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H I G H L I G H T S
� It is unclear what is the best AO to treat and/or prevent wound infections following ingrown toenail surgery.
� The purpose of the present study was to review the main AO currently used to prevent or treat postoperative skin infections and to compare these with HA to
establish which would be the best option.

� HA has great anti-inflammatory capacities, the ability to create a stable environment for the healing of ulcers and wounds, it provides hydration, elasticity, and
firmness to the skin.

� The HA combined with antibiotics, specifically SS, is a very good option for partial burns.
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A B S T R A C T

Introduction: The prevention and cure of postoperative infections has been a source of study over the years and is
currently being studied. In this bibliographic review, a comparison between the different products used for the
prevention and treatment of postsurgical infections has been procured, likewise, being able to determine which
would be the best option for the treatment of post-surgical infections. In this bibliographic review we focus on
Onychocryptosis because it is an emerging problem today. Many surgeries are performed to fix this condition,
which increases the risk of infections.
Material: databases, including PubMed and Cochrane Library, as well as websites of international organizations,
were searched up to January 2021. The search included studies and trials in humans on the use of hyaluronic acid
and antibacterial ointments in various conditions or diseases.
Results: 18 articles were analyzed individually, which included randomized studies of Hyaluronic Acid, various
antibiotics and honey, and variables used topically. 3 articles were also selected to explain onychocryptosis and
postoperative infections.
Conclusion: Despite being able to determine which antibiotic would be the best, and whether hyaluronic acid can
be used for the prevention and/or cure of post-surgical infections, this review emphasizes that there is still a need
for more specific studies on its use of these variables, both in post-surgical infections in general and in post-
surgical onychocryptosis infections.
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1. Introduction

1.1. Onychocryptosis

Onychocryptosis (OC) accounts for 20% of foot problems (Reyzelman
et al., 2000). OC is when the nail plate grows into the periungual folds,
causing infection and inflammation. It is more frequent in young adults
and teenagers and appears more in the hallux (DeLauro and DeLauro,
2004).

Causes of OC include: trauma, poor hygiene, hyperhidrosis, medica-
tions for cancer (Gefitinib, Cetuximab), abnormal shape of the nail plate,
anatomical abnormalities (Park and Singh, 2012; Langford et al., 1989)
and improper cut (DeLauro and DeLauro, 2004). It is important to
highlight the male predominance in OC (2:1). Also, OC occurs twice as
frequently in the lateral nail fold than in the medial fold (Ezekian et al.,
2017).

Regarding signs and symptoms, in Stage 1, the affected finger is
swollen, erythema, and painful. Then, in Stage 2, there is an acute
infection with seropurulent drainage and ulceration of the fold. Stage 3 is
characterized by chronic infection with hypertrophic granulation tissue,
increased secretion, and swelling (Gera et al., 2019; Romero-P�erez et al.,
2017).

There are two approaches to treating OC: non-surgical therapy
(appropriate for stages 1 and 2) (Mayeaux et al., 2019); and surgical
therapy (appropriate for Stage 3 and relapses). Surgical therapy aims to
suppress the interaction between the nail fold and the nail plate by
partially or completely removing the plate, the fold, or both (Eekhof
et al., 2012). Complications associated with surgical therapy for OC
include lateralization or complete loss of the nail plate, cysts, re-
currences, or infection processes due to poor asepsis (Carmona, 2003).
1.2. Hyaluronic acid

Hyaluronic acid (HA) (C28H44N2O23) is a glucosaminoglycan that
consists of D-glucuronic acid and N-acetyl-D-glucosamine disaccharide
units linked via a glycoside bond in the arrangement of alternating β-(1→
4) and β-(1 → 3) bonds (Chen et al., 2018).

Figure 1: Illustration of hyaluronic acid in which we observe formula
(C14H21NO11)n. N is Nitrogen, C is Carbon, O is Oxygen and H is
Hydrogen.

The HA is found in the body, joints, ligaments, skin, and tendons (Zhu
et al., 2020). HA can be used in various formulations and has the po-
tential to treat various inflammatory skin diseases, such as actinic kera-
tosis, foot ulcer, psoriatic arthritis, acute radio-epithelioid, rosacea,
superficial keratitis, facial seborrheic dermatitis, epidermal tumour, UV
irradiation-induced skin diseases, melanoma, erythema, soft tissue
augmentation, and postoperative adhesion (Chen et al., 2018).

The most important characteristics of AH are its biodegradability,
biocompatibility, and viscoelasticity. AH has healing, lubricating, anti-
Figure 1. HA Formulation.
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inflammatory, moisturizing, and tissue regenerating activities, among
others. The acid collaborates with the skin to preserve elasticity, turgor,
and moisture (Zhu et al., 2020).
1.3. Antibacterial ointments

Antibiotic prophylaxis is important because it has been demonstrated
that patients who do not receive antibiotic prophylaxis are much more
likely to suffer a post-surgical infection (PSI) than those who do receive it
(Bartella et al., 2018).

Topical antibiotics (TAs) can be found in various forms; they are
placed in direct contact with the wound (reviewed in Cochrane Library
Cochrane Database of Systematic Reviews Dressings and Topical Agents
for Treating Pressure Ulcers, 2017). Also, for superficial wounds, TAs are
typically used before systemic antibiotics (Schultz et al., 2003).

Silver sulfadiazine (SS) is an excellent, commercially-available anti-
biotic and is a standard treatment for burns (Rashaan et al., 2016; Black
and Drake, 2015).

Collagenase can degrade necrotic collagen in wounds, helping to form
granulation tissue and epithelialization, achieving healing (reviewed in
Cochrane Library Cochrane Database of Systematic Reviews Dressings
and Topical Agents for Treating Pressure Ulcers, 2017).

Mupirocin has been used for cutaneous infections and nasal decolo-
nization of Staphylococcus aureus. Mupirocin can be considered broad-
spectrum, although resistance has been detected (Williamson et al.,
2017).

The main uses of fusidic acid are to treat superficial infections and
S. Aureus infections. Gram-negative bacteria are often resistant to this
antibiotic (Williamson et al., 2017). Neomycin is considered toxic by the
systemic route, so it is only used topically (Williamson et al., 2017).
Bacitracin is used for superficial bacterial infections. Bacitracin is also an
antibiotic that is considered toxic by the systemic route (Williamson
et al., 2017). There is little available information for polyhexanide;
lengthy application times are necessary to achieve an acceptable bacte-
rial reduction (Agents et al., 2017). Polyhexanide has a healing effect,
reduces bacteria, and does not generate resistance (Wessels and Ingmer,
2013).

Table 1: Abstract of Topical Antibiotics, in which are included the
bacteria to which they are active or inactive to know in what situations
can be used.
1.4. Post-surgical infections

PSIs are a common problem, can be difficult to treat, and are asso-
ciated with high mortality; good PSI prevention and treatment protocols
are needed (Dellinger, 2015). PSIs that occur within the first 30 days can
be classified as (Dellinger, 2015):

1. Superficial infection of the incision: affects the skin and subcutaneous
tissues; it must include at least one of the following things: purulent
discharge, bad smell, fever, pain, redness, or increased temperature.

2. Deep infection of the incision: affects deeper tissues. It must include at
least one of the following things: purulent discharge, dehiscence, and
abscesses.

3. Infection of organs or spaces: affect any organ other than the incision
site. It must include at least one of the following things: purulent
discharge, abscesses, or organism isolated from the organ.

PSIs risk factors can be classified into two types: risk factors of the
patient (e.g., advanced age, steroids, obesity, diabetes, and smoking) and
risk factors of the process (e.g., drainage, previous infection, poor asepsis,
contamination, hypothermia) (Vitiello et al., 2020). The risk of PSI was
much greater before the aseptic techniques became common (Dellinger,
2015).



Table 1. Abstract of AO proposed, which will be compared with HA.

Topical Antibiotics ACTIVE INACTIVE

Silver Sulfadiazine Gram þ (all), Gram –, Candida –

Collagenase Gram þ (all), Gram –, Chlamydia –

Mupirocin Gram þ (Staphylococcus), Streptococcus, Gram – Streptococcus Bovis, Some Staphylococcus

Fusidic Acid Gram þ (all), Corynebacterium, anaerobes Gram þ, Neisseria, Moraxella Gram –

Neomicin Gram þ (Staphylococcus), Gram – aerobic Streptococcus, Bacilli Gram þ (all)

Bacitracin Gram þ (Staphylococcus Aureus, Streptococcus Pyogenes), Neisseria, Haemophilus Streptococcus beta-hemolytics, Gram -

Polyhexanide Gram þ (all), Gram -, Staphylococcus Aureus, Pseudomonas Aeruginosa Adenovirus, Candida Albicans
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1.5. Pathophysiology

The contamination of the incision area can be caused by endogenous
and endogenous factors (Dellinger, 2015). Endogenous factors include
skin, mucous membranes, and viscera. The most common Endogenous
factors are S. Aureus, S-negative coagulase, Enterococcus, and Escherichia
coli (Owens and Stoessel, 2008). Exogenous factors include surgical
room, air, and instrumental factors. The most common exogenous factors
are Staphylococcus and Streptococcus (Young and Khadaroo, 2014).

1.5.1. Symptomatology
The symptoms usually appear within 3–7 days after the surgery. Early

signals include inflammation, erythema, localized pain, pyrexia,
discharge, dehiscence, and poor healing. When infection is suspected,
dressings should be removed, a discharge sample collected, and anti-
biotic treatment started (Dellinger, 2015).

1.5.2. Evaluation
PSIs are diagnosed by clinical examination, but a sample with a swab

should always be taken (Dellinger, 2015).

1.5.3. Treatment
Treatment is difficult, which is why there are many prevention pro-

tocols (e.g., preparation of the skin, sterility, dressings, and prophylaxis).
The patient having good nutritional status and early mobilization can
also help prevent PSIs (Berri�os-Torres et al., 2017). If the infection is
superficial, it can be approached conservatively, but if it is deep, a
mixture of measures and interventions is needed to save the patient’s life
(Yin et al., 2018).

1.5.4. Complications
Complications can be local or systemic. Locals complications include

delayed healing, cellulite, abscesses, the increased opening of the inci-
sion, and osteomyelitis. Systemic complications include bacteremia,
which can lead to sepsis (Dellinger, 2015).

1.5.5. Perioperative period
Patients are in contact with many professionals who are responsible

for the PSI. It is important to recognize the risk factors that can be
changed (Dellinger, 2015). During the surgery, all staff are responsible
for sterility (Dellinger, 2015). In the postoperative period, all specialists
are involved in recovery and PSI rates (Anderson et al., 2017).

2. Methods

2.1. Search processes

A search was made using the PubMed online database to carry out the
bibliographic review. To collect the information, the following search
terms related to the topic were used: “onychocryptosis”, “ingrown foot
nail”, “hyaluronic acid”, “antibacterial ointments”, “mupirocin”, “colla-
genase”, “silver sulfadiazine”, “fusidic acid”, “neomycin”, “bacitracin”,
“polyhexanide”, “post-surgical infection”, and “topic”. As Boolean oper-
ators, we used &.
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2.1.1. Inclusion and exclusion criteria
The inclusion criteria were: (1) Reviews and systematic reviews were

published in the last 5 years, except articles used to expose the infor-
mation on PSI, for which the search was extended to 10 years. We chose
this period of years because the more updated the information is,
the more reliable the conclusions we can draw. (2) Content that
includes information about HA. (3) Content that includes information
about AO.

The exclusion criteria that were used were: (1) All works, studies or
articles written in Spanish (except Carmona FjavierG “Surgical treatment
of onychocryptosis”, for the importance of the information that has been
really useful for this work). (2) All those works, studies or articles that
used the products in any way another tan topically.

3. Results

When performing the bibliographic search in the Pub-
Med database and before implementing any filter, many articles were
found.

HA: 30,932 articles were found. Introducing the filter “review, sys-
tematic review”, 28,072 were excluded. Then, 2823 were eliminated by
applying the terms “topic & injuries”. The remaining 37 were filtered to
include only the last 5 years and those with full text available, in addition
to reading the abstract. Finally, five articles were selected after reading
the articles and decided that it was necessary to include them due to their
importance.

AO: 3001 articles were found. Introducing the filter “review, sys-
tematic review”, 2790 were excluded. One hundred sixty-six articles
were eliminated by applying the term “topic”. The remaining 45 were
filtered to include only the last 5 years and those with full text available,
in addition to reading the abstract. Finally, five articles were selected due
to their importance and trying to match the amount of information ob-
tained in HA. Also, seven topical antibiotics were selected within this
search, of which an individualized search was made. Two articles were
selected from each of them, adding 16 articles to the total count, of which
eight were excluded due to their content. The other eight were selected
due to the importance of their information and the need for individual
information on each article.

OC: 888 articles were found. Introducing the filter “review, system-
atic review”, 823 articles were excluded. Of the remaining 78, two were
selected after narrowing the search to those published in the last 5 years,
with the full text available, and reviewing the abstracts.

PSI: 2899 articles were found. Introducing the filter “review, sys-
tematic review”, 2440 were excluded. When using the full-text filter and
articles published in the last 10 years (the search was expanded due to
interest in an article from 2014 from which all the necessary information
was obtained), 263 articles remained. After reading the abstracts, only
one article was selected. This article was sufficient to obtain all the
necessary information to explain the PSIs.

Ultimately, to carry out this bibliographic review, 21 articles were
used.

Figure 2: FLOWCHART of the articles that were used to carry out this
bibliographic review. Each of the steps taken for the selection of the
perfect items are explained in this flowchart.



Figure 2. Flowchart.
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4. Discussion

4.1. hyaluronic acid

Several studies were conducted on humans diagnosed with five or
more inflammatory skin lesions (Chen et al., 2018). Rivers et al. (2002)
carried out a trial on 195 patients. Half of them then applied an ointment
made up of 3% Diclofenac þ2.5% HA gel, which was very effective vs.
the placebo.

Wolf et al. (2001) carried out a trial on 96 patients. In half, the applied
ointment included 3% Diclofenac þ2.5% HA gel (vs. placebo). These
authors obtained the same results as Rivers et al. (2002).

The following studies were conducted on patients with ulcers due to
uncontrolled diabetes. One study compared HA with iodine (Chen et al.,
2018). Sobotka et al. (2006) carried out a clinical trial on 22 patients; 18
achieved a completed closure in 2–6 weeks. This group published
another article (Sobotka et al., 2007) in which they conducted a study on
18 patients using the same compound, demonstrating the efficacy of HA
for wound closure.

Brenes et al. (2011) carried out another study with the HA þ iodine
compound in 14 patients. Most of the samples obtained a complete
closure in 18 weeks; this supports the previous results, in addition to
making it clear that iodine þ HA provides a stable environment for
healing foot ulcers and wounds.

Liguori et al. (1997) conducted a study on 152 patients suffering from
acute radio epithelitis. They applied cream with HA that reduced signs
and symptoms, reporting exceptional protective effects of HA.
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Schlesinger and Powell (2013) carried out a study on rosacea in 15 pa-
tients. They used a sodium salt cream þ HA at 0.2%. As a result, the
efficacy was demonstrated with good tolerance.

Koller J. (Topical Treatment of Partial Thickness Burns by Silver
Sulfadiazine plus Hyaluronic Acid Compared to Silver Sulfadiazine
Alone: A Double-Blind, Clinical Study - PubMed, n.d.) conducted a trial
with 33 patients comparing the efficacy of 1.5% silver sulfadiazine (SS)þ
0.2% HA and the efficacy of 1% SS alone. Patients 18–80 years old were
included, and the mean healing time in the first group was 8167 days (vs.
13,067 for the second group).

Costagliola and Agrosì (2005) conducted a trial with 111 patients
comparing the efficacy of 1.5% SS þ 0.2% HA and the efficacy of 1% SS
alone. Patients 18–75 years old were included, and the mean healing
time was 9.5 days in the first group (vs. 14 days in the second group).

Samples from patients with partial burns were used, concluding that
adding HA to regularly used topical formulations significantly decreases
the mean time needed for healing (F�atima et al., 2016).

Table 2: In this table we observe all the information of the authors of
HA that it is Hyaluronic Acid that we have collected during the review.
Collaborators is reflected with the acronym Al. and Silver sulfadiazine is
described with SS. Finally, we used the acronym VS (versus) to compared
treatments.

4.2. Antibacterial ointments

Concerning AO, various studies have been collected on humans.
Grothe et al. (2016) conducted nine studies that included 187 patients



Table 2. Abstract of the Authors who speak and study the HA based on articles in the bibliography.

Authors Patients Disease or condition Product Results

Rivers et al. (Rivers et al., 2002) 195 Actinic Keratosis Ointment of Diclofenac 3% þ HA
2,5% VS placebo

Effective results

Wolf et al. (Wolf et al., 2001) 96 Actinic Keratosis Diclofenac 3% þ HA 2,5% VS
placebo

Effective results

Gebauer et al. (Gebauer et al., 2003) 150 Actinic Keratosis Diclofenac 3% þ HA 2,5% VS
placebo

Effective results

Sobotka et al. (Sobotka et al., 2006, 2007) 22/18 Diabetic foot ulcers Ha topical þ Iodine Complete closure in 2–6 weeks

Brenes et al. (Brenes et al., 2011) 14 Diabetic foot ulcers Ha topical þ Iodine Complete closure in 18 weeks,
provides a stable environment

Liguori et al. (Liguori et al., 1997) 152 Acute radioepithelitis Cream of HA Significant reduction in signs and
symptoms

Schlesinger y Powell. (Schlesinger and Powell, 2013) 15 Rosacea Sodium salt cream with 0,2% HA Remarkable efficacy and Good
tolerance

Jegasothy et al. (Jegasothy et al., 2014) 33 Wrinkles and erythema HA topical use 8 weeks Improved elasticity, hydration and
firmness. Decrease in erythema,
wrinkles and roughness

Varalakshmi (Varalakshmi, n.d.) – Facial seborrheic dermatitis Low molecular weight HA
compound gel

Proven efficacy and safety

Koller J. (Topical Treatment of Partial Thickness
Burns by Silver Sulfadiazine plus Hyaluronic
Acid Compared to Silver Sulfadiazine Alone:
A Double-Blind, Clinical Study - PubMed, n.d.)

33 Partial burns SS al 1,5% þ HA al 0,2% VS SS al
1%

Healing average 8167 days for the
group with HA and 13,067 for the
group without HA

Costagliola y Agrosi. (Costagliola and Agrosì, 2005) 111 Partial burns SS al 1,5% þ HA al 0,2% VS SS al
1%

Healing average 9,5 days for the
group with HA and 14 for the
group without HA
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receiving dialysis, studying the effect of different compounds on catheter
insertion site prophylaxis. Theymade three types of comparisons: Topical
mupirocin vs. placebo or no treatment; AO unspecified vs. placebo or no
treatment; and Topical mupirocin vs. AO unspecified. The results were
74%, 56%, and 52% less likely to develop an infection, respectively.

In addition, they carried out more studies with other antibiotics; using
gentamicin and cefazolin together decreased episodes of infections.
Fusidic acid was evaluated separately, showing significant results, but it
is contraindicated as monotherapy.

Heal et al. (2014) carried out several trials on various wounds made
surgically. AO vs. non-topical antibiotic: eight trials were conducted with
5.427 participants. The results demonstrated the AO’s efficacy; infections
were reduced in the first group. The second group received an inert
antibiotic. AO vs. topical antiseptic: Five random trials involving 1299
participants were conducted, using one product or the other. The result
was less PSI in the patients treated with AO than in those treated with
antiseptics. AO vs. alternative topical antibiotic: a study of 99 patients
was carried out comparing mupirocin and neomycin. There was no sig-
nificant difference between these antibiotics in the risk of PSI. Another
study was carried out on 219 participants, using a combined ointment of
neomycin sulfate, bacitracin zinc and polymyxin sulfate vs. bacitracin
zinc; no significant differences were found.

Several studies and trials have been conducted on prophylaxis at the
dialysis catheter insertion site; Johnson et al. (2002), Sesso et al.
(Staphylococcus Aureus Prophylaxis in Hemodialysis Patients Using
Central Venous Catheter: Effect of Mupirocin Ointment - PubMed, n.d.),
and Wong et al. (Prophylaxis against Gram-Positive Organisms Causing
Exit-Site Infection and Peritonitis in Continuous Ambulatory Peritoneal
Dialysis Patients by Applying Mupirocin Ointment at the Catheter Exit
Site - PubMed, n.d.) made a comparison between mupirocin and no
prophylaxis; while Bernardini et al. (2005) made a comparison between
topical mupirocin and gentamicin. Bernardini et al. (1996) also made a
comparison with oral rifampicin.

In the first studies, mupirocin showed a significant reduction in in-
fections concerning the use of no prophylaxis. It acted mainly against
Gram-positive bacteria, specifically S. aureus, so it was concluded that
mupirocin prevents this infection. In the following, no significant dif-
ferences were found in the prevention of infections, so it was concluded
5

that mupirocin, gentamicin and rifampicin similarly prevented catheter
infections. Gentamicin reduced the chances of getting Gram-negative
bacterial infections, and rifampicin caused many secondary effects.

Several trials were conducted on surgical patients to study the
effectiveness of prophylactic mupirocin in preventing nosocomial dis-
ease. Two types of studies were carried out in which both carriers and
non-carriers of S. aureus were used. Perl et al. (2002), Kalmeijer et al.
(2002), Konvalinka et al. (2006), García et al. ((PDF) Use of Nasal
Mupirocin for Staphylococcus Aureus: Effect on Nasal Carriers and
Nosocomial Infections, n.d.), and Suzuki et al. (2003) compared mupir-
ocin in the form of intranasal ointment and placebo or no prophylaxis.
When comparing carriers and non-carriers of S. aureus, mupirocin did not
show a significant reduction in the risk of contracting a nosocomial
disease. On the contrary, when compared only in carriers of S. aureus,
Perl et al. showed that mupirocin was more effective than the placebo.

Shuman et al. (2012), Tai et al. (2013), and Bode et al. (2010)
compared intranasal mupirocin combined with chlorhexidine gel and no
prophylaxis. Bode et al. (2010) concluded that mupirocin with chlor-
hexidine was more effective than placebo in patients with S. aureus. Tai
et al. (2013) reported similar results, so they also concluded that
mupirocin with chlorhexidine is more effective than no prophylaxis.

In summary, Troeman et al. (2019) state that intranasal mupirocin
shows evidence of its effectiveness against nosocomial diseases in car-
riers of S. aureus. Although a statistically significant reduction in PSI
caused by S. aureus was not achieved, the use of mupirocin as preoper-
ative prophylaxis was supported.

Studies were conducted to assess the effectiveness of chlorhexidine
gluconate as prophylaxis to prevent nosocomial infections caused by
S. aureus. Hayek et al. (1987) carried out a study in which chlorhexidine
gluconate did not show significant differences compared to placebo; the
patients received two baths prior to surgery. Therefore, it was concluded
that chlorhexidine, without combination with another agent, cannot
prevent PSIs. However, changes had to be made to the placebos used, and
the results should be interpreted cautiously.

A later study by Climo et al. (2013) compared chlorhexidine body
wash with a non-antimicrobial agent in preventing the acquisition of
healthcare-associated-bloodstream infections (HA-BSIs) caused by
coagulase-negative staphylococci and fungi. Chlorhexidine was found to



Table 3. Abstract of the authors who speak and studies about topical antibiotics based on articles in the bibliography.

Authors Patients Disease,
condition or
treatment

Product Results

Grothe et al. (Grothe et al., 2016) 187 Dialysis Topical Mupirocin VS placebo
AO unspecified VS placebo
Topical Mupirocin VS AO
unspecified

74%, 56% y 52% les likely to
develop an infection respectively

Grothe et al. (Grothe et al., 2016) – Dialysis Gentamicin þ Cefazolin
Fusidic Acid

Decrease in infections Fusidic Acid
showed significant results but is
contraindicated as monotherapy

Heal et al. (Heal et al., 2016) 5427 y 1034 Surgical wound AO VS non AO Demonstrated efficacy of AO

Heal et al. (Heal et al., 2016) 1299 Surgical wound AO VS topical antiseptic Demonstrated efficacy of AO

Heal et al. (Heal et al., 2016) 99 y 219 Surgical wound AO VS AO No significant differences were
found between Mupirocin,
Neomycin, Bacitracin, Polymyxin

Bernardini et al. (Bernardini et al., 1996, 2005) – Dialysis Mupirocin VS Gentamicin
Mupirocin VS oral Rifampicin

No significant differences were
found in infection prevention.
Gentamicin reduced Gram –

infections and Rifampicin caused
adverse reactions

Perl et al. (Perl et al., 2002), Kalmeijer et al.
(Kalmeijer et al., 2002), Konvalinka et al.
(Konvalinka et al., 2006), García et al. ((PDF)
Use of Nasal Mupirocin for Staphylococcus Aureus:
Effect on Nasal Carriers and Nosocomial Infections, n.d.),
Suzuki et al. (Suzuki et al., 2003)

– Surgical patients Mupirocina intranasal ointment
VS placebo or no prophylaxis

Mupirocin did not show
significant effectiveness against
nosocomial diseases

Perl et al. (Perl et al., 2002) – Surgical patients carrying
Staphylococcus Aureus

Mupirocin intranasal ointment VS
placebo

They demonstrated the efficacy of
Mupirocin against placebo

Shuman et al. (Shuman et al., 2012), Tai et al.
(Tai et al., 2013), Bode et al. (Bode et al., 2010)

– Surgical patients carrying
Staphylococcus Aureus

Intranasal Mupirocin þ
Chlorhexidine gel VS no
prophylaxis

The efficacy of Mupirocin þ
Chlorhexidine was demonstrated

Hayek et al. (Hayek et al., 1987) – Surgical patients Chlorhexidine Gluconate VS
placebo
Bath were held

It did not show significant
differences in the prevention of
PSIs. He concluded that its use
alone was not effective.

Climo et al. (Climo et al., 2013) – Surgical patients Chlorhexidine gel VS non-
antimicrobial agent

Chlorhexidine reduced HA-BSI
acquisition by negative
Staphylococci or fungi, but did not
reduce HA-BSI causes by S. Aureus

Segers et al. (Segers et al., 2006) 954 Surgical patients Chlorhexidine Gluconate Nasal
Ointment VS placebo ointment

Chlorhexidine Gluconate was
more effective in the prevention of
nosocomial diseases but it was not
as effective against the diseases
produced by the S. Aureus.

Findlay et al. (Findlay et al., 2013) – Dialysis Polyhexanide VS Mupirocin More infections in the
Polyhexanide group

Wattanaploy et al. (Wattanaploy et al., 2017) 23 Burns SS VS Polyhexanide gel þ iodine
(Pontosan)

No significant differences were
found

Muangman et al. (Muangman et al., 2010) 70 Burns SS VS Aquacel Less healing time in patients with
SS

Huang et al. (Huang et al., 2007) 98 Burns SS VS Acticoat The dressing got les healing time
and can be left on for several days

Soroff y Sasvary (Soroff and Sasvary, 1994) 15 Burns Collagenase VS SS Patients treated with Collagenase
take les time to have the wound
clean and healed

Hansbrough et al. (Hansbrough et al., 1995) 79 Burns Collagenase þ Polymyxin Sulfate
VS SS

Those treated with Collagenase þ
Polymyxin Sulfate took les time to
clean and heal the wound

Koning et al. (Koning et al., 2012) – Non-bullous impetigo Fusidic Acid VS placebo
Retapamulin VS placebo

More improvement with AO.

Eells et al. (Eells et al., 1986), Gould.
(Gould: Mupirocin in General Practice:
A Placebo-Controlled... - Google Acad�emico, n.d.)

– Non-bullous impetigo Mupirocin VS placebo More improvement with
Mupirocin.

Ruby et al. (Ruby and Nelson, 1973) – Non-bullous impetigo Bacitracin VS placebo No significant differences were
found.

Farah et al. (Farah et al., 1967) – Non-bullous impetigo Gentamicin VS Neomicin Gentamicin showed better results.

Oranje et al. (Oranje et al., 2007) 519 Non-bullous impetigo Retapamulin VS Fusidic Acid No significant differences were
found

Koning et al. (Koning et al., 2012) – Non-bullous impetigo Mupirocin VS oral Erythromycin

(continued on next page)
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Table 3 (continued )

Authors Patients Disease,
condition or
treatment

Product Results

More improvement with
Mupirocin.

Arredondo. (Arredondo, 1987) – Non-bullous impetigo Mupirocin VS oral Dicloxacillin No significant differences were
found

Bass et al. (Bass et al., 1997) – Non-bullous impetigo Mupirocin VS oral Cephalexin
Bacitracin VS oral Cephalexin

No significant differences were
found. Bacitracin was worse tan
Oral Cephalexin

Welsh et al. (Welsh and Saenz, 1987) – Non-bullous impetigo Mupirocin VS oral Ampicillin No significant differences were
found

Koranyi et al. (Evaluation of Bacitracin
Ointment in the Treatment of Impetigo - PubMed, n.d.)

– Non-bullous impetigo Bacitracin VS oral Erythromycin No significant differences were
found

Ruby et al. (Ruby and Nelson, 1973) – Non-bullous impetigo Bacitracin VS oral Penicillin No significant differences were
found

Ruby et al. (Ruby and Nelson, 1973) – Non-bullous impetigo Bacitracin VS Hexachlorophene
(antiseptic)

No significant differences were
found

Christensen et al. (Christensen and Anehus, 1994) – Non-bullous impetigo Fusidic Acid VS Hydrogen
Peroxide (antiseptic)

Fusidic Acid showed more efficacy

Ciftci et al. (Ciftci et al., 2002) – Non-bullous impetigo Mupirocin VS Terbinafine
(antifungal)

No significant differences were
found

Kuniyuki et al. (Kuniyuki et al., 2005) – Non-bullous impetigo Topical Tetracycline þ Oral
Cefdinir VS Topical Tetracyclineþ
Oral Minomycin
Topical tetracycline þ Oral
Cefdinir VS Topical Tetracyclineþ
Oral Fosfomycin
Topical Tetracycline þ Oral
Minomycin VS Topical
Tetracycline þ Oral Fosfomycin

No comparison showed significant
differences

Moraes Barbosa (Moraes Barbosa: Comparative Study
between Topical... - Google Acad�emico, n.d.)

– Bullous Impetigo Fusidic Acid VS Neomycin
Fusidic Acid VS Bacitracin
Chloramphenicol VS Neomycin
Chloramphenicol VS Bacitracin

Fusidic Acid was more effective in
both comparisons.
In the following two, no
significant differences were found
between the AO.

Moraes Barbosa (Moraes Barbosa: Comparative
Study between Topical... - Google Acad�emico, n.d.)

– Bullous Impetigo Neomycin VS Oral Erythromycin
Bacitracin VS Oral Erythromycin
Fusidic Acid VS Oral Erythromycin
Chloramphenicol VS Oral
Erythromycin

Neomycin and Bacitracin was
significantly les effective.
The rest of the comparisons did
not find significant differences

Wachs et al. (Wachs and Maibach, 1976) – Secondary impetigo Mupirocin VS Oral Cephalexin No significant differences were
found
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significantly reduce HA-BSI acquisition compared to the
non-antimicrobial agent. However, it did not show a reduction of HA-BSI
caused by S. aureus.

Segers et al. (2006) included patients who were going to undergo
sternotomy for cardiothoracic surgery; they were administered prophy-
lactic therapy with chlorhexidine gluconate nasal ointment vs. placebo. It
was administered from the first day until the day after the operation.
Patients received antibiotic therapy as usual protocol. Four hundred
eighty-five patients received chlorhexidine ointment and 469 placeboes;
chlorhexidine was more effective than placebo in preventing nosocomial
diseases in general, although it did not show statistically significant ef-
ficacy against nosocomial diseases caused by S. aureus. In conclusion, this
ointment can reduce PSIs but may not reduce the risk of PSIs due to
S. aureus.

Findlay et al. (2013) investigated polyhexanide vs. mupirocin in
dialysis patients. They found a higher frequency of infections in the
polyhexanide group, especially Pseudomonas and S. aureus, although it
should be noted that there were many patients with diabetes relative to
the other group.

About SP, several studies have been carried out on patients with
burns. Wattanaploy et al. (2017) randomly assigned two groups of 23
patients and followed up for 22 days, comparing SP and polyhexanide þ
iodine gel (Prontosan). No significant differences were found. Huang
et al. (2007) compared SP with acticoat in 98 patients. They obtained a
7

shorter healing time in the group treated with acticoat than in the
groups treated with SP (12.42 days vs. 15.79). The acticoat
dressing can be kept for 3 days, so it was considered a good treatment
option.

Maciel et al. (2019) reported that SP had shown excellent effective-
ness as a bactericide, in addition to being well accepted by burn centres.
Various products have been compared, such as aloe vera, aquacel, and
centiderm, which have shown efficacy compared to SP, although it is
considered too early to declare their efficacy.

Regarding collagenase, Soroff and Sasvary (1994) carried out a study
on 15 patients with burns comparing collagenase with SP. The results
were that the patients treated with collagenase took less time to cleanse
and heal than those treated with SP. Hansbrough et al. (1995) carried out
a study of 79 patients in which they compared collagenase þ polymyxin
sulfate vs. SP.

Koning et al. (2012) conducted a review in which they included
studies by authors who treated patients with impetigo. The first studies
were conducted on patients with non-bullous impetigo. The first com-
parisons were made between AOs and placebo: Mupirocin vs. placebo,
more improvement with mupirocin (Eells et al., 1986), Gould (Gould:
Mupirocin in General Practice: A Placebo-Controlled... - Google
Acad�emico, n.d.); fusidic acid vs. placebo, more improvement with
fusidic acid (Koning et al., 2012); retapamulin vs. placebo, more
improvement with retapamulin (Koning et al., 2012).
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The second type of comparison was between AOs: gentamicin vs.
neomycin, gentamicin showed superior results to neomycin (Farah et al.
1967); retapamulin vs. fusidic acid, with no significant differences
(Oranje et al., 2007).

The third type of comparison was made between AO and oral anti-
biotics: mupirocin vs. erythromycin, with more improvement with
mupirocin (Koning et al., 2012); mupirocin vs. dicloxacillin, with no
significant differences (Arredondo, 1987); mupirocin vs. ampicillin, no
significant differences (Welsh and Saenz, 1987); bacitracin vs. cefalexin,
bacitracin was worse than oral cefalexin (Bass et al., 1997); bacitracin vs.
penicillin, no significant differences (Ruby and Nelson, 1973).

The fourth type of comparison was between AO and antiseptics:
bacitracin vs. hexachlorophene, with no significant differences (Ruby
and Nelson, 1973); fusidic acid vs. hydrogen peroxide, the fusidic acid
cream showed more efficacy, but a statistically significant efficacy was
not reached (Christensen and Anehus, 1994).

The fifth type of comparison was between AO and topical antifungals:
mupirocin vs. terbinafine, with no significant differences (Ciftci et al.,
2002).

The sixth type of comparison was between AO þ oral antibiotic and
AO þ oral antibiotic, using multiple combinations. No comparison
showed significant differences (Kuniyuki et al., 2005): topical tetracy-
cline þ oral cefdinir vs. topical tetracycline þ oral minomycin; topical
tetracyclineþ oral cefdinir vs. topical tetracyclineþ oral fosfomycin; and
topical tetracycline þ oral minomycin vs. topical tetracycline þ oral
fosfomycin.

The following studies were performed on patients with bullous
impetigo. Between AO vs. another AO (Moraes Barbosa: Comparative
Study between Topical... - Google Acad�emico, n.d.): fusidic acid vs.
neomycin, fusidic acid was significantly more effective; fusidic acid vs.
bacitracin, fusidic acid was significantly more effective; chloramphenicol
vs. neomycin, no significant differences; chloramphenicol vs. bacitracin:
no significant differences. Between AO vs. oral antibiotic (Moraes Bar-
bosa: Comparative Study between Topical... - Google Acad�emico, n.d.):
neomycin vs. oral erythromycin, AO was significantly less effective;
bacitracin vs. oral erythromycin, AO was significantly less effective;
fusidic acid vs. oral erythromycin, no significant differences; chloram-
phenicol vs. oral erythromycin, no significant differences.

Finally, studies were carried out on patients with secondary impetigo:
Wachs et al. and Wachs and Maibach (1976) compared mupirocin and
oral cephalexin and detected no significant differences.

Table 3: In this table we observe all the information of the authors of
antibiotical Ointments wich is reflected with the acronym AO that we
have collected during the review. Collaborators are described with AL.,
Silver sulfadiazine use the acronym SS and Postsurgical infections are
reflected with PSI. Finally, we used the acronym VS (versus) to compared
treatments.

5. Conclusions

HA has great anti-inflammatory capacities, creating a stable envi-
ronment for the healing of ulcers and wounds, and provides hydration,
elasticity, and firmness to the skin. Also, HA combined with antibiotics,
specifically SS, is a good option for partial burns. However, studies are
needed before recommending HA over AO; we found no studies
addressing PSI and HA.

Based on our review, mupirocin is the best available topical antibiotic
for the prevention and treatment of PSIs. Collagenase is also very effec-
tive but is expensive. Therefore, it would be useful to carry out further
studies comparing mupirocin and collagenase.

Various antibiotics are useful for treating impetigo (infectious skin
disease). For treating bullous impetigo, mupirocin or fusidic acid are
best; for non-bullous impetigo, fusidic acid is best, and for secondary
impetigo, mupirocin is recommended.

However, all antibiotics demonstrate efficacy in preventing PSIs; due
to their healing and antibiotic capacities, they are recommended to treat
8

any PSI. Studies focused on the treatment of PSIs of OC might help cli-
nicians choose specific antibiotics.

PSIs are a frequent problem that has long been studied. PSIs can be
prevented and, when they occur, can be treated in multiple ways. Re-
searchers are continuing to investigate alternatives to AOs, such as HA.
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