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Simple Summary: In Italy, chickens are used for egg production and as courtyard /domestic animals
and consequently veterinarians need to know their general and specialist characteristics. One key
area is normal ocular measurements in order to understand any pathological changes affecting the
eyes. For an accurate diagnosis and better management of ophthalmic diseases in chickens, this
paper describes the normal values for the evaluation of ocular tear production, intraocular pressure,
and biometric measurements of the eyes and on the microbial and cultural flora normally present in
the conjunctival sac in two Italian chicken breeds.

Abstract: Given the abundance of chickens in Italy, it is important for veterinarians to know the
normal state of chickens’ eyes in order to identify any ophthalmic pathological changes. The aim of
this study was to determine the normal values of select ocular parameters and to evaluate conjunctival
microflora in two Italian chicken breeds. Sixty-six healthy chickens underwent a complete ophthalmic
examination, which included a phenol red thread test (PRTT) for the evaluation of tear production
and the assessment of intraocular pressure by rebound tonometry. B-mode ultrasound biometric
measurements and conjunctival microflora identification were also performed in twenty-seven
chickens. Mean PRTT was 23.77 & 2.99 mm/15 s in the Livorno breed and 19.95 & 2.81 mm/15 s
in the Siciliana breed. Mean intraocular pressure was 14.3 + 1.17 mmHg in the Livorno breed
and 14.06 £+ 1.15 mmHg in the Siciliana breed. Reference ranges for morphometric parameters
were reported in the two breeds. Twenty-three chickens (85.18%) were bacteriologically positive.
Chlamydia spp. antigen was detected in 14.81% of chickens. No positive cultures were obtained for
fungi. Normal reference range values for selected ophthalmic parameters were obtained in clinically
healthy chickens, which could facilitate accurate diagnosis and better management of ophthalmic
diseases in these animals.

Keywords: tear production; intraocular pressure; ultrasound biometric features; conjunctival mi-
croflora; chicken; Gallus gallus domesticus

1. Introduction

In Italy there are various breeds of chicken (Gallus gallus domesticus—Linnaeus, 1758)
and in addition to intensive chicken farms, it is very common to own a small number of
chickens both for egg production and as courtyard/domestic animals. For this reason,
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chickens can require the intervention of a veterinarian for health problems, including
ophthalmic diseases. There is thus an increasing need for eye examinations in chickens.

Ophthalmologic examination is routine practice in veterinary ophthalmology also for
avian species. This examination in birds is essential to assess the status of the eyes which
can also be considered as an indicator of overall health status of the animal. However, the
ocular anatomy of birds varies among different species, and it is thus impossible to use the
same ocular parameters and measurements for all species [1-26].

Although the anatomy of the chicken eye has been well described [27,28], few articles
report the normal values of some ocular parameters such as tear production, intraocular
pressure, and ultrasound biometric measurements [1,3,7,17,29]. In addition, to the best of
our knowledge, no data on conjunctival flora have been reported in this species. Knowledge
of the conjunctival flora in birds is important when a corneal injury occurs in order to
increase the accuracy of treatments. In fact, corneal ulcers can become secondarily infected
by opportunistic flora of the conjunctival sac [22,30-32].

The aim of this study was thus to describe, in normal eyes of healthy chickens,
various ophthalmic parameters including tear production, intraocular pressure, ultrasound
biometric features, and the normal bacterial and fungal flora present in the conjunctival
sac.

2. Materials and Methods

Animals were reared according to the principles stated in Directive 2010/63/EU.
Sixty-six chickens (31 males, 35 females) without signs of ocular or systemic diseases
were used. Approval for this study was obtained from the Ethics Committee on Animal
Experimentation of the University of Pisa D. Igs.vo 26/2014 prot. n 17/2018.

2.1. Rearing Conditions of Chickens

Chickens used for the trial came from two Italian breeds, the Siciliana (S) and the
Livorno and two plumage varieties, white (WL) and black (BL). These breeds are local slow-
growing genotypes and are the most common autochthonous breeds for egg production
and among the best breeds for free-range systems due to their rusticity. The birds were
hatched at the poultry farm of the Veterinary Sciences Department of Pisa University.
During the study, chickens were reared in partially roofed outdoor pens (3 m x 9 m,
3 m height; 3 m? /bird) on sandy ground and equipped with perches for open-air rearing
throughout the growing and reproductive periods and for the rest of their lifespan.

The rearing environmental parameters (temperature, relative humidity levels, pho-
toperiod) changed according to the season.

2.2. Data Collection

A total of 31 (15 males, 16 females) Siciliana and 35 (16 males, 19 females) Livorno
chickens, aged 276 to 375 days (39 to 53 weeks), had their eyes tested. Tear production and
intraocular pressure were always tested in the morning (from 10:00 to 12:00). The live body
weight of the 66 breeders was determined at the moment of ophthalmologic examination.
The study was performed in March and the mean humidity was 71% and temperature
15 °C. Ultrasound biometric measurements and collection of samples for conjunctival flora
identification were performed in 27 out of 66 chickens because the birds that exhibited
excessive stress during the procedures were excluded.

2.3. Ophthalmologic Examination

All the animals were considered free from ophthalmic abnormalities, as determined by
an ophthalmologic examination performed before data collection. The eye and periocular
region were examined in ambient light for gross abnormalities. Menace response and
palpebral and corneal reflex tests were also performed, taking into account the difficulties
in assessing the response in chickens.
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Tear production was assessed in each eye using a commercial phenol red thread test
(PRTT) kit (PRT-TEST; Tianjin Jingming New Technological Development Co. Ltd., London,
UK). The end with the 3 mm angle for the test was placed inside the lower fornix at a point
approximately one third of the eyelid width from the temporal cantus. Tear production
was recorded in millimeters, wetting after 15 s.

The adnexa and anterior segment of both eyes were examined with a portable slit-
lamp biomicroscope (Kowa SL-17®, Kowa Company, Tokyo, Japan). This procedure as well
as the assessment of pupillary light reflexes were carried out in a dark room. Intraocular
pressure (IOP) was measured using rebound tonometry (TonoVet®, iCare, Vantaa, Finland)
with the P setting, which is not specific to any species. The P setting was chosen due to the
lack of a specific tonometer internal calibration table for measuring IOP in birds. During
each IOP assessment, birds were gently restrained, and any pressure on the neck, globe,
and periocular region was avoided.

The first three IOP measurements with low/no error were recorded for each eye,
each measurement being the average that the rebound tonometer automatically performed
on six valid bounces against the cornea. The average of the three measurements was
considered the IOP value per eye. The IOP was taken starting each time with the left eye.
The ocular fundus was observed using a binocular indirect ophthalmoscope (Omega 180;
Heine, Berlin, Germany) with a 20 or 30 D lens, without pharmacological pupil dilation.
The fundus examination was performed in a dark room without the use of a mydriatic
agent, only minimizing the intensity of the examination light. Fluorescein staining was
also performed after completion of fundoscopy. All the measurements were performed by
the same operator (GB).

Ocular ultrasonography was performed in twenty-seven chickens and specimens
were collected for cultural evaluation of the flora of the conjunctival sac.

2.4. Ultrasound Biometric Measurements

In twenty-seven chickens (54 eyes), transpalpebral B-mode ultrasonographic examina-
tions were performed using an ultrasound system, a high frequency linear probe (12 MHz)
and abundant ultrasound gel. The chickens were manually restrained. No general and/or
topical anesthesia was required for transpalpebral ultrasonographic examinations since
the eyelids were closed, and the cornea was not exposed. Axial and transvers scans of the
chicken globe were performed. The left eye was assessed before the right eye.

The following morphometric parameters were measured: the distance between the
cornea and the anterior capsule of the lens (D1), the distance between the posterior capsule
of the lens and the optical papilla (D2), the thickness of the lens (D3), and the axial (D4)
and transverse (D5) lengths of the globe. All ultrasound examinations were performed by
the same experienced radiologist (5C) in order to reduce interobserver variability.

2.5. Conjunctival Bacterial and Fungal Flora Identification

In twenty-seven chickens (54 eyes), materials for bacterial and fungal culture were
collected at the inferior conjunctival fornix. The chickens were restrained manually, and
three swabs (TRANSYSTEM AMIES Agar GelWith Charcoal, Biolife Italiana Srl, Milan,
Italy) were taken from both eyes. One swab was for bacterial culture, one for Chlamydia
spp. antigen identification, and the third swab for fungal flora culture was executed
one week after material collection for bacterial culture. All the samples were collected
by the same operator (GB), without topical anesthesia by rolling the sterile swab on the
conjunctival surface, thus avoiding contact with the eyelid margin and cornea.

Enumeration of mesophilic aerobic and heterotrophic anaerobe microorganism (total
bacterial count—TBC) was determined for each eye: one swab was mixed with 9 mL of
sterile saline solution (1:10 dilution), vortexed and processed. Ten-fold serial dilutions
(1:100-1:10,000) were performed, and 1 mL from each of them was inoculated in a sterile
Petri dish. Next, 15 mL of Tryptic Glucose yeast Agar (PCA) (Biolife Italiana Srl, Milan,
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Italy) cooled to 45 °C was added to each plate. Inoculum and medium were carefully
mixed, left to solidify, and another 4 mL of APC was added.

After incubation at 30 °C for 72 h, colonies on plates containing more than 10 and
less than 300 colonies were counted. TBC was expressed as colony forming units for mL
(CFU/mL). In addition, the same swab was inoculated onto a blood-agar plate, incubated
at 37 °C, and examined for bacterial growth after 24, 48, and 72 h. Developed colonies
were examined by Gram staining, and submitted to typing employing specific media and
biochemical tests.

One swab for each eye was employed to detect the presence of Chlamydia spp. antigen
using the commercial immunoenzymatic test Clearview Chlamydia MF (Inverness Medical,
Waltham, MA, USA).

Samples for mycological culture were seeded onto malt extract agar (MEA, Oxoid,
Milan, Italy), and gentamicin was added to avoid bacterial contamination. The samples
were then incubated at 25 °C and examined daily from day 4 post-incubation, over a 10-day
period to identify mycotic growth.

2.6. Statistical Analysis

For each parameter analyzed, the average values +/— the standard deviation, the
median, the maximum and the minimum values were reported. The D’Agostino and
Pearson test was used to investigate the Gaussian distribution of quantitative variables.
The differences relating to D1, D2, D3, D4, D5, PRTT, and IOP between OD (oculus dexter)
and OS (oculus sinister) and between the various breeds were investigated by Student’s t
test for parametric data or by the Mann-Whitney test for nonparametric data.

The mean PRTTs, IOPs, D1s, D2s, D3s, D4s, and D5s of the right eye and left eye were
considered as a single value for each bird (single value per animal), because there were
no differences between the two eyes. A possible correlation between the weight of every
chicken and each biometric parameter was evaluated by the Pearson correlation coefficient
for parametric data or by the Spearman correlation coefficient for nonparametric data. In
the same way, a possible correlation between the weight and the age of each chicken and
PRTT and IOP values was investigated. p values < 0.05 were considered significant.

3. Results
3.1. Ophthalmologic Examination

The mean PRTT of all the chickens was 21.98 + 3.46 mm/15 s, with 23.77 4+ 2.99
mm/15 s in the Livorno breed, and 19.95 + 2.81 mm/15 s in the Siciliana breed. There were
no significant differences in PRTT between OD and OS in the Livorno (p = 0.2787) and the
Siciliana (p = 0.4448) breeds, but there was a significant difference between the two breeds
themselves (p < 0.0001). Descriptive and inferential statistics of PRTT data are presented in
Table la—c.

Table 1. (a) Descriptive and inferential statistics of PRTT data in both breeds; (b) descriptive and inferential statistics of

PRTT data in the Livorno breed; (c) descriptive and inferential statistics of PRTT data in the Siciliana breed.

(a)

Both breeds
Mean (mm/15 s %)
SD* (mm/15s %)
Median (mm/15 s °)
Maximum (mm/15 s %)
Minimum (mm/15 s °)

0S ! (n3=66) OD?2 (n3 = 66) 0S1+0D2(n3=132) MeanOS! + Mean OD 2
22.08 21.88 21.98 21.98
4.65 3.83 4.24 3.46
22.00 21.00 22.00 22.00
30.00 30.00 30.00 30.00
12.00 15.00 12.00 16.00
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Table 1. Cont.

(b)

The Livorno breed 0S 1 (n3=35) ODZ2 (n3 =35) 0S1+0D2n3=70) Mean OS ! + Mean OD 2
Mean (mm/15 s %) 24.26 23.29 23.77 23.77
SD* (mm/15s %) 3.85 3.59 3.73 2.99
Median (mm/15 s %) 25.00 24.00 24.00 24.00
Maximum (mm/15 s °) 30.00 30.00 30.00 30.00
Minimum (mm/15 s %) 15.00 17.00 15.00 17.50

(c)

The Siciliana breed 0S1(n3=31) OD2 (n3=31) 0S1+0D2(m3=62) Mean OS ! + Mean OD 2
Mean (mm/15 s %) 19.61 20.29 19.95 19.95
SD 4 (mm/15s %) 427 3.50 3.89 2.81
Median (mm/15 s °) 19.00 20.00 19.50 20.00
Maximum (mm/15 s °) 29.00 26.00 29.00 25.00
Minimum (mm/15 s %) 12.00 15.00 12.00 16.00

1 oculus sinister; 2 oculus dexter; 3 number of eyes; 4 standard deviation; ® seconds.

The mean IOP of all the chickens was 14.19 £ 1.16 mmHg, with 14.3 + 1.17 mmHg in
the Livorno breed and 14.06 £ 1.15 mmHg in the Siciliana breed. There were no significant
differences in IOP between OD and OS in the Livorno (p = 0.1157) and the Siciliana
(p = 0.3197) breeds, and no differences between the two breeds themselves (p = 0.4145).
Descriptive and inferential statistics of IOP data are presented in Table 2a—c.

Table 2. (a) Descriptive and inferential statistics of IOP data in both breeds; (b) descriptive and inferential statistics of IOP
data in the Livorno breed; (c) descriptive and inferential statistics of IOP data in the Siciliana breed.

(a)

Both breeds 0S 1 (n3=66) OD 2 (n3 = 66) 051+0D213=132) MeanOS! +Mean OD 2
Mean (mmHg) 14.24 14.14 14.19 14.19
SD # (mmHg) 1.30 1.26 1.28 1.16
Median (mmHg) 14.00 14.00 14.00 14.00
Maximum (mmHg) 18.00 17.00 18.00 17.50
Minimum (mmHg) 11.00 11.00 11.00 11.00

(b)

The Livorno breed 0SS! (n3=235) OD 2 (n3 =35) 0S1+0D2®m3=70) Mean OS!+ Mean OD ?
Mean (mmHg) 14.54 14.06 14.30 14.30
SD 4 (mmHg) 1.27 1.28 1.29 1.17
Median (mmHg) 14.00 14.00 14.00 14.00
Maximum (mmHg) 18.00 17.00 18.00 17.50
Minimum (mmHg) 11.00 12.00 11.00 11.50

(c)

The Siciliana breed 0s! (n3=31) OD 2 (n3=31) 0S!'+0D2(n%=62) MeanOS'! +Mean OD?
Mean (mmHg) 13.90 14.23 14.06 14.06
SD * (mmHg) 1.27 1.26 1.27 1.15
Median (mmHg) 14.00 14.00 14.00 14.00
Maximum (mmHg) 16.00 17.00 17.00 16.00
Minimum (mmHg) 11.00 11.00 11.00 11.00

1 oculus sinister; 2 oculus dexter; 3> number of eyes; 4 standard deviation.

No correlations between the weight and PRTT (p = 0.1419) or the weight and IOP
(p = 0.6865) were detected. No correlations between the age and IOP (p = 0.6182) were
observed in either breed. However, there was a direct correlation between the age of
chickens and PRTT (p = 0.00079) in both breeds.
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3.2. Ultrasound Biometric Measurements

When an ultrasound is performed in B-mode, the cornea is hyperechoic and convex,
and the anterior chamber is anechoic. The lens appears anechoic and ovoid and is delim-
ited by two curvilinear hyperechoic lines corresponding to the anterior and posterior lens
capsule. The vitreous chamber is anechoic with the pecten visible as a hyperechoic, milli-
metric, tubular-shaped structure, projecting into the vitreous chamber from the retina. The
retina, the choroid, and the sclera are not ultrasonographically distinguishable since they
appear as a single concave hyperechoic line at the posterior limit of the globe. The distance
between the cornea and the anterior lens capsule (D1) (Figure 1A), the distance between
the posterior lens capsule and the optical papilla (D2) (Figure 1B), the lens thickness (D3)
(Figure 2B), and the axial (D4) (Figure 2A) and transverse (D5) (Figure 3) lengths of the
globe for each breed and for all breed pools are shown in Table 3a—c.

Figure 1. (A) The distance between cornea and anterior lens capsule (D1); (B) the distance between
posterior lens capsule and optic papilla (D2).

Figure 2. (A) The axial length of the globe (D4); (B) the lens thickness (D3).
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Figure 3. The transverse length of the globe (D5).

Table 3. (a) Morphometric results in both breeds; (b) morphometric results in the Livorno breed; (c) morphometric results
in the Siciliana breed.

(a)
1 3 _ 27 D 2 3 _ 27 1 D 2
Both breeds Os! (n ) OD* (n ) Mean OS ! + Mean O
D1° D2° D37 D48 D5° D1° D2° D37 D48 D5° D1° D2° D37 D48 D5°
Mean (mm) 1.68 7.41 4.29 15.09 18.01 1.66 7.48 4.32 15.16 18.07 1.67 7.44 4.30 15.12 18.04
SD* (mm) 0.16 0.18 0.11 0.44 0.49 0.16 0.20 0.17 0.37 0.49 0.12 0.17 0.12 0.37 043
Median (mm) 1.70 7.40 4.30 15.20 18.10 1.70 7.50 4.30 15.20 18.00 1.65 7.45 4.30 15.05 18.05

Maximum (mm) 2.10 7.70 4.50 15.80 18.80 1.90 7.80 4.70 15.90 18.90 1.95 7.75 4.55 15.80 18.85
Minimum (mm) 1.40 7.00 4.10 14.30 16.80 1.30 7.10 4.10 14.60 17.30 1.45 7.05 4.10 14.50 17.25

(b)
0S! (n3=15) OD?2 (n3=15) Mean OS ! + Mean OD 2

The Livorno breed

D15 D2° D37 D48 D5° D1° D2° D37 D48 D5° D1° D2° D37 D48 D5°

Mean (mm) 1.70 7.41 4.26 14.95 18.01 1.73 7.48 4.28 15.08 18.02 1.72 7.44 4.27 15.02 18.01
SD 4 (mm) 0.20 0.17 0.13 0.42 0.50 0.12 0.18 0.16 0.38 0.45 0.12 0.15 0.13 0.36 0.39
Median (mm) 1.70 7.40 4.30 14.90 18.10 1.70 7.50 4.20 15.00 18.00 1.70 7.45 4.25 15.00 18.05

Maximum (mm) 2.10 7.70 4.50 15.70 18.70 1.90 7.80 4.60 15.90 18.90 1.95 7.75 4.55 15.80 18.80
Minimum (mm) 1.40 7.20 4.10 14.50 16.80 1.50 7.10 4.10 14.60 17.30 1.55 7.15 4.10 14.55 17.25

(©
The Siciliana 0s! (n®=15) OD 2 (n3=15) Mean OS ! + Mean OD 2
breed
D15 D2° D37 D48 D5° D1° D2° D37 D48 D5° D15 D2° D37 D48 D5°
Mean (mm) 1.66 7.41 4.32 15.30 18.03 1.57 7.47 4.37 15.25 18.13 1.62 7.44 4.35 15.26 18.08
SD 4 (mm) 0.10 0.21 0.08 0.40 0.51 0.15 0.23 0.16 0.35 0.55 0.10 0.19 0.09 0.33 0.50
Median (mm) 1.70 7.40 4.30 15.35 18.00 1.60 7.50 4.35 15.35 18.05 1.62 7.45 4.35 15.43 18.03

Maximum (mm) 1.80 7.70 4.40 15.80 18.80 1.80 7.80 4.70 15.70 18.90 1.75 7.70 4.55 15.60 18.85
Minimum (mm) 1.50 7.00 4.20 14.30 17.10 1.30 7.10 4.20 14.70 17.30 1.45 7.05 4.20 14.50 17.45

1 oculus sinister; 2 oculus dexter; 3 number of eyes; 4 standard deviation; ® distance between cornea and anterior lens capsule; 6 distance

between posterior lens capsule and optic papilla; 7 lens thickness; ® axial length of the globe; ° transverse length of the globe.

No differences were observed in the ocular ultrasound appearance, both within the
same breed and between the two breeds. There was a significant difference for D1 between
the Livorno and the Siciliana breeds (p = 0.0301), while no significant differences were
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observed for D2 (p = 0.9800), D3 (p = 0.1087), D4 (p = 0.0877), and D5 (p = 0.7212) between
the Livorno and the Siciliana breeds. There was a significant direct correlation between
D1 and the weight of the chickens (p = 0.0329), while D2 (p = 0.7663), D3 (p = 0.3923), D4
(p =0.3715), and D5 (p = 0.8891) were independent of weight.

3.3. Conjunctival Bacterial and Fungal Flora Identification

Among the 27 chickens examined, 23 (85.18%) were bacteriologically positive for
one or both eyes. Twelve (44.44%) chickens had a positive culture (including presence
of Chlamydia spp.) in both eyes, and of these twelve chickens, ten (37.03%) had the same
bacterial genus in both eyes.

The CFU/mL values ranged from <100 to >10°. Bacteria belonging to the following
genera were cultured: Corynebacterium spp. was isolated from 16 (29.62%) eyes, Bacillus spp.
from 14 (25.92%), Pasteurella spp. from 5 (9.25%), Staphylococcus spp. coagulase negative
from 5 (9.25%), Staphylococcus spp. coagulase positive from 4 (7.40%), Ochrobacterium spp.
from 2 (3.70%), and Enterobacter spp. from 1 (1.85%).

Chlamydia spp. antigen was detected in both eyes of four (14.81%) chickens. The
results obtained for each eye are reported in Table 4.

No positive cultures were obtained for fungi.

Table 4. Conjunctival bacterial flora results.

oD ? os? )
Animals Chlamydia
Bacteria TBC ¢ (CFU/mL) Bacteria TBC ¢ (CFU/mL)
1 Bacillus spp. 2.2 x 10? Negative 9.2 x 102 Negative
2 Negative 32 x 10° Bacillus spp-/ Staphy, Iacgccus SPP 2.5 x 10? Negative
coagulase-negative
3 Corynebacterium spp. 1.9 x 102 Negative 5x10 Negative
4 Negative 2.3 x 10? Negative 5.1 x 10? Positive
5 Negative 3.9 x 107 Negative 7 x 10 Negative
Corynebacterium
6 spp./ Staphylococcus spp. 1.17 x 10* Corynebacterium spp. 7.8 x 102 Negative
coagulase-positive
7 Bacillus spp. 5.6 x 103 Bacillus spp-/ Staphylococcus spp. 1.06 x 10* Negative
coagulase-negative
8 Bacillus spp. 6.9 x 10° Bacillus spp. 2.3 x 102 Negative
9 Negative 5.2 x 107 Corynebacterium spp. 1.12 x 10° Positive
10 Negative 3.3 x 107 Negative 4.1 x 10? Negative
1 Negative 3.1 x 10° Bacillus spp./ Staphylococcus spp. 211 x 10* Negative
coagulase-negative
Corynebacterium
12 spp./ Staphylococcus spp. 1.31 x 10* Corynebacterium spp. 8.2 x 10% Negative
coagulase-positive
13 Pasteurella spp. 43 x 10° Staphylococcus °PP- 34 x 10° Negative
coagulase-negative
Pasteurella 3 . 3 .
14 spp./ Corynebacterium spp. 3.2 x 10 Corynebacterium spp. 5.8 x 10 Negative
15 Staphylococcus.spp. 6.1 x 102 Staphylococcus Spp- 175 x 103 Negative
coagulase-positive coagulase-negative
16 Bacillus spp. 1.2 x 102 Bacillus spp. 9.2 x 102 Negative
17 Pusteurella' 6.6 x 10° Pasteurella spp./Corynebacterium 29 % 103 Positive
spp./Corynebacterium spp. spp.
18 Pasteurellal 21 x 103 Enterobacter ‘ 42 % 10° Negative
spp./Corynebacterium spp. aerogenes / Corynebacterium spp.
19 Ochrobacteriunm >10° Corynebacterium spp. >10° Negative

anthropi/ Corynebacterium spp.
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Table 4. Cont.
OoD? os?
Animals Chlamydia
Bacteria TBC ¢ (CFU/mL) Bacteria TBC ¢ (CFU/mL)
Corynebacterium
20 Bacillus spp. 1.2 x 10° spp./ Staphylococcus spp. 1.9 x 10* Negative
coagulase -positive
21 Bacillus spp. 2.03 x 10* Negative 1.2 x 10? Negative
22 Negative <100 Negative 1.3 x 10° Negative
23 Negative 1.1 x 102 Bacillus spp. 1.8 x 10° Negative
24 Negative <100 Corynebacterium spp. 2.3 x 107 Negative
Ochrobacterium o . 3 i
25 anthropi/ Bacillus spp. 1.5 x 10 Bacillus spp. 4.6 x 10 Positive
26 Bacillus spp. 4.7 x 10? Negative 3.4 x 10? Negative
27 Negative 1.2 x 10° Negative 1.1 x 10° Negative

a oculus dexter; P oculus sinister; ¢ total bacteria count.

4. Discussion

Although there are many studies regarding the normal values of tear production and
intraocular pressure (IOP) in many bird species, in chickens there are few studies with
differing results [1,7,29,33].

In the present study, we used a commercially available phenol red thread test (PRTT)
kit to determine tear production in chickens for two reasons: firstly, because the palpebral
fissure is small and PRTT is easier to use than other tests; secondly, it takes less time (15 s)
to get the results compared with the Schirmer Tear Test (1 min).

Our results indicate that the mean normal tear production in adult chickens with
PRTT is 21.98 4 3.46 mm/15s: 23.77 & 2.99 mm/15 s in the Livorno breed and 19.95 + 2.81
mm/15 s in the Siciliana breed, with a significant difference between the two breeds
(p <0.0001).

Our mean results in the Livorno breed were similar to those of diurnal raptors
(23.5 + 8.9 mm/15 s) [34], while our mean results in the Siciliana breed were similar
to those of large Psittaciformes (OD: 19.8 £ 4.3 mm/15s; OS: 20.1 £ 3.9 mm/15 s) [35] and
to those of the common mynah (19.2 £ 2.5 mm/15 s) [36].

Given that there is an inter-specific difference in normal tear production in birds, reference
values for each species need to be established (Table 5) [8-10,18-23,25,26,29,34-47].

Although normal tear production in birds can be evaluated with several methods,
such as PRTT and STTI, they are not equivalent and reference values should be established
for each method [8,9,22,29,34,38,46].

There is also an intraspecific difference among chicken breeds. In fact, we found
significant differences between the Livorno and the Siciliana breeds. Tear production in
the two breeds was evaluated at the same time and in the same environmental conditions.
This indicates that tear production differences were only due to breed.

Although Table 5 highlights that there are many articles reporting tear production val-
ues in birds, we can only partially compare our results with those by Fornazari et al. (2018)
who performed PRTT in 42-day-old chicks and showed values of 25.58 & 4.8 mm/15s.
The difference in tear production could be due to different breeds of chicken tested and to
environmental factors, such as humidity, temperature, wind, dust, and ammonia levels.
Our population and Fornazari’s were born and reared in different environments, with
different temperatures and humidity. However, we do not know the exact levels of dust
and ammonia. In fact, a limitation of our study was the lack of any ammonia level measure-
ments. However, because we used an open-air rearing system, it is likely that the ammonia
levels were low and that they did not influence tear production.

Our study revealed a direct correlation between the age of the chickens and PRTT
(p = 0.00079) in both breeds. This can be explained by different stages of maturation of the
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lacrimal gland while the chicks are developing, but also by the limited corneal reflex in
young animals, as already reported in humans and in other animals [48-51]. Fornazari
et al. (2018) examined two populations of two differently aged chickens (5 and 42-day-old
chicks), and they also reported that tear production increases with age [29].

Table 5. The normal values of tear production reported in various avian species.

Species Tear Production Method Used References
Local breed chicken (Gallus gallus domesticuis) 21.98 £ 346 mm/15s PRTT ©
The Livorno breed (276-375 days) 23.77 £299 mm/15s PRTT © Present study
The Siciliana breed (276-375 days) 1995 £2.81 mm/15s PRTT ©
Broiler chicks (Gallus gallus domesticus)
42-day-old chicks 11.40 £ 2.60 mm/min STTI 3
5-day-old chicks 5.00 & 1.83 mm/min mSTTI
42-day-old chicks 10.45 + 2.58 mm/min mSTTI [29]
5-day-old chicks 12.37 £ 1.80 mm/15 s PRTT ©
42-day-old chicks 25.58 £ 4.8 mm/15s PRTT ©
5-day-old chicks 7.13 £ 0.72 mm/min EAPPTT 8
42-day-old chicks 12.03 £ 0.92 mm/min EAPPTT 8
. . . 12.3 + 4.5 mm/min mSTTI 4
American flamingo (Phoenicopterus ruber ruber) 242 + 44 mm/15 s PRTT 6 [22]
American white pelicans (Pelecanus erythrorhynchos) 149 £7.84 mm/15s PRTT © [44]
) ) . OD ! 75mm/15s (IQR 13: 6.5-9.3) PRTT®
Atlantic puffins (Fratercula arctica) 0S2: 50 mm/15s. (IQR 13: 40-73) PRTT [47]
Bald eagle (Haliaetus leucocephalus) 14 4+ 2 mm/min STTI3 [20]
Brown pelicans (Pelecanus occidentalis) 5.45 4 1.88 mm/min STTI® [41]
OD !: 11.4 4+ 2.6 mm/min STTI
. . 0S2:11.5 + 2.8 mm/min STTI3
Cinereous vultures (Aegypius monachus) OD1:223 + 2.1 mm/15 s PRTT 6 [46]
0S2:228 +3.0mm/15s PRTT ©
Common buzzard (Buteo buteo) 12.47 + 2.66 mm/min STTI 3 [19]
Common kestrel (Falco tinnunculus) 7.4 £+ 3.27 mm/min STTI3 [43]
Common murres (Uria aalge) 20+ 3.6 mm/15s PRTT © [42]
. . LEM: 192+ 25mm/15s PRTT ®
Common mynah (Acridotheres tristis) UE2:17.5 + 3.1 mm/15 s PRTT 6 [36]
Ducks (Anas platyrynchos) 6.2 £ 2.2 mm/min STTI3 [25]
, <2 mm/min STTI®
Eastern screech owl (Megascops asio) 15+ 43mm/15s PRTT 6 [8]
. . OD ': 10.9 4 3.3 mm/min STTI
Eurasian black vulture (Aegypius monachus) 052: 11.9 + 3.3 mm /min STTI3 [37]
Eurasian Tawny owl (Strix aluco) 3.12 £ 1.92 mm/min STTI? [19]
European kestrel (Falco tinnunculus) 6.20 £ 3.67 mm/min STTI3 [19]
Falconiformes (genus Falco) 30.6 £42mm/15s PRTT © [40]
Geese (Anser anser) 5.5 4 2.6 mm/min STTI 3 [25]
Great grey owls (Strix nebulosa) 9.8 + 2.8 mm/min STTI3 [23]
. OD !: 6.4 + 1.8 mm/min STTI3
Griffon vulture (Gyps fulvus) 052: 65 + 1.8 mm/min STTI 3 [37]
Helmeted Guinea Fowl (Numida meleagris) 16.5+1.3mm/15s PRTT © [39]
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Table 5. Cont.

Species

Tear Production

Method Used

References

Hispaniolan parrots (Amazona ventralis)

125 +£5.0mm/15s
12.6 =54 mm/15s
7.9 £ 2.6 mm/min
5.1 £ 3.3 mm/min

PRIT © (WTA ?)
PRTT © (TA 10)
STTI3 (WTA )
STTI3 (TA 10)

[°]

Humboldt penguin (Spheniscus humboldti)

6.45 £+ 2.9 mm/min

STTI 3

[10]

Humboldt penguin (Spheniscus humboldti) 9 £+ 4 mm/min STTI 3 [26]
I . . OD':19.8 +4.3mm/15s PRTT ©
Large Psittaciformes (various genus, species) 052:20.1 + 3.9 mm/15 s PRTT 6 [35]
Little owl (Athene noctua) 3.5 £ 1.96 mm/min STTI 3 [19]
‘ , 24.7 £6.37mm/15s mPRTT 7
Macaroni penguin (Eudyptes chrysolophus) 12.1 + 5.43 mm /min STTII® [38]
Nocturnal raptor of different species 165+ 7.6 mm/15s PRTT ©
3.4 + 3.8 mm/min STTI® [34]
Diurnal raptor of different species 23.5£89mm/15s PRTT © g
8.3 £ 5.4 mm/min STTI3
Ostrich (Struthio camelus) 16.3 + 2.5 mm/min STTI3 [18]
. o April: 23.02 +£2.98 mm/15 s PRTT ©
Pigeons (Turkish pigeons—Ankut trumpeter) June: 24.04 + 2.60 mm,/15 s PRTT 6 [21]
Snowy owls (Bubo scandiacus) 9.8 + 2.4 mm/min STTI 3 [23]
. 25.1 +7.07 mm/15s mPRTT”
Southern rockhopper penguin (Eudyptes chrysocome) 11.0 + 3.96 mm /min STTII® [38]
Whooper swans (Cygnus cygnus) 22.59 £ 348 mm/15s PRTT © [45]

1 oculus dexter; 2 oculus sinister; 3 Schirmer’s tear test 1;  modified Schirmer’s tear test 1; 5 Schirmer’s tear test 2; © phenol red thread test;
7 modified phenol red thread test; 8 endodontic absorbent paper points tear test; 9 without topical anesthesia; 10 topical anesthesia; 11 lower

eyelids; 12 upper eyelid; 3 interquartile range.

There are various tonometers for determining the intraocular pressure in animal

patients. In chickens we used a rebound tonometer because it is easier to use when the
palpebral fissure is small, and it does not require a topical anesthesia. All IOP measurements
were obtained using the P setting on the rebound tonometer, which is not specific to any
species, because there is no internal calibration table for tonometers for measuring IOP
in birds.

Many IOP values have been reported using different tonometers in many bird species
(Table 6) [1,4,6-11,15,16,18-20,22-26,33,34,38,39,41-47,52].

This means that it is not possible to compare the results from different devices and
between different species. Instead, comparisons are possible when the same type of
tonometer is used, with the same calibration, and in the same bird species. We can thus
only compare our mean results (14.19 + 1.16 mmHg) with those of Prasher et al. (2007).
They reported three different results (expressed as mean value £ standard error) for three
different chicken lines: 16.3 £ 0.2 mmHg for an egg-layer line, 16.1 £ 0.2 mmHg for a
broiler line, and 17.51 & 0.13 mmHg for an advanced layer-broiler intercross line.

Our results and Prasher’s (2007) are similar, but do not overlap. This may depend on
the different ages and weights between our chicken population and Prasher’s. In fact, our
animals were more than 39-weeks-old (39 to 53 weeks) and can be considered as young
adults/adults, while Prasher’s were only 3 weeks old.

Another factor to assess is the time at which the IOP was measured in the subjects
examined. In fact, the IOP in normal eyes of chickens is high during the day, and low in the
middle of the night [1]. Therefore, the variation between our results and Prasher’s could
also be due to the different time at which the IOP measurements were performed: from
10:00 to 12:00 a.m. and from 12:00 to 16:00 p.m., respectively.
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Our results provide reference values for IOP in young-adult/adult subjects belonging
to two different breeds of the same bird species. Our results showed that there was no
significant difference between IOP and the two breeds of chickens, and between IOP and
age (39 to 53 weeks) in our young-adult/adult population. In fact, Table 6 highlights
a strong difference in IOP values between different species of birds when IOP was also
assessed using the same device.

Table 6. Normal values for intraocular pressure (IOP) reported in various avian species.

Device
; 1
Species Mean £ SD IOP * (mmHg) Calibration References
Local breed chicken (Gallus gallus domesticus) 14.19 £ 1.16
The Livorno breed 14.3 & 1.17 TV-P5 Present study
The Siciliana breed 14.06 £ 1.15
. . ‘ Day: 20.8 + 1.1 P4
White Leghorn chickens (Gallus gallus domesticus) Night: 16.8 + 0.7 TP 4 [33]
. . ‘ Day: 22.3 P4
White Leghorn chickens (Gallus gallus domesticus) Night: 12.3 Tp 4 [1]
White Leghorn/Broiler intercross (Gallus gallus domesticus)  17.51 £ 0.13 TV-P®
White Leghorn (Gallus gallus domesticus) 16.3 +0.2 TV-P> [7]
Broiler (Gallus gallus domesticus) 16.1 +£0.2 TV-P5
. . , 16.1 £ 4.2 P4
American flamingo (Phoenicopterus ruber ruber) 95417 TV-P5 [22]
. . . 0S3:11.1+23 5
American flamingo (Phoenicopterus ruber) OD2: 109 & 1.8 TV-P [52]
: ‘ 8.5+ 4.4 TP*
American kestrel (Falco sparverius) 68 L 17 TV-P5 [16]
American white pelicans (Pelecanus erythrorhynchos) 9.0+ 141 TV-P5 [44]
Atlantic puffins (Fratercula arctica) 13 (range 12-15) TV-P5 [47]
Bald eagle (Haliaetus leucocephalus) 215+ 17 TP 4 [20]
Barn owl (Tyto alba) 10.8 £ 3.8 TV-D ® [15]
N 11.7 £ 338 P4
Barred owl (Strix varia) 83439 VPS5 [16]
OD 2:30.41 + 4.27 TV-D®
. , 0S3:28.13 + 6.84
Black-footed penguin (Spheniscus demersus) OD 2: 25.06 & 4.35 TV-H 7 [11]
0S 3: 25.05 + 5.56
Brown pelicans (Pelecanus occidentalis) 10.86 + 1.61 TP* [41]
OD2%: 328 £ 6.9 TV-D®
. : 0S3%319+71 TV-D®
Cinereous vultures (Aegypius monachus) OD2: 207 4 45 Tp 4 [46]
0S3%:195+4.1 P4
Common buzzard (Buteo buteo) 269+7.0 TV-D® [15]
Common buzzard (Buteo buteo) 172 +3.53 TP 4 [19]
Common kestrel (Falco tinnunculus) 10.5 £+ 3.15 TP 4 [43]
Common murres (Uria aalge) 227 +£2.6 TV-D ® [42]
, . y 16.0 + 1.8 P4
Cooper’s hawk (Accipiter cooperii) 107 + 14 TV-P5 [16]
Domestic pigeon (Columbia livia) 6.1+0.9 TV-P 5 [24]
Ducks (Anas platyrynchos) 102 4+22 TV-P5 [25]
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Table 6. Cont.

Species Mean + SD IOP ! (mmHg) ](:Z)ael‘;li:;tion References
11.0 + 1.9 P4
Eastern screech owl (Megascops asio) 9.0+18 TV-P5 [8]
14.0 £ 2.4 TV-D®
Eastern screech owl (Megascops asio) Zg i ig ,11:5; 5 [16]
Eurasian eagle owl (Bubo bubo) ?0325:1118; 4 ,11:5_; 5 [6]
Eurasian Tawny owl (Strix aluco) 11.21 4 3.12 TP 4 [19]
European kestrel (Falco tinnunculus) 9.8 +25 TV-D ¢ [15]
European kestrel (Falco tinnunculus) 8.53 £1.59 TP* [19]
Geese (Anser anser) 9.14+2.0 TV-P5 [25]
Great grey owls (Strix nebulosa) 9.6 26 TV-P® [23]
Great horned owl (Bubo virginianus) ZZ i ;3 ,11:5_; 5 [16]
Helmeted Guinea Fowl (Numida meleagris) 9.1+09 TV-P> [39]
Humboldt penguin (Spheniscus humboldti) 20.36 + 4.1 TP 4 [9]
Humboldt penguin (Spheniscus humboldti) 28+9 TV-P® [26]
Little owl (Athene noctua) 9.83 + 341 TP [19]
Long-eared owl (Asio otus) 78 +£32 TV-D ¢ [15]
Macaroni penguin (Eudyptes chrysolophus) gé? i ;(1)2 ,}:5_; 6 [38]
Nocturnal raptor of different species 154 +5.7 TP*
Diurnal raptor of different species 149 +£438 TP * [34]
Northern goshawk (Accipiter gentilis) 1834+ 3.8 TV-D® [15]
Ostrich (Struthio camelus) 18.8 £ 3.5 TP 4 [18]
Peregrine falcon (Falco peregrinus) 127 £5.8 TV-D ¢ [15]
Red kite (Milvus milvus) 13.0 £ 55 TV-D ¢ [15]
Red-tailed hawk (Buteo jamaicensis) %gg ::::: ig ,11:5; 5 [16]
Snowy owls (Bubo scandiacus) 91+19 TV-P® [23]
Southern rockhopper penguin (Eudyptes chrysocome) 32(1) i gg; ;5_; 6 [38]
Sparrow hawk (Accipiter nisus) 155 +25 TV-D® [15]
Tawny owl (Strix aluco) 156 £34 TP* [4]
Tawny owl (Strix aluco) 9.4+4.1 TV-D ¢ [15]
Turkey vulture (Cathartes aura) }fg i fé ;1:5_; 5 [16]
White-tailed sea eagle (Haliaeetus albicilla) 26.9£5.8 TV-D® [15]
Whooper swans (Cygnus cygnus) 11.30 + 3.55 TV-D© [45]

1 intraocular pressure; 2 oculus dexter; 3 oculus sinister; * Tonopen; 5 TonoVet with no specific species calibration; 6 TonoVet with dog
calibration setting; 7 TonoVet with horse calibration setting.

Few studies have investigated ocular dimensions in chicken, although one study
evaluated the size of the various ocular structures in two-week-old chickens, without
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breed distinction and using A-mode and Optical Low-Coherence Interferometry [17].
The ultrasonographic appearance of the eyes of chickens in our study is the same as
that described for other avian species [12,13]. We observed no significant morphometric
differences between OD and OS. This is in agreement with findings for other species both
within each breed and within an all breed pools [12,17,53].

The ultrasonographic appearance of the chickens’ eyes in our study was the same
as that described for other avian species [12,13] and the average distance between the
cornea and the anterior capsule of the lens was 1.68 mm for OS and 1.66 for OD, a typical
measurement of non-passerines in general [13]. We observed no significant morphometric
differences between OD and OS, in agreement with other findings for other species both
within each breed and within all breed pools [12,17,53]. The lack of statistical morphometric
differences between the Livorno and Siciliana breeds could indicate that these two chicken
breeds have similar ocular dimensions, except for D1. The present study indeed showed
that there is a significant difference for D1 between the Livorno and the Siciliana breeds,
and a correlation was found between D1 and the weight of the chickens. However, an
ultrasound of the anterior chamber may be complicated to assess due to its compressibility
and proximity to the probe, and for this reason the measurement of D1 may be distorted [54].
The correlation between D1 and the weight of chickens, as well as the difference in D1
between the two breeds, might thus be insignificant. That being said, we can affirm that the
B-mode ultrasound is a useful, simple, and safe tool for studying eyes in chickens, since
it gives information on the size and appearance of the globe and its internal structures
without the need for anesthesia. Biometric measurements of the eye can be used to detect
changes in the shape or size of the eye, as occurs in glaucoma [13]. In addition, the average
reference measurement of the intraocular structures in healthy chickens could be useful
in avian clinical ophthalmology and when chickens are used as experimental models in
human ophthalmology. Chickens are commonly used as an animal model for the study of
myopia, ocular albinism, retinal dystrophies, coloboma, glaucoma, keratoconus, retinal
detachment, retinal degeneration, and ocular tumors [27,55,56].

To the best of our knowledge, there are currently no data on conjunctival bacterial
flora in poultry. Previous studies have been limited to the bacteria present in the eyes of
wild birds. Our results are in reasonable agreement with those found by Dupont et al.
(1994), who studied the bacterial and fungal flora in the healthy eyes of Falconiform and
Strigiform raptors from Canada. They isolated bacteria of the genera Bacillus, Corynebac-
terium, Staphylococcus, Pasteurella, and Enterobacter with prevalences, in some cases, similar
to those detected in our investigation. In particular, Gram-positive bacteria were the
microorganisms most frequently isolated in both studies, although Dupont et al. found
Staphylococcus spp. coagulase negative with the highest prevalence (49.5%).

The detection of these bacterial genera in healthy eyes is not surprising, considering
that they are usually non-pathogenic. However, in some circumstances, such as injuries or
inflammations, they can cause ocular infections. Some bacteria in healthy eyes seem to play
an important role in their defense mechanisms, taking nutrients from invading organisms
or secreting substances with antimicrobial properties [27,30,57].

On the other hand, in our study the detection of Chlamydia spp. in the examined eyes
suggests the circulation of this pathogen in the environment where the chickens lived.
Chlamydia psittaci frequently infects domestic and wild birds without inducing disease.
Birds contract chlamydias through oral and/or inhalation, but also through conjunctival
contamination by dust. Infected birds can develop conjunctivitis and respiratory and
enteric clinical signs, mainly when the birds are stressed [58].

In the present study, no positive fungal cultures were achieved. Our data cannot be
compared with similar studies from the literature, since to the best of our knowledge, no
papers have investigated fungal flora in chickens. There appear to be only two studies
dealing with the occurrence of fungi in birds’ eyes and both were carried out on birds of
prey. In those studies, Cladosporium spp. and Aspergillus spp. were cultured from one and
2 eyes, respectively, out of 97 subjects [30], while Aspergillus fumigatus and Candida spp.
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were obtained from 1 and 2 birds, respectively, out of 51 raptors [34]. The occurrence of
fungi in the conjunctivae is believed to be transitory and resulting from environmental
exposure. These features could explain their low prevalence [59] considering that the
chickens in our study live outdoors and probably there are no environmental conditions
for the stabilization of the fungi in the conjunctival sac. Fungi have been more frequently
isolated from horses [60-64], donkeys [65,66], cattle [67], dogs [68], rabbits [69], turtles, and
tortoises [70] and the genera and species recovered seem to reflect a transient seeding from
the environment.

5. Conclusions

In conclusion, our study performed on clinically healthy chickens reported normal
reference range values for selected ophthalmic parameters, including ultrasound biometric
measurements. These reference ranges can facilitate accurate diagnosis and better manage-
ment of ocular diseases, preventing diagnostic misinterpretation during the ophthalmic
examination. In healthy chickens we also found evidenced of conjunctival microflora
composed of bacteria. Knowledge of the conjunctival flora in chickens is important to
increase the accuracy of treatments in the case of corneal injuries. In fact, corneal ulcers can
often become secondarily infected by opportunistic flora of the conjunctival sac.

Author Contributions: Conceptualization, S.N., S.C., and G.B.; data curation, S.N., EPL., VM.,
V.VE, EB, M.M,, EM,, S.C,, and G.B,; investigation, VM., V.VE, EB., M.M., EM,, S.C,, and G.B;
methodology, S.C., and G.B.; software, EP.L.; supervision, G.B.; writing—original draft, S.N., EPL.,
V.VE., MM,, EM,, and G.B.; writing—review and editing, S.N., S.C., and G.B. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Ethics Committee on Animal
Experimentation of the University of Pisa D. Igs.vo 26/2014 prot. n 17/2018.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Nickla, D.L.; Wildsoet, C.; Wallman, J. The circadian rhythm in intraocular pressure and its relation to diurnal ocular growth
changes in chicks. Exp. Eye Res. 1998, 66, 183-193. [CrossRef]

2. Gonzalez, EM,; Rodriguez, A.; Garcia, I. Review of ocular ultrasonography. Vet. Radiol. Ultrasound 2001, 42, 485-495. [CrossRef]

3. Choh, V; Sivak, ].G.; Irving, E.L.; Wong, W. Ultrasound biomicroscopy of the anterior segment of the enucleated chicken eye
during accommodation. Ophthalmic Physiol. Opt. 2002, 22, 401-408. [CrossRef]

4. Williams, D.L.; Gonzalez Villavincencio, C.M.; Wilson, S. Chronic ocular lesions in tawny owls (Strix aluco) injured by road traffic.
Vet. Rec. 2006, 159, 148-153. [CrossRef]

5. Gumpenberger, M.; Kolm, G. Ultrasonographic and computed tomographic examinations of the avian eye: Physiologic ap-
pearance, pathologic findings, and comparative biometric measurement. Vet. Radiol. Ultrasound 2006, 47, 492-502. [CrossRef]
[PubMed]

6. Jeong, M.B.; Kim, Y.J.; Yi, N.Y,; Park, S.A.; Kim, W.T.; Kim, S.E.; Chae, ].M.; Kim, ].T.; Lee, H.; Seo, K.M. Comparison of the
rebound tonometer (TonoVet®) with the applanation tonometer (TonoPen XL®) in normal Eurasian Eagle owls (Bubo bubo). Vet.
Ophthalmol. 2007, 10, 376-379. [CrossRef] [PubMed]

7. Prashar, A.; Guggenheim, J.A.; Erichsen, ].T.; Hocking, PM.; Morgan, ].E. Measurement of intraocular pressure (IOP) in chickens
using a rebound tonometer: Quantitative evaluation of variance due to position inaccuracies. Exp. Eye Res. 2007, 85, 563-571.
[CrossRef]

8. Harris, M.C,; Schorling, ].J.; Herring, I.P.; Elvinger, F,; Bright, PR.; Pickett, ].P. Ophthalmic examination findings in a colony of
screech owls (Megascops asio). Vet. Ophthalmol. 2008, 11, 186-192. [CrossRef] [PubMed]

9.  Storey, E.S.; Carboni, D.A.; Kearney, M.T.; Tully, T.N. Use of phenol red thread tests to evaluate tear production in clinically

normal Amazon parrots and comparison with Schirmer tear test findings. J. Am. Vet. Med. Assoc. 2009, 235, 1181-1187. [CrossRef]
[PubMed]


http://doi.org/10.1006/exer.1997.0425
http://doi.org/10.1111/j.1740-8261.2001.tb00975.x
http://doi.org/10.1046/j.1475-1313.2002.00058.x
http://doi.org/10.1136/vr.159.5.148
http://doi.org/10.1111/j.1740-8261.2006.00168.x
http://www.ncbi.nlm.nih.gov/pubmed/17009515
http://doi.org/10.1111/j.1463-5224.2007.00573.x
http://www.ncbi.nlm.nih.gov/pubmed/17970999
http://doi.org/10.1016/j.exer.2007.07.010
http://doi.org/10.1111/j.1463-5224.2008.00618.x
http://www.ncbi.nlm.nih.gov/pubmed/18435661
http://doi.org/10.2460/javma.235.10.1181
http://www.ncbi.nlm.nih.gov/pubmed/19912038

Animals 2021, 11, 2987 16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Swinger, R.L.; Langan, J.N.; Hamor, R. Ocular bacterial flora, tear production, and intraocular pressure in a captive flock of
Humboldt penguins (Spheniscus humboldti). |. Zoo Wildl. Med. 2009, 40, 430—436. [CrossRef]

Mercado, J.A.; Wirtu, G.; Beaufrere, H.; Lydick, D. Intraocular pressure in captive black-footed penguins (Spheniscus demersus)
measured by rebound tonometry. J. Avian Med. Surg. 2010, 24, 138-141. [CrossRef]

Squarzoni, R.; Perlmann, E.; Antunes, A.; Milanelo, L.; De Moraes Barros, P.L. Ultrasonographic aspects and biometry of Striped
owl’s eyes (Rhinoptynx clamator). Vet. Ophthalmol. 2010, 13, 86-90. [CrossRef]

Lehmkuhl, R.C.; Almeida, M.F.; Mamprim, M.].; Vulcano, L.C. B-mode ultrasonography biometry of the Amazon Parrot (Amazona
aestiva) eye. Vet. Ophthalmol. 2010, 13, 26-28. [CrossRef]

Tappeiner, C.; Goldblum, D.; Katsoulis, K.; Sarra, G.M.; Frueh, B.E. In vivo measurement of central corneal thickness in normal
chicks (Gallus gallus domesticus) with the optical low-coherence reflectometer. Vet. Ophthalmol. 2011, 14, 257-261. [CrossRef]
Reuter, A.; Miiller, K.; Arndt, G.; Eule, J.C. Reference intervals for intraocular pressure measured by rebound tonometry in ten
raptor species and factors affecting the intraocular pressure. J. Avian Med. Surg. 2011, 25, 165-172. [CrossRef]

Labelle, A.L.; Whittington, ].K.; Breaux, C.B.; Labelle, P.; Mitchell, M.A.; Zarfoss, M.K.; Schmidt, S.A.; Hamor, R.E. Clinical utility
of a complete diagnostic protocol for the ocular evaluation of free-living raptors. Vet. Ophthalmol. 2012, 15, 5-17. [CrossRef]
[PubMed]

Penha, A.M.; Burkhardt, E.; Schaeffel, F.; Feldkaemper, M.P. Ultrasonography and optical low-coherence interferometry compared
in the chicken eye. Optom. Vis. Sci. 2012, 89, 916-921. [CrossRef]

Ghaffari, M.S.; Sabzevari, A.; Vahedi, H.; Golezardy, H. Determination of reference values for intraocular pressure and Schirmer
tear test in clinically normal ostriches (Struthio camelus). |. Zoo Wildl. Med. 2012, 43, 229-232. [CrossRef] [PubMed]

Barsotti, G.; Briganti, A.; Spratte, ].R.; Ceccherelli, R.; Breghi, G. Schirmer tear test type I readings and intraocular pressure values
assessed by applanation tonometry (Tonopen® XL) in normal eyes of four European species of birds of prey. Vet. Ophthalmol.
2013, 16, 365-369. [CrossRef] [PubMed]

Kuhn, S.E.; Jones, M.P,; Hendrix, D.V.; Ward, D.A.; Baine, K.H. Normal ocular parameters and characterization of ophthalmic
lesions in a group of captive bald eagles (Haliaeetus leucocephalus). |. Avian Med. Surg. 2013, 27, 90-98. [CrossRef]

Hayat, A.; Biricik, H.S. Measurement of tear secretion in healthy pigeons by using the phenol red thread test. Vet. Rec. 2014, 175,
594. [CrossRef]

Meekins, ].M.; Stuckey, J.A.; Carpenter, ].W.; Armbrust, L.; Higbie, C.; Rankin, A.]. Ophthalmic diagnostic tests and ocular
findings in a flock of captive American flamingos (Phoenicopterus ruber ruber). J. Avian Med. Surg. 2015, 29, 95-105. [CrossRef]
Wills, S.; Pinard, C.; Nykamp, S.; Beaufrere, H. Ophthalmic reference values and lesions in two captive populations of northern
owls: Great grey owls (Strix nebulosa) and snowy owls (Bubo scandiacus). J. Zoo Wildl. Med. 2016, 47, 244-255. [CrossRef]

Mood, M.A; Rajaei, S.M.; Hashemi, S.5.G.; Williams, D.L. Measurement of intraocular pressure in the domestic pigeon (Columbia
livia). ]. Zoo Wildl. Med. 2016, 47, 935-938. [CrossRef]

Mood, M.A; Rajaei, S.M.; Hashemi, S.S.G.; Williams, D.L.; Sadjadi, R. Measurement of tear production and intraocular pressure
in ducks and geese. Vet. Ophthalmol. 2017, 20, 53-57. [CrossRef]

Sheldon, J.D.; Adkesson, M.].; Allender, M.C.; Jankowski, G.; Langan, J.; Cardefia, M.; Cardenas-Alayza, S. Determination of tear
production and intraocular pressure with rebound tonometry in wild Humboldt penguins (Spheniscus humboldti). |. Avian Med.
Surg. 2016, 31, 16-23. [CrossRef]

Wisely, C.E.; Sayed, J.A.; Tamez, H.; Zelinka, C.; Abdel-Rahman, M.H.; Fischer, A.]J.; Cebulla, C.M. The chick eye in vision
research: An excellent model for the study of ocular disease. Prog. Retin. Eye Res. 2017, 61, 72-97. [CrossRef]

Trejo-Reveles, V.; McTeir, L.; Summers, K.; Rainger, ]. An analysis of anterior segment development in the chicken eye. Mech. Dev.
2018, 150, 42—49. [CrossRef] [PubMed]

Fornazari, G.; Ferreira, T.A.C.; Santin, E.; Panisson, J.C.; Maiorka, A.; Montiani-Ferreira, F. Schirmer’s I, modified Schirmer’s I,
phenol red thread, and paper point tests: A comparative study for tear production measurement techniques in broiler chicks
(Gallus gallus domesticus). Poult. Sci. 2018, 9, 3258-3263. [CrossRef] [PubMed]

Dupont, C.; Carrie, M.; Higgins, R. Bacterial and fungal microflora in healthy eyes of birds of prey. Can. Vet. ]. 1994, 34, 699-701.
Silvanose, C.D.; Bailey, T.A.; Naldo, J.L.; Howlett, ].C. Bacterial flora of the conjunctiva and nasal cavity in normal and diseased
captive bustards. Avian Dis. 2001, 45, 447-451. [CrossRef]

Cousquer, G.O.; Cooper, J.E.; Cobb, M.A. Conjunctival flora in tawny owls (Strix aluco). Vet. Rec. 2010, 166, 652. [CrossRef]
Papastergiou, G.I.; Schmid, G.F; Riva, C.E.; Mendel, M.J.; Stone, R.A.; Laties, A.M. Ocular axial length and choroidal thickness
in newly hatched chicks and one-year-old chickens fluctuate in a diurnal pattern that is influenced by visual experience and
intraocular pressure changes. Exp. Eye Res. 1998, 66, 195-205. [CrossRef] [PubMed]

Beckwith-Cohen, B.; Horowitz, I.; Bdolah-Abram, T.; Lublin, A.; Ofri, R. Differences in ocular parameters between diurnal and
nocturnal raptors. Vet. Ophthalmol. 2015, 18, 98-105. [CrossRef]

Holt, E.; Rosenthal, K.; Shofer, ES. The phenol red thread tear test in large Psittaciformes. Vet. Ophthalmol. 2006, 9, 109-113.
[CrossRef] [PubMed]

Rajaei, S.M.; Khorram, H.; Williams, D.L. Measurement of tear production using the phenol red thread test in the common mynah
(Acridotheres tristis). |. Avian Med. Surg. 2015, 29, 146-148. [CrossRef] [PubMed]


http://doi.org/10.1638/2007-0126.1
http://doi.org/10.1647/2009-002.1
http://doi.org/10.1111/j.1463-5224.2010.00819.x
http://doi.org/10.1111/j.1463-5224.2010.00797.x
http://doi.org/10.1111/j.1463-5224.2011.00875.x
http://doi.org/10.1647/2009-056.1
http://doi.org/10.1111/j.1463-5224.2011.00899.x
http://www.ncbi.nlm.nih.gov/pubmed/22050975
http://doi.org/10.1097/OPX.0b013e318257a255
http://doi.org/10.1638/2010-0103.1
http://www.ncbi.nlm.nih.gov/pubmed/22779224
http://doi.org/10.1111/vop.12008
http://www.ncbi.nlm.nih.gov/pubmed/23173951
http://doi.org/10.1647/2012-032
http://doi.org/10.1136/vr.101379
http://doi.org/10.1647/2014-021
http://doi.org/10.1638/2015-0009.1
http://doi.org/10.1638/2015-0102.1
http://doi.org/10.1111/vop.12351
http://doi.org/10.1647/2015-134
http://doi.org/10.1016/j.preteyeres.2017.06.004
http://doi.org/10.1016/j.mod.2018.03.001
http://www.ncbi.nlm.nih.gov/pubmed/29526791
http://doi.org/10.3382/ps/pey159
http://www.ncbi.nlm.nih.gov/pubmed/29897599
http://doi.org/10.2307/1592986
http://doi.org/10.1136/vr.b4832
http://doi.org/10.1006/exer.1997.0421
http://www.ncbi.nlm.nih.gov/pubmed/9533845
http://doi.org/10.1111/vop.12126
http://doi.org/10.1111/j.1463-5224.2006.00450.x
http://www.ncbi.nlm.nih.gov/pubmed/16497235
http://doi.org/10.1647/2013-079
http://www.ncbi.nlm.nih.gov/pubmed/26115216

Animals 2021, 11, 2987 17 of 18

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

Komnenou, A.T.; Thomas, A.L.; Danika, S.E.; Skartsi, T.; Vasilakis, D.P.; Carcamo, B.; Ofri, R. Estimation of normal tear production
in free-living Eurasian black vultures (Aegypius monachus) and griffon vultures (Gyps fulvus) in Dadia National Park, Greece. |.
Zoo Wildl. Med. 2013, 44, 315-323. [CrossRef] [PubMed]

Bliss, C.D.; Aquino, S.; Woodhouse, S. Ocular findings and reference values for selected ophthalmic diagnostic tests in the
macaroni penguin (Eudyptes chrysolophus) and southern rockhopper penguin (Eudyptes chrysocome). Vet. Ophthalmol. 2015, 18,
86-93. [CrossRef] [PubMed]

Rajaei, S.M.; Mood, M.A.; Hashemi, S5.5.G. Measurement of tear production and intraocular pressure in healthy captive helmeted
guinea fowl (Numida meleagris). |. Avian Med. Surg. 2016, 30, 324-328. [CrossRef] [PubMed]

Smith, S.P,; Barbon, A.R.; Forbes, N.A. Evaluation of the phenol red thread tear test in Falconiformes. J. Avian Med. Surg. 2015, 29,
25-29. [CrossRef]

O’Connell, KM.; Michau, T.M.; Stine, ].M.; Reid, A.T. Ophthalmic diagnostic testing and examination findings in a colony of
captive brown pelicans (Pelecanus occidentalis). Vet. Ophthalmol. 2017, 20, 196-204. [CrossRef]

Freeman, K.S.; Fiorello, C.; Murray, M. Comparison of anterior segment health in wild and captive common murres. Vet.
Ophthalmol. 2018, 21, 174-181. [CrossRef]

Kim, J.; Kim, D.; Kim, E.J.; Lee, H.B.; Kim, N.S.; Kim, M.S. Ophthalmic examination in common kestrels (Falco tinnuculus) from
South Korea. J. Zoo Wildl. Med. 2017, 48, 683-687. [CrossRef]

Kinney, M.E,; Ericsson, A.C.; Franklin, C.L.; Whiting, R.E.; Pearce, ].W. Ocular findings and select ophthalmic diagnostic tests in
captive american white pelicans (Pelecanus erythrorhynchos). J. Zoo Wildl. Med. 2017, 48, 675. [CrossRef] [PubMed]

Kovalcuka, L.; Boiko, D.; Williams, D.L. Tear production and intraocular pressure values in clinically normal eyes of whooper
swans (Cygnus cygnus). Open Vet. . 2018, 8, 335-339. [CrossRef] [PubMed]

Hwang, J.; Kang, S.; Seok, S.; Ahmed, S.; Yeon, S. Ophthalmic findings in cinereous vultures (Aegypius monachus). Vet. Ophthalmol.
2020, 23, 314-324. [CrossRef] [PubMed]

Westmoreland, L.S.; Hadfield, C.A.; Clayton, L.A.; Atkins, RM.; Hyman, J.A.; Rossi, B.H. Ocular examinations and investigation
of intraocular pressure, tear production, central corneal thickness, and corneal touch threshold in a captive flock of Atlantic
puffins (Fratercula arctica). . Avian Med. Surg. 2020, 34, 123-131. [CrossRef] [PubMed]

Sjogren, H. The lacrimal secretion in newborn premature and fully developed children. Acta Ophthalmol. 1955, 33, 557-560.
[CrossRef] [PubMed]

Isenberg, S.J.; Apt, L.; McCarty, J.; Cooper, L.L.; Lim, L.; Del Signore, M. Development of tearing in preterm and term neonates.
Arch. Ophthalmol. 1998, 116, 773-776. [CrossRef] [PubMed]

Broadwater, J.J.; Colitz, C.; Carastro, S.; Saville, W. Tear production in normal juvenile dogs. Vet. Ophthalmol. 2010, 13, 321-325.
[CrossRef]

Da Silva, E.G.; Sandmeyer, L.S.; Gionfriddo, ].R.; Montiani-Ferreira, F; Galera, P.D. Tear production in canine neonates—evaluation
using a modified Schirmer tear test. Vet. Ophthalmol. 2013, 16, 175-179. [CrossRef]

Molter, C.M.; Hollingsworth, S.R.; Kass, PH.; Chinnadurai, S.K.; Wack, R.F. Intraocular pressure in captive American flamingos
(Phoenicopterus ruber) as measured by rebound tonometry. J. Zoo Wildl. Med. 2014, 45, 664—667. [CrossRef]

Toni, M.C.; Mierelles, A.E.W.B.; Gava, EN.; Camacho, A.A ; Laus, ].L.; Canola, ].C. Rabbits” eye globe sonographic biometry. Vet.
Ophthalmol. 2010, 13, 384-386. [CrossRef] [PubMed]

Spaulding, K. Eye and Orbit. In Atlas of Small Animal Ultrasonography, 1st ed.; Pennick, D., D’Anjou, M.A., Eds.; Blackwell: Ames,
IA, USA, 2008; pp. 56-66.

Wallman, J.; Turkel, J.; Trachtman, J. Extreme myopia produced by modest change in early visual experience. Science 1978, 201,
1249-1251. [CrossRef] [PubMed]

Hocking, PM.; Guggenheim, J.A. The chick as an animal model of eye disease. Drug Discov. Today Dis. Model 2014, 10, 225-230.
[CrossRef]

Chandler, ].W.; Gillette, T.E. Inmunologic defense mechanisms of the ocular surface. Ophthalmology 1983, 90, 585-591. [CrossRef]
Woldehivet, Z. Avian Chlaydophilosis (Chlamydiosis/Psittacosis/Ornithosis). In Poultry Diseases, 6th ed.; Pattison, M., McMullin,
PF, Bradbury, ].M., Alexander, D.J., Eds.; Elsevier: Amsterdam, The Netherlands, 2008; pp. 235-242.

Gerding, P.A.; Cormany, K.; Weisiger, R. Survey and topographic distribution of bacterial and fungal microorganisms in eyes of
clinically normal cats. Feline Pract. 1993, 21, 20-23.

Barsotti, G.; Sgorbini, M.; Nardoni, S.; Corazza, M.; Mancianti, F. Occurrence of fungi from conjunctiva of healthy horses in
Tuscany, Italy. Vet. Res. Commun. 2006, 30, 903-906. [CrossRef]

Sgorbini, M.; Barsotti, G.; Nardoni, S.; Mancianti, F.; Rossi, S.; Corazza, M. Fungal flora of normal eyes in healthy newborn foals
living in the same stud farm in Italy. J. Equine Vet. Sci. 2008, 28, 540-543. [CrossRef]

Johns, I.C.; Baxter, K.; Booler, H.; Hicks, C.; Menzies-Gow, N. Conjunctival bacterial and fungal flora in healthy horses in the UK.
Vet. Ophthalmol. 2011, 14, 195-199. [CrossRef]

Khosravi, A.R.; Nikaein, D.; Sharifzadeh, A.; Gharagozlou, F. Ocular fungal flora from healthy horses in Iran. J. Mycol. Med. 2014,
24,29-33. [CrossRef]

Voelter-Ratson, K.; Monod, M.; Unger, L.; Spiess, B.M.; Pot, S.A. Evaluation of the conjunctival fungal flora and its susceptibility
to antifungal agents in healthy horses in Switzerland. Vet. Ophthalmol. 2014, 17, 31-36. [CrossRef]


http://doi.org/10.1638/2012-0144R1.1
http://www.ncbi.nlm.nih.gov/pubmed/23805550
http://doi.org/10.1111/vop.12123
http://www.ncbi.nlm.nih.gov/pubmed/24238103
http://doi.org/10.1647/2015-094
http://www.ncbi.nlm.nih.gov/pubmed/28107078
http://doi.org/10.1647/2008-050
http://doi.org/10.1111/vop.12389
http://doi.org/10.1111/vop.12493
http://doi.org/10.1638/2016-0115.1
http://doi.org/10.1638/2016-0256.1
http://www.ncbi.nlm.nih.gov/pubmed/28920779
http://doi.org/10.4314/ovj.v8i3.14
http://www.ncbi.nlm.nih.gov/pubmed/30483458
http://doi.org/10.1111/vop.12728
http://www.ncbi.nlm.nih.gov/pubmed/31774216
http://doi.org/10.1647/1082-6742-34.2.123
http://www.ncbi.nlm.nih.gov/pubmed/32702951
http://doi.org/10.1111/j.1755-3768.1955.tb03329.x
http://www.ncbi.nlm.nih.gov/pubmed/13301637
http://doi.org/10.1001/archopht.116.6.773
http://www.ncbi.nlm.nih.gov/pubmed/9639446
http://doi.org/10.1111/j.1463-5224.2010.00820.x
http://doi.org/10.1111/j.1463-5224.2012.01044.x
http://doi.org/10.1638/2013-0123R1.1
http://doi.org/10.1111/j.1463-5224.2010.00831.x
http://www.ncbi.nlm.nih.gov/pubmed/21182723
http://doi.org/10.1126/science.694514
http://www.ncbi.nlm.nih.gov/pubmed/694514
http://doi.org/10.1016/j.ddmod.2014.02.003
http://doi.org/10.1016/S0161-6420(83)34510-3
http://doi.org/10.1007/s11259-006-3366-5
http://doi.org/10.1016/j.jevs.2008.07.018
http://doi.org/10.1111/j.1463-5224.2010.00867.x
http://doi.org/10.1016/j.mycmed.2013.10.006
http://doi.org/10.1111/vop.12088

Animals 2021, 11, 2987 18 of 18

65.

66.

67.

68.

69.

70.

Nardoni, S.; Sgorbini, M.; Barsotti, G.; Corazza, M.; Mancianti, F. Conjunctival fungal flora in healthy donkeys. Vet. Ophthalmol.
2007, 10, 207-210. [CrossRef]

Laus, F; Faillace, V.; Attili, A.R.; Spaterna, A.; Tesei, B.; Cuteri, V. Conjunctival bacterial and fungal flora in healthy donkeys in
Central Italy. Large Anim. Rev. 2016, 22, 137-142.

Sgorbini, M.; Barsotti, G.; Nardoni, S.; Brombin, M.; Sbrana, A.; Mancianti, F.; Corazza, M. Seasonal prevalence of fungi in the
conjunctival fornix of healthy cows during a 2-year study. Vet. Ophthalmol. 2010, 13, 227-234. [CrossRef] [PubMed]

Verneuil, M.; Durand, B.; Marcon, C.; Guillot, J. Conjunctival and cutaneous fungal flora in clinically normal dogs in southern
France. J. Mycol. Med. 2014, 24, 25-28. [CrossRef] [PubMed]

Bourguet, A.; Desprez, I; Volait, L.; Guyonnet, A.; Pignon, C.; Boulouis, H.J.; Guillot, J.; Chahory, S. Conjunctival bacterial and
fungal flora and cutaneous fungal flora in healthy domestic rabbits (Oryctolagus cuniculus). J. Small Anim. Pract. 2019, 60, 417-422.
[CrossRef] [PubMed]

Di Ianni, F; Dodi, PL.; Cabassi, C.S.; Pelizzone, I; Sala, A.; Cavirani, S.; Parmigiani, E.; Quintavalla, F; Taddei, S. Conjunctival
flora of clinically normal and diseased turtles and tortoises. BMC Vet. Res. 2015, 11, 1-9. [CrossRef]


http://doi.org/10.1111/j.1463-5224.2007.00537.x
http://doi.org/10.1111/j.1463-5224.2010.00788.x
http://www.ncbi.nlm.nih.gov/pubmed/20618800
http://doi.org/10.1016/j.mycmed.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24411176
http://doi.org/10.1111/jsap.12989
http://www.ncbi.nlm.nih.gov/pubmed/30875093
http://doi.org/10.1186/s12917-015-0405-x

	Introduction 
	Materials and Methods 
	Rearing Conditions of Chickens 
	Data Collection 
	Ophthalmologic Examination 
	Ultrasound Biometric Measurements 
	Conjunctival Bacterial and Fungal Flora Identification 
	Statistical Analysis 

	Results 
	Ophthalmologic Examination 
	Ultrasound Biometric Measurements 
	Conjunctival Bacterial and Fungal Flora Identification 

	Discussion 
	Conclusions 
	References

