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Rodents are routinely used to create research surgical models. 
In accordance with the Guide for the Care and Use of Laboratory 
Animals, rodent surgical procedures begin with the aseptic 
preparation of the patient, including hair removal and disinfec-
tion of the surgical site.16 Preoperative skin preparation serves to 
remove soil and microorganisms from the surgical site, reduce 
the resident microbial count without causing skin irritation, 
and inhibit rebound microorganism growth.8 Past studies have 
shown that rodents not only get postprocedural infections but 
are also used as models of infection.6,21 Although aseptic prepa-
ration of rodents is understood as beneficial, aseptic technique is 
not universally practiced.6 Batch surgeries—a series of survival 
surgeries performed in succession—small body size, surgical 
space restraints, and time and cost constraints are all potential 
limitations to the practice of appropriate aseptic technique.22 
The question is: which antiseptic preparation procedures are 
most effective, efficient, and economical in the preparation of 
rodents for surgical procedures?

Surgical preparation methods include antiseptic surgical 
scrubs and solutions. Surgical scrubs contain an ionic detergent 
and are designed for preoperative preparation of intact skin be-
fore surgical incisions.39 Antiseptic agents without the detergent 
component are termed solutions.39 Triplicate application using 
alternating antiseptic scrub or solution and rinse has been the 
long-time standard in the veterinary field for preoperative skin 
preparation and is also the standard requirement for rodent sur-
gery.3,7,15,26 A recent evaluation of triplicate application of skin 
antiseptic preparation agents found that skin preparation can 

be achieved with 1 or 2 applications of antiseptic preparation.7 
Another study indicated that a different waterless alcohol-based 
agent was effective for antiseptic preparation after a single appli-
cation in dogs.20 This current study further explores alternative 
antiseptic skin preparation agents for mice that are used in the 
medical profession.

The human medical field frequently uses skin antiseptic 
preparation agents that are alcohol-based solutions because 
they offer the benefit of quick preparation time and sustained 
and durable broad-spectrum antimicrobial activity.14,34 Alcohol-
based prep solutions combine alcohol with povidone-iodine, 
chlorohexidine or zinc pyrithione providing increased and per-
sistent antimicrobial activity.14 The agents we sought to evaluate 
include a solution that contains iodine povacrylex (0.7% avail-
able iodine) and 74% isopropyl alcohol (w/w; product 1);1,16 a 
solution with 2% w/v chlorhexidine gluconate in 70% isopropyl 
alcohol (product 2); and a 4% w/v chlorhexidine gluconate solu-
tion used for human patient aseptic skin preparation (product 
3).23 Mechanisms of actions vary: product 1 denatures proteins 
and causes damage to bacterial DNA; product 2 denatures pro-
tein and disrupts bacterial membranes, and product 3 disrupts 
bacterial cell membranes.14 Studies on these 3 products or other 
similar compounds in veterinary patients is limited. Product 1 
was as effective as traditional chlorhexidine gluconate scrub in 
companion animal preoperative evaluation but has not been 
evaluated in rodents.10 Product 2 has been used for veterinary 
patient antisepsis,31 but to our knowledge, efficacy has not 
been evaluated. Product 3 has not previously been evaluated 
in veterinary patients.

Although mouse and human skin are similar, several key 
differences may alter the effectiveness of the antiseptic agents. 
Both humans and mice have a distinct epidermis, dermis, and 
subcutis, but human skin is thicker overall.9 Unlike humans, 

Evaluation of 3 Alcohol-based Agents for 
Presurgical Skin Preparation in Mice

Monika K Huss,1,* Kerriann M Casey,1 Jing Hu,2 Roberta C Moorhead,2 and Helen H Chum3

Appropriate aseptic technique is a crucial component of rodent survival surgery. Ease of technique, surgical space con-
straint, batch surgery, and cost are factors that may affect researcher compliance with appropriate aseptic technique. The 
first part of this study compared 3 antiseptic preparation agents with the standard triplicate application of povidone-iodine 
and alcohol. Euthanized mice (n = 40) were shaved on the dorsum, and culture swabs were taken for RODAC plating and 
bacterial identification. Shaved sites were prepared by using one of the 4 antiseptic preparation agents. Culture samples 
were obtained immediately and at 20 min after antiseptic preparation. In the 2nd part of the study, 8 mice (n = 2 per group) 
were prepared for a survival surgical procedure by using one of the 4 antiseptic preparation agents to evaluate whether the 
antiseptic preparation agents caused skin irritation or impaired healing. Results from this study indicated that all 3 of the 
antiseptic agents evaluated were equally effective at reducing bacterial populations immediately and at 20 min after prepa-
ration. Histopathologic examination of the incision sites revealed signs of normal healing without lesions adjacent to the 
incision site. We conclude that all 3 of the products evaluated are comparable to traditional povidone–iodine and alcohol as 
agents for aseptic preparation of surgical sites.

Abbreviation: PA, povidone–iodine and alcohol

DOI: 10.30802/AALAS-JAALAS-19-000053

Received: 11 Apr 2019. Revision requested: 15 May 2019. Accepted: 31 May 2019.
1Department of Comparative Medicine and 2Veterinary Service Center Diagnostic Labora-
tory, Stanford University, Stanford, California; and 3Veterans Affairs Palo Alto Health 
Care System, Palo Alto, California

*Corresponding author. Email: monikag@stanford.edu

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-26



68

Vol 59, No 1
Journal of the American Association for Laboratory Animal Science
January 2020

mice have a panniculus carnosus and more hair follicles. The 
mouse epidermis comprises 2 or 3 layers of keratinocytes (hu-
mans have between 5 and 10 layers), resulting in a decreased 
barrier and greater absorption.9 The immunologic characteristics 
of human and mouse skin differ also. Human—but not mouse—
neutrophil granulocytes produce antimicrobial peptides.9 Most 
laboratory mice reside in environments that expose surgical 
sites to bacteria present in feces, and the microorganisms on 
skin differs between mice and humans.25 For these reasons, it is 
important to validate the efficacy of these solutions for rodent 
survival surgery.

We compared the efficacy of 3 commercial products with the 
contemporary standard antiseptic preparation of 3 alternating 
povidone–iodine and 70% isopropyl alcohol wipes (PA) in re-
gard to reduction in bacterial population immediately and at 
20 min after preparation of the skin. Our hypothesis was that 
the 3 alcohol-based preparation agents would be as effective as 
triplicate application of PA for antiseptic preparation of mice. If 
these alternative agents prove to be effective, they would offer 
rodent surgeons alternative antiseptic preparation techniques 
that are quick, simple, and affordable.

Materials and Methods
Animals. All procedures described were approved by the 

Stanford University’s Administrative Panel on Laboratory Ani-
mal Care and performed in an AAALAC-accredited facility. For 
part 1, male (n = 20) and female (n = 20) C57BL/6J mice (age, 
8 to 10 wk) previously scheduled for euthanasia were used to 
evaluate the antimicrobial efficacy of the antiseptic agents. For 
part 2, male and female (n = 2 per group) Balb/c mice (age, 3 
mo; Charles River Laboratories, Hollister, CA) were used to 
evaluate the effect of the antiseptic preparation agents on skin 
pathology. All mice were housed under a 12:12-h light:dark cycle 
at a density of 2 to 4 mice per cage in a temperature-controlled 
vivarium as part of an AAALAC-accredited program. Health 
surveillance was performed through quarterly testing of dirty-
bedding CD1 sentinels (Charles River Laboratories). Sentinels 
were consistently negative for mouse parvovirus, minute virus 
of mice, mouse hepatitis virus, enzootic diarrhea of infant 
mice, Theiler murine encephalomyelitis virus, mites (all spe-
cies), lice (all species), and pinworms. On an annual schedule, 
sentinel mice were tested and considered free of Sendai virus, 
mouse adenovirus types 1 and 2, ectromelia virus, lymphocytic 
choriomenigitis virus, pneumonia virus of mice, reovirus 3, 
Mycoplasma pulmonis, Spironucleus muris, and Giardia muris.

Antiseptic prep agents. Mice were prepared according to 
manufacturer’s instructions or standard rodent surgical guide-
lines for parts 1 and 2 of the study. For product 1 (Duraprep 
solution, 3M, St Paul, MN), the sponge was held in downward 
position, and the operator pressed the cap end of applicator, 
allowing the solution to flow into the sponge. Beginning at the 
rostral edge of the shaved fur, the operator painted backward 
in a single uniform coat of solution on the skin by using light 
pressure. The solution was allowed to dry thoroughly on the 
skin for 2 min.

For product 2 (Chloraprep solution, Carefusion, El Paso, TX), 
the operator tore the pouch to access applicator handle. Begin-
ning at the rostral edge of the shaved fur, the operator used the 
swab stick to paint caudally, applying a single uniform coat. By 
using additional swab sticks, this process was repeated twice 
to uniformly paint the area, after which it was allowed to dry 
for 1 min.

For product 3 (Hibiclens solution, Molnlye Health Care, 
Norcross, GA), the operator used a syringe to apply the solu-

tion (1 to 3 mL) to the center of surgical site and then used a 
cotton swab to paint outward to the edge of the shaved area. 
This process was repeated once. The area then was dried after 
application by using sterile gauze.

For PA (Povidone–iodine solution, Purdue Products, Stam-
ford, CT, and 70% isopropyl Alcohol USP, Henry Schein, 
Melville, NY), the operator completed 3 consecutive scrubs, 
alternating povidone–iodine alternating with gauze soaked 
in 70% isopropyl alcohol. The agents were applied first to the 
center of the clipped area and moved outward in concentric 
circles.

Part 1—evaluating the efficacy of antiseptic preparation 
agents. Experimental design. Mice were divided randomly into 
4 groups (products 1, 2, and 3 and PA; n = 10 per group) with 
equal numbers of males and females per group. Mice were eu-
thanized by using carbon dioxide inhalation and held at room 
temperature in the preparation area. Hair on the dorsum was 
removed by using clippers and a no. 50 blade (Professional 
Animal Trimmer, Wahl, Sterling, IL), and fur was removed with 
tape. The clipped area was approximately 5 cm in length by 2.5 
cm in width. Within 2 h of euthanasia, the 4 skin antiseptics were 
applied by the same person, who wore clean exam gloves, inside 
a Biosafety Class II Type A hood. Swabs were obtained at 3 time 
points (before preparation, immediately after preparation, and 
at 20 min after preparation) to evaluate antimicrobial efficacy 
and bacterial identifications.

Antimicrobial efficacy was assessed quantitatively by cultur-
ing surface bacteria on RODAC plates containing trypticase 
soy agar with lecithin and polysorbate 80 (BD BBL TSA with 
Lec and P80 RODAC, Becton Dickinson, Sparks, MD). A sterile 
swab stick premoistened with TSB (Tryptic Soy Broth, Hardy 
Diagnostics, Santa Maria, CA) was swabbed over the shaved 
area and then rolled on the RODAC plate. The swab was gently 
streaked over the surface of the plate several times in a zigzag 
fashion to evenly spread the inoculum across the surface of the 
agar. All culture plates were incubated aerobically at 35 °C with 
5% CO2 and read at 24 and 48 h. For all samples, the colonies of 
each morphology were counted manually.

Bacterial identification. Each bacterial isolate was plated onto 
tryptic soy agar plates containing 5% sheep blood (15 × 100 mm 
monoplate, Hardy Diagnostics). Isolates were incubated at 35 
°C in 5% CO2 for a maximum of 5 d. Subsequently plates were 
observed for bacterial growth and basic morphologic char-
acteristics, including colony pigmentation, size, and texture. 
Gram stains were performed to study microscopic morphol-
ogy. After an incubation period of 18 to 24 h, bacterial growth 
was emulsified to the specified density in the inoculating fluid. 
Bacterial identifications were conducted automatically (Om-
niLog Identification System, Biolog, Hayward, CA). Briefly, the 
instrument tests a microorganism’s chemical sensitivities and its 
ability to use (that is, oxidize) various carbon sources (GEN III 
MicroPlate, Biology). All necessary nutrients and biochemicals 
were prefilled and dried in the provided 96-well microplate. 
Tetrazolium redox dyes were used to colorimetrically indicate 
utilization of the carbon sources or resistance to inhibitory 
chemicals. Each microbe’s ability to use the various carbon 
sources and their chemical sensitivities produced a unique pat-
tern (that is, a ‘phenotypic fingerprint’) for that microbe. The 
fingerprint data were fed into the software, which searched its 
extensive database and made an identification.

Part 2—surgical procedure. Experimental design. Surgical pro-
cedures were performed in a dedicated surgical room. Personnel 
donned lab coats, surgical masks, disposable hair bonnets, and 
single-use nitrile gloves. Instruments were autoclaved prior to 
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use and sterilized in a hot bead sterilizer (Fisher Scientific Tools, 
Foster City, CA) between surgeries. The surgical environment 
remained between 70 to 74 °F (°C) and 30% to 70% relative 
humidity. Mice were weighed on a gram scale, and anesthesia 
was induced by using isoflurane (3% to 5% in O2 at 2 L/min) in 
a 2-L transparent plastic induction box. Once a loss of righting 
reflex was observed, mice were placed in ventral recumbency 
on a disposable pad overlying a circulating warm-water heat-
ing pad (Stryker T/Pump, Portage, MI) set to 38 °C and sterile 
eye lubricant (Puralube, Dechra Pharmaceuticals, Northwich, 
United Kingdom) was applied to both eyes. Isoflurane was 
administered at 1.4% to 2% in O2 at 0.7 L/min through a nose 
cone to maintain a surgical plane of anesthesia throughout the 
procedure. Mucous membrane color and respiratory pattern 
were evaluated continuously, and paw withdrawal response 
was evaluated before and at 5-min intervals. Intraoperative 
temperature was recorded at the start of the procedure and 
every 5 min by using PhysioSuite RightTemp monitoring (Kent 
Scientific, Torrington, CT).

Once anesthetized, each mouse received a dose of carprofen 
(5 mg/kg SC; Rimadyl, Zoetis, Kalamazoo, MI), with a second 
dose administered 24 h later. The surgical area was shaved (ap-
proximately 2.5 cm × 2.5 cm, on the dorsum) by using clippers 
and a no. 50 blade (Professional Animal Trimmer, Wahl). Fur 
was removed by using tape. The shaved area was prepared with 
1 of 4 antiseptic preparation agents (according to the technique 
described earlier and allowing for drying of agents), which were 
maintained at room temperature.

After presurgical preparation, mice were moved to the sur-
gical station, placed in ventral recumbency on a warm-water 
heating pad, and draped with a sterile drape (Press N Seal, 
Glad, Oakland, CA). A circular hole was cut in the drape by 
using sterile scissors, and a 0.5-cm incision over the dorsum 
was made by using sterile surgical scissors (Figure 1). The sur-
gical site was closed with a single sterile 7-mm stainless steel 
wound clip (Reflex 7 Skin Closure System, CellPoint Scientific, 
Gaithersburg, MD; Figure 2). From the induction of anesthesia, 
the entire procedure lasted approximately 20 min.

Mice recovered from anesthesia in a clean cage lined with 
paper towels on a warm-water blanket. Females and males were 
housed postoperatively in same-sex groups. Mice were weighed 
at 3, 7, and 10 d after surgery and monitored daily for any signs 
of pain or infection or inflammation at the surgical site. At 10 d 
postoperatively, mice were euthanized by using CO2 followed 
by cervical dislocation, and skin and tissues surrounding the 
surgical site were removed for histopathologic examination.

Tissue collection and histopathology. Pelts were grossly 
examined for the presence or absence of wound clips. A sec-
tion of pelt extending from the rostral scapular region to the 
base of the tail and laterally to the mid ventral body wall was 
collected. The pelt was laid flat on cardstock, air dried for 10 
s, and immersion-fixed in 10% neutral-buffered formalin for 
72 h. After fixation, a linear strip of haired skin was collected 
perpendicular to the long axis of the wound (as well as hair 
growth), including approximately 1 to 1.5 cm of tissue lateral 
to the wound (that is, nonwounded shaved skin exposed to 
topical preparation solution). A second linear strip of haired 
skin (perpendicular to hair growth) was collected from the 
intrascapular region for use as a control. Formalin-fixed tissues 
were processed routinely, embedded in paraffin, sectioned at 5 
μm, and stained with hematoxylin and eosin.

A board-certified veterinary pathologist (KMC) blindly evalu-
ated stained sections at the following 3 locations: surgical wound 
site, 4-mm lateral to the surgical wound site and intrascapular 

skin (control). All sections were evaluated for the following 
histologic criteria: granulation tissue or fibrosis, epidermal 
hyperplasia, mononuclear infiltration, neutrophilic infiltration, 
and ulceration. A total score (Figure 3) was generated for each 
mouse by adding the subscores for each of the evaluated cat-
egories. Select sections were Gram-stained when they exhibited 
any of the following histologic features on H and E: neutrophilic 
infiltration, ulceration, or obvious intralesional bacteria.

Statistical analysis. We conducted Kruskal–Wallis tests to 
determine the efficacy of each preparation agent in regard to 
the reduction in colony counts between before preparation to 
immediately afterward and from before preparation to 20 min 
after preparation. To determine the effect of the preparation 
agent on body temperature, a Kruskal–Walllis test was con-
ducted using a sample of 8 mice (that is, 2 per group). Statistical 
significance was set at a P value of 0.05. All statistical analyses 
were performed by using JMP 11.0 (SAS Institute, Cary, NC).

Results
Evaluation of preparation agent efficacy. The total bacterial 

count per plate before preparation for all skin sites was deter-
mined (minimum, 2 cfu; maximum, 1000 cfu; median, 19 cfu; 
interquartile range, 8.5 to 43.5 cfu). The bacteria present before 
antiseptic preparation varied, but the most commonly cultured 
bacteria were Staphylococcus aureus and Enterococcus faecalis 

Figure 1. The draped surgical skin site on the dorsum.

Figure 2. The surgical site on the dorsum.
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(Table 1). Although the samples were taken from euthanized 
mice, time since euthanasia (data not shown) did not influence 
the bacterial skin flora isolated. After antiseptic preparation, 
only negative cultures were obtained.

Postantisptic preparation samples (immediate and 20-min 
postpreparation) indicated no bacterial load. The percentage 
reductions in colony count from before to immediately after 
preparation and from before to 20 min after antiseptic prepa-
ration were compared for the 4 antiseptic preparation groups 
(Figure 4). The percentage reduction at immediately after 
application did not differ significantly (P = 0.212) across the 4 
groups. Similarly, the percentage reduction in colony count at 
20 min after preparation did not differ significantly (P = 1.00) 
across the 4 preparation groups. Median percentage reduction 
at 20 min was 100% for all groups.

Effect of preparation agent on core body temperature. Baseline 
core body temperature at the start of the surgical procedure 
ranged from 35.5 to 36.5 °C and did not differ significantly  
(P = 0.06) between groups. The lowest intraoperative core body 
temperature after antiseptic preparation ranged from 33.0 to 
37.5 °C (Table 2) and did not differ significantly (P = 0.212) 
across the 4 groups.

Gross evaluation of skin. At the time of euthanasia, all 8 
mice evaluated exhibited hair regrowth within surgical prep 
regions. Wound clips were present in 6 of the 8 mice. Wound 
clips were absent in 2 of the 8 mice: one female mouse in the 
product 2 group and one female mouse from the product 1 
group. Wound shape (tented compared with flat) corresponded 
directly to the presence or absence of wound clips at the time of 
euthanasia. That is, all mice with intact wound clips had tented 
surgical wounds, whereas mice lacking wound clips had flat, 
nonapposed surgical wounds. In all mice, shaved skin that 
was adjacent to the surgical wound and that received topical 
antiseptic application was grossly unremarkable.

Skin histopathology. As expected, all mice had histologic le-
sions at the surgical wound site (Table 3). Generally mice with 
tented surgical wounds (Figure 5) exhibited various degrees 
of appropriate wound healing, including granulation tissue or 
fibrosis, epidermal hyperplasia, and mononuclear infiltrate. Low 
levels of neutrophilic infiltrates (less than 25% of the surgical site) 
were present in at least one mouse within each treatment group. 
Mice lacking wound clips (Figure 2) had higher total scores (F0 
and F1), including superficial ulceration (F0) and intralesional 
bacteria (F0). Overall, higher total scores were seen for female 
mice, regardless of treatment group. Shaved regions of haired 
skin adjacent to the surgical wound (width, 4 mm) that received 
antiseptic application were histologically normal, as were sec-
tions of haired skin from the intrascapular regions (controls).

Discussion
Mice have been used as a model of surgical site infections, 

which are similar to those in humans and other veterinary 

patients.12,30 Most surgical site infections are the result of skin 
bacteria contaminating the incision site.19,36 When evaluating 
antiseptic preparation agents in mice, we sought to consider the 
spectrum of antimicrobial activity (including immediate and 
residual) on the skin and allergic or toxic skin reactions in mice.

The differing skin composition and external environmental 
factors between humans, mice, and other veterinary patients 
present challenges to effective antiseptic technique.9 Previous 
studies indicated that mice, like humans, have Staphylococci 
spp. as the most predominate skin flora.25,38 In our study, S. 
aureus as the most prevalent bacterial species in mice, rather 
than S. epidermidis, which is the predominant bacterial species 
on human skin.25 Overall the skin flora that we identified in 
mice was similar in composition to human skin, indicating 
that the antiseptic solutions used in humans would likely be 
effective in mice.

Antiseptic technique is critical to performing rodent survival 
surgical procedures.27 Surgical infections are important control 
both from the perspectives of animal welfare and promoting 
accurate research outcomes. In rodents, the number of bacteria 
within a surgical site is associated the risk of postprocedural 
infection.2,6 Culture samples taken after antiseptic preparation 
can be used to predict the possibility of postprocedural infec-
tions.28 The results of our current study suggest that all 3 of 
the commercial products we evaluated were as effective as PA 
for the antiseptic preparation of mice for surgery. Efficacy was 
defined as the absence of all bacteria at the immediate and 20-
min postapplication time points.

Rodents can quickly develop hypothermia during anesthetic 
surgical procedures, potentially significantly affecting recovery5 
and increasing the risk of surgical site infection through impair-
ment of immune function.18,33 Past studies have indicated that 
excessive use of alcohol-based skin antiseptics can predispose 
animals to hypothermia.29 Using fewer repeated applications 
of antiseptic agents or single application of a waterless alcohol-
based scrub can help mitigate loss of core body temperature.7 
Our results indicated no significant difference between anti-
septics on core body temperature. All survival-surgery mice 
showed similar high and low body temperatures. Unlike previ-
ous studies, we used a surgical drape to help maintain core body 
temperature and sterility during the procedure.7,35

Because the dermis is substantially thicker in humans than in 
mice, we felt it was important to evaluate whether application 
of any of the evaluated antiseptic agents had negative effects 
on skin physiology.11 However, histopathologic evaluation 
revealed no evidence of contact dermatitis, skin irritation, or 
other postoperative complications associated with any of the 
antiseptic agents. Differences in wound healing at the surgical 
site were seen in 2 mice that lacked wound clips, but this dif-
ference can be explained by second-intention wound healing.13 
With second-intention healing, wounds heal through the forma-
tion of granulation tissue, contraction, and reepithelization, and 

Figure 3. Histologic scoring criteria for mice and the antiseptic preparation agents.
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increased care is needed to prevent infection.15 Second-intention 
healing was not restricted to a specific antiseptic agent, and the 
skin adjacent to the surgical site lacked histologic abnormalities, 
indicating that none of the antiseptic agents resulted in direct 
irritation or toxicity of the skin.

Cost may have a significant influence on the choice of asep-
tic methods for rodent surgery. In this study, we followed the 
manufacturer’s recommendations and used all of the 3 sponges 
in a packet for a single preparation site. Skin preparation with 

product 1 was most expensive, at $4.60 per preparation. Prod-
uct 2 was $1.60 per preparation, and the applicator sponges 
were smaller than those for product 1. The potential reuse of 
applicators for products 1 and 2 for purposes of cost savings 
should be further evaluated in a follow-up study. Product 3 
was the least expensive, at $0.10/preparation when using 6 mL 
of solution per mouse. To evaluate PA, we used prepackaged 
3 swab-stick povidone–iodine packets and individually pack-
aged alcohol pads, resulting in a cost of $0.42 per preparation. 

Table 1. Skin bacteria recovered before preoperative skin preparation in 40 mice (n = 10 per group)

Product 1 Product 2 Product 3 PA
Overall no. of positive 

samples (n = 40)

Enterococcus faecalis 3 7 2 8 20
Micrococcus yunnanensis 1 0 0 0 1
Staphylococcus aureus 4 6 8 8 26
Staphylococcus epidermidis 1 0 1 0 2
Staphylococcus capitis ss capitis 1 0 0 0 1
Streptococcus intermedius 1 0 1 0 2
Streptococcus lutetiensis or infantarius or bovis (group D) 1 0 0 0 1
Escherichia coli 0 1 0 2 3
Streptococcus orisratti 0 1 1 0 2
Lactococcus raffinolactis 0 0 1 0 1
Leuconostoc mesenteroides ss dextranicum 0 0 1 0 1
Streptococcus infantis 0 0 1 0 1
Neisseria perflava 0 0 1 0 1
Lactobacillus fructivorans 0 0 0 1 1

Data are given as the number of mice that yielded the indicated organism.

Figure 4. Median colony count (no. of cfu) on RODAC plates for each antiseptic agent group before, immediately after, and at 20 min after skin 
preparation.

Table 2. Lowest intraoperative core body temperature (° C; recorded every 5 min, mean ± 1 SD)

Antiseptic group Temperature

Product 1 34.4 ± 0.42
Product 2 34.1 ± 1.48
Product 3 34.9 ± 0.85
Povidone–iodine and alcohol 36.05 ± 0.49
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These prepackaged swab sticks and pads are more expensive 
than purchasing bottles of povidone–iodine and alcohol, but 
in our experience researchers who value ease of use frequently 
elect to purchase these packaged options. Considering both 
ease of use and cost, researcher compliance may be highest 
with product 3.

Although our data have shown that all 3 commercial anti-
septic agents used are effective, several limitations should be 
noted. Utilization of alcohol-based preparations is limited in 
terms of anatomic location of use. We evaluated the efficacy of 
the antiseptic agents specifically on the dorsum of the mouse. 
The composition of the skin differs between haired areas, the 
ear, and the tail.37 Because of potential irritation, alcohol-based 
products are contraindicated for use in mucous membranes, 
such as the anal mucosa.14,24 Alcohol can be absorbed in small 
amounts through the dermis and potentially can affect the 
biology of the animal. One study4 indicated that occluded ap-
plication of 70% isopropanol to a 4.3-cm2 area of a shaved area 
of rat skin resulted in maximal absorption (males, 0.19 μmol/g; 
females, 0.24 μmol/g) at 4 h after application. It is unlikely that 
brief dermal contact of alcohol without occlusion would cause 
significant absorption. In our study, there was no evidence of 
behavioral changes, CNS depression, narcosis, or gastritis in 

mice undergoing survival surgery, but researchers who consider 
using alcohol-based antiseptics should consider all potential 
effects of alcohol absorption on their studies. There have been 
reports of operating room fires as a result of alcohol-based skin 
preparation agent use.17,32 This risk can be avoided by following 
manufacturer’s recommendations regarding drying time and 
avoiding pooling.17

Our findings indicate that all 3 alcohol-based preparation 
agents are as effective as triplicate application of PA for the an-
tiseptic preparation of mice. These alternative antiseptic agents 
offer ease of application, and the use of product 3 potentially 
can decrease cost, resulting in improved compliance during 
rodent surgeries.
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Table 3. Gross appearance of wound sites and histologic scores for mice receiving topical antiseptic preparations.

Histologic scores

Mouse Sex Treatment
Wound 

clip?
Wound 
shape

Granulation 
tissue or 
fibrosis

Epidermal 
hyperplasia

Mononuclear 
infiltrate

Neutrophilic 
infiltrate Ulceration Total score

M3 M PA Present Tented 1 1 1 0 0 3
F3 F PA Present Tented 2 2 2 1 0 7
M1 M Product 2 Present Tented 1 2 1 0 0 4
F1 F Product 2 Absent Flat 3 3 2 1 0 9
M0 M Product 1 Present Tented 1 1 1 1 0 4
F0 F Product 1 Absent Flat 3 2 2 3 1 11a

M2 M Product 3 Present Tented 2 2 1 1 0 7
F2 F Product 3 Present Tented 3 3 2 1 0 9
aIntralesional bacteria evident in samples treated with hematoxylin–eosin and Gram stains.

Figure 5. Histologic features of surgical wounds after the application of topical antiseptics. Regardless of treatment group, (A) mice with tented 
surgical wounds exhibited appropriate granulation tissue and fibrosis (inset, asterisk) and epidermal hyperplasia (inset, arrowhead). (B) Mice 
with flat surgical wounds exhibited additional histologic features, including ulceration and intralesional bacteria (inset, arrow). Hematoxylin 
and eosin stain; magnification, 4× (inset, 40×).
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