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Figure 2 (above). Scanning Electron microscope  
images of on untreated  gauze wound  
dressing  and on BIOGUARD wound dressing (as 
labeled). 
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Figure 3 (belo w). Direct contact cytotoxicit y tests and  
zone of inhibition  plates ( ) for  BIOGU ARD and  
for a silver  dressing. 
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The BIOGUARD  antimicrobial barrier dressing is based o  the patented NIMBUS® technology (Quick-Med 
Technologies, Inc.).  The acti ve anti microbial agent is permanentl y bound to the dressing surface, and acts on the 
wound pathogen by physically disrupting the prokar yotic  cell  wall. T he macromolecular  agent responsible for this  
mode of ac tion is pol y(di allyldi methylammoni um chloride), or pol yDADMAC, a cationic quaternar y ammonium 
pol ymer. Gilbert and Moore (2005) describe the mechanism of cell wall disrupti on induced by pol ymeric cationic  
biocides i n excellent detail as shown graphically in . The cati onic pol ymer chai ns coordinate to the anionic  
segments of the phospholipid membrane, displacing stabilizing calcium ions. As increasing numbers of cell membr ane 
molecules coordi nate to the pol ymer, the i ntegrity of   e bacterial membrane is compromised, l eading to gaps and 
holes as shown i n the i mage.

The novel BIOGUARD™ antimicrobi al dr essing was  developed by Quick-Med Technol ogies in cooper ation 
with various UF affiliated staff, alumnae and cooperating facilities.  We pr esent technical details of note, and detail  
major milestones from the conception of the technol ogy to clinical validation of the final commercial product.  The 
translation of technolog y from the laborator y to regulator y clear ance can be a long and arduous process, but is onl y 
the first in the series of steps that  takes a laborat    findi ng from nascent technology to commercial product.  We 
detail some of the major of steps undertaken in our own translation from technology to pr oduc t.  Ultimatel y the onl y 
meaningful  tes t of a medical  product is i n being abl e  o provide benefits  to the patient first and foremost,  and to 
healthcare providers and facilities as a consequence.  In ter ms of specific applicati on, the BIOGUARD dressi ng line 
was designed with patient safety as the foremost consideration, with the ai m of providing an antimicrobi al chemistr y 
that is suitable for prophyl actic implementati on.  Clinical obser vations  on implementati on are pr ovided.  
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The BIOGUARD dressing is different from other antimicrobial dressings in that it  does  not have a zone of  
inhibition ( ). BIOGUARD (top row) shows no zone  of  inhi bition, and direc t contact testi ng with L929  
fibroblast cell line shows nor mal healthy growi ng cells.   The sil ver dressi ng shows a zone of i nhibiti on where the  
chemical leaches out of the dressings: the effect of l    hed sil ver is  shown i n the direct  contac t assay by malfor med  
and depopul ated cells.

The bound antimicrobial pr otects  the dressing without  eaching any chemical agents into the wound bed, and  
therefore nothing cytotoxic that could retard healing    ers the wound bed.  Also, the absence of a leached agent  
ensures  the absol ute mini mum possibility for bacteria    develop resistant strai ns.  

bac teria  grown i n contact with control  
substrate had intact membranes and full rod shapes. 

exposed to BIOGUARD surfaces show clear   
membrane damage and altered general morpholog y. 
Some bacteria show small holes and indentations with 
exudi ng intracellul ar content.

:  “Anti bacterial 
Finishes on Textile Materials, Assessment 
of.”

Strong antimicrobial efficacy (>99.99% for common 
wound pathogens, see table at right for more data)

Agar diffusion overlay method, as per Lowest Cytotoxicity score possi ble in test .  Non-
cytotoxic per test evaluation

Direct contact method with L929 cell line, 
per 

Judged non-cytotoxic per tes t evaluation 

Primar y Skin Irritation and Sensitization 
(Buehl er method) as per 
guidelines

Lowest Irritation and Sensitization score possible i n 
test

Inhibiti on test on plate No growth on or under dressi ng, no visible inhibition 
away from dressing surface

Minimum Inhibitory C oncentration (MIC) of  
step- wise adapted survi vor cultures  

MIC of BIOGUARD acti ve for did not change 
over 10 iterations  of s tep-wise adapted cultures 

ATCC 6538 99.9995% 99.999992%

MRSA ATCC BAA-44 99.9996% 99.999998%

ATCC 12228 99.9995% 99.999997%

ATCC 15442 99.988% 99.99999%

ATCC 19434 99.9996% 99.999987%

ATCC 8937 99.9996% 99.999997%

ATCC 19606 99.9989% 99.999999%

VRE (Vancomycin resistant ) ATCC 51299 99.9996% 99.999991%

The BIOGU ARD dressing demons trated high microbicidal ef ficacy (~6-log kill) against common wound 
pathogens , while maintai ning the highest possible level of biosafety in the laborator y testi ng.  This is most clearl y 
illustrated by Zone of Inhibiti on testing: the lack an inhi bitor y zone confirms that BIOGUARD antimicrobi al barrier  
dressing is able to control pathogens i n the dressi ng without exerting a physiological effec t on the wound bed.  A sil     
dressing tested alongside showed a zone of inhibition, and retar ded growth of cultured mouse fibroblasts.   

Initial clinical observations at  Shands  Burn Center were ver y positi ve.   Multiple experienced Burn Unit  nurses noted    
reduction in exudate color and odor in patients treated with BIOGUARD  as c   pared to standard gauze dressings.  
Further clinical trials are being discussed to show ef     y.

In summar y, these data show that BIOGUARD dressing pr ovides  a highl y eff     ve antimicrobi al barrier function 
without damaging cells that are essential for wound healing.  Initial clinical experiences indicate that BIOGUARD  
dressing reduces bac terial bioburden in dressings on highly exudating wounds.  F utur e clinical studi es will compare 
bacterial levels i n BIOGUARD dr essing and s tandar d gauze dr essing and bioburden i n wounds to assess the impact on 
infection and healing of  wounds i n vul nerable patients.

The theoretical representation is supported by electron micrographs ( ), which show 
cells before and after contact with a pol ymeric quaternar y microbicidal agent.  The left panel shows healthy intact 

cells, while the right panel shows disrupted and lysed cells–deflated membrane sacs with their intracellular contents 
released (Mikhaylova et al, 2010). 

Gauze bandages  and pads are commonl y used as dressings  for pati ents  with large wounds .  However, a disadvantage 
of gauze bandages  is the absor ption of  exudate into the dressing.  Exudate absor ption contributes to the development of  
high levels of bacteria in the dressing.

BIOGUARD, a new gauze with a bound antimicrobial pol ym    was used instead of standard gauze bandages in the 
treatment of three pati ents   Two of these patients were suffering from Toxic Epidermal  Necrol ysis Syndrome (TENS) with 
epidermal invol vement of approximately 90% total body     ace ar ea (TBSA).  T he third patient had full thickness  
thermal burns of greater than 70% TBSA.

Within 24 hours of appl ying standard gauze bandages to the wounds, the dressings developed a metallic green color  
and strong odor, characteristic of  In mar ked contrast,  BIOGUARD gauze bandages  applied 
to the wounds adjacent to the standard gauze dressings, remained white with no visible evidence of bacteria fouli ng.

These initial  clinical  results  suggest that BIOGUARD   uze bandages may pr event rapid bacterial growth in gauze 
dressings satur ated with heavy exudates.  T he reduc tion i n bacteria could lead to a decrease i n the contamination of  
open wounds, as  compared to s tandard dressings.  Additional  benefits of  using BIOGUARD   gauze bandages  may 
include reduced wound odor, frequency of dressing changes , and the spread of bac teria from fouled dressings to the 
patient and clinical personnel.

The r egulator y clear ance process  for a new antimicrobi     echnolog y can be a long and complicated pathway, 
as is illustrated in the flow-chart below.  T his chart details some of the maj or ste      the submission process, but is by 
no means exhausti ve.    
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shows  standard gauze bandages with 
exudate present from a donor site  24 hours after 
placement.   T he exudate is  green metallic in 
color and has a foul odor present.    
shows a bur n patient treated with BIOGUARD  
gauze bandages.  I t is evident that although 
there is a large amount of exudate present, it is  
not green in color  and is odor  free.  is  
a Donor Site treated with standard  gauze 
dressings that ar e metallic green in color and a 
strong odor is present.  shows the 
same Donor Site af ter 24 hours of treatment  
with BIOGUARD  gauze bandages .  It is 
apparent that exudate is present  but the col or 
and odor have i mproved.
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