present study recommends some adjustments to the test
method used to assess the antibacterial activities of textiles
(Table I). These allow a more realistic analysis of their behav-
ior when in contact with infected wounds.
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