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Evaluation of 4 Presurgical Skin Preparation
Methods in Mice

Brenda L Kick,"" Sanjeev Gumber,?® Heqiong Wang,* Reneé H Moore,* and Douglas K Taylor'?

Mice routinely undergo surgical procedures for use in research; however, studies of skin preparation methods to achieve
antisepsis are rare. The present study evaluated 4 skin preparation treatments: depilatory agent followed by povidone—-iodine
and alcohol scrub; depilatory agent followed by povidone—iodine and saline scrub; electric clippers followed by povidone-
iodine and alcohol scrub; and electric clippers followed by povidone—iodine and saline scrub. Swabs for bacterial culture
were obtained immediately after hair removal and after scrubbing to measure the reduction in bacterial load. Full-thickness
incisions were assigned ASEPSIS wound scores and examined histologically on days 0, 1, and 7 after surgery. Neither bac-
terial load growth nor ASEPSIS wound scores differed among any of the treatments. Histopathology revealed statistically
significant but biologically irrelevant differences. Overall all treatment methods achieved acceptable bacterial load reduction

and surgical site healing.
Abbreviation: SSI, surgical site infection
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Mice used in biomedical research frequently undergo surgi-
cal procedures as part of a research protocol. The appropriate
conduct of surgery is important in maintaining animal welfare,
and to that end, the American College of Laboratory Animal
Medicine (among other groups with similar missions) recom-
mends that all institutions using rodents for research, training,
and testing establish written standards for performing surgical
procedures.! A vital component of aseptic surgery and one nec-
essary to ensure a positive outcome is preparation of the skin
prior to the procedure. Whether the patient is an animal or hu-
man, the end goal of preparing (prepping) the skin for surgery
is to achieve adequate antisepsis. The principle of asepsis was
established nearly 150 y ago, and this state is defined as creation
of a skin surface sufficiently free of gross contamination and
resident microbial flora so that the risk of surgical site infection
(SSI) or systemic infection is acceptably reduced.? The second-
ary goal is to prepare the skin so that irritation and trauma are
minimized, which, when achieved in combination with the first
goal, leads to a high likelihood of successful wound healing and
increased animal welfare.

Skin preparation for rodent surgery is fundamentally the
same as that for any heavily furred mammal and involves 2
steps: hair removal followed by cleaning of the bared skin with
antimicrobial agents to achieve antisepsis. Hair removal can be
accomplished either mechanically through the use of clippers
or by using a chemical depilatory agent. Removing hair can
be very traumatic to the skin and in fact is contraindicated in
human surgery except when hair obscures the surgery site.
Shaving requires a delicate touch, and mechanical damage to
the stratum corneum layer of the skin can result.!® Depilatory

Received: 24 Apr 2018. Revision requested: 31 May 2018. Accepted: 02 Jul 2018.
Division of Animal Resources, Emory University, Atlanta, Georgia; *Division of
Pathology, Yerkes National Primate Research Center, Atlanta, Georgia; 3Department
of Pathology and Laboratory Medicine, Emory University School of Medicine, Atlanta,
Georgia; and *Department of Biostatistics and Bioinformatics, Emory University School
of Public Health, Emory University, Atlanta, Georgia

“Corresponding author. Email: bkick86@gmail.com

agents are corrosive, thus raising concerns regarding chemical
burns if the products are left in prolonged contact with the
skin.?” For mice, the recommendation at our institution is to
rinse away these creams within 15 s of application, which is
far less time than the manufacturer’s recommendation of 5 min
for humans. Either method of hair removal carries potential for
operator error leading to injury, general discomfort, and poor
surgical outcomes including suboptimal wound healing and SSI.

Skin disinfection after hair removal can be achieved in a
variety of ways, and a substantial body of literature provides
guidance regarding how best to achieve skin antisepsis prior
to surgery. Most of the recommendations are based on studies
of SSI prevention in humans,>!>23%46 in whom SSI are esti-
mated to occur at a rate of 1% to 2% for ‘clean” surgeries (that
is, no signs of infection or inflammation). Depending on their
severity, SSI increase hospitals costs by US$400 to US$30,000
per patient®®® and result in patient pain and distress. These
outcomes have prompted professional organizations such as
the Association of Operating Room Nurses (AORN) to publish
clear requirements regarding the presurgical preparation of
human patients.® Although no associated financial costs have
been reported, the SSI rate for clean procedures in veterinary
medicine is approximately 2.5%.24

Recommended best practices regarding the preparation of
veterinary patients for surgery have been derived principally
from companion animal practice. Povidone-iodine or chlo-
rhexidine used in conjunction with alcohol have been studied
most often and appear to enjoy the most widespread accept-
ance and use in both companion animal veterinary medicine
as well as human medicine.>>10122536:384050 Not surprisingly
given the recommendations in human and companion animal
medicine, the use of an iodophor—alcohol or chlorhexidine-al-
cohol combination is most commonly recommended for rodent
surgery**173% and, in the absence of data to the contrary, it’s
reasonable to presume that both methods are effective when
used appropriately. The choice of which antiseptic to use is often
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dictated by the nature of the surgery and, in human medicine,
the presence of allergies to a particular agent. For example, chlo-
rhexidine is generally safe on intact skin and requires shorter
contact time than iodophores, but chlorhexidine is cytotoxic to
mucous membranes and other tissues and thus might secondar-
ily promote bacterial colonization and infection. 143033414448 A
complete discussion of available agents and considerations for
their use is beyond the scope of the current study, and several
excellent reviews are available in the human medical literature.”
Questions regarding effectiveness and concern over potential
untoward outcomes associated with surgical skin preparation
have driven many discussions within the Emory University
IACUC. Recently, one research group noted difficulty in col-
lecting satisfactory echocardiographic images from mice that
had been prepared by using depilatory cream followed by
an iodine and alcohol scrub combination and prompted the
request to use sterile saline instead of alcohol. The researchers
suggested that the combination of depilatory cream with alcohol
led to increased skin inflammation, resulting in poor imaging
quality. This request to deviate from current best practices and a
paucity of data on the subject prompted the present study. Here
we evaluated the antiseptic effectiveness of 4 skin preparation
methods and their effects on surgical incision healing.

Materials and Methods

Mice. The study population was composed of male C57BL/6
mice (n = 30; age, 10 to 15 wk) that were bred and housed at
Emory University in accordance with AAALAC accreditation
and the Guide for the Care and Use of Laboratory Animals.?® All ex-
perimental procedures were approved by the IACUC at Emory
University. Mice in this study were included in a routine health
surveillance program and were negative for all pathogens of
interest.!> Mice were housed 2 to 5 animals per cage in venti-
lated caging, with corncob bedding (Bed-o’Cobs 1/8-in., The
Andersons, Maumee, OH). Caging supplies were not sterilized
for this experiment. Environmental conditions were maintained
at 68 to 72 °F (20 to 22 °C) and 30% to 70% humidity with a
12:12-h light:dark cycle. Reverse-osmosis—filtered water and a
standard rodent diet (Laboratory Rodent Diet 5001, LabDiet, St
Louis, MO) were provided without restriction.

Experimental design. Mice were randomly assigned to 1 of
2 hair-removal technique groups: using a depilatory agent
(Nair, Church and Dwight, Trenton, NJ) or shaving by using
electric clippers (Pocket Pro trimmer, Wahl Clipper, Sterling,
IL). After hair removal, the left and right sides of each mouse
were delineated, and each side was then randomly assigned 1
of 2 scrubbing regimens: povidone—iodine scrub (0.75% titrat-
able iodine, Phoenix, St Joseph, MO) combined with either 70%
isopropyl alcohol (Aspen Veterinary Resources, Liberty, MO)
or sterile saline (10-mL vials, Hospira, Lake Forest, IL). We
therefore evaluated 4 treatment conditions overall. Each of the
30 mice experienced 2 conditions, one each on the left and right
sides, resulting in 60 treated sites (1 = 15 sites per condition).

Skin preparation. All animals were anesthetized with iso-
flurane. By using 1 of 2 methods (depilatory cream or shaving
with clippers), hair was removed from the midthoracic region
to the sacral vertebrae and extending to the lateral aspects of the
abdomen. A marker was used to delineate the left side from the
right; these sites were further prepared by using 1 of 2 combina-
tions of scrubbing agents. For animals treated with depilatory
cream, clippers were used to thin the hair prior to application
of the cream, but the blades were not allowed to contact the
skin. The depilatory cream was then applied by using cotton-
tipped applicators in a circular motion; the cream remained on

the skin for 10 s before being removed by using sterile gauze
soaked in saline. For the remaining animals, clippers were used
to remove hair using standard techniques, with particular care
to avoid causing ‘razor burn.” Before each new cage of mice,
hair was physically removed from clippers by using a brush
and then a cleaning spray (Oster Kool Lube) was applied. The
scrubbing agents were applied in 3 alternating cycles, accord-
ing to accepted practice in the medical field. More specifically,
sterile cotton-tipped applicators soaked in povidone-iodine
scrub were applied in a circular motion, starting at the proposed
incision site and working outward to the edges of haired skin.
The povidone-iodine scrub was allowed to remain on the skin
for 1 min and then was removed by using sterile cotton-tipped
applicators soaked in either alcohol or sterile saline; this process
was repeated twice. The skin was allowed to air dry 30 s before
starting the incision.

Bacterial load. To determine the antimicrobial activity of
each site preparation method, samples for bacterial culture and
identification were taken from 20 prepared sites (n = 5 mice
sampled per treatment group) immediately after hair removal
and again after the skin was scrubbed on day 0. Samples were
collected by using a sterile culturette (BBL, CultureSwab, EZ
Single Swab Format, BD Diagnostics, Sparks, MD) that was
moistened with sterile saline and rolled down the midline of the
prepared site. The swabs were then placed into a sterile conical
tube (Eppendorf Safe Lock Tubes, 1.5mL, Eppendorf Quality,
Hamburg, Germany). An additional 100 uL of sterile saline was
added to the tube, and this solution was vortexed with the swab
for 155, plated (BBL Columbia Agar with 5% sheep’s blood, BD
Diagnostics, Sparks, MD), and then incubated at 37 °C for 18 h.
The plates were transported to the University of Georgia-Athens
(Athens, GA) for additional aerobic incubation and bacterial
identification through MALDI-TOF analysis. Bacterial load
was assessed and scored on a scale of 0 (no growth) to 4 (heavy
growth). At the University of Georgia’s Diagnostic Laboratory,
very light growth was defined as having a few, isolated colo-
nies on a plate, light growth involved 25% or less of the plate,
moderate growth covered 26% to 75% of the plate, and heavy
growth covered all 4 quadrants of the plate.

Surgical technique. Animals were maintained on a surgical
plane of isoflurane anesthesia after skin preparation. Buprenor-
phine (CIII Carpuject, Pfizer, New York, NY) was administered
subcutaneously at 0.05 mg/kg to each mouse and repeated
every 12 h for 1 d after surgery. The surgeon prepped aseptically,
with hairnet, face mask, sterile gown, and gloves. After skin
preparation, a sterile drape was placed over the patient, and an
approximately 1.0-cm full-thickness skin incision was made in
the center of the prepared area by using sterile surgical instru-
ments. Hemostasis was achieved with sterile cotton-tipped
applicators. The skin then was immediately closed with 5-0
polypropylene suture (Surgical Specialties, Angiotech Pharma-
ceuticals, Vancouver, Canada) in a simple interrupted pattern.

Gross evaluation. Surgical sites were photographed (Pow-
ershot SD1200 IS, Canon, Tokyo, Japan) at a distance of
approximately 12 cm from the surgery site on day 1 (n = 10
samples per treatment) and day 7 (1 = 5 samples per treatment).
Day 0 was not photographed or evaluated because no healing
would be evident at the gross level at that early time point.
All photographs were visually assessed by 3 raters blinded to
treatment condition. Assessors used a modified ASEPSIS wound
score chart similar to that described elsewhere.*” Each assessor
assigned scores for 4 criteria—erythema, serous exudate, swell-
ing, and separation of deep tissues—and scores were summed
to arrive at a total wound score. Composite scores of 0 to 10 in-
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dicated satisfactory healing; 11 to 20 demonstrated disturbance
of healing; 20 to 30 were indicative of minor wound infection;
31 to 40 showed moderate wound infection; and scores greater
than 40 revealed severe wound infection. The average ASEPSIS
wound score for each treatment condition was then calculated
and used for statistical analysis. Images representative of those
evaluated are shown in Figure 1.

Microscopic evaluation. To microscopically examine surgical
sites for bacterial contamination and wound healing, we used
CO, asphyxiation to euthanize 10 mice each on days 0, 1, and
7 after surgery. A 3x4-mm section of the wound was excised.
Skin sections from areas not altered by a treatment group
were also obtained to use as controls. Samples were fixed in
10% neutral buffered formalin, routinely processed, paraffin-
embedded, sectioned at 5 um, and stained with hematoxylin
and eosin. The stained slides from each sample were examined
by a board-certified veterinary pathologist blinded to treat-
ment condition. Histopathology scoring was performed under
both low-power (magnification, 100x) and high power field of
view (magnification, 200x) by using methods similar to those
published elsewhere.?* Criteria for assessment included dermal
inflammation, follicular changes, fibroplasia, and epidermal
hyperplasia. Each criterion was assigned a numeric score rang-
ing from 0 (absent) to 3 (most robust change). Scores for each
criterion were summed to obtain a cumulative histopathology
lesion score for each section examined. A score of 12 was the
maximum possible. Images of stained slides were captured at
200x magnification by using a microscope (model BX43, Olym-
pus) equipped with a digital camera (model DP26, Olympus)
by using digital imaging software (Cellsens 1.15, Olympus).
Representative images are shown in Figure 2.

Statistical analysis. The Kendall coefficient of concordance
score was calculated overall and for each combination of day
and treatment to determine agreement among the 3 ASEPSIS
visual assessors. Concordance values range from 0 (no agree-
ment) to 1 (complete agreement). For bacterial load, ANOVA
was used to test the difference between treatments. For ASEPSIS
wound score, the median wound score for each mouse was
calculated and used as the outcome in repeated measure model
to test if differences existed by day, treatment, and interactions
between those variables. A longitudinal generalized estimated
equation model was fit to examine histopathology scores. The
model included day, treatment, and interactions between those
variables. For all 3 outcomes, the side of the mouse was evalu-
ated and was included in the model only when statistically
significant. All models were 2-sided with the significance level
setat0.05. All statistical analyses were performed by using SAS
(version 9.3, SAS Institute, Cary, NC). All results are presented
as mean + SEM, unless otherwise noted.

Results

Interassessor agreement regarding ASEPSIS wound score. The
Kendall coefficient of concordance for the assessors” ASEPSIS
wound scores ranged from 0.495 to 0.692, indicating moderate
to substantial agreement. In addition, assessor scores showed
significant association.

Day 0. For bacterial culture, only bacterial load after skin
preparation was analyzed statistically. Prepreparation samples
(that is, hair removal only) were not analyzed statistically and
served only to describe normal skin flora and to ensure that
animals were not ‘contaminated” in some way by primary
pathogens. After complete skin preparation, mice treated with
shaving, povidone—iodine, and saline showed the highest bacte-
rial load score (1.2 + 0.5), followed by those prepped by using
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either depilatory cream, povidone—iodine, and saline or shaving,
povidone—iodine, and alcohol (0.6 +0.5) and then those treated
with depilatory cream, povidone—iodine, and alcohol (0.4 +0.5);
none of the differences were statistically significant (P = 0.71).
In total, 4 genera of bacteria were identified: Staphylococcus,
Bacillus, Enterococcus, and Neisseria (Table 1). Staphylococcus
xylosus was the most common isolate, identified in 57.5% (23
of 40) of the samples. Enterococcus gallinarum and Bacillus spp.
each was present in 0.05% of samples (2 of 40). Neisseria spp.
comprised 0.025% (1 of 40 cultures) of the samples. No growth
was associated with 37.5% (15 of 40) of the samples, and of
those, 86.6% (13 of 15) were samples obtained after scrubbing
(Table 1). Histopathology scores for all treatment groups were
0 (data not shown).

Day 1. The ASEPSIS wound score for mice treated with shav-
ing, povidone-iodine, and alcohol was 1.15 + 0.27, which was
significantly (P = 0.046) greater than for those prepped with
depilatory cream, povidone—iodine, and saline (0.35 +0.27) but
not depilatory cream, povidone—iodine, and alcohol (0.60 £0.27)
or shaving, povidone-iodine, and saline (0.50 + 0.27; P > 0.10).

The mean histopathology score for mice prepped with shav-
ing, povidone—iodine, and saline was 10.3 + 0.23, the highest of
any group. The next lower scores were for animals treated with
shaving, povidone-iodine, and alcohol (9.8 + 0.5); depilatory
cream, povidone—iodine, and alcohol (6.8 +0.18); and depilatory
cream, povidone—-iodine, and saline (6.6 +0.36). Histopathology
scores for the 2 groups that were shaved were significantly (P
< 0.0001) greater than for those dehaired by using depilatory
cream.

Day 7. The mean ASEPSIS wound score for animals prepped
by using shaving, povidone-iodine, and saline (0.20 +0.15) was
the highest, whereas that of the group treated with shaving,
povidone—iodine, and alcohol (0.10 + 0.15) was the lowest; the
mean score for mice treated with depilatory cream, povidone—
iodine, and alcohol was 0.17 + 0.15, and for those treated with
depilatory cream, povidone—iodine, and saline it was 0.11 +0.15.
None of the differences was statistically significant (P > 0.64.
Treatment with shaving, povidone—iodine, and alcohol resulted
in the highest mean histopathology score (7.3 + 0.30), whereas
depilatory cream, povidone-iodine, and saline was the low-
est (5.7 £ 0.52); this difference was statistically significant (P =
0.008). The mean score for shaving, povidone—iodine, and saline
was 6.6 + 1.0 and for depilatory cream, povidone—iodine, and
alcohol was 6.3 £0.78. None of the differences were significant,
except for that between shaving, povidone-iodine, and alcohol
compared with depilatory cream, povidone—iodine, and alcohol.

Discussion
Existing guidance for the preparation of mouse skin prior to
surgery suggests the use of either shaving or depilatory agents
for hair removal followed by chlorhexidine or povidone-iodine,
both in combination with alcohol, for skin disinfection.*”34
Although these methods are generally accepted as best current
practice, the effectiveness of presurgical skin preparation meth-
ods in rodents and their effects on surgical wound healing has
recently prompted investigation.!! The goal of the present study
was to evaluate 4 skin preparation methods for their ability to
achieve antisepsis and to assess their effects on incisional wound
healing. The data reported herein indicate that all methods were
equally effective in achieving asepsis and resulted in satisfactory

wound healing by day 7 after surgery.
Inrodents, hair removal prior to cleaning of the skin with cho-
sen disinfectants is a necessary step in preparation for surgery.
In the present study, hair was removed either mechanically by
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Figure 1. Representative gross images of the average ASEPSIS wound score for each treatment group on days 1 and 7. Representative images
of surgical sites on day 1 for mice treated with (A) depilatory cream, povidone-iodine, and alcohol; (B) depilatory cream, povidone—iodine, and
saline; (C) shaving, povidone-iodine, and alcohol; and (D) shaving, povidone-iodine, and saline and on day 7 for mice treated with (E) depila-
tory cream, povidone—iodine, and alcohol; (F) depilatory cream, povidone-iodine, and saline; (G) shaving, povidone-iodine, and alcohol; and
(H) shaving, povidone-iodine, and saline.

Figure 2. Dermal pathology on days 1 and 7. (A) Normal skin with intact epidermis and absence of inflammation in dermis and subcutis. (B) At
24 h after shaving, skin tissue showed showed severe epidermal ulceration (arrowhead), furunculosis, and inflammation extending into dermis
with a remnant of hair shaft (thin arrow). The thick arrow indicates intact skin adjacent to the ulceration site shows. Moderate subcutaneous
edema, neutrophilic inflammation, and small numbers of macrophages (asterisk) were present. (C) At 7 d after shaving, skin tissue exhibited
epidermal hyperplasia (arrow) and marked dermal fibroplasia with moderate infiltrates of neutrophils and macrophages (asterisk). (D) Normal
skin with intact epidermis and absence of inflammation in dermis and subcutis. (E) At 24 h after application of the depilatory cream, focal epi-
dermal erosion (arrowhead) and minimal inflammation and edema in dermis and subcutis (asterisk) were present. (F) At 7 d after application of
the depilatory cream, skin sampes showed epidermal hyperplasia (arrow), marked dermal fibroplasia, and moderate infiltration of neutrophils
and macrophages (asterisk). Hematoxylin and eosin staining; magnification, 100x. magnification.

using clippers or chemically by using a commercially available
depilatory agent. We were uninterested in studying hair removal
as an isolated endpoint because each method unquestionably is
effective and, for skin preparation, it would always be done in
conjunction with some form of disinfection. Although not done
in this study, one option would have been to develop a scoring
system and assess criteria such as erythema immediately after
hair removal. In the absence of a formal method of assessment,
we can report that the skin appeared grossly to be unharmed by

using either method, and throughout the course of experimenta-
tion, no animals exhibited signs indicative of skin irritation such
as pruritus. Similarly, all wounds healed satisfactorily, further
supporting the notion that either method, when done appropri-
ately, is acceptable. It is, however, important to recognize that
hair removal was performed by an experienced veterinarian.
In the hands of inattentive or inexperienced personnel, the risk
for skin damage is increased, potentially resulting in discomfort
for the animal and unsatisfactory wound healing, especially
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Table 1. Bacteria cultured from samples collected before and after skin
disinfection

Depilatory cream Shaving
Before  After Before  After
Staphylococcus xylosus 7 3 10 3
Bacillus spp. 0 0 0 2
Enterococcus gallinarium 1 0 1 0
Neisseria spp. 1 0 0 0
No growth 2 7 0 6

Data represent the number of plates on which each bacterial genus
grew; some plates grew multiple bacterial species. Each mouse (1 = 20)
provided a ‘before” (after hair removal but before surgical scrubbing)
and ‘after’ (after scrubbing) sample. Each culture was incubated at 37
°C for 18 h; additional incubation and bacterial identification occurred
at the University of Georgia—Athens.

with depilatory agents that, if not applied for an appropriate
duration, could cause considerable skin irritation.

Achieving satisfactory skin antisepsis requires the reduction
of transient and resident microbial flora to the lowest achievable
level. Itis important to realize that the skin is never completely
free of bacteria after preparation, and most studies show some
proportion of samples with positive bacterial culture after
preparation.!>?3! Even when bacteria are superficially absent
immediately after disinfection, they tend to recolonize over
time.?2 We therefore had no expectation that any treatment
would completely eliminate bacteria from the skin surface and
were interested to know which method resulted in the fewest
bacteria.

All 4 treatments resulted in no or very low bacterial load
scores. Because no benchmark for acceptable reduction in micro-
bial flora is available, we cannot necessarily state that treatments
were effective or ineffective—only that they resulted in similar
outcomes. It is unsurprising that all disinfection regimens re-
sulted in microbial reduction, because iodine was part of the
regimen for all groups; however it is interesting that replacing
alcohol with sterile saline had no appreciable effect. Alcohol has
disinfectant properties that are well defined and accepted,®!?
and it exerts synergistic effects with other disinfectant agents,'?
making it reasonable to expect that replacing it with saline
would result in reduced antisepsis. Disinfection using iodine
and saline after hair clipping did indeed result in the highest
bacterial load score, but the difference was not significant statis-
tically and likely of little consequence biologically, given that all
wounds healed acceptably. The bacterial load for the other group
treated with saline was essentially equal to those where alcohol
was used, again supporting a conclusion that saline and alcohol
are equally effective when used in combination with an iodine-
based disinfecting agent. This finding suggests that the iodine
contributed most of the antimicrobial activity in the preparation
and that additional agents, whether saline or alcohol, serve little
purpose except possibly some mechanical removal of bacteria.
This outcome is not entirely unexpected, given that a substantial
body of veterinary literature shows that povidone—iodine is an
effective preoperative skin antiseptic.?131-323549 Whether this is
true when alcohol or saline is combined with other disinfectants
such as chlorhexidine is unknown and could serve as a focal
point for a future study.

It is interesting to consider whether the method of hair
removal itself contributes to antisepsis. In the present study,
samples for bacterial cultures were collected after hair removal
but prior to skin disinfection, primarily to describe the normal
flora. Given that survival surgery would not take place in

Presurgical skin preparation in mice

the absence of disinfection, the contribution of hair removal
to antisepsis is ultimately inconsequential. With that said, it
is reasonable to surmise that depilatory agents could have
antimicrobial properties due to their corrosive nature. In addi-
tion, some bacteria are almost certainly removed mechanically
through the act of wiping away the agent after application. We
noted less bacterial growth in samples from skin treated with
depilatory cream regardless of whether alcohol or saline was
used after povidone—iodine, but whether the difference was
clinically meaningful was not further explored.

Staphylococcus xylosus was most commonly isolated—unsur-
prising given that Staphylococcus spp. are ubiquitous in nature
and considered to be one of the most prevalent components
of the normal skin flora of several species, including mice.
The other bacteria that were identified included Bacillus spp.,
Enterococcus gallinarium, and Neisseria spp. and all can likewise
be considered normal commensals in the mouse.?842 Although
characterization of mouse skin flora was not a primary objec-
tive of this study, it was important to know from the onset that
no primary pathogens were present in the event that untoward
outcomes were observed at later time points. In addition, our
findings further provided some assurance that SPF status was
maintained in the mice during housing.

Although measurement of microbial burden is a good direct
assessment of the effectiveness of a skin preparation regimen,
the ultimate goal is to eliminate the risk for SSI and allow
successful healing of the surgical incision. Several factors,
including aseptic surgical technique, contribute to SSI preven-
tion, but skin antisepsis is considered to be the foundation.?
In the present study, a single experienced surgeon performed
all procedures and given the simplicity of and short dura-
tion necessary for creating a single skin incision, the risk of a
break in aseptic technique was minimal. Excessive grooming
of the incision site could contribute to SSI or delayed healing,
but this factor likely was equally spread across all treatment
groups and was never observed. We therefore presumed that
skin preparation was the major factor determining whether
an SSI would occur.

Assessing incisional wounds for evidence of an SSI in a
clinical setting is done by simple examination of the surgical
site, and human healthcare has formal guidelines for making
a determination.!® No similar guidance exists in veterinary
medicine, but a limited survey of the literature suggests that
the appearance of purulent discharge is the central criterion.2”4
These reports, however, are centered on dogs and cats in a clini-
cal setting, and there are no published studies of SSIin rodents.
More than 80 methods for assessing surgical wounds in human
medicine are described.® Among those, the ASEPSIS grading
scale is used most commonly and was chosen for the current
study. To bolster gross observations, histologic measurement
of wound healing was done with the idea that a contaminated
wound would exhibit changes suggestive of infection or delayed
healing. Although several methods are available for measuring
incisional wound healing, histologic methods are considered
the ‘gold standard.”

ASEPSIS wound scores for all treatment groups at both
days 1 and 7 were extremely low, barely eclipsing a score of 1
for the group that was shaved and scrubbed by using alcohol.
Although this group was scored significantly higher at day 1
than one other group—the one treated with depilatory cream,
povidone—iodine, and saline—this difference likely was inconse-
quential biologically, and by day 7, the differences diminished.
This pattern strongly suggests that wounds were healing well
in all cases. In general agreement with this conclusion were
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the histopathology scores that were lower on day 7 relative to
day 1. On day 1, the scores ranged from 6.6 to 10.3 on a scale
of 12, and although they could be interpreted as ‘high’, it’s
more appropriate to conclude that they reflect an acute phase
in the healing process. Animals that were shaved overall had
increased follicular inflammation and epidermal damage with
ulcerations—these events all may increase the likelihood of SSI.
Although this outcome was not necessarily expected, previous
work has shown that shaving skin can be very traumatic, re-
sulting in significant changes in structure and integrity.'® Most
importantly, histologic changes diminished in all groups on
day 7, suggesting that all wounds were healing satisfactorily
with no indicators of infection such as increased infiltration by
inflammatory cells. In humans, complete wound healing, as
measured by cessation of remodeling, can require up to a year,®
and although comparable studies of complete wound healing
in mice are not available, it is almost certain that remodeling
is still occurring, as indicated primarily by fibroplasia, at this
relatively early (7 d) time point. Clinically, a 10- to 14-d time
point is often defined as the time when incisional wounds are
considered healed adequately to remove materials used in
wound closure, and the presumption is that our scores would
continue to decline had we included a more distant time point.

In conclusion, all methods of skin preparation used in this
study resulted in satisfactory antisepsis and wound healing,
and we believe that all are safe and effective for use in rodent
surgery. Some evidence suggested that the use of a depilatory
agent was less traumatic to the skin than shaving, but with
appropriate care and attention to detail, either hair removal
method is acceptable. It is important to acknowledge that a
simple incisional wound created by an experienced surgeon
was used in this study. Procedures that are more complex, of
longer duration, or performed by less experienced surgeons
will carry a greater risk of SSI and other untoward outcomes.
Regardless of the efficacy of the skin preparation regimen, the
use of aseptic surgery principles remains vital to a successful
outcome.
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