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Abstract

Thirty dairy bull calves with normal ophthalmic exami-
nations and culture-negative for Moraxella bovis were ran-
domly assigned to 3 groups for a single eye block, randomized,
blinded challenge study. Calves were housed in an accredited
isolation facility. In calves assigned to Groups 1and 2,2 0.6 cm
corneal lesion was made on the left central cornea utilizing
n-heptanol, and immediately inoculated topically with 1.0 x
107 of M. bovis (strain Epp63-300; origin: NADC). The lefteye
of calves in Group 3 was inoculated topically with M. bovis,
butnothing further. In Group 1, 2 mL of 0.009% hypochlorous
acid (Vetericyn Plus™ Pinkeye Spray) was sprayed topically
onto each calf’s cornea twice daily for 10 days. In Group 2,
2 mL of 0.9% saline was administered topically to each calf’s
cornea twice daily for 10 days. Each animal was scored for
ocular pain twice daily. Samples from all eyes were collected
for culture on days -7, 0, 1, 4, and 10. Eyes of all calves were
stained daily with fluorescein, and digital photographs were
taken of the lesion to assess healing of the cornea. Addition-
ally, serum and plasma samples were collected from all calves
ondays 0,1, 10, 11, and 17, and changes in sodium and chlo-
ride levels were evaluated. Urine samples and liver, muscle,
and fat biopsies were collected from all calves on days 0, 11,
and 17 and evaluated for chlorine utilizing the N,N-diethyl-
p-phenylenediamine (DPD) colorimetric method. Only calves
in Group 2 were culture-positive for M. bovis during the study
period. The average pain score and days to cure for Group 1
was lower than Group 2 {P < 0.05 and P < 0.02, respectively).
Corneal lesion circumference of calves in Groups 1 and Group
2 differed (P < 0.04), and the difference between days was

significantly different (P < 0.0001). There was no difference
in Naor Cllevelsin the plasma and serum samples among the
3 treatment groups at any sampling time points (P < 0.0001),
and no difference between pre- (day 0) and post-treatment
(day 11 and 17) in chlorine levels in muscle, liver, fat, and
urine at any time point. Results of this study suggest that
hypochlorous acid spray can be utilized as alternative therapy
to reduce pain, infection, and healing time of corneal lesions
in calves experimentally infected with M. bovis.

Key words: cattle, Moraxella bovis, pinkeye, hypochlorous
acid, residues

Résumé

Trente veaux laitiers méles, ayant une condition oph-
talmique normale et une culture négative pour Moraxella
bovis, ont été aléatoirement assignés a 3 groupes dans une
étude dans un seul il en blocs randomisés a I'insu. Les
veaux étaient logés en paire selon leur groupe de traitement
respectif dans un local d’isolement approuvé par I’ AAALAC.
Chez les veaux des Groupes 1 et 2, une lésion cornéenne de
0.6 cm a été pratiquée sur la cornée centrale gauche a l'aide
de n-heptanol. A I'apparition de la1ésion, 1.0 x 107 de M. bovis
(souche Epp63-300; origine: NADC) ont été administrées
par voie topique sur la cornée centrale gauche des veaux
des Groupes 1 et 2. Les veaux du Groupe 3 ont uniquement
recu une administration topique cornéenne de M. bovis surla
cornée de I'ceil gauche. Pour le Groupe 1, 2 mL de Vetericyn
Plus™ Pinkeye Spray (VPPS) ont été administrés par voie
topique sur la cornée de chaque veau deux fois par jour
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pendant 10 jours. Pour le Groupe 2, 2 mL de saline ont été
administrés par voie topique sur la cornée de chaque veau
deux fois par jour pendant 10 jours. Un score de douleur a été
attribué a chaque animal deux fois par jour, Des échantillons
de chaque ceil ont été collectés et mis en culture aux jours -7,
0,145, et 10. Chaque jour, les yeux de tous les veaux ont été
colorés avec la fluorescéine et des photographies digitales de
lalésion ont été prises afin d’évaluer la guérison de la cornée.
La dimension de chaque 1ésion était évaluée quotidiennement
alaide dulogiciel image J. De plus, des échantillons de sérum
et de plasma ont été prélevés chez tous les veaux aux jours 0,
1,10,11, et 17, etles changements en sodium et chlorure ont
été évalués. Des échantillons d'urine et des biopsies de foie,
muscle, et gras ont été prélevés chez tous les veaux aux jours
0,11, et 17 et évalués pour leur teneur en chlore al'aide dela
méthode colorimétrique DPD. Seuls les veaux du Groupe 2 ont
été trouvés positifs en culture pour M. bovis durant la durée
de I'étude. Le score moyen de douleur pour les Groupes 1 et
2 étaitde 0.310 +/- 0.252 et 1.43 +/- 0.510, respectivement,
sur une échelle de 1 a 4 durant la période de traitement de
10 jours. Le nombre moyen de jours avant guérison a été
de 2.25 +/- 1.49 et 5.875 +/1 2.20 jours pour les Groupes
let2 (P=0.0161), respectivement. Les circonférences des
lésions cornéennes des veaux des Groupes 1 et 2 différaient
(P =0.0375), et la différence entre le nombre de jours était
significativement différente (P = <0.0001). [l n'y avait pas de
différence dans les niveaux de Na ou Cl dans les échantillons
de plasma et de sérum parmi les 3 groupes de traitement a
n'importe quel temps d’échantillonnage (P = <0.0001). I
n'y avait pas de différence entre le jour pré- (jour 0) et les
jours post-traitement (jours 11 et 17) dans les niveaux de
chlore du muscle, du foie, du gras, et de l'urine des veaux
dans les groupes n‘ont pas été différents a n'importe quel
temps d’échantillonnage de I'étude. Les résultats de cette
étude suggerent que Vetericyn Plus™ Pinkeye Spray peut étre
utilisé comme thérapie alternative pour diminuer la douleur,
I'infection, et le temps de guérison des lésions cornéennes
chez les veaux expérimentalement infectés a M. bovis.

Introduction

Infectious bovine keratoconjunctivitis (IBK), commonly
called pink eye, is a painful ocular condition caused by Morax-
ella bovis that affects beef and dairy cattle worldwide.®!5 Itis
reportedly the most important ocular disease in cattle,*82438
Other ocular diseases in cattle are often characterized by
conjunctivitis, but rarely result in keratitis, and if keratitis
is present it is minimal. There are a number of pathogens
reportedly associated with IBK in cattle, such as bovine her-
pes virus-1 (BHV-1), the causative agent of infectious bovine
rhinotracheitis (IBR). Clinical signs of the ocular form of IBR
are severe conjunctivitis and edema of the cornea, which
usually originates near the limbus, but corneal ulceration
is not common.?*? Mycoplasma spp can cause conjunctivitis
and keratitis, either alone or in conjunction with M. bovis.%3®

Concurrent infection with pathogens like Moraxella bovoculi,
Mycoplasma spp, and BHV-1 can increase the severity of
IBK.838 Estimated annual losses associated with decreased
weight gain alone in affected cattle exceeds $150 million.?*33

Moraxella bovis is considered the primary causative
agent of IBK in cattle.’?! In a study by O’Conner et al,’! M.
bovoculi was isolated from cattle with naturally occurring
IBK;3! others also reported M. bovoculi was isolated from
ocular infections in calves, and reindeer as well 412313842
Although, M. bovoculi is considered a risk factor for devel-
opment of IBK,® a challenge study with M. bovoculi alone
did not cause disease.>?! However, a challenge study with
M. bovoculi + M. bovis or M, bovis alone did result in central
corneal ulceration.>?! Currently 7 different serogroups of M.
bovis are recognized.'? Genetic predisposition along with
plant awns, face flies, ultraviolet radiation, dry and dusty
environmental conditions, and shipping stress are all risk
factors associated with development of IBK in cattle.’>*® In
addition, nutritional risk, such as selenium and copper defi-
ciencies, can contribute to the disease.3%%* Infectious bovine
keratoconjunctivitis is difficult to control in both confined
feeding and range conditions, but appropriate management
practices like fly control and reducing dust in feed can help
reduce the incidence.® Vaccination has provided mixed
results, but reportedly can reduce the severity of clinical
signs.57810.111216192935 Yaceination can be expensive, especially
when efficacy of the vaccine is lacking, Historically, systemic
antibiotic treatment of clinical cases has been the preferred
method of treatment.6817.2025

The Centers for Disease Control, the Food and Drug
Administration, the World Health Organization, and the
American Veterinary Medical Association have encouraged
the beefand dairy industries to reduce the use of antimicrobi-
als, 13183040 Hance, further evaluation of alternative therapies
for treatment of M. bovis-induced IBK in cattle is of paramount
importance. Hypocholorous acid, the active ingredient in
Vetericyn Plus™ Pink Eye Spray,®is the primary antimicrobial
product of the myeloperoxidase (MPO) granules (azuorophilic
granules) of neutrophils.? Therefore, the objective of this
study was to evaluate the therapeutic efficacy of using hypo-
chlorous acid spray (HAS)? for treatment of experimentally-
induced IBK caused by M. bovis in cattle. It was hypothesized
that this product would aid in inhibition and elimination of
M. bovis from corneal lesions, improve corneal healing, and
reduce pain following experimentally induced IBK. A second
objective was to determine if topical use of hypocholorous
acid spray to treat IBK would result in detectable tissue resi-
dues in serum, plasma, liver, fat, muscle, or urine.

Materials and Methods

Animal care and use criteria and research facility

Thirty dairy bull calves (8 Holsteins and 22 Jerseys)
ranging from 2 weeks to 6 months of age were utilized in
the study. The study protocol was approved by the Auburn
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University Institutional Animal Care and Use Committee
(IACUC). The number of animals utilized in the study were in
accordance with IACUC standards requiring minimal animals
be used in certain types of research studies, while still having
enough statistical power to make treatment comparisons. The
study was conducted from September 2014 to October 2014
in the Auburn University College of Veterinary Medicine Sugg
Laboratory, an Association for Assessment and Accreditation
of Laboratory Animal Care approved isolation facility. The
environmentally controlled isolation facility is designed to
keep ambient air temperature at 70 °F (21 °C) and 40% rela-
tive humidity, with each room having a separate air handler.
Isolation rooms have a net animal holding area of 100 ft? (9.29
m?), and an additional 50 ft? (4.65 m?) of staging space outside
the animal containment area. Each of the rooms is capable
of providing BSL 2 containment for swine, cattle, poultry,
and small ruminants. Each room has a separate heating/air
conditioning unit and ventilating fan designed such that all
air passes through the facility only 1 time (no re-circulated
air); HEPA filters are installed over exit vents. The system is
a 100%-air-through system (no recirculating air) that allows
for a complete air exchange in each room every 4 minutes.
The isolation facility was utilized to control for variables
between the 2 trials, including time of year, temperature,
ultraviolent light, wind, and weather, as well as exposure to
wildlife and extraneous people.

Study overview

Two trials were conducted. Trial 1 utilized 18 calves
with 6 per group, and Trial 2 utilized 12 calves with 4 per
group. Trial 2 was performed immediately following clean-
ing and disinfection of the isolation rooms after the first trial
was completed. The study was split into 2 trials because
there were not sufficient rooms to accommodate all calves
in the isolation facility at one time. The same personnel were
involved in the conduct of both trials.

Two calves from Trial 1 and 2 calves from Trial 2 were
removed at the completion of the study due to respiratory
disease, and were not included in the statistical analysis of
corneal healing. All calves in Trial 1 were included in assess-
ment of chlorine residues in tissues, and chloride and sodium
levels in serum and plasma.

A single-eye randomized, controlled challenge design
was employed in accordance with previous study designs.'5?*
All animals were examined by a board-certified veterinary
ophthalmologist. Calves were excluded from the study if there
was evidence of ocular abnormalities. Thirty calves with
normal ophthalmic examination and culture negative for M.
bovis were utilized in the study, thus 10 calves/treatment.
Calves were randomly assigned to 1 of 3 treatment groups.

¢ Group 1. A 0.6 cm corneal lesion was induced by in-

stilling 98% n-heptanol® in the left eye of each calfin
the group, followed by immediate topical inoculation
with 1 x 107 M. bovis organisms® in the same eye.'>*42!
The right eye served as a control; no corneal lesion

was created nor was the eye inoculated with M.
bovis. Beginning 24 hours after inoculation with M.
bovis, the left and right eyes were treated topically
with 0.009% HAS for a total of 2 mL/applications
(3 sprays) twice daily for 10 days. The right eye was
sprayed at the same dose, frequency, and duration as
the left eye to determine if HAS would cause ocular
abnormalities. All bottles of HAS were cultured prior
to use to ensure no bacterial contamination was
present. Nozzles of the spray bottles were cleaned
with alcohol prior to each use,? and a separate spray
bottle was used in each isolation stall.

« Group 2. A 0.6 cm corneal lesion was induced with

98% n-heptanol in the left eye of each calf in the
group, followed by immediate topical inoculation
with 1 x 107 M. bovis organisms in the eye.s'242
Beginning 24 hours after inoculation with M. bovis,
the left and right eyes were treated topically with
0.9% sterile saline® for a total of 2 mL/applications
(3 sprays) twice daily for 10 days. The right eye
served as a control; no corneal lesion was created,
and the right eye was not inoculated with M. bovis.
All bottles of sterile saline were cultured prior to use
to ensure no bacterial contamination was present.
The nozzles of the spray bottles were cleaned with
isopropyl alcohol prior to each use, and the bottles
and nozzles utilized were the same as those utilized
in Group 1. A separate spray bottle was used in each
isolation stall.

« Group 3. A corneal lesion was not induced in either

eye of calves in this group. The left eye of each calfin
Group 3 was inoculated with approximately 1 x 107
M. bovis organisms;® the right eye was not inoculated,
thus serving as a control. Following inoculation, the
left and right eyes were not treated.

The left and right eye of each calf was evaluated twice
daily for evidence of pain and ocular discharge by individuals
blinded to the treatment, and scored accordingly utilizing a
scale of 1 to 4. Both eyes of each calf were stained daily with
fluorescein stain’ following pain scoring, and digital images
were taken on days -4, and 0 through 10. Digital images of
the lesions were analyzed utilizing image J.8

Samples were taken for bacterial culture at various
time points throughout the study period. Prior to the study,
a general physical examination, along with evaluation of se-
rum total protein, was performed on each calf to determine
if there was evidence of any underlying disease state, such as
parasites or dehydration, which mightinhibit corneal healing
and resultin bias. Serum and plasma samples were collected
from all calves on days 0, 1, 10, 11, and 17 and evaluated for
changes in sodium and chloride levels. Urine, liver, muscle,
and fat biopsies were collected from all calves on days 0, 11,
and 17 and evaluated for chlorine utilizing the DPD colori-
metric method."
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Pain scoring

The left and right eyes of each calf were evaluated twice
daily for evidence of pain and discharge, and scored utilizing
ascale of 1 to 4: 1 = eye pain normal (no blepharospasm, dis-
charge, or tearing); 2 = mild pain (intermittent partial closure of
the eye lid +/- ocular discharge and/or tearing); 3 = moderate
pain (intermittent complete closure of the eyelid +/- ocular
discharge and/or tearing); or 4 = severe pain (consistent com-
plete closure of the eye lid +/- ocular discharge and/or tearing).

Housing and feeding

The calves were housed in paddocks at Auburn Univer-
sity and then placed in the Sugg Laboratory [solation facility
to acclimate for 4 days prior to the start of the study. The
calves were housed in 100 ft? (9.29 m?) rooms in isolation
until day 11 of the study. Calves were kept in pairs according
to the assigned treatments. All calves were fed an 18 to 22%
protein grain diet twice daily for the duration of the study,
with free choice hay and water; and milk and or milk replacer
when applicable.

Ophthalmic examinations before trial enrollment

Ophthalmic examinations were performed by a board
certified veterinary ophthalmologist. The initial ophthalmic
examinations were performed on days -7 to -4 following
sedation of each calf with xylazine' at 0.023 mg/Ib {0.05mg/
kg) IV. A sample for culture was taken from the cornea and
conjunctiva of each eye of each calf utilizing an individual
sterile culture-swab’ for each eye. All swab samples were
immediately taken to the Auburn University College of Vet-
erinary Medicine (AUCVM) Bacteriology-Mycology Diagnostic
Laboratory and cultured for M. bovis and other commensal
bacteria. Only animals negative for M. bovis were utilized
in the study. Further examination of each calf included a
Schirmer tear test,*® tonometry testing #2331 and fluorescein
staining of the cornea.?*34! The examination also included
assessment of the adnexa, cornea, anterior chamber; iris, lens,
and anterior vitreous through utilization of a trans illumina-
tor™ and slit-lamp biomicroscope,™ and indirect and direct
ophthalmoscopy was performed following pharmacologic
pupillary dilation with tropicamide 1%" in accordance with
procedures detailed previously,24364

Inducing corneal ulcers

Onday 0, calves were sedated with xylazine' (0.023 mg/
Ib; 0.05 mg/kg IV) and butorphanol tartrate.® The left cornea
of each calf was anesthetized with topical 0.5% proparacaine?
hydrochloride. The central corneal lesion was then created
by utilizing n-heptanol.>*3 Corneal scarification was accom-
plished by soaking a 0.6 cm diameter paper disctin 98%
n-heptanol for 1 minute.’® The discs were then placed mid-
cornea on the left eye for 2 minutes prior to removal. Both
eyes were then stained with fluoresceinfand photographed.”
Corneal lesions were induced in the left eye of all calves in
Groups 1and 2, butnotin Group 3; however, the eyes of calves

in Group 3 were stained with fluorescein’and photographed.’
A single dose of flunixin meglumine® (0.5 mg/lb; 1.1 mg/kg
IV) was administered at the time of corneal lesion formation
in calves in Groups 1 and 2, and prior to fluorescein staining
of the cornea in Group 3 calves.

Corneal inoculation with Moraxella bovis

Moraxella bovis strain Epp63-300°was grown overnight
on trypticase soy agar broth* (TSAB) supplemented with 10%
sterile bovine blood at 98.6 °F (37.0 °C) in a 5% CO, atmo-
sphere. During the morning of the challenge in each trial, a
0.65% saline suspension of M. bovis was prepared from a
fresh isolate to obtain a density of 1 x 10?7 CFU/mL. To retain
pathogenicity through hemolysin and pili production, the
cultures were maintained with minimal in vitro passages.*
On day 0, immediately following corneal lesion formation in
calves in Groups 1 and 2 and ocular evaluation of calves in
Group 3, the left eye of all calves were inoculated by pipet-
ting the saline suspension containing 1 x 107 organisms of M.
bovis® onto the left cornea. To confirm viability and a positive
control, samples of inoculum were plated onto TSABt prior to
the challenge, and then again after inoculating the calves. For
the negative control, samples collected with a sterile swab'
were streaked out on TSAB.' New latex gloves were worn by
research personnel when inoculating each calf in order to
avoid cross contamination. Treatment of the eyes was delayed
24 hours after inoculation to allow M. bovis to colonize the
scarified cornea, although previous studies report 8 hours to
be sufficient time to allow for colonization.!4?!

Bacterial cultures

Samples for bacterial culture were collected from each
calf on days 0, 1, 4, 7, and 10. The eyes of calves in Group 3
and the right eye of calves in Groups 1 and 2 were cultured
initially on days -7 to -4, and then on days 0, 1, 4, and 10.

Image ] analysis

Digital images were taken following fluorescein stain-
ing from approximately 4 inches (10 cm) from the cornea of
both eyes on study days -4 and 0 through 10. Specific evalu-
ation and measurement of corneal lesions was completed
through examination of the digital picture and utilization of
Image-] software.® The Image-] programe contained a scale
tool, which allowed each image to be scaled. This allowed for
collection of accurate and comparable measurements suitable
for statistical comparisons. The Image-] software® was used
to determine the circumference, width, height, and area of all
corneal lesions on a daily basis. Two calves in Group 1 and 2
calves in Group 2 were removed at the end of the study due to
respiratory disease; they were not included in the statistical
comparisons of corneal healing.

Total protein assessment
Between day -7 to -4, a 10 mL blood sample was col-
lected from all calves via jugular venipuncture into the appro-
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priate vacuum tubes," then placed in a cooler and transported
immediately to the AUCVM Clinical Pathology Laboratory for
determination of total protein.

Sodium and chloride levels

Onstudy days -4, 0, 1,10, 11, and 17, serum and whole
blood were collected from all calves in Group 1 as previously
described. Samples were placed in a refrigerator or cooler and
transported immediately to the AUCVM Clinical Pathology
Laboratory for determination of sodium and chloride levels.

Biopsy procedures

On days 0, 11, and 17, urine, 2 liver biopsies, 2 muscle
biopsies, and 2 fat biopsies were collected from all calves in
Group 1. Samples were also collected to analyze for hypo-
chlorous acid; chlorine residue was the targeted compound.

Liver biopsy procedure

Calves were shaved on the right mid-thorax at the level
of the 10th intercostal space, and the site was aseptically
prepared, then 2.5 mL of 2% lidocainhe hydrochloride’ was
administered intradermal within the sterile site, and the site
was scrubbed a second time. A #15 Bard-Parker® scalpel
blade” was utilized to make a stab incision through the skin,
then 2 liver biopsies were collected utilizing a Bard-Parker®
14-gauge biopsy needle.” A total of 20 to 25 mg of tissue
(10 to 12 mg/biopsy) was collected in accordance with the
procedure outlined by Herdt.?* Samples were placed in la-
beled micro-centrifuge Eppendorftubes,* then homogenized
with 1 mL of sterile water following mincing of tissue with
a 25-gauge needle’ attached to a 3-mL syringe¥ Samples
were then vortexed: for 2 intervals of 60 seconds, with a
5-second rest between. Each sample was then sonicated™
twice at 60-second intervals with a 5-second rest between
the intervals. The solution was then tested with the DPD
colorimetric assay" for chlorine.

Muscle biopsy procedure

Two muscle biopsies were collected from each calf
in Group 1. Biopsies were collected from the right mid-
semimembranosus muscle following aseptic preparation and
administration of 2.5 mL of lidocaine.” Samples were collected
utilizing a Bard-Parker® 14 gauge biopsy needle,* placed in
labeled micro-centrifuge Eppendorf tubes,* homogenized,
sonicated, and assayed in the same fashion as the liver biopsy
samples as described above.

Fat biopsy procedure

Two fat biopsies were collected from the fat pad at the
base of the right ear from each calf in Group 1. Following
aseptic preparation of the area, 0.5 mL of 2% lidocaine hydro-
chloride’ was administered intradermally within the sterile
site. A #15 mm Bard-Parker® scalpel blade* was utilized to
make a stab incision through the skin in the anesthetized

area. Fat was collected via biopsy as previously detailed
and through use of a sterile hemostat which was utilized to
grasp the fatty tissue. The samples were placed in labeled
micro-centrifuge Eppendorftubes,*homogenized, sonicated,
and assayed in the same fashion as the liver biopsy samples
described above.

Urine collection procedure

Urine samples were collected free-catch into sterile
urine specimen cups,™ and then assayed for chlorine via the
DPD colorimetric method.

DPD colorimetric method for detection of chlorine

Urine, muscle, liver, and fat samples were tested with
the N,N-diethyl-p-phenylenediamine (DPD) colorimetric
method.t This method utilized a Chlorine (free and total)
Color Disc Test Kit, Model CN-66y=and Chlorine Reagent Set,
DPD Free and Total Chlorine. Samples were run in duplicate.
Each sample was run with a control in accordance with the
directions provided with the test kit. The sample was placed
in the sample tube provided, and then gs to 5 mL with sterile
water; a control tube was also filled with 5 mL of sterile water.
The powdered reagent was added to the control tube and to
the sample tube and swirled to mix. The vial was inserted
into the meter, and the intensity of the color change follow-
ing addition of the reagent was read at 1 min and again at 3
min, and compared to the color disc of the meter. The range
of the meter was 0 to 3.4 mg/L, equivalent to 0 to 3.4 ppm.
This test kit was utilized to check for chlorine residues (proxy
for hypochlorous acid) in urine and blended liver with sterile
water;* blended muscle tissue with sterile water" and blended
fat with sterile water® If the readings were zero on day 11,
the day 17 samples were not analyzed.

Statistical Analysis

Data were modelled using repeated measures analysis
after evaluating residual plots for normality of data.* Data
were subjected to a natural log transformation to approxi-
mate a normal distribution. Correlated data were accounted
for using the following linear model:2°Y = X + Zj + e where
Y was the vector of observations, X was the treatment design
matrix (treatment with HAS or saline, sampling at day 1-10),
B was the vector of fixed treatment effects, Z was therandom
effects design matrix (calf, block), 1 was the vector of random
block effects, and e was the vector of experimental error. To
account for the non-independence of observations within
calves, 5 correlation structures were tested (compound
symmetric, first order autoregressive, Toeplitz, unstructured
and variance components).?% Models were compared using
Akaike’s information criterion.?*?® Calf and block were in-
cluded in models as random effects.?62 The Kenward-Roger
correction was used for all models.?*?8 P-values < 0.05 were
considered significant.
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Results

All calves in Groups 1 and 2 developed corneal ulcer-
ation in the left eye as determined by fluorescein staining.
Clinical signs in the left eye were consistent with IBK, in-
cluding ocular discharge, conjunctivitis, blepharospasm, and
tearing. In an earlier unpublished study, clinical signs of IBK
were not seen when corneal lesions were created and not
inoculated with M. bovis. In the current study, there were no
clinical signs of IBK in Group 3 calves, nor in the right eye of
calves in Groups 1 and 2. Only the left eye of calves in Group
2 were culture-positive for M. bovis following initiation of
treatment. Six of 8 calves in Group 2 were culture-positive for
M. bovis at the end of the study (Table 1), while none of the
calves in Groups 1 and 3 were M. bovis-positive at the end of
the study. The abundant growth of environmental bacteria,

Table 1. Results of bacterial culture of the left eye of calves experimen-
tally inoculated with Moraxella bovis and treated with hypochlorous
acid spray* (Group 1), 0.9% saline spray (Group 2), or not treated
(Group 3).

Group Day 0 Day1 ‘ Day 4 Day 10
1-A negative negative negative negative
1-B negative negative negative negative
1-C negative negative negative negative
1-D negative negative negative negative
1-E negative negative negative negative
1-F negative negative negative negative
1-G negative Positive negative negative
1-H negative negative negative negative
2-A negative negative negative negative
2-B negative negative Positive Positive
2-C negative negative Positive Positive
2-D negative negative Positive Positive
2-E negative Positive Positive Positive
2-F negative negative Positive Positive
2-G negative negative negative negative
2-H negative Positive Positive Positive
3-A negative negative negative negative
3-B negative negative negative negative
3-C negative negative negative negative
3-D negative negative negative negative
3-E negative negative negative negative
3-F negative negative negative negative
3-G negative negative negative negative
3-H negative negative negative negative
3-1 negative negative negative negative
3-J negative negative negative negative

*Hypochlorous acid spray = Vetericyn Plus™ Pink Eye Spray, Innovacyn,
Inc., Rialto, CA

specifically Bacillus spp, Staphylococcus, and Streptococcus, on
the culture plates may have competitively inhibited M. bovis.
After infection was established in the corneal lesions, M. bovis
was able to compete with the environmental pathogens and
was readily detected in culture. Additionally, the use of swabs
to collect samples for culture may have reduced the likeli-
hood of detecting M. bovis in cultures. Swabbing was chosen
as the sampling method, even though it is not as reliable as
corneal scraping and corneal washing; however, scraping
and washing the cornea could have impaired healing of the
corneal lesions.

The average pain score for calves in Group 1 was 0.31
+/-0.25 over the 10 day period, and 1.43 +/- 0.51 for calves
in Group 2 (P < 0.05). The average days to cure for calves in
Group 1, defined as no measurable lesion based on fluores-
cein uptake, was 2.25 +/- 1.49 days compared to 5.88 +/- 2.20
days for calves in Group 2 (P < 0.02; Table 2). The corneal
lesion circumference in Group 1 calves was significantly
different (P < 0.04) than Group 2 calves, and there was a
difference between sampling days (P < 0.0001; Table 3), but
the interaction of treatment and day was not significant (P =
0.33). The measured corneal lesion width differed between
the treatment groups (P = 0.0147), and the difference be-
tween sampling days was significant (P < 0.0001), but the
interaction of treatment and day was not significant (P =
0.329). There tended (P = 0.08) to be a difference between

Table 2. Days to cure for calves experimentally infected with Moraxella
bovis and treated with hypochlorous acid spray* (Group 1) or 0.9%
saline spray (Group 2).

Group and calf Days to cure
1-A 1.5
1-B 4.5
1-C 1.5
1-D 1.5
1-E 2.5
1-F 1.5
1-G .5
1-H 4.5
2-A 35
2-B 4.5
2-C 10.5
2-D 6.5
2-E 4.5
2-F 4.5
2-G 6.5
2-H 6.5

*Hypochlorous acid spray = Vetericyn Plus™ Pink Eye Spray, Innovacyn,
Inc., Rialto, CA
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Table 3. Percent change of the corneal lesion circumference in calves experimentally infected with Moraxella bovis and treated with hypochlorous

acid spray* (Group 1} or 0.9% saline spray (Group 2).

Group & calf | Day0-1 Day 0-2 Day 0-3 Day 0-4 Day 0-5 Day 0-6 Day 0-7 Day 0-8 Day 0-9 Day 0-10
1-A 28.74 45,74 100 100 100 100 100 100 100 100
1-B 13.97 36.92 53.58 62.93 100 100 100 100 100 100
1-C 24.89 57.18 100 100 100 100 100 100 100 100
1-D 43.00 51.39 100 100 100 100 100 100 100 100
1-E 43.45 67.48 77.85 100 100 100 100 100 100 100
1-F 36.47 70.36 100 100 100 100 100 100 100 100
1-G 64.81 100 100 100 100 100 100 100 100 100
1-H 49.58 55.35 61.42 69.56 74.15 100 100 100 100 100
2-A 9.58 31.54 36.81 77.15 100 100 100 100 100 100
2-B 26.94 52.38 53.77 62.03 81.04 100 100 100 100 100
2-C 15.58 30.35 33.4 31.46 42.47 45.97 48,94 54.3 67.39 74.27
2-D 9.65 30.68 29.53 40.43 46.18 62.55 78.93 100 100 100
2-E 44.39 60.57 68.43 76.29 76.29 100 100 100 100 100
2-F 48.26 67.08 78.35 78.84 93.14 100 100 100 100 100
2-G 60.8 70.7 79.25 100 100 100 100 100 100 100
2-H 37.04 49.86 51.7 65.42 69.44 73.09 75.77 100 100 100

*Hypochlorous acid spray = Vetericyn Plus™ Pink Eye Spray, Innovacyn, Inc., Rialto, CA

the measured corneal lesion areas of the treatment groups,
and the difference of the lesion area between sampling days
differed significantly (P < 0.0001; Table 4), but interaction
of treatment and day was not significant (P = 0.16). The dif-
ference of the corneal lesion height between the treatment
groups was not significant (P = 0.11), but the difference
between sampling days was significant (P < 0.0001). The in-
teraction of treatment and day was not significant (P = 0.24).

There was no appreciable difference in plasma and
serum Na and Cl levels between the 3 treatment groups at
any time, and no difference between pre- (day 0) and post-
treatment (day 11) chlorine levels in Group 1 calves in muscle,
liver, fat, or urine samples were detected at any time point.
Total serum protein of calves utilized in the study was within
the normal reference range.

Discussion

Management of IBK in cattle has been problematic
due to multiple predisposing factors, such as ultraviolent
radiation, foreign bodies, and fly control. Vaccines have been
primarily directed towards developing immunity against
surface pili or cytolysin to stimulate host immunity.57!+1226
M. bovis possesses great potential for antigenic diversity and
epitope conversion, leading to large variation in antibody
binding sites.'2152%%° Development of efficacious vaccines
relies on continued surveillance of new isolates recovered
from outbreaks, and effective antigen presentation.?

There are, however, problems with reliable immunity
following vaccination, and as a result antibiotic therapy is

often employed to treat clinical IBK.%120% Currently, the most
common treatments approved for IBK in the United States
include parenteral administration of long-acting antibiotics—
oxytetracycline (2 injections at 9.1 mg/lb or 20 mg/kg SC at
a 48- to 72-hr interval) and tulathromycin (1.13 mg/lbor 2.5
mg/kg, SC, given once).?%25 Oxytetracycline can be utilized to
treat IBK in lactating dairy cattle with a milk withdrawal of
96 hours; however, tulathromycin is not labeled for use in
lactating dairy cattle, and is not approved for use in calves
intended for veal due to a lack of an established pre-slaughter
withdrawal time for pre-ruminating calves. A number of
other antimicrobials have been utilized with some success
for treatment of IBK, including penicillin, sulfadiamethoxine,
cephalosporins, florfenicol, enrofloxacin, as well as myriad of
topical preparations such as triple antibiotic, gentamicin, and
oxytetracycline ointments.”#¥7202529 These products, however,
are not labeled for treatment of IBK, and extralabel use of
fluroquinolones in food producing animals is prohibited, and
extralabel use of gentamicin is highly discouraged because
of the potential for prolonged tissue residues.

Although antibiotics have been the standard of care for
M. bovisinfections, it is imperative to explore novel therapies
that can decrease the need for antimicrobial treatment. The
Food and Drug Administration has emphasized this need
in the document “The Judicious Use of Medically Important
Antimicrobial Drugs in Food-Producing Animals"*® Concern
over antimicrobial resistance, and the resulting failure of an-
timicrobial therapies in humans, has become a public health
concern around the globe. The FDA, along with the Centers for
Disease Control and Prevention and the American Veterinary
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Table 4. Percentage change of the corneal lesion area in calves experimentally infected with Moraxella bovis and treated with hypochlorous acid

spray* (Group 1) or 0.9% saline spray (Group 2).

Group &calf | Day0-1 Day 0-2 Day 0-3 Day 0-4 Day 0-5 Day 0-6 Day 0-7 Day 0-8 Day 0-9 Day 0-10
1-A 60.25 83.23 100 100 100 100 100 100 100 100
1-8B 16.91 45.8 65.2 75.18 100 100 100 100 100 100
1-C 53.03 87.13 100 100 100 100 100 100 100 100
1-D 12.05 82.84 100 100 100 100 100 100 100 100
1-E 69.09 92.23 97.07 100 100 100 100 100 100 100
1-F 41.04 84.7 100 100 100 100 100 100 100 100
1-G 74.26 100 100 100 100 100 100 100 100 100
1-H 53.57 55.1 67.93 80.68 86.34 100 100 100 100 100
2-A 24.17 59.22 75.99 95.4 100 100 100 100 100 100
2-B 37.55 73.32 78.68 88.64 96.57 100 100 100 100 100
2-C 42.21 44,37 58.87 59.98 68.91 71.5 74.2 80.05 89.87 96.38
2-D 19.61 48.58 49.04 68.43 72.64 83.31 93.97 100 100 100
2-E 55.26 72.79 73.98 85.55 90.44 92.41 93.92 100 100 100
2-F 66.82 84.3 93.77 94.41 99.41 100 100 100 100 100
2-G 55.26 72.79 73.98 85.55 90.44 92.41 93.92 100 100 100
2-H 43.73 66.68 73.07 82.41 87.71 91.34 93.39 96.06 98 99

*Hypochlorous acid spray = Vetericyn Plus™ Pink Eye Spray, Innovacyn, Inc., Rialto, CA

Medical Association, have taken steps to help implement
judicious use of antimicrobials in animals.}?

Alternative therapy with HAS can be used with or with-
out concurrent antimicrobial therapy. It does not contribute
to antibiotic resistance or drug residues, and can be economi-
cally beneficial to the producer. HAS was found to be very
effective in culture, killing 99.9% of M. bovis in product devel-
opment trials. However, additional clinical trials are needed to
more fully evaluate the efficacy of HAS and to expand studies
comparing it to antimicrobial therapy. Results of the present
study suggest that HAS reduces pain and infection in calves
with experimentally induced IBK. The mechanism behind
the reduction of pain and infection is most likely through
the action of the hypochlorous acid, the active ingredient,
and its sodium salt, sodium hypochlorite. Hypochlorus acid
is considered to be the primary antimicrobial product of the
myeloperoxidase (MPQO) granules (azuorophilic granules) of
the neutrophil.? The MPO granules are critical to the oxida-
tive burst.? Specifically, during the activation of neutrophils,
respiratory bursts generate hydrogen peroxide which when
acted upon by MPO produces hypochlorous acid.?” Hypochlo-
rous acid is highly active against all bacterial, viral, and fungal
pathogens, and can even kill spore-forming and non-spore
forming bacteria in a short time period.%’

Additionally, hypochlorus acid acts to disrupt the
biofilm that M. bovis produces.3*¥ Biofilms are a complex
structure of microorganisms that generate a protective shell,
allowing bacteria to collect and proliferate, and are now rec-
ognized as a serious problem in chronic wound infections.3*
The biofilm structure of microorganisms makes phagocytosis

difficult, and is known to increase resistance of bacteria to
antibiotics.3*%7 Hence, treatment with HAS disrupts the bio-
film produced by M. bovis, and prevents further growth of M.
bovis and subsequent corneal damage.

Hemolysin is the major bacterial exotoxin implicated
in the pathogenicity of M. bovis, as non-hemolytic strains do
not cause disease.!! Elimination and/or reduction of M. bovis
alone will reduce pain since it releases hemolysin, which is
known to cause cell lysis.!! Additional factors, such as other
cytokines and proteolytic enzymes produced by the bacte-
rium, cause damage to the cornea.!! HAS can kill M. bovis,
thereby reducing and/or eliminating corneal damage and
pain associated with hemolysin, cytokine, and proteolytic en-
zyme production. However, in a recent study by Di Girolamo
and associates, cytokines were shown to have a beneficial
effect, contrary to what was previously thought.1® Specifically,
cytokines interleukin-2 and interferon-a, when utilized as
adjuvants in IBK bacterins, reduced eye injury caused by IBK
and the number of diseased animals.!® Thus, cytokines appar-
ently can have differing effects on wound healing in calves
with IBK, suggesting the need for more research on the role
of cytokines in the pathogenesis of this disease.

In the current study, the use of HAS appeared to aid in
prevention of fulminating M. bovis infection in calves when
administered early in the disease process. No culture-positive
calves were found in Group 1 following initiation of treatment
with HAS. Previous studies by Gould et al, utilizing the same
strain of M. bovis as in the present study, found that corneal
infection was established in less than 8 hours following topical
corneal inoculation.?! In the study presented here, the post-
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inoculation time was lengthened to 24 hours before treatment
to allow sufficient time for infection to be established.

The controlled environment in the isolation facility
eliminated a number of variables, such as temperature, ultra-
violent light, wind, and weather, that could have confounded
results of the study. The air circulated through the isolation
room was filtered and maintained a constant temperature
and humidity. However, the environment did create some
concerns, particularly with regard to secondary bacterial
infections and the effect on culture results because of the
calves living in very close confinement. The lack of positive
cultures in Group 1 calves was likely due to the HAS killing/
inhibiting the M. bovis organisms, thus preventing additional
colonization of the cornea. Calves in Group 2 served as a
saline-treated control, and the majority of the calves in this
treatment group were positive for M. bovis (Table 1).

Calves in Group 1 had fewer days to cure compared to
Group 2. Wound healing is a complicated process and requires
removal of infection, granulation, and reconstruction of tissue,
and is said to have 3 overlapping sequences of inflammation,
proliferation, and maturation.’” Fibroblasts are considered
primary synthetic cells found in the repair process of most
structural proteins used during tissue reconstruction.’’” Kera-
tinocytes are also essential in wound healing, and modulate
fibroblast proliferation.3” A 2014 study reported that hypo-
chlorous acid had highly favorable effects on fibroblast and
keratinocyte migration when compared to other antiseptics,
and enhanced wound healing.®” The positive effects of hypo-
chlorous acid on fibroblasts and keratinocyte migration, along
with killing and disruption of the M. bovis biofilm, may be the
primary mechanisms behind decreased healing times and
reduction in pain seen in calves treated with HAS compared
to those treated with saline in the current study.

One of the objectives of the current study was to in-
vestigate if use of HSA caused detectable changes of total
chlorine, chloride, and sodium in tissues and blood. The DPD
Colorimetric method was chosen to evaluate total chlorine
levels in urine, fat, muscle, and liver before and after 10 days
oftherapy with HSA. Additionally, blood levels of sodium and
chloride were measured in serum and plasma before and after
10 days of treatment with HSA to determine if there were
any alterations detectable in blood. Results indicated there
were no changes in total chlorine in serum, plasma, urine,
fat, muscle, and liver tissues following treatment with HSA.
These findings support the Food Animal Residue Avoidance
Databank’s determination that a pre-harvest withdrawal time
is not necessary following use of HSA.

Conclusions

Hypochlorous acid eye spray used to treat experimen-
tally induced IBK had a rapid killing effect on M. bovis, aided
in reduction of pain, and decreased healing times with no
detectable residues or alteration in sodium or chloride in

body tissues. Early detection and application of therapy is
most often the key to having a good prognosis when treat-
ing diseases, including IBK. Further economic evaluation of
topical HSA therapy vs parenteral administration of approved
antibiotics, such as tulathromycin and oxytetracycline, is
necessary to determine the full economic advantages that
the producer might receive with its use.

Endnotes

ayetericyn™ Pinkeye Spray, Innovacyn, Rialto, CA

»98% n-heptanol, Sigma-Aldrich, St. Louis, MO

*Moraxella bovis, strain Epp63-300; R. Rosenbusch labora-
tory; origin: NADC, Ames, 1A

4BD Individually Foil Wrapped Alcohol Swabs, Becton Dick-
inson, Franklin Lakes, NJ

¢(),9% Sterile Saline, Baster, Deerfield, IL

fFluorescein Stain, Akorn, Lakeforest, IL

¢National Institutes of Health, Rasband WS; http://image;j.
en.softonic.com/

"DPD Colorimetric Method, Hach®, Loveland, CO

‘Rompun™, Bayer, Shawnee Mission, KS

iBD CultureSwab™ EZ Collection and Transport System,
Franklin Lakes, NJ; http://www.bd.com/ds/productCenter/
CT-CultureSwab.asp

kSchirmer Tear Test, Merck Animal Health, Kenilworth, NJ
"Tono-pen XL, Medtronic Ophthalmics, Inc,, Fridley, MN
mTrans [[luminator and Slit Lamp, Kowa S1-15 biomicroscope,
Kowa Ophthalmic Diagnostics, Torrance, CA

"Mydriacyl™, Bausch & Lomb Incorporated, Rochester, NY
°Torbugesic®, Zoetis, Kalamazoo, Ml

PProparacaine 0.5% Ophthalmic Solution, Bausch & Lomb
Incorporated, Rochester, NY

sKimwipes®, Kimberly Clarke, Lagrange, GA

"Nikon D7200 24.2 Megapixel Digital Camera, Nikon, Melville,
NY

sBanamine® Merck Animal Health, Madison, NJ

“Trypticase soy agar broth, Sigma-Aldrich, St. Louis, MO
“BD Vacutainer tubes, Becton Dickinson, Franklin Lakes, NJ
v2% Lidocaine Hydrochloride, Hospira, Lakeforest, IL
wBard-Parker #15 Scapel Blade® and 14-gauge Bard-Parker
Biopsy Needle, Aspen Surgical, Caledonia, MI

*Safe-Lock 1.5mL Micro-centrifuge tubes, Eppendorf, Haup-
pauge, NY

y3mL Luer Lock Syringe and 25-gauge 1-inch Needle, Becton
Dickinson and Co., Franklin Lakes, N]

Fisher Scientific™ Mini Vortex Mixer, Thermo Scientific Inc,
Waltham, MA

aaVirsonic 100 Sonicator, ViTis, Gardiner, NY

bbSterile 4-0z Urine Specimen Cups, Thermo Scientific Inc,
Waltham, MA

«Chlorine (Free and Total) Color Disc Test Kit, Model Cn-66,
Hach®, Loveland, CO

ddpROC MIXED, SAS 9.1, SAS Institute, Cary, NC
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