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Background: Colonized wound infections become a major public health concern. Infections may lead to delayed
healing process or severe complications. Thus, the incorporation of antimicrobial agents such as silver, iodine,
etc., into the dressing material provides protection against microbes. However, these agents have limited
functional usage. Recently, Dimethyl tetradecyl [3-(trimethoxysilyl)propyl] ammonium chloride (DTAC) based
3D-hydrocellular wound dressings have emerged. Therefore, we evaluated the short- and long-term antibacterial
efficacy of Theruptor 3D-hydrocellular wound dressing.

Methods: The antimicrobial activity of the dressing was evaluated using modified method of AATCC100. In-
oculums of 27 differential microbes including gram-positive bacteria, gram-negative bacteria, and fungus were
obtained. The fabric samples were inoculated with a different microbial sample in a sterile petri plate. The
samples were incubated for short (1 min, 30 min, 1h, and 4h) and long (7, 14, and 28 days) term durations.
Results: Initially, the growth of test microorganisms ranged between 7.9 x 10° to 2.38 x 107 CFU/ml at 0 min.
After respective time intervals, the growth of all the tested microbes was significantly reduced in a time-
dependent manner (p < 0.05). The dressing material achieved zero CFU/ml at 4 h. Moreover, it showed a sig-
nificant reduction of >5 log at 1 h till 28 days.

Conclusion: Based on the “physical kill mechanism”, Theruptor 3D-hydrocellular wound dressing not only pro-
vides protection against a broad spectrum of pathogens but for a wide-ranging time period i.e., 1 min to 28 days
that ensures effective and significant wound healing. Thus, it may consider as a promising advancement in the
wound care settings.

1. Introduction

Skin is the outermost bodily tissue that protects against pathogens
and external damages. It also plays a vital role in regulating water and
temperature, and immunological surveillance [1,2]. However, the
leading cause of wound infections is the patient’s own skin microflora.
Microorganisms gain entry through the damaged skin and get colonized
in the wound [3]. As a result, these pathogens not only hinder the wound
healing process but increase the risk of diseases. Thus, the microbial load
can be considered as a significant factor in delayed healing [4]. In
mathematical terms, microbial load in the wound is inversely propor-
tional to the tendency of wound healing [5].

With the advent of deadly microbes such as Corynebacterium spp.,
Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus aureus, etc.,
and drug-resistant organism like Methicillin-resistant staphylococcus
aureus (MRSA), colonized wound infections become a major public
health concern [6]. Wound infection occurs as a result of complex in-
teractions of these pathogenic organisms within the wound. Such in-
fections not only delay the healing process but may lead to severe
complications resulting in prolonged hospital stays and increased cost of
wound care. In severe cases, highly infected wound may lead to
amputation of body parts. In fact, the wound infection may turn from
minor injury representing initial infection symptoms such as pain,
swelling, and redness to severely infected wound with biofilm formation
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causing nausea, chills, or fever, if left unattended [5]. Wound infections
can occur in either hospital or community settings through various
forms of contact such as touch of a contaminated caregiver, surgical
instruments, germs in the air, patient’s own flora, etc. Thus, preventing
wound infection in the early stages or whenever possible, is vitally
important aspect of wound management.

The emerging risk of wound infections has motivated new ap-
proaches in modern wound care settings to improve healing procedures.
For example, antibiotics and antimicrobial agents such as silver, iodine,
polyhexamethylene biguanide (PHMB), etc., have been incorporated
into dressing material for the prevention of wounds against pathogen
invasion and contamination [7]. These therapeutic agents are the
powerful tool to reduce the growth of microbial cells at the wound site
by obstructing the metabolic pathways and functioning of the microbes.
Several experimental and clinical studies in the literature have reported
the microbicidal properties of silver, iodine, or PHMB [8-10]. Surpris-
ingly, most of these studies have determined only the short-term efficacy
of these antimicrobial wound dressings. Despite the widespread usage of
these dressings, the antimicrobial agents have functional or usage lim-
itations in terms of the half-life of elution. For instance, elution of silver
in the wound causes argyria and organ system dysfunctions, and iodine
dressings cannot be used in thyroid patients or patients with iodine al-
lergy [10]. Moreover, the active ingredient of medicated dressing would
leach out from the dressing to act on the wound site to protect against
the pathogens. This leads to the depletion of the active component over a
period of time. Therefore, there is a need to develop a new technology
that is non-toxic, non-leachable, kills microbes effectively, does not
cause drug resistance in microbes, and fastens the healing process. With
the advancements in technology, the attention has been shifted to
Dimethyl tetradecyl [3-(trimethoxysilyl)propyl] ammonium chloride
(DTAC) technology-based wound dressings. DTAC is a cationic surfac-
tant used at the concentration of 1% w/w [11]. Based on DTAC tech-
nology, 3D-hydrocellular wound dressing is formulated as a
3-dimensional knitted fabric which is marketed under various brand
names of Trushield and Theruptor [Healthium Medtech Limited, India].
The characteristics of Theruptor 3D-hydrocellular wound dressing are
shown in Fig. 1. The 3-dimensional knitted fabric comprises of
DTAC-bounded polyethylene terephthalate (90% w/w) and poly-
urethane material (10% w/w), forming a hydrocellular structure.
DTAC-based dressing acts as a physical barrier against contaminants,
helps in gaseous exchange, maintains the moist environment, and
manages the exudates effectively. They are primarily used for exuding,
minor, chronic and surgical wounds, and first and second-degree burns
[12]. The exceptional properties of DTAC technology are the “physical
kill mechanism” for microbial protection and the non-leachability of
DTAC into the skin or out of the dressing. The cross-linking property
ensures that the active component remains bounded to the surface of the
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dressing. In addition, the DTAC dressings as antimicrobial, cover a broad
spectrum of microbes and eradicate the infection load at the wound site.
Only few studies in the literature have focussed on the leaching prop-
erties of these antimicrobial agents.

Based on this background, the present study aims to evaluate both
short (0, 1, 4, 30 min, and 4 h) as well as long (7, 14, and 28 days) term
antimicrobial efficacy of Theruptor 3D-hydrocellular DTAC-based
wound dressing on a broad spectrum of microbes including gram
positive-bacteria, gram-negative bacteria, and fungi. Moreover, the non-
leaching property of Theruptor 3D-hydrocellular wound dressing was
also assessed.

2. Materials and methods
2.1. Microbial samples and reagents used

A broad spectrum of test microorganisms including Corynebacterium
Diphtheriae, Propionibacterium acnes, Citrobacter freundii, Bacteroides
fragilis, Morganella morganii, Streptococcus, Fusobacterium nucleatum,
Prevotella melaninogenica, Veillonella parvula, Acinetobacter baumannii,
Aspergillus niger, Candida albicans, Burkholderia cepacian, Enterobacter
cloacae, Serratia marcescens, Providencia rustigianii, Klebsiella pneumonia,
Methicillin resistant staphylococcus aureus, Proteus vulgaris, Staphylococcus
aureus, Pseudomonas aerugionosa, and Aspergillus brasiliensis were pur-
chased from the American Type Culture Collection (ATCC), Virginia,
USA. Stenotrophomonas maltophila, Proteus mirabilis, Escherichia coli,
Micrococcus sp., and Staphylococcus epidermidis were purchased from the
National Collection of Industrial Microorganisms (NCIM), Pune, India.
Theruptor 3D-hydrocellular wound dressing made up of polyethylene
terephthalate (90% w/w) and polyurethane material (10% w/w), was
obtained from Healthium Medtech Ltd., Bengaluru, India. Soybean
casein digest agar and Sabouraud dextrose agar were procured from
Microxpress, Tulip Diagnostics (P) Ltd, India. Letheen broth and phos-
phate buffer saline were purchased from Himedia Pvt. Ltd., India.

2.2. Regulatory compliance of microbiological testing

The tests in the study were conducted in compliance with Quality
Management System as per the International Organization for Stan-
dardization (ISO) ISO/IEC 17025:2017.

2.3. Plate count method

The AATCC 100 method is a very robust approach commonly used
for the quantitative evaluation of antimicrobial fabric performance
worldwide. US FDA recommends this test for porous substrates such as
wound dressings. The AATCC 100 method evaluates both bacteriostatic
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Fig. 1. Characteristics of Theruptor 3D-hydrocellular wound dressing.
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(growth inhibition i.e., the microbes remain in the stationary phase) or
bactericidal (killing of bacteria) properties of textile material over a 24-h
period of contact. It mainly consists of six key stages: preparation of
samples, sterilization, inoculation, incubation, washing/shaking out,
and counting after serial dilutions. The microorganisms are incubated in
favorable and optimum conditions to promote their growth [13]. In the
present study, the antimicrobial activity of the dressing was evaluated
using modified method of AATCC 100. Modification method was
employed in terms of duration of contact which otherwise is standard i.
e., 24 h.

For the same, the test fabric sample of size 5 cm x 5 cm, was cut from
Theruptor 3D-hydrocellular wound dressing and was placed in 90 mm
sterile petri plates, as described earlier [14]. Briefly, the test swatches
were inoculated with 1 4+ 0.1 ml appropriate dilution of microbial cul-
ture. The swatches were immediately transferred (contact time = 0
minutes (min)) into 100 £+ 1.0 ml of sterile Leethen broth. The sample
was shaken vigorously for 1 min. After that, inoculums were immedi-
ately covered with a 4 x 4 cm sterile thin film to prevent evaporation of
the suspension. Further, 10-fold serial dilutions were prepared in serial
diluents (up to 107%). The samples were incubated for differential
experimental periods. Different sets of organisms (Table 1) were tested
to evaluate the antimicrobial efficacy of fabric material for short (1 min,
30 min, 1 h, and 4 h) and long (7, 14 and 28 days) term durations. After
completion of the incubation period, the microbial colonies were
counted to calculate the arithmetic mean of the duplicate plates.

2.4. Log reduction and percentage reduction

The average of the common logarithm of the number of viable mi-
crobial colonies recovered from the initial (contact time = 0 min; Ng)
and respective time periods (1 min, 30 min, 1 h, 4 h, and 7 days; N,) of
tested sample was calculated. The antimicrobial activity was calculated
by:

R=Np-N,

Further, the percentage reduction was calculated by:

Table 1

List of tested microorganisms, their classification and laboratory culture conditions.
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Percentage reduction (%) = [(B-A)/B] x 100

A = colonies obtained at initial contact time (0 min)
B = colonies obtained at different contact times (1 min, 30 min, 1 h,
4 h, and 7 days)

2.5. Leachability testing by UV-visible spectrophotometry

The UV-visible spectra of the antimicrobial compound i.e., dodecyl
trimethyl ammonium chloride (DTAC), was recorded using a UV-visible
spectrophotometer. Methanol was taken as the reference solution.

2.6. Statistical analysis

Data were analyzed using GraphPad Prism (v.8). The data for the
antimicrobial efficacy of fabric material was compared using analysis of
variance (ANOVA) and repeated measures ANOVA. A p-value < 0.05
was considered as statistically significant.

3. Results
3.1. Short term evaluation of wound dressing material against microbes

Initially, the growth of test microorganisms ranged between 7.9 x
106 to 2.38 x 107 CFU/ml at 0 min. After respective contact time in-
tervals i.e., 1 min, 30 min, 1 h, and 4 h, the growth of all the tested
microbes was found to be significantly reduced in a time-dependent
manner (p < 0.05). After 4 h of contact, the dressing material ach-
ieved zero CFU/ml for all the tested microbes providing short-term anti-
microbial benefits (Table 2).

Further, the average logarithm value of viable microbes was calcu-
lated. At O min, the log values ranged between 6.9 and 7.38, which
significantly reduced with time. There was no microbial growth after 4 h
of contact time (Table 3). Based on these, log reduction for all microbial
samples was calculated at different periods of incubation. The Theruptor
3D-hydrocellular wound dressing showed >1 log reduction at 1 min, 5
log reduction at 30 min and >5 log reduction at 1 h and 4 h for all tested
microorganisms. Lastly, the percentage reduction was calculated and

Microbial strain ATCC/NCIM No. Classification Culturing media Incubation Temperature (°C) Incubation Time (h)
Corynebacterium Diphtheriae 13812 Gram-positive bacteria SCDA 30-35 24-48
Propionibacterium acnes 6919 Gram-positive bacteria SCDA 30-35 24-48
Citrobacter freundii 43864 Gram-negative bacteria SCDA 30-35 24-48
Bacteroides fragilis 25285 Gram-negative bacteria SCDA 30-35 24-48
Morganella morganii 25829 Gram-negative bacteria SCDA 30-35 24-48
Streptococcus 12392 Gram-positive bacteria SCDA 30-35 24-48
Fusobacterium nucleatum 25586 Gram-negative bacteria SCDA 30-35 24-48
Prevotella melaninogenica 25845 Gram-negative bacteria SCDA 30-35 24-48
Veillonella parvula 10790 Gram-negative bacteria SCDA 30-35 24-48
Acinetobacter baumannii 19606 Gram-negative bacteria SCDA 30-35 24-48
Burkholderia cepacian 25416 Gram-negative bacteria SCDA 30-35 24-48
Enterobacter cloacae 11439 Gram-negative bacteria SCDA 30-35 24-48
Serratia marcescens 14756 Gram-negative bacteria SCDA 30-35°C 24-48
Stenotrophomonas maltophila 5530 Gram-negative bacteria SCDA 30-35 24-48
Proteus mirabilis NCMI 2241 Gram-negative bacteria SCDA 30-35 24-48
Providencia rustigianii 12013 Gram-negative bacteria SCDA 30-35 24-48
Micrococcus sp NCMI 5655 Gram-positive bacteria SCDA 30-35 24-48
Staphylococcus epidermidis NCMI 5270 Gram-positive bacteria SCDA 30-35 24-48
Klebsiella pneumonia 4352 Gram-negative bacteria SCDA 30-35 24-48
Methicillin resistant staphylococcus aureus BAA-44 Gram-positive bacteria SCDA 30-35 24-48
Proteus vulgaris 13315 Gram-negative bacteria SCDA 30-35 24-48
Staphylococcus aureus 6538 Gram-positive bacteria SCDA 30-35 24-48
Escherichia coli 8739 Gram-negative bacteria SCDA 30-35 24-48
Pseudomonas aeruginosa 9027 Gram-negative bacteria SCDA 30-35 24-48
Candida albicans 10231 Yeast SDA 20-25 48-72
Aspergillus brasiliensis 16404 Fungus SDA 20-25 48-72
Aspergillus niger 16404 Fungus SDA 20-25 48-72

SCDA= Soybean casein digest agar; SDA= Sabouraud dextrose agar; h = hours.
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Table 2
Short-term antimicrobial efficacy of Theruptor 3D-hydrocellular dressing.
Microbial strain 0 min 1 min 30 1 4h  p-value
min h
Corynebacterium 1.89 x 1.87 x 69 9 NG <0.0001
Diphtheriae 107 10°
Propionibacterium acnes 1.69 x 1.65 x 145 18 NG <0.0001
107 10°
Citrobacter freundii 1.75 x 1.69 x 85 11 NG  <0.0001
107 10°
Bacteroides fragilis 1.82 x 1.79 x 96 13 NG <0.0001
107 10°
Morganella morganii 1.81 x 1.75 x 59 9 NG  <0.0001
107 10°
Streptococcus 1.88 x 1.68 x 78 8 NG <0.0001
107 10°
Fusobacterium 1.71 x 1.42 x 86 6 NG <0.0001
nucleatum 107 10°
Prevotella 1.61 x 1.54 x 57 7 NG <0.0001
melaninogenica 107 10°
Veillonella parvula 1.59 x 1.26 x 75 9 NG  <0.0001
107 10°
Acinetobacter baumannii ~ 1.83 x 1.28 x 98 14 NG  <0.0001
107 10°
Burkholderia cepacian 1.87 x 1.35 x 76 10 NG  <0.0001
107 10°
Enterobacter cloacae 1.92 x 1.75 x 82 12 NG  <0.0001
107 10°
Serratia marcescens 1.85 x 1.58 x 46 6 NG <0.0001
107 10°
Stenotrophomonas 1.53 x 1.38 x 53 7 NG <0.0001
maltophila 107 10°
Proteus mirabilis 1.82 x 1.31 x 58 8 NG  <0.0001
107 10°
Providencia rustigianii 1.53 x 1.51 x 79 9 NG <0.0001
107 10°
Micrococcus sp 1.93 x 1.26 x 82 11 NG <0.0001
107 10°
Staphylococcus 1.95 x 1.49 x 89 13 NG  <0.0001
epidermidis 107 10°
Klebsiella pneumonia 2.38 x 1.35 x 93 15 NG  <0.0001
107 10°
MRSA 2.29 x 1.85 x 132 17 NG <0.0001
107 10°
Proteus vulgaris 1.76 x 9.4 x 112 19 NG <0.0001
107 10°
Aspergillus brasiliensis 7.9 x 8.2 x 75 12 NG  <0.0001
10° 10°

MRSA = Methicillin resistant staphylococcus aureus, NG = No growth, min =
minutes, h = hours.

the data showed >90% of antimicrobial efficiency of Theruptor 3D-
hydrocellular dressing at 1 min, and >99% at 30 min. At 1 h, 100%
reduction was observed for Corynebacterium Diphtheriae, Morganella
morganii, Streptococcus, Fusobacterium nucleatum, Prevotella melanino-
genica, Serratia marcescens, Stenotrophomonas maltophila, and Proteus
vulgaris and 99.99% for other microbes (Table 3).

3.2. Long term evaluation of wound dressing material against microbes

After evaluating the short-term anti-microbial benefits of wound
dressing, the fabric was subjected to long term effect of microbes i.e., 7
days. No growth of any of the microbes was observed on the fabric
material after 7 days (Table 3). Further, a set of microbes such as
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Asper-
gillus niger, and Candida albicans were inoculated and tested for 14 and
28 days. The initial (0 h) logarithm of viable microbes ranged between
5.5 and 6.81. The Theruptor 3D-hydrocellular wound dressing showed a
significant reduction of >5 log after 7, 14, and 28 days for the tested
microorganisms (Fig. 2 and Table 4).
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3.3. Anti-microbial compound has non-leaching property

The anti-microbial (DTAC) compound was diluted with methanol in
the ratio of 1: 10 and subjected to UV-Visible spectrophotometry. The
spectrophotometric analysis revealed the absorbance of 205.9 nm for
the anti-microbial compounds and 340.7 nm for methanol with zero
ppm of leachability at different incubation periods and leachate
temperatures.

4. Discussion

This is the first in vitro study in the literature that predominates the
antimicrobial efficacy of DTAC technology-based Theruptor wound
dressings. The findings of the present study affirm the effectiveness of
Theruptor wound dressing against a broad spectrum of microbes for
shorter and broader time ranges i.e., 1 min to 28 days.

Concisely, wound healing is a dynamic physiological phenomenon
that restores and repairs an injury of the skin. It involves a cascade of
biological events viz. hemostasis, inflammation, migration, prolifera-
tion, and remodeling [15,16]. All these phases occur in a synchronized
manner. These phases can be affected by microbial invasion and colo-
nization which causes prolonged inflammatory stages of wound. The
cascade of these events results in delayed healing. Thus, to accelerate the
healing process by protecting the wound against pathogens, antimicro-
bial dressings are considered as a powerful tool in hospital settings [17,
18].

Overwhelming evidence in the literature showed good therapeutic
candidates in the arena of wound dressings. For instance, the incorpo-
ration of antibiotics or antimicrobial agents such as silver, iodine,
PHMB, chlorhexidine, etc., into dressing material prevents the wounds
against pathogens and improves the healing process [7]. These agents
possess good antimicrobial activity. But they cause cytotoxicity and
antimicrobial resistance in certain conditions [19-22]. Thus, a new
technology i.e., DTAC-based wound dressing has been materialized that
uses a “physical kill mechanism” for microbial protection (Theruptor
3D-hydrocellular wound dressing; Healthium Medtech Limited, India).
In the present study, we evaluated short (0, 1, 4, 30 min, and 4 h) and
long (7, 14, and 28 days) term antimicrobial efficacy and non-leaching
properties of Theruptor 3D-hydrocellular wound dressing against a
broad spectrum of microbes.

The infected wounds are generally polymicrobial. Thus, the thera-
peutic agent should be effective against a broad spectrum of microbes
[23]. Therefore, in the present study, a total of 27 different microbial
strains were inoculated on DTAC-based dressing material. A significant
decline in the bacterial count was observed with a 99.99% of reduction
after 30 min and beyond. At 4 h of contact time, no colonies of any of the
tested microbes were observed. Notably, 100% of the reduction was
achieved against 8 bacteria viz. Stenotrophomonas maltophila, Proteus
mirabilis, Morganella morganii, Streptococcus, Fusobacterium nucleatum,
Prevotella melaninogenica, Corynebacterium diphtheriae, and Serratia
marcescens. In concordance to our data, Erdem and Sanli (2008) evalu-
ated the antibacterial activity of DTAC-impregnated fabric against
Klebsiella pneumoniae, Staphylococcus aureus, and Escherichia coli strains.
The authors observed that the unwashed fabrics were susceptible to
Staphylococcus aureus as compared to treated fabric, suggesting DTAC
efficacy against microorganisms. Further, the authors also assessed their
antibacterial activity after 5, 10, and 20 washings and found a signifi-
cant decrease in the efficacy of DTAC after each washing [24].

Since studies determining the antimicrobial efficacy of dressing
during a prolonged period are limited therefore, we checked the
microbicidal properties of DTAC-based dressing for a longer duration i.
e., 7, 14, and 28 days. The test results of microbial elimination during
prolonged duration also delivered remarkable results. No microbial
growth of any tested organisms was observed at any time period of
experimental study (7, 14, and 28 days). Moreover, >5 log reductions in
microbial colonies were estimated after 4 h of contact time. Lastly, the
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Table 3
Log reduction and percentage reduction of microbial growth in short- and long-term.
Microbial strain 0 min 1 min 30 min 1h 4h 7d
(Initial log value) LR PR (%) LR PR (%) LR PR (%) LR and PR (%)
Corynebacterium Diphtheriae 7.28 1.01 90.11 5.44 99.99 6.33 100 NG NG
Propionibacterium acnes 7.23 1.01 90.24 5.07 99.99 5.97 99.99 NG NG
Citrobacter freundii 7.24 1.01 90.34 5.31 99.99 6.2 99.99 NG NG
Bacteroides fragilis 7.26 1.01 90.16 5.28 99.99 6.15 99.99 NG NG
Morganella morganii 7.26 1.02 90.33 5.49 99.99 6.31 100 NG NG
Streptococcus 7.27 1.04 91.06 5.38 99.99 6.37 100 NG NG
Fusobacterium nucleatum 7.23 1.08 91.70 5.3 99.99 6.45 100 NG NG
Prevotella melaninogenica 7.21 1.02 90.43 5.45 99.99 6.36 100 NG NG
Veillonella parvula 7.2 1.1 92.08 5.32 99.99 6.25 99.99 NG NG
Acinetobacter baumannii 7.26 1.15 93.01 5.27 99.99 6.11 99.99 NG NG
Burkholderia cepacian 7.27 1.14 92.78 5.39 99.99 6.27 99.99 NG NG
Enterobacter cloacae 7.28 1.04 90.89 5.37 99.99 6.2 99.99 NG NG
Serratia marcescens 7.27 1.07 91.46 5.61 99.99 6.49 100 NG NG
Stenotrophomonas maltophila 7.18 1.04 90.98 5.46 99.99 6.33 100 NG NG
Proteus mirabilis 7.26 1.14 92.80 5.5 99.99 6.36 100 NG NG
Providencia rustigianii 7.18 1 90.13 5.28 99.99 6.23 99.99 NG NG
Micrococcus sp 7.29 1.19 93.47 5.37 99.99 6.25 99.99 NG NG
Staphylococcus epidermidis 7.29 1.12 92.36 5.34 99.99 6.18 99.99 NG NG
klebsiella pneumonia 7.38 1.25 94.33 5.41 99.99 6.2 99.99 NG NG
MRSA 7.36 1.09 91.92 5.24 99.99 6.13 99.99 NG NG
Proteus vulgaris 7.25 1.28 94.66 5.2 99.99 5.97 99.99 NG NG
Aspergillus brasiliensis 6.9 0.99 89.62 5.02 99.99 5.82 99.99 NG NG
Staphylococcus aureus 6.81 - 99.47 - 99.99 - 99.99 5.63 99.99
Escherichia coli 6.74 - 99.48 - 99.99 - 99.99 6.74 99.99

MRSA = Methicillin resistant staphylococcus aureus, LR =
percentage.

Log reduction, PR = Percentage reduction, NG = No growth, min = minutes, h = hours, d = days, % =
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Fig. 2. Long term antimicrobial efficacy of Theruptor 3D hydrocellular wound dressing. Bar-grouped plots representing colony formation by different microbes in log
values. (a) Staphylococcus aureus, (b) Escherichia coli, (c) Pseudomonas aeruginosa, (d) Aspergillus niger, and (e) Candida albicans. Significant reduction in microbial
growth was observed from 0 to 7 days and beyond. ns: non-significant; ***p < 0.0001.

spectrophotometric analysis revealed zero ppm of leachability at
different incubation periods and leachate temperatures. In contrast to
our study, Barbour et al. (2016) compared the toxicity of commercially
available chlorhexidine digluconate and chlorhexidine hexametaphos-
phate (CHX-HMP) wound care materials. The authors found that the
toxic effects of chlorhexidine digluconate were more on human
placental cells as compared to CHX-HMP [25]. In another contrasting
study, Nesporova et al. (2020) evaluated the antimicrobial efficacy,

silver penetration, DNA damage, and cytotoxicity of silver dressings in
vitro and on porcine skin in vivo. The authors revealed a significant
elevation in the expression of DNA damage marker i.e., y-H2AX with
silver dressing, corresponding with the amount of silver in the skin.
Further, a significant correlation between the amount of silver released
in culture media and in vitro cytotoxicity was observed. Silver dressings
also caused oxidative stress, reduction in viability, and elevation in the
production of pro-inflammatory IL-6. i.e, corroborating the damaging
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Table 4

Log values and log reduction of microbial growth after 7, 14, and 28 days.
Microbial strain Oh 7 days 14 days 28 days

LV LV LR PR (%) LV LR PR (%) LV LR PR (%)

Staphylococcus aureus 6.81 1 5.63 99.99 0 6.81 99.99 0 6.81 99.99
Escherichia coli 6.74 0 6.74 99.99 0 6.74 99.99 0 6.74 99.99
Pseudomonas aeruginosa 5.56 0 5.56 99.99 0 5.56 99.99 0 5.56 99.99
Aspergillus niger 6.93 1 5.79 99.99 0 6.93 99.99 0 6.93 99.99
Candida albicans 6.72 1 5.72 99.99 0 6.72 99.99 0 6.72 99.99

LV = Log values, LR = Log reduction, PR = Percentage reduction, h = hours, % = percentage.

effects of silver in wound care [26]. In a prospective clinical study,
Brouillard et al. (2018) studied the systemic absorption of silver and
evaluated the toxicity of silver-impregnated dressings in 40 patients
with chronic inflammatory wounds. The authors reported raised level of
silver after 1 month of treatment in 20 patients and found wound area,
anaemia, and malnutrition as predictive factors for systemic silver ab-
sorption. Thus, the long-term application of silver dressings, especially
in elder patients who suffer from malnutrition and anaemia are highly
discouraged [27]. Similarly, other studies also reported the cytotoxic
effects of several commercially-used antibacterial agents impregnated in
wound dressings [20,21].

Evidence in the literature suggesting the antimicrobial efficacy of
dressings during a prolonged period are limited. To the best of our
knowledge, this is the first study that evaluated both the short- and long-
term efficacy of DTAC-based wound dressing against 27 different
pathogens including gram positive-bacteria, gram-negative bacteria,
and fungi, unlike several other drug-impregnated dressings with short-
term anti-microbial activities only. Fruitful attempts have been made
to utilize and enrich the available technology in dressing for both short-
and long-term microbicidal benefits. Aside these strengths, this study
has a major limitation in real-time i.e., it provides in vitro evidence only.
However, clinical studies and trials are underway that are aimed at
assessing the antimicrobial efficacy of Theruptor 3D-hydrocellular
wound dressing (CTRI/2021/12/038800, CTRI/2021/12/038884,
CTRI/2022/03/041044, and CTRI/2022/03/040898) [28]. Further
studies are required to understand the non-leaching nature of DTAC in
clinical scenario.

5. Conclusion

Conclusively, DTAC-based dressing can revolutionize the field of
modern wound care. The DTAC technology uses a physical kill mecha-
nism to eliminate the pathogens from the wound without leaching out in
the skin or out of the dressing. These dressings not only displayed
antimicrobial efficacy against a broad spectrum of microbes but also
found effective in a broader time range i.e., 1 min to 28 days. Such
properties are vital in managing all stages of wound care by ensuring
long-term protection against possible causes of infections. In addition,
the use of 3D-hydrocellular dressings will reduce the frequent changes of
wound dressing hence, it will help in cutting down the cost of wound
management. Based on these features, DTAC-based 3D-hydrocellular
wound dressing can be considered a promising technology for pre-
venting pathogen proliferation and enhancing wound healing
conditions.
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