
Efficacy of Boric-Complexed Zinc and
Acetic-Complexed Zinc Otic Preparations

for Canine Yeast Otitis Externa

The purpose of this 2-week, double-blinded, controlled clinical trial was to evaluate the efficacy of
topical amino acid-complexed zinc gluconate formulated with boric acid (ZGB) or acetic acid
(ZGA) versus a topical placebo in the treatment of yeast otitis externa in dogs. Included in the
study were dogs with otitis externa and a cytopathological finding of yeast organisms in the affect-
ed ear. Ears were treated with the placebo, ZGA, or ZGB medications. Yeast counts as well as
clinical appearance of the ears were monitored. Results revealed that ZGB significantly reduced
the number of yeast organisms in cases of otitis externa. J Am Anim Hosp Assoc 2005;41:12-21.
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Introduction
A large variety and quantity of canine topical otic preparations are avail-
able and serve as a testament to the prevalence of ear disease in dogs.
Otitis externa is one of the most common reasons for seeking veterinary
care, accounting for up to 15% of all dogs presented.1,2 Primary causes
of otitis externa include hypersensitivity disorders (e.g., atopy, food aller-
gy), parasitic diseases, and metabolic disorders (e.g., primary keratiniza-
tion defects, hypothyroidism, hyperadrenocorticism).1,2 Perpetuating
factors such as proliferative changes, excessive cleaning, or the use of
inappropriate cleaning products also contribute.1,2 Otitis externa may
also occur secondary to infections. Malassezia pachydermatis is the most
common isolate from diseased ears and often requires therapy.1,2

Identifying the cause and controlling the primary diseases are the
goals of treating most cases of canine otitis externa. However, even if the
primary cause is identified and addressed, many cases require recurrent,
long-term systemic and topical therapy for secondary factors.1,2 In some
cases of atopic disease, controlling secondary infections (especially
Malassezia spp.) helps alleviate the clinical signs. Most otic preparations
are combinations of corticosteroids and antimicrobials. Frequent and
repeated use of these products is often indicated; however, when such
products are used repeatedly for management and prevention, problems
of antibiotic resistance and glucocorticoid side effects (both cutaneous
and systemic) may occur. 

Products containing mild cleansers or disinfectants are valuable in the
treatment of otitis externa, and they do not have as many potential risks
as the long-term antibiotic or glucocorticoid therapies. Many otic prod-
ucts are available that are combinations of mild cleansers, drying agents,
and disinfectants, with or without antimicrobial agents. In the authors’
experience, some of these products can be used as maintenance therapy
to prevent the recurrence of otitis externa. Common cleansing ingredients
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include boric acid, acetic acid, lactic acid, malic acid, fatty
acids, enzymes, chelating agents, and minerals. Of these
agents, acetic and boric acids have received attention for
their abilities to kill yeast and bacterial organisms.

Acetic acid has been reported to be effective at concen-
trations from 0.5% to 5% in treating and preventing otic
yeast infections.1 Acetic acid has been beneficial in people
in the management of chronic suppurative otitis media. The
effect was not solely related to pH, as other acidic products
have not been as effective.3,4 Acetic acid may irritate already
damaged otic epithelium, and its unpleasant odor creates
problems with patient acceptance and client compliance.5

Boric acid has also been shown to be effective against
yeast infections.6-8 One study reported that boric acid was
as efficacious as topical antibiotics in treating human otitis
externa.6 In another study, 95% of vaginal yeast infections
in people were eliminated with boric acid vaginal supposi-
tories.7 The mechanism of action of boric acid is
unknown.7,8 It has been proposed that boric acid may
cleanse the lipids from the epithelium, which removes the
metabolic substrates for Malassezia spp. or may inactivate a
hygroscopic, neutrophilic chemo-attractant protein elabo-
rated by Malassezia spp.5,6 In addition, an in vitro study of
canine otitis isolates showed that a combination of 0.5%
boric acid and 0.5% acetic acid was lethal to
Staphylococcus intermedius.8

Zinc has been studied for its effects on wound healing, and
at the time this article was written, it was not incorporated
into any commercial veterinary otic products. Zinc adminis-
tered topically has had beneficial effects on wound healing,
regardless of an individual’s systemic zinc levels.9 Like tris-
ethylenediaminetetraacetic acid and silver-sulfadiazine, zinc
also has chelating effects on cells.10 In humans, topical zinc
oxide accelerated healing of diabetic leg ulcers.11 In pigs and
mice, the topical application of zinc oxide enhanced reepithe-
lialization of partial- and full-thickness wounds, and was as
effective as streptokinase-streptodornase in removing necrot-
ic tissue from pressure ulcers.12-14 When embedded in occlu-
sive dressing, zinc decreased the inflammatory reaction
typically seen during the formation of granulation tissue.15

Zinc has also been demonstrated to have antimicrobial prop-
erties, specifically related to the topical application of zinc.
Zinc gluconate lozenges have been shown to decrease the
duration of cold symptoms, and the efficacy of zinc gluconate
lozenges increases with the length of time the lozenge is pres-
ent in the oral cavity.16-18 An in vitro study demonstrated that
herpes simplex virus was inactivated after treatment with zinc
gluconate.19 Zinc gluconate also specifically decreased the
expression of certain inflammatory mediators by ker-
atinocytes exposed to nickel, an allergen responsible for some
cases of contact dermatitis.20

The purpose of this double-blinded, placebo-controlled
clinical trial was to evaluate the efficacy of topical amino
acid-complexed zinc gluconate formulated with boric acid
(ZGB) or acetic acid (ZGA) versus a placebo in the treat-
ment of yeast otitis externa in dogs.

Materials and Methods
Dogs that were presented with clinical signs of otitis externa
and a cytopathological finding of yeast in the affected ear(s)
were eligible for the study. On examination of swabs of the
ear, an average count of three yeast per oil-immersion field
(OIF) was considered the minimum criterion for a diagnosis
of yeast otitis [Figure 1].21 Initially each slide was scanned

on low power (100×) to select areas with keratinocytes or
wax. Examination under oil immersion (1000×) was then
performed, and yeast organisms were counted in 10 separate
OIFs that contained keratinocytes. The numbers from these
10 counts were then averaged. Dogs were excluded from the
study if they had received any topical or systemic antimicro-
bials or corticoidsteroids in the 2 weeks prior to presentation.

Each diseased ear was considered an individual case. An
otoscopic examination was performed, a visible tympanum
was verified, and the ear was randomly assigned to a ZGB,a

ZGA, or placebo control group. After cleaning the ear with
a petrolatum-based squalene cleanser,b 1 to 3 mL (depend-
ing on the size of the ear canal) of either ZGB, ZGA, or the
placebo was applied to the ear twice daily for the entire
study period. The ear was reevaluated and cleaned again on
days 7 and 14 of the study by one of the available
authors/investigators. The authors/investigators and the
owners were blinded to the type of solution administered
until the end of the study.

All study solutions contained deionized water, methyl-
paraben (500 ppm), propylparaben (100 ppm), and propy-
lene glycol at 1%. The placebo solution contained only these
compounds. The zinc solutions also contained zinc glu-
conate, L-lysine, taurine, and either 1% acetic acid or 1%
boric acid. The ZGB solution and the ZGA solution were
compounded by Addison Biological Laboratory, Inc., but the
ZGB solution has now become commercially available. The
pH of all three test solutions was determined by a calibrated,
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Figure 1—Numerous yeast organisms and keratinocytes
on an oil-immersion field (1000×) as seen on cytopathology
from case no. 30 on day 0.



hand-held electronic pH meter.c The pH of ZGA and ZGB
solutions was 4.5, while the pH of the placebo solution was
slightly higher at 4.93.

Yeast counts in the affected ears were evaluated (pre-
cleaning) on days 0, 7, and 14. An average yeast count of ≤3
organisms per OIF was considered normal and given a score
of 0. An average count of 3.1 to 8 organisms per OIF was
assigned a score of 1; an average count of 8.1 to 14 organ-
isms per OIF was given a score of 2; and yeast counts ≥15
yeast per OIF were assigned a score of 3.21 Bacteria present
at levels >5 organisms per OIF were considered significant
and were recorded. An aerobic bacterial culture and sensi-
tivity were subsequently performed on these samples.22 The
presence of bacteria in the original cytology and a positive
culture did not preclude entrance of the case into the study.

For clinical scoring, the ear was divided into two regions.
The external ear included the external aural orifice and the
adjacent pinna. The ear canal included both the vertical and
horizontal portions. The external ear was evaluated by visu-
al inspection, while the ear canal was evaluated by otoscop-
ic examination.d Erythema, exudate, and stenosis of each
region were evaluated by a single examiner and given scores
of 0, 1, 2, or 3 representing none, mild, moderate, or severe
changes, respectively. The scores for these three parameters
were summed so that the highest possible clinical score was
9 for each region of the ear.

At each recheck visit, clients were questioned about their
use of the test solutions and their perceptions as to response
to treatment. In the event that the animal was worse (as
determined by the owner) on day 7, the dog was removed
from the study, and using the “intent to treat rule,” the val-
ues from day 7 were carried over to day 14.23-25

Statistical Analysis
The three treatment groups included a control group, a ZGA
treatment group, and a ZGB treatment group. Differences
between groups were analyzed by analysis of variance
(ANOVA) using a commercially available statistical soft-
ware program.e Three sets of scored data (i.e., yeast score,
external ear clinical score, ear canal clinical score) were
evaluated by Model I ANOVA for the control versus ZGA
groups, the control versus ZGB groups, and the ZGA versus
ZGB groups. A three-way (placebo control versus ZGA ver-
sus ZGB) analysis was also performed, comparing scores
between all three groups. The statistical significance level
(P=alpha or probability of committing a Type 1 error)
applied to all comparisons was P≤0.05. 

Results
Twenty-one dogs were included in the study. Fourteen had
bilateral disease and seven had unilateral disease based on
the inclusion criteria, resulting in a total of 35 ears. In 12
dogs (20 ears), atopic dermatitis was the primary condition
(based on history, distribution of lesions, responsiveness to
therapy, and absence of other hypersensitivity disorders),
and 10 of these 12 dogs were under treatment with allergen-
specific immunotherapy. The remaining two atopic dogs

had mild seasonal signs and were not on any therapy. One
dog (one ear) had both atopic dermatitis and food allergy;
this dog was on allergen-specific immunotherapy and a
restricted diet. One dog (two ears) had primary idiopathic
seborrhea. Three dogs (five ears) had chronic recurrent oti-
tis externa of undetermined cause, although atopic dermati-
tis was suspected in one. Four dogs (seven ears) were
presented with no prior history of skin or ear disease.

Breed distribution was as follows: mixed-breed dogs
(n=4), Labrador retriever (n=3), rottweiler (n=2), standard
poodle (n=2), American cocker spaniel (n=2), dachshund
(n=2), Dalmatian (n=2), and one each of beagle, golden
retriever, Akita, and red bone coonhound. Ages ranged from
1.5 to 10 years, with a mean age of 4.3 years and a median
of 4.0 years.

Control Group
Ten ears were treated with the placebo solution. These cases
were assigned numbers 1 through 10 after the study was
completed. The average yeast scores for the control dogs on
days 0, 7, and 14 were 1.6, 1.1, and 1.1, respectively [Table
1]. The mean external ear clinical scores for days 0, 7, and
14 were 4.5, 3.5, and 2.7, respectively [Table 2]. The mean
ear canal clinical scores for days 0, 7, and 14 were 5.0, 3.6,
and 3.2, respectively [Table 2]. In case nos. 7 and 10, bacte-
rial otitis and a worsening of the clinical signs were found
on day 7, and systemic and topical antimicrobial treatments
were initiated. These three cases were subsequently
removed from the study. 

Seven ears remained in the study for the full 14-day fol-
low-up period. Yeast scores were increased in two cases on
day 14, three scores remained the same, and five scores
improved. In three cases (case nos. 3, 4, and 7), significant
bacterial otitis was present on day 0. Staphylococcus inter-
medius was identified on day 0 in case nos. 4 and 7, but no
organisms were initially isolated in case no. 3. In case no. 3,
the bacterial component resolved by day 14. In case no. 7,
the bacterial counts worsened and Pseudomonas aeruginosa
was cultured on day 14. Case no. 10 was withdrawn from
the study and had Staphylococcus intermedius isolated on
day 14.

No discomfort occurred in association with medication
application in any case. In two ears (case nos. 4, 9), owners
felt their dog’s condition had slightly improved. For the
remaining eight ears, owners reported either worsening or
no change (even though clinically they had apparent
improvement). An acute episode of lumbosacral pruritus
occurred in case no. 8 on day 6.

Zinc Gluconate in Acetic Acid Treatment Group
Thirteen ears were treated with ZGA (assigned case num-
bers 11 through 23). The mean yeast scores on days 0, 7,
and 14 were 2.4, 1.3, and 1.2, respectively [Table 3]. The
mean external ear clinical scores for days 0, 7, and 14 were
4.2, 2.5, and 3.0, respectively [Table 4, Figures 2A, 2B]. The
mean ear canal clinical scores for days 0, 7, and 14 were 5.2,
4.5, and 4.1, respectively [Table 4]. On day 7, case no. 23
had a significant increase in both yeast counts and clinical
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scores, so it was removed from the study and started on sys-
temic and topical anti-yeast therapies. One yeast score was
increased at day 14, three scores remained the same, and
nine scores improved.

Case nos. 11, 14, and 21 had significant bacterial otitis at
the start of the study, and Staphylococcus intermedius was
cultured from all of the affected ears. Seven owners report-
ed improvement by day 14, and five owners reported no
change at day 14. 

In seven cases, significant discomfort occurred in associ-
ation with application of the medication at various times
during the study. However, by day 14, four of the owners
reported that the initial discomfort associated with applica-
tion of the medication had resolved. All owners reported the
medication had an unpleasant odor similar to vinegar. In
three cases, generalized pruritus continued throughout the
study period.

Zinc Gluconate in Boric Acid Treatment Group
Twelve ears were treated with ZGB (case nos. 24 through
35). The mean yeast scores on days 0, 7, and 14 were 2.0,
1.0, and 0.3, respectively [Table 5]. The mean external ear
clinical scores for days 0, 7, and 14 were 2.8, 1.3, and 1.8,
respectively [Table 6]. The mean ear canal clinical scores
for days 0, 7, and 14 were 3.6, 2.0, and 2.7, respectively
[Table 6]. No scores increased for any of the ears in this
group. No yeast counts increased, one count remained the
same, and 11 counts improved. 

Case nos. 24, 26, and 27 had significant bacterial otitis
on day 0, but the bacteria had subsided by days 7 or 14.
Bacteria were isolated from only one culture (case no. 26)
and were identified as Micrococcus spp. In nine cases, the
owners reported significant improvement, while in three
cases the owners reported no change. No cases were with-
drawn from the study. In case no. 27, discomfort occurred

January/February 2005, Vol. 41 Zinc Preparations for Otitis Externa      15

Table 1

Yeast Counts and Scores for 10 Dogs in the Control Group

Day 0 Day 7 Day 14
Average Day 0 Averaged Day 7 Averaged Day 14

Case Yeast Count Assigned Yeast Count Assigned Yeast Count Assigned
No. (per OIF)* Score† (per OIF) Score (per OIF) Score

1 >20 3 >20 3 >20 3

2 3.3 1 0.2 0 0 0

3 4.1 1 0 0 0 0

4 8.5 2 2.1 0 1.4 0

5 6.0 1 14.1 3 >20 3

6 5.0 1 >20 3 >20 3

7‡ 8.5 2 0 0 0 0

8 >20 3 4.0 1 0 0

9 3.5 1 0 0 3.0 1

10‡ 5.0 1 2.0 1 2.0 1

Mean ±
Standard
Deviation 1.6 ± 0.84 1.1 ±1.37 1.1 ± 1.37

Mean ±
Standard
Error of
Means 1.6 ± 0.27 1.1 ± 0.43 1.1 ± 0.43

* OIF=oil-immersion field; 10 OIFs per ear were counted and averaged
† See text for definition of Assigned Scores
‡ Bacterial otitis and worsening of clinical signs were detected on day 7; case was withdrawn from study for auxiliary treatments.

Day 7 scores were carried over to day 14 under ‘intent to treat’ rule.



after the medication was applied. In case no. 32, the owner
reported continued generalized pruritus. 

Statistical Results
At day 0, no statistical difference was found between groups
for any of the scores evaluated. Within each treatment
group, the yeast score and ear canal score gave the most
obvious evidence of improvement. Within the ZGB group, a
significant decrease in yeast score occurred over 2 weeks of
treatment (P≤0.00002). Within the ZGA group, yeast scores
also decreased significantly, but to a lesser degree
(P≤0.013). The yeast scores in the control group did not
change significantly. 

When comparing results between groups, changes in
yeast scores with ZGB were significantly better at day 14
than ZGA (P≤0.034) but not statistically significantly less

than the placebo (P≤0.085) [Figure 3]. Day 14 yeast scores
were not significantly different from each other for the con-
trol and ZGA groups. 

The ZGB group had a reduced ear canal score on day 14,
as compared to day 0 (baseline); however, the result was not
statistically significant. Statistical comparisons (two- and
three-way ANOVA) for all other within- or between-group
yeast scores, external ear clinical scores, and ear canal clin-
ical scores were not significant (P>0.05). 

Discussion
Both acetic and boric acid have been effective in treating yeast
infections.2-9 In the study reported here, use of ZGA did not
significantly eliminate or reduce yeast numbers when com-
pared to placebo. Use of ZGB, however, did result in a signif-
icant decrease of yeast numbers. No significant differences in
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Figures 2A, 2B—Affected
ear canal before (A) and
after (B) cleaning on day 0,
demonstrating an intact tym-
panum, moderate erythema,
and mild exudate from case
no. 13 on day 7.

Figure 3—Ear yeast scores at
three time points. SEM=stan-
dard error of means;
PC=placebo control group;
ZGA=zinc gluconate formulated
with acetic acid treatment
group; ZGB=zinc gluconate for-
mulated with boric acid treat-
ment group.



the degree of inflammation were noted between the treatment
groups, and this result may have indicated continuing inflam-
mation caused by the underlying primary disease, which was
usually atopic dermatitis. This supposition was supported by
the observation that the pinnae, which were not treated,
remained more erythematous than the ear canal in the ZGB
group.

Although acetic acid has been effective against many of
the organisms that perpetuate canine otitis externa, the dis-
comfort and inflammation induced by application of the
acetic acid into the ear canal can result in worsening of the
infection or inflammation.1-3 In this study, seven of the 13
owners in the ZGA group reported mild to severe discom-
fort with application of the eardrops, even after improve-
ment of the infection. In the ZGB group, only one of the 12
ears had a mildly painful reaction to the topical medication.

The improvement noted in the control group on day 7
was an interesting finding and may have been related to
the ear cleaning that was performed and/or the decreased
pH of the placebo agent. Unlike the ZGB and ZGA treat-
ment groups, bacterial growth appeared to worsen in some

cases within the control group. It is possible that increased
moisture in the absence of an antimicrobial agent con-
tributed to this complication.1 The inability to demonstrate
bacteria on cultures from the cases in which bacteria were
visualized on cytopathology may have arisen from differ-
ences in the specific sites in the ear canal from which the
samples were taken, from relatively low numbers of bacte-
ria, from alterations in transport media, or from laboratory
handling errors.

In clinical trials assessing the use of topical zinc to treat
pressure wounds and diabetic foot ulcers, the duration of
the clinical trials ranged from 6 to 12 weeks.11,12,14 It is
possible that the 2-week duration of topical therapy used
in the study reported here was not long enough to induce
or recognize clinical improvement in the inflammatory
component of otitis externa. In addition, the primary cause
of otitis was not addressed during this study, as demon-
strated by several instances of continued generalized or
localized pruritus during the study period. Another possi-
ble explanation for lack of improvement in the clinical
scores was the small sample size, which would not have
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Table 2

Sum of Clinical Scores* for 10 Dogs in the Control Group

External Ear Ear Canal
Case 
No. Day 0 Day 7 Day 14 Day 0 Day 7 Day 14

1 9 6 7 9 7 7

2 2 0 0 2 1 1

3 6 2 0 4 1 0

4 3 2 0 5 2 3

5 7 6 1 6 4 4

6 3 6 5 4 7 5

7† 6 9 9 7 8 8

8 4 3 0 7 3 0

9 2 0 2 3 1 2

10† 3 1 1 3 2 2

Mean ±
Standard
Deviation 4.5 ± 2.37 3.5 ± 3.06 2.5 + 3.31 5.0 ± 2.21 3.6 ± 2.76 3.2 ± 2.78

Mean ±
Standard
Error of
Means 4.5 ± 0.75 3.4 ± 0.97 2.5 ± 1.05 5. ± 0.70 3.6 ± 0.87 3.2 ± 0.88

* Score=sum of erythema, exudate, and stenosis scores; maximum=9
† Bacterial otitis and worsening of clinical signs were detected on day 7; case was withdrawn from study 



compensated for subjective differences between investiga-
tors. The presence of otitis media and its potential impact
on the clinical scores also could not be ruled out, although
most of the dogs in this study had mild to moderate otic
disease, and not all dogs had chronic otitis.22

Conclusion
Based on the results of this study, amino acid-complexed
zinc gluconate with boric acid was efficacious against yeast
otitis externa in dogs. It reduced ear canal inflammation,
which is essential to promoting epithelial healing. Further
studies are needed to examine the success of using boric
acid alone by evaluating both organism numbers and the
inflammatory response, and to determine whether concur-
rent use of low-potency topical corticosteroids alters the

inflammation attributed to the primary disease, especially
atopic dermatitis.

a Zn4.5 Otic; Addison Biological Laboratory, Inc., Fayette, MO 65248
b Cerumine; EVSCO, Buena, NJ 08310
c Extech Instruments, Waltham, MA 02451
d With a 10× magnifying lens
e Microsoft Excel XP statistical tools, Microsoft Corporation
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Table 5

Yeast Counts and Scores for 12 Dogs Treated With Zinc Gluconate in Boric Acid

Day 0 Day 7 Day 14
Average Day 0 Average Day 7 Average Day 14

Case Yeast Count Assigned Yeast Count Assigned Yeast Count Assigned
No. (per OIF)* Score† (per OIF) Score (per OIF) Score

24 12.0 2 8.1 2 4.1 1

25 16.5 3 1.4 0 <1 0

26 12.0 2 12.0 2 0.1 0

27 3.4 1 0 0 0.1 0

28 3.1 1 19.5 3 3.0 1

29 5.0 1 0 0 0 0

30 >20 3 10.0 2 5.0 1

31 5.0 1 5.0 1 0 0

32 >20 3 0.7 0 0 0

33 5.5 1 1.9 0 1.5 0

34 14.7 3 10.2 2 7.9 1

35 15.0 3 <1 0 0 0

Mean ±
Standard
Deviation 2.0 ± 0.95 1.0 ± 1.13 0.3 ± 0.49

Mean ±
Standard
Error of
Means 2.0 ± 0.28 1.0 ± 0.33 0.3 ± 0.14

* OIF=oil-immersion field; 10 OIFs per ear were counted and averaged
† See text for definition of Assigned Scores
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Table 6

Sum of Clinical Scores* for 12 Dogs Treated With Zinc Gluconate in Boric Acid

External Ear Ear Canal
Case 
No. Day 0 Day 7 Day 14 Day 0 Day 7 Day 14

24 5 1 3 5 3 5

25 6 0 0 5 3 1

26 1 0 1 2 1 2

27 6 2 0 4 1 1

28 0 1 2 5 2 2

29 3 2 0 2 2 0

30 3 1 2 3 2 5

31 1 2 3 1 2 6

32 4 1 4 3 0 2

33 0 0 0 2 1 0

34 0 2 1 6 3 4

35 5 4 6 5 4 4

Mean ±
Standard
Deviation 2.8 + 2.37 1.3 ± 1.15 1.8 ± 1.90 3.6 ± 1.62 2 ± 1.13 2.7 ± 2.06

Mean ±
Standard
Error of
Means 2.8 ± 0.68 1.3 ± 0.33 1.8 ± 0.55 3.6 ± 0.47 2 ± 0.33 2.7 ± 0.59

* Score=sum of erythema, exudate, and stenosis scores; maximum=9


