
Frontiers in Veterinary Science 01 frontiersin.org

Small animal patient preoperative 
preparation: a review of common 
antiseptics, comparison studies, 
and resistance
Alicia K. Nye  and Kelley M. Thieman Mankin *

Department of Small Animal Clinical Sciences, College of Veterinary Medicine and Biomedical 
Sciences, Texas A&M University, College Station, TX, United States

This review aims to describe commonly used antiseptics in veterinary medicine 
including their mechanism of action, spectrum of activity, potential adverse 
effects, and application techniques. Additionally, it provides a review of the 
veterinary literature comparing antiseptics, a discussion of effectiveness and 
efficacy studies, and the potential for increased resistance to biocides and 
antimicrobials. This review concludes that appropriate selection and use is 
necessary to prevent the occurrence of surgical site infections, adverse effects, 
and potential for increasing resistance to antimicrobials. Continued research 
is needed to fill gaps in the current knowledge such as optimal preparation 
procedures for various surgical sites, standardization of efficacy and effectiveness 
testing, and the clinical impact of decreased susceptibility to chlorhexidine and 
other antiseptics.
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1 Introduction

Surgical site infections (SSIs) pose a major challenge in veterinary medicine regarding 
antibiotic treatment selection, prevention of hospital acquired infections, and zoonotic risks. 
Studies of veterinary SSIs performed in the past two decades report an incidence of 
approximately 3–6% for all procedures (1–5) with a range of 1.7% for minimally invasive 
procedures (6) to 15.8% for certain orthopedic procedures (7). In addition to increased cost, 
antibiotic use, and patient morbidity associated with SSIs, the proximity of companion animals 
to humans and potential for zoonotic infections requires optimization of strategies for SSI 
prevention in veterinary hospitals.

Aseptic preparation of patients involves the use of antiseptics preoperatively in order to 
prevent wound contamination that may lead to the development of infections. Surgical asepsis 
is defined as the absence of microorganisms within any type of invasive procedure. However, 
up to 20% of the resident flora of skin is beyond the reach of antiseptics, therefore aseptic 
preparation of patients truly involves a reduction of the resident flora and the removal, 
inhibition, or destruction of transient and pathogenic organisms on the proposed operative 
site (8).

The origination of surgical asepsis in the 19th century was brought about in response to 
high postoperative mortality rates following surgical wound infections. In 1865 it was 
discovered by Joseph Lister, a surgeon known as a pioneer in antiseptic surgery, that application 
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of carbolic acid-soaked dressings decreased the occurrence of 
infections. Over a decade later, physician and microbiologist Robert 
Koch was able to link bacteria to wound infections. He performed a 
series of experiments assessing the efficacy of different antiseptic 
agents. Through the efforts of many additional surgeons, physicians, 
and scientists over the following decades, surgical asepsis evolved to 
include standards in patient, surgeon, instrument, and environmental 
preparation that define modern surgical practices (9).

Today, antiseptics are chosen based on their effectiveness in killing 
bacteria and other microorganisms, rapidity of action, safety, ease of 
use, and persistence of action, among other criteria. The most 
commonly used antiseptics for surgical preparation of patients include 
chlorhexidine, iodine compounds, and alcohols (10).

2 Chlorhexidine

Chlorhexidine (CHX) is a cationic bisbiguanide disinfectant and 
antiseptic. Its mechanism of action is rooted in its ability to bind to 
and disrupt the bacterial cell membrane. The outermost layer of the 
bacterial cell has a net negative charge due to components of the cell 
wall including teichoic acid and polysaccharides of Gram-positive 
bacteria, lipopolysaccharide of Gram-negative bacteria, and the 
deeper cell membrane. The cationic biguanide groupings within the 
molecule bind strongly to negatively charged sites, particularly 
proteins and the head groups of acidic phospholipids on cell 
membranes, causing displacement of divalent cations that aid in 
stabilization of the wall and membrane. The distance between CHX’s 
phospholipid binding sites are roughly equivalent to the distance 
between phospholipid heads in a tightly packed monolayer, making it 
capable of forming a bridge between two adjacent membrane 
phospholipids. At low concentrations, CHX causes reduced membrane 
fluidity and affects the cell membrane and associated enzymes 
osmoregulatory and metabolic capabilities. This leads to cellular 
leakage of potassium ions and protons, and inhibition of respiration 
and solute transport within the bacteria. As concentrations increase, 
the membrane transforms from a fluid to a liquid-crystalline state, 
leading to a loss of structural integrity, leakage of cellular materials, 
and bacterial cell death. High concentrations cause coagulation of 
intracellular constituents and congealment of the cytoplasm, allowing 
CHX to disrupt and kill bacterial cells without cell lysis (11, 12).

CHX’s mechanism of action allows for a broad spectrum of 
antimicrobial activity. CHX is most active against Gram-positive 
bacteria, but also has activity against Gram-negative bacteria, 
anaerobes, fungi and some enveloped viruses. It is ineffective against 
bacterial spores and is mycobacteristatic (10, 11, 13). It is rapidly taken 
up by bacteria and yeasts, with the maximum effect occurring within 
20 s (10, 11). Its ability to bind to protein in the stratum corneum of 
the epidermis allows for persistence of action (8) which has been 
shown to have a cumulative effect with repeated use (14). The residual 
activity of CHX has been shown to last at least 24 h on skin and this is 
extended to 48 h when combined with alcohol in a tincture (a solution 
made with alcohol as its solvent) (15). Interestingly, a study by Rutter 
et al. evaluated CHX’s residual activity by application of S. aureus to 
participant’s hands through dry-contact contamination. The residual 
activity was only appreciated when participant’s hands were re-wetted 
after contamination, indicating that it only produces a residual kill 
when in solution. However, the authors did not evaluate residual 

activity in areas of de-facto moisture (e.g., gloved hands, moist body 
regions) or investigate the suppression of resident microflora growth 
(16). Anionic thickeners or emulsifiers, as found in certain 
moisturizing products and hand sanitizers, have been found to 
inactivate the persistence of action of CHX (17–19).

CHX is available as gluconate or diacetate salt formulations. Scrub 
preparations typically contain detergents and alcohol, while aqueous 
formulations are free of these substances. Inactive ingredients vary 
depending on the proprietary formula used by the manufacturer. 
CHX gluconate scrub is the most common agent used on intact skin 
for patient preparation in veterinary clinics (20). While CHX diacetate 
(Nolvasan Solution, Fort Dodge Animal Health, Fort Dodge, IA) has 
been used on dog skin (10), it is not labeled for use on skin, but instead 
is labeled as a cleaner for animal premises. In 2010, a 2% CHX 
gluconate aqueous solution came on the market as Vet One (MWI 
Animal Health, Boise, ID), labeled for use on intact or damaged skin 
of horses and dogs. Regarding storage of CHX, open containers of 4% 
CHX gluconate exposed to artificial and natural bacterial 
contamination over a course of 6 months have proven to resist 
bacterial growth (21), however dilute preparations (<2%) are 
susceptible to bacterial contamination and should not be pre-mixed 
and stored (11, 22).

Currently, no standard exists for veterinary patient preparation 
prior to surgery. Several CHX formulations are not labeled for this 
specific use or for use on animals. Protocols for patient preparation 
therefore vary between veterinary clinics and staff responsible for this 
preoperative step are sometimes unaware of the concentration being 
used as well as recommended contact times (20). The clinical 
significance of this is not known, since it has been shown that 
concentrations of scrub ranging from 1.0 to 4.0% are effective in 
adequately reducing bacterial load after 3 min of contact time (20). 
Regarding application, no difference has been found between 
mechanical (continuous scrubbing during predetermined contact 
time) and non-mechanical (quick application of scrub followed by 
allotment of same contact time) aseptic preparation (23) or technique 
for mechanical application (linear scrubbing vs. concentric circles) 
(24). Preparation protocols often include alternating alcohol and CHX 
or using alcohol to remove excess scrub on the skin after a preparation 
with CHX. Osuna et  al. found that a 4% CHX gluconate scrub 
alternated with saline or 70% isopropyl alcohol performed similarly 
in their mean bacterial reduction and percentage of samples with 
negative cultures. However, the study found that CHX gluconate 
removed with alcohol resulted in more positive bacterial cultures 
postoperatively, suggesting that the addition of alcohol may affect the 
residual activity of CHX. The authors questioned the significance of 
this finding, recommending that a study evaluating the incidence of 
surgical site infections after these preparation methods be performed 
(25). While this particular study has not been performed on veterinary 
patients to date, it is important to note that current recommendations 
favor the use of antiseptics combined with alcohol for intraoperative 
skin preparation, based on studies in the human literature (26).

Human studies vary as far as benefits of preoperative bathing or 
showering using skin antiseptics to prevent SSI. Recent reviews of the 
human literature show no clear evidence that preoperative showering 
or bathing with chlorhexidine reduces SSIs when compared to other 
wash products (27). In 2017, a systematic review with meta-analysis 
evaluating preoperative bathing of the surgical site with CHX for SSI 
prevention was performed (28). The metanalysis gathered data on 
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over 10,000 patients and a significant reduction in SSI was not found 
when comparing patients subjected to preoperative bathing with CHX 
to patients in the placebo group. Still, some human studies report 
lower rates of SSI when CHX is used to cleanse the surgical site the 
night before surgery (29, 30). In 2017, the Centers for Disease Control 
and Prevention published guidelines for the prevention of SSI in 
human surgery and included the recommendation to perform a full 
body shower or bath with soap or antiseptic agent at least the night 
before surgery (26). In humans, the skin surface concentration of 
CHX is maximized with a standardized protocol including allowing 
the CHX to stay on the skin for at least 1 min prior to rinsing (31). 
One study has been performed in dogs to assess bacterial counts in 
limbs washed with CHX gluconate the night before sampling 
compared to limbs that were not washed. In that study, the treated 
limb did have a lower bacteria count, however, no difference was 
detected in skin bacterial counts following the full routine preoperative 
CHX scrub and alcohol disinfection (32).

For open skin wounds, a concentration of 0.05% aqueous CHX is 
recommended. This is the minimum concentration shown to 
be  bactericidal against S. aureus, no matter if physiologic saline, 
balanced electrolyte solution, or sterile water is used for dilution (33, 
34). CHX diacetate at concentrations higher than 0.006% has been 
shown to be  cytotoxic to canine embryonic fibroblasts in vitro, 
however a 0.05% concentration does not affect wound healing or 
wound contraction in vivo (35). CHX diacetate is known to precipitate 
in some solutions, such as Lactated Ringer’s Solution, but this does not 
impact its effectiveness (34). At low concentrations (<0.16%), CHX’s 
bactericidal effect may be reduced in the presence of organic matter, 
such as serum, possibly due to protein binding (36). Therefore, CHX 
may not be as effective when low concentrations are used for cleaning 
wounds with large amounts of organic contamination. At CHX 
concentrations above 1.6%, organic matter does not impact its ability 
to disinfect (37), but does lead to increased cytotoxicity.

Overall, CHX causes few adverse reactions. CHX is known to 
be ototoxic at concentrations at or above 0.5%, abolishing all vestibular 
and auditory potentials (38, 39). However, CHX does not cause 
ototoxic effects at concentrations of 0.2%, making the recommended 
concentration of 0.05% safe for flushing the external ear canal of dogs 
without an intact tympanum (40, 41). Cats, however, may display 
transient ototoxicity and middle ear mucosal injury even at this low 
concentration (42). For preparation of the oral cavity, a 0.2% gluconate 
solution is recommended (43). Importantly, CHX is known to cause 
severe keratitis and corneal ulceration with potential permanent 
corneal damage at high concentrations or when combined with a 
detergent (44–46). At low concentrations, the degree of corneal 
toxicity differs between the gluconate and diacetate formulations. A 
concentration of 0.05% CHX gluconate does not cause gross or 
microscopic changes to the cornea and it is used routinely for 
preparation of the conjunctiva prior to ophthalmic surgery and as a 
contact lens preservative (47, 48). However, CHX diacetate at this 
same concentration causes corneal toxicity at the gross and 
microscopic levels (47). Due to these well-known ophthalmologic and 
otologic adverse reactions, previous reports have concluded that CHX 
should not be  used in preparation of skin on the head (46). 
Intraoperatively, CHX should not be instilled into the peritoneum, 
bladder, or synovial joints due to the potential for chemical peritonitis, 
erosive cystitis, and synovitis (49–51). Systemic toxicity has not been 
reported with CHX; its binding to the skin prevents it from being 

readily absorbed and there is also negligible absorption through the 
alimentary tract (8, 49, 52). Reports of hypersensitivity in humans 
range in degree of severity from urticaria to life-threatening 
anaphylaxis (53). Most cases are associated with the application of 
CHX to mucous membranes and areas of damaged epidermis. 
However, incidence of hypersensitivity may be underestimated due to 
poor recognition of this adverse reaction (54).

3 Iodine compounds

Iodine compounds are halogen-releasing disinfectants and 
antiseptics. They readily penetrate the microorganism’s cell wall, target 
and oxidize proteins, nucleotides, and fatty acids in the cytoplasm and 
cell membrane, resulting in cell death. Free, or molecular iodine (I2), 
has a broad spectrum of antimicrobial activity effective against 
bacteria, fungi, viruses, and spores (11, 55, 56). In more than 150 years 
of use, no bacterial resistance to iodophors has been reported 
experimentally or anecdotally (57).

Tinctures containing alcohol and unstable aqueous solutions were 
historically used as antiseptics but fell out of favor due to irritation, 
toxicity, and excessive staining (10, 11). Iodophors, such as 
polyvinylpyrrolidone-iodine (povidone-iodine; PI) or poloxamer-
iodine, contain iodine complexed with a polymer. Though less active 
against spores and fungi than tinctures, less free iodine in these water-
soluble complexes results in them being less irritating and more stable, 
and therefore these preparations are most commonly used today (58). 
Additionally, these complexes enhance the antimicrobial efficiency of 
iodine due to their affinity for the cell membrane, improve its wetting 
properties and assist in its penetration into organic material (55).

Iodophors comprise an equilibrium of complexed and free iodine 
which acts as a reservoir for the release of the halogen as it is used up 
(55). The amount of free iodine, versus “available iodine,” is responsible 
for a solution’s microbial activity. For example, a 10% PI solution 
contains 1% available iodine and 1 mg/L (1 ppm or 0.0001%) free 
iodine, meeting recommendations that antiseptics contain 1–2 mg/L 
of free iodine (55, 59). The quantity of free iodine within a solution 
can be illustrated with a bell-shaped curve. An approximately 0.7% 
solution strength contains the highest content of free iodine, and this 
content is reduced as the solution concentration moves away from this 
value in either direction (55). While this bell-shaped curve applies to 
the various manufactured formulations, the exact amount of free 
iodine and bactericidal activity may vary between products (60).

The enhanced bactericidal activity of dilute solutions, compared 
to full-strength 10% solutions, has been shown in vitro on various 
bacterial species (61). Various organic materials have been found to 
neutralize the effects of iodophors, which is thought to be due to 
iodine forming complexes and undergoing chemical reactions, such 
as reduction to iodide. Neutralization of iodophors occurs especially 
in the presence of whole blood, given hemoglobin’s ability to bind a 
large amount of iodine (55), but also occurs in the face of purulent 
material and fat homogenate (62). This finding may actually support 
the use of higher concentrations of PI when organic matter is present, 
as dilute solutions have a decreased reservoir of iodine, and therefore 
may be more readily neutralized (63). Iodophors display moderate 
persistence which is greatly extended up to 48 h when combined with 
alcohol (25, 64, 65). Regarding storage, contamination of commercially 
available iodophors has occurred and spouts of PI jugs have cultured 
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positive for S. aureus, illustrating these multi-use containers are a 
potential source of contamination (66, 67).

PI is a commonly used iodophor in veterinary medicine for 
patient preparation (10). Formulations may contain alcohol or 
detergents and vary in concentrations up to 10%. All formulations are 
recommended for mucous membranes and external use only, however 
recent human guidelines recommend irrigation of the deep and 
subcutaneous layers of incisional wounds with dilute iodophor 
solutions intraoperatively to reduce the incidence of surgical site 
infections (26, 68). This recommendation was recently evaluated in 
total hip arthroplasty in veterinary patients. Postoperative SSI rates 
were evaluated in arthroplasties performed with or without a 
pre-closure lavage of 0.035% PI solution and was found to 
be efficacious in lowering infection rates, safe, and cost effective (69). 
Surgical scrub formulations contain detergents for scrubbing (55). For 
preparation of skin on the head, a 10% solution free of alcohol and 
detergent, which could disrupt the tear film of the cornea, is currently 
considered the safest (46). For preparation of the cornea and 
conjunctiva, a 0.2% solution of PI was found to be equally bactericidal 
as a 1 or 5% solution (70). However, a concentration of 5% is 
recommended for prophylaxis with intraocular surgery, as it is safe to 
use and may be more effective in patients with high bacterial load (71). 
Like CHX, a tincture of 0.7% iodine povacrylex in 74% isopropyl 
alcohol (DuraPrep) is more effective than 10% PI in reducing positive 
skin cultures immediately after application to human skin (72). Ioban, 
a PI impregnated adhesive incise drape, is a product used to reduce 
the risk of wound contamination and offer continuous antimicrobial 
activity according to the manufacturer’s website. To assess its 
effectiveness in veterinary patients that have a denser haircoat and 
more surface debris, Osuna et al. compared a PI scrub and alcohol 
prep to preparation with alcohol and application of the antimicrobial 
drape. The authors found the drape preparation to be inferior to PI 
scrub in reducing bacterial load on the skin (73). Additionally, a 
potential to increase infection rates was found by a human literature 
meta-analysis assessing the adhesive drapes. This finding may 
be explained by an increase in moisture under the adhesive drape 
encouraging bacteria residing in hair follicles (those out of reach of 
antiseptics) to migrate to the surface and multiply (73–75). The value 
of incise drapes, with or without antiseptic impregnation, is therefore 
questionable in veterinary medicine, given the high incidence of 
non-adherence (67). DuraPrep solution enhances adhesion between 
surgical drapes and the prepared skin surface, but this application has 
not been evaluated on the skin of veterinary patients (64).

To determine an effective yet safe concentration for wound 
irrigation, Sanchez et  al. evaluated the cytotoxicity of various 
concentrations of PI to in vitro S. aureus and canine embryonic 
fibroblasts as well as their effect on wound healing. The group 
performing this experiment found that a concentration of at least 1.0% 
PI is required for complete killing of S. aureus in vitro, and while this 
concentration was found to be cytotoxic to fibroblasts, it had no effect 
on wound contraction and healing in vivo (33, 35). Thus, a 1.0% 
concentration of PI solution is the current recommendation for 
wound treatment.

Adverse effects are related to topical irritation and increased 
systemic levels of iodine. Acute contact dermatitis, erythema, wheals, 
edema, papules, and weeping of serum may occur in nearly half of 
dogs prepped with PI (25, 76). Dilute solutions appropriate for 
application to mucous membranes also have the ability to produce 

tissue reactions, such as in preparation of the canine preputial cavity 
(77). PI administered through any route can result in systemic 
absorption. This appears to be  enhanced when in contact with 
denuded skin, mucosal or serosal surfaces, or large areas of intact skin 
(57). Systemic absorption may lead to metabolic abnormalities and 
abnormal thyroid function. Due to these potential derangements and 
the clearance of iodine by the kidneys, PI wound preparation is not 
recommended in cases of burns, thyroid disease, or renal disease (55, 
57, 78).

4 Alcohols

Alcohols, such as ethyl alcohol and isopropyl alcohol, act as 
disinfectants and antiseptics. Their exact mechanism of action is not 
known, but they are believed to cause membrane damage and protein 
denaturation, resulting in interference with metabolism and cell lysis 
(10, 11). They have a broad spectrum of activity against Gram-positive 
and Gram-negative bacteria, viruses, and fungi, but are not sporicidal. 
Water is necessary to increase alcohol’s microbicidal efficiency, with 
formulations of 60–90% alcohol being most effective (59). While the 
concentration of the product is more important than the type of 
alcohol, isopropyl alcohol has greater bactericidal action than ethanol 
(10, 59).

Alcohol provides the fastest and greatest reduction of bacteria on 
the skin, but it has no residual activity and therefore its efficacy is 
limited to its contact time before drying (10, 11, 59). A 70% 
concentration of ethanol can eliminate 90% of skin flora with a 2-min 
application time. However, due to the quick drying nature of this agent 
and its common use as a means of removing residual antiseptic during 
preparation, this bacterial reduction is typically not achieved. For 
example, a single wipe with ethanol only reduces cutaneous bacteria 
by 75% (8). Efficacy is improved by the addition of emollients that 
decrease alcohol’s evaporation time, such as in waterless hand 
sanitizers, and the addition of other antiseptics such as CHX and 
iodophors (8, 11). In fact, alcohol potentiates the action of these added 
antiseptics, resulting in greater microbicidal activity and increasing 
their residual action (59, 72, 79, 80). Studies evaluating the efficacy of 
alcohol in the presence of organic matter are limited, but alcohol 
appears to be effective in the presence of small amounts of blood; 
however, it is not a good cleansing agent and therefore dirt should 
be removed prior to application (59, 81).

Alcohol may be used as part of a combination product with CHX 
or iodophors or used as part of an initial preparation to remove excess 
antiseptic. Alcohol should be  allowed to dry completely for full 
effectiveness as well as to decrease irritation and flammability, which 
is a risk when using electrosurgery. The duration recommended for an 
alcohol-based solution to dry is a minimum of 3 min after application 
to hairless skin; application or pooling of solution in haired skin 
should be avoided as it can take up to 1 h to dry. In pediatric veterinary 
patients, an alcohol rinse used during preparation does not 
significantly decrease rectal temperatures when compared to a rinse 
with water (82). Additional adverse effects of alcohol applied to the 
skin are minimal, but absorption through intact skin has been 
demonstrated and was associated with infant toxicities in the 1950s 
(59, 83). However, even with a combination of dermal absorption and 
inhalation of vapors, central nervous system depression is unlikely 
without prolonged (several hours) exposure to alcohol (84). When 
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compared to ethanol, isopropyl alcohol is slightly more toxic and 
causes more vasodilation leading to increased bleeding at puncture 
sites and incisions (8, 85). Due to its cytotoxicity, alcohol is not 
indicated for application to wounds or mucous membranes (10).

5 Comparison of antiseptics

CHX, PI and alcohol have different mechanisms of action, risks 
and benefits which are summarized in Table 1. Several systematic 
reviews and meta-analyses have compared CHX to PI in the human 
literature and found CHX to be superior to PI in both effectiveness 
outcomes evaluated (86–89). Studies have reported that CHX is 
superior to PI in reducing SSIs, especially in clean-contaminated 
surgeries, with two of the reviews finding a moderate quality of 
evidence for a 30–36% reduction (86, 89). Two different reviews 
could not conclude which antiseptic was more effective (90, 91). 
Kamel et al. stated that overall conclusions could not be made, 
especially regarding the active ingredient of the antiseptics used, 

as they may be mixed with either saline or alcohol (90). Dumville 
et al. concluded that due to the lack of clear evidence, practitioners 
should base their decisions on other characteristics such as cost 
and potential side effects (91). The most recent meta-analysis by 
Chen et al. found no difference in adverse events when comparing 
the CHX and PI (88). Multiple reviews cite several limitations, 
including variation in the antiseptic concentration and 
formulation, application technique, patient population, study 
design, and in some, not taking into account the role of alcohol in 
their results.

Due to differences between the skin of humans and that of 
veterinary species, species-specific findings are likely more 
appropriate, however, veterinary literature on the subject is rare. 
Recently, a systematic review and meta-analysis of the veterinary 
literature comparing CHX and PI was published (92). The authors 
found no difference in the incidence of postoperative SSIs or skin 
bacterial colonization between protocols using the two antiseptics. 
However, the limited number of studies and variable risk of bias 
within the studies accounted for an overall low quality of evidence (92).

TABLE 1 Mechanisms of action, recommended concentrations, toxicities and limitations of chlorhexidine, iodine compounds and alcohols when used 
as preoperative preparation.

Antiseptic Activity

Recommended 
concentrations for non-
cutaneous preparation 
(alcohol and detergent-
free formulations)

Toxicity
Limitations and 
resistance

Chlorhexidine (CHX)  • Broad spectrum: most 

active against Gram +, 

also activity against 

Gram −, anaerobes, 

fungi and some 

enveloped viruses

 • Binds protein in skin 

resulting in persistence 

of action for 24 h +

 • Open skin wounds: 0.05%

 • Ear canal: 0.05% (dogs)

 • Oral cavity: 0.2% gluconate

 • Ocular: 0.05% gluconate

 • Caution if used on head

 o Ototoxicity at >0.5% 

concentration in dogs 

(causes transient ototoxity 

and mucosal injury in cats 

at this concentration)

 o Severe keratitis and corneal 

ulceration at high 

concentrations of gluconate 

or when combined 

with detergent

 • Not to be used in 

peritoneum, bladder or 

synovial joints

 • Dilute preparations (<2%) are 

susceptible to contamination 

and should not be premixed 

and stored

 • Performs better when 

combined with alcohol

 • Neutralized by organic 

material at <0.16% 

concentration

 • Resistance leading to 

decreased susceptibility

Iodine compounds (PI)  • Broad spectrum: 

bacteria, fungi, viruses, 

and spores

 • Some persistence 

of action

 • Open skin wounds: 1.0%

 • Skin of head: 10%

 • Ocular: 5%

 • Can cause skin irritation 

and excessive staining

 • Systemic absorption can 

cause metabolic 

abnormalities including 

abnormal thyroid function

 • Not recommended for 

patients with burns, thyroid 

or renal disease

 • Multi use containers can 

be contaminated 

with bacteria

 • Performs better when 

combined with alcohol

 • Neutralized by 

organic material

 • No reported resistance

Alcohols  • Broad spectrum: 

bacteria, fungi, 

and viruses

 • No persistence of action

 • Potentiates action of 

CHX and PI and 

increases their 

persistence of action

 • Not recommended as 

non-cutaneous preparation

 • Central nervous system 

depression possible with 

prolonged exposure to 

vapors or absorption 

through intact skin

 • Quick evaporation decreases 

contact time and efficacy

 • Not a good cleansing agent

 • Bacteria are less likely to 

develop resistance
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Very few prospective studies in the small animal veterinary 
literature compare CHX to PI at their recommended concentrations 
using similar protocols for preparation. Amber et al. investigated the 
effectiveness of CHX and PI aqueous solutions at various dilute 
concentrations in reducing bacterial load in artificially contaminated 
open wounds. Investigators found CHX-treated wounds had a 
significantly decreased bacterial load 48 h later when compared to 
PI-treated wounds (93). Comparison of dilute CHX and PI for 
reduction of bacterial load in the canine prepuce was performed by 
Neihaus et al.; it was found that preparation with CHX resulted in a 
significant decrease in the proportion of positive cultures post flush 
when compared with PI (77). Conversely, Nye et al. evaluated dilute 
preparations of CHX and PI in the initial preparation of the external 
car of dogs prior to ear canal surgery and failed to find a difference in 
reduction of bacterial load between the two antiseptics (94). Phillips 
et al. also failed to find a difference between the antiseptics when 
comparing the incidence of SSI in sites prepared with either CHX 
scrub followed by an aqueous solution, or PI scrub followed by an 
aqueous solution (95). Sanchez et al., evaluated the effectiveness of 
daily irrigation with dilute concentrations of CHX and PI in 
preventing wound contamination; the authors found that neither 
antiseptic was fully effective in preventing contamination, but CHX 
resulted in significantly fewer contaminated wounds throughout the 
14-day experiment (35).

Several animal studies have been performed to evaluate 
unmatched antiseptic concentrations and combinations. Belo et al. 
found no difference between the effectiveness of an aqueous 7.5% PI 
solution and an alcoholic 2% CHX solution in reducing skin bacteria 
in dogs (96). When comparing 0.7% PI in 74% isopropyl alcohol 
(DuraPrep) to 4% CHX gluconate scrub, Gibson et  al. found no 
difference in antiseptic efficacy or the incidence of skin reactions (97). 
No difference was found by Osuna et al. in the incidence of negative 
cultures up to 1 h after antiseptic preparation when comparing 4% 
CHX gluconate alternated with alcohol and 10% PI scrub alternated 
with alcohol and application of 10% PI solution, but dogs in the PI 
group exhibited significantly more skin reactions (76). Swaim et al. 
investigated the bacterial load of bandaged canine paws immediately 
after preparation and 24 h after preparation with 7.5% PI scrub and 
10% PI solution versus 2% CHX scrub and solution. Results indicated 
similar effectiveness and residual activity of the two antiseptics, and 
no further decrease in bacterial load after initial application (98). 
More recently, Asimus et al. found no difference in bacterial load after 
dog skin was prepped with either 4% CHX scrub alternated with 
saline rinse or a mild shampoo rinsed with saline followed by an 
alcohol-based gel. The alcohol gel protocol was found to be faster with 
the added theoretical benefit of preventing the emergence of bacterial 
resistance to CHX (99). These inconsistent results represent the larger 
conflicting body of human and veterinary literature, and while CHX 
appears to be  favored in more than one meta-analysis, several 
variables, including the contribution of alcohol, are unclear (100).

Both CHX and PI tend to perform better when combined with 
alcohol, as found in in vivo and human studies. In vivo, Adams et al. 
compared the efficacy of 2% CHX gluconate in 70% isopropyl alcohol 
(ChloraPrep) to 2% CHX solution in reducing bacterial load. 
ChloraPrep resulted in a greater reduction of bacteria, especially when 
a biofilm carrier test was performed with and without the addition of 
10% human serum (79). When comparing ChloraPrep and Duraprep 
in human colorectal surgeries, which are inherently high risk for 

developing infections, Kaoutzanis et al. found no difference in the 
incidence of SSIs (101). A meta-analysis by Peel et  al. comparing 
alcohol-based surgical site skin preparation (either combined products 
or the addition of an alcohol step) found a reduction in SSIs with the 
use of CHX and alcohol versus iodophor and alcohol. However, due 
to the low number of studies and potential for bias, it was unclear if 
this superiority applied to all surgical procedure groups (102). 
Combined antiseptic-alcohol preparations are convenient due to their 
one-step application process, but it is worth mentioning that the area 
must still be decontaminated with a non-medicated soap, dry, and 
residue-free prior to application for maximum effectiveness according 
to manufacturer instructions.

6 Bacterial resistance to antiseptics

No standardized methods exist for testing susceptibility, and no 
consensus exists on the definition of antiseptic resistance. Various 
terms are used to define the degrees of bacterial susceptibility. Bacteria 
described as insusceptible are considered intrinsically resistant to the 
antiseptic. Phenotypic tolerance is defined as bacterial survival in the 
presence of an antiseptic after a phenotypic change or transient 
condition. Antiseptic tolerance implies that the bacteria strain is 
inhibited, but not killed, by the antiseptic. Finally, resistance may 
be  defined as a bacterial strain that can survive exposure to an 
antiseptic at a concentration that kills the rest of the bacterial 
population (13).

When evaluating for resistance, susceptibility may be determined 
by several methods including minimum inhibitory concentration 
(MIC), minimum bactericidal concentration (MBC), or time-kill 
studies. Results are highly dependent on the method of testing and 
there are no agreed upon breakpoint values (13). MIC methods 
determine the lowest possible concentration required to inhibit 
growth of the organism and therefore evaluate antiseptic 
concentrations well below what is used clinically. Because antiseptics 
are aimed toward bacterial killing versus inhibition, and MIC tests 
below in-use concentrations, MBC or time-kill studies may be more 
appropriate when testing for resistance. MBC methods measure the 
lowest possible concentration required to kill the organism and allow 
for comparison of resistant and susceptible strains. However, like 
MIC, it relates to concentrations attainable by body fluids, which is not 
relevant to the topical administration of antiseptics (13). Time-kill 
studies measure the growth of bacteria exposed to an antiseptic in 
broth for different lengths of time and antimicrobial activity is 
determined by the rate of reduction in the number of microorganisms; 
bactericidal is typically defined as a log10 reduction factor of 5 (13). 
Testing of antiseptics is affected by numerous variables and it has been 
suggested that the method for testing susceptibility should mimic 
“in-use” conditions in regards to the culture media and culture 
characteristics, however most of the evidence of resistance comes 
from laboratory based experiments (103).

Mechanisms of bacterial resistance to antiseptics, like 
antimicrobials, are either a natural property of the bacteria (intrinsic) 
or acquired. Intrinsic properties typically consist of an impermeability 
of the organism’s outer layers to the antiseptic and less commonly, 
degradation of the antiseptic by the constitutively synthesized 
enzymes. Bacterial spores display intrinsic resistance to antiseptics 
due to their cortex and inner and outer spore coats. The complex cell 
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wall of mycobacteria provides intermediate resistance to many 
antiseptics. In general, Gram-negative bacteria display more intrinsic 
resistance than Gram-positives due to the composition of their outer 
cell membrane, notably with Pseudomonas aeruginosa, Proteus spp., 
Burkholderia cepacia, and Providencia stuartii. In Gram-positive 
bacteria, intrinsic resistance may be due to reduced diffusion through 
the extracellular glycocalyx and mucopolysaccharides, such as the 
slime layer produced by mucoid strains of Staphylococcus aureus (11). 
Phenotypic resistance can be achieved through intrinsic properties 
like biofilm formation and render a colony resistant to various 
antiseptics. Biofilms consist of a conglomerate of sessile organisms 
organized within an exopolysaccharide polymer that display reduced 
sensitivity to antiseptics and are of particular concern with nosocomial 
and implant-associated infections. Biofilm-mediated resistance may 
be  due to decreased permeability to the antiseptic, chemical 
interaction between the antiseptic and the biofilm, modulation of the 
microenvironment, production of degradative enzymes, or genetic 
exchange between cells within the biofilm. Bacteria that exhibit 
biofilm formation include Staphylococcus (S. aureus and 
S. pseudintermedius), Pseudomonas aeruginosa, Acinetobacter, 
Actinobacillus, and Klebsiella (104).

Acquired resistance can occur through the acquisition of mobile 
genetic elements (plasmids and transposons), mutation, or induction. 
Efflux pumps may be acquired through mobile genetic elements and 
aid in resistance by decreasing the intracellular concentration of the 
antiseptic. Staphylococcus aureus plasmids contain the qacA-G gene 
families that encode proton-dependent export proteins that impart 
low-level resistance to multiple antiseptics. Efflux pumps are also 
responsible for reduced antiseptic efficacy in Pseudomonas aeruginosa 
and Escherichia coli (103, 105). Induction or mutation caused by stress 
may lead to acquired resistance to antiseptics. This may be responsible 
for changes in cell permeability, transcription of resistance genes, or 
other mechanisms of resistance. Mutation or selection may 
be responsible for the decreased antiseptic susceptibility of Gram-
negative bacteria isolated from hospital environments (11).

In addition to the potential for decreased susceptibility to 
commonly used antiseptics, there is concern that acquired antiseptic 
resistance may confer mechanisms that result in antibiotic resistance. 
Overlap of resistance between antimicrobials is in part due to these 
organisms sharing common resistance mechanisms, such as biofilm 
formation, induction of resistance genes, changes in the cell envelope, 
and nonspecific efflux pumps. However, laboratory experiments have 
identified several methods that result in resistance to antibiotics 
following antiseptic exposure. Cross-resistance involves selection for 
genes that encode resistance to both antiseptics and antibiotics. For 
example, the export proteins associated with the qacAB gene family in 
S. aureus plasmids display significant homology to other energy-
dependent transporters, such as tetracycline exporters (11). 
Co-resistance is the selection of clones or mobile elements that carry 
genetically linked resistance genes affecting antiseptic and antibiotic 
susceptibility, such as S. aureus plasmids that carry resistance genes 
for various antibiotics, heavy metals, and antiseptics. Finally, biocide 
exposure may lead to indirect selection of a bacterial sub-population 
that displays reduced susceptibility to both antimicrobial agents (103).

CHX resistance is of particular importance given its widespread 
usage and multiple reports of decreased efficacy against problematic 
organisms such as methicillin-resistant S. aureus (13). Bacterial 
spores, mycobacteria, and several Gram-negative bacteria such as 

Pseudomonas, Proteus, and Providencia spp. display variable resistance 
to CHX due to intrinsic factors. More importantly, however, are the 
mechanisms of acquired resistance that have led to multiple reports of 
decreased susceptibility to CHX. In the Gram-positive S. aureus, the 
efflux pump encoded by the qacA gene is commonly associated with 
reduced susceptibility to CHX and may be found on multiple plasmids 
that also carry resistance genes to other antimicrobials. This gene has 
a significantly higher prevalence in isolates from nurses when 
compared to the general population, suggesting that repeated 
exposure to CHX may result in selection for these genes (13). It is 
important to note that the presence of the qac genes alone does not 
indicate CHX resistance. Regarding cross-resistance, increased 
resistance to various antibiotic classes has been displayed 
experimentally by both Gram-positive (e.g., Enterococcus faecium and 
Enterococcus faecalis) and Gram-negative (e.g., Enterobacter cloacae or 
Escherichia coli) bacteria when exposed to sub-lethal concentrations 
of CHX (106, 107). While it is difficult to determine the clinical impact 
of these results and make a definitive conclusion about the increasing 
prevalence of CHX resistance, these findings stress the importance of 
using an adequate concentration of antiseptic in appropriate cases and 
support the argument for using antiseptics with a low selection 
pressure for resistance, such as alcohol and PI (106–108).

7 Conclusion

Antiseptics are an integral part of the preoperative preparation of 
surgical patients. Appropriate selection and use is necessary in order 
to prevent the occurrence of surgical site infections, adverse effects, 
and potential for increasing resistance to antimicrobials. At this time, 
the authors recognize that research does not support a single best 
antiseptic, however, the authors prefer a commercially available 
CHX-containing alcohol-based skin preparation when not 
contraindicated. Future choice of antiseptics would need to take into 
account resistance, especially to CHX. Continued research is needed 
to help fill gaps in the current knowledge such as optimal preparation 
procedures for the various surgical sites, and the clinical impact of 
decreased susceptibility to CHX and other antiseptics.
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