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in the diagnosis of keratoconjunctivitis in a goat herd

Latife CAKIR', Kadir Semih GUMUSSOY?, Osman KUTSAL?, Arda Selin TUNC®

Erciyes University, Faculty of Veterinary Medicine, 'Department of Pathology; “Department of Microbiology, Kayseri; *Ankara
University, Faculty of Veterinary Medicine, Department of Pathology, Ankara, Turkey.

Summary: In this study, cytological examination of smears prepared with cytospin and bacteriological isolation from the
samples taken with cytobrush from corneal surface of goats with keratoconjunctivitis were evaluated. An outbreak of infectious
keratoconjunctivitis, which is particularly affecting kids, was determined in a herd of Saanen goats consisting of 200 animals (120
kids and 80 goats) that located in Bursa province between 2011 and 2012. One hundred and twenty kids were affected severely in
this occurrence whereas approximately 10% of the mothers were affected. In clinical examinations, lacrimation and mucopurulent
ocular discharge were observed in the kids. In the advanced stages of the illness, the most remarkable lesion was severe corneal
edema, which is characterized by opacity and vascularizaton. Although the clinical signs started to appear solely in one eye, both
eyes of all the kids were, generally, become affected whereas the mothers had unilateral ocular lesions. The mortality rate in kids
reached up to 20% even though they received treatment. All of the infected mothers recovered after treatment. Ocular brush samples
were randomly taken from 30 kids for cytological and microbiological examinations.

Conjunctival brush samples were examined with cytospin technique to determine whether cellular features can be utilized for
cytodiagnosis. The epithelial cells collected with cytobrush were deposited onto poly-L-lysine coated slide glasses by cytocentrifuge.
Slides were stained with hematoxylin and eosin (HE). All of the brush samples were cultivated at 37 °C under aerobic conditions for
microbiological investigations. The suspicious colonies were selected and subcultured for phenotypical tests. The susceptibility of
isolates to the antibiotics was determined via disc diffusion method. In cytological examinations, the commonly encountered cell
types in eyes with keratoconjunctivitis were neutrophils with or without bacteria located intracellularly as well as eosinophils,
lymphocytes and macrophages. Extracellular bacterial clusters were also observed in some cases. Brush cytology samples taken
from eyes with corneal ulcers showed significant reactive cellular changes. The most common bacteria isolated and identified were
Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli with the rates of 61.11, 50 and 47.22% respectively. All
isolated strains had different susceptibility to various antibiotics. Seventy of 120 treated kids recovered within a week but the disease
recurred in some of them (n=40). As a result, microbial culture and cytospin preparation of ocular surface samples can contribute for
identification of keratoconjunctivitis. This is the first report with regard to the occurrence of keratoconjunctivitis in Saanen goats.
Moreover, this study is of importance because cytospin technique can be used to aid in the rapid diagnosis and follow up surveillance
of the ocular diseases.

Key words: Brush cytology, cytospin technique, goat, keratoconjunctivitis.

Bir Keci siiriisiinde keratokonjunktivitisin teshisinde fir¢a sitolojisi (sitospin teknik) ve kiiltiir
sonuclarinin degerlendirilmesi

Ozet: Bu calismada, keratokonjunktivitisli kecilerin korneal yiizeylerinden firga ile alinan 6rneklerin bakteriyolojik izolasyonu
ve sitospinle hazirlanmis yaymalarinin sitolojik incelenmesi degerlendirildi. 2011-2012 yillart arasinda Bursa'da bulunan 200 baslik
(120 oglak ve 80 keci) bir Saanen kegi siiriisiinde, 6zellikle oglaklar etkileyen, kegilerin bulasici keratokonjunktivitisi saptandi. Bu
vakada 120 oglak siddetli olarak etkilenirken annelerin %10’ u etkilendi. Oglaklarda klinik olarak lakrimasyon, mukopurulent okiiler
akint1 saptandi. Hastaligin ilerlemis asamalarinda opaklagma ve vaskiilarizasyonla karakterize siddetli korneal 6dem belirlendi. Tiim
oglaklarda klinik bulgular bir gdzde goriilmeye baslayip her iki gozii de etkiledi. Analarda ise goz lezyonlarn tek tarafliydi. Tedavi
edilmis olmalarina ragmen oglaklarda mortalite oran1 %20’ye ulasti. Tedavi sonrasi tiim infekte analarda iyilesme gozlendi. Sitolojik
ve mikrobiyolojik incelme icin rastgele 30 oglaktan okiiler firca drnekleri alindi. Firga ile toplanan epitel hiicreleri sitosantrifiij ile
poli-L-lisin kapli lamlara alinmistir. Lamlar, Hematoxylin-eosin (HE) boyama teknigi ile boyanarak incelenmistir. Tiim fir¢a
ornekleri, 37 °C' de aerobik sartlar altinda mikrobiyolojik incelemeler igin kiiltiire edilmistir. Siipheli koloniler se¢ilmis ve fenotipik
testler icin pasajlanmistir. Izolatlarinin antibiyotik duyarliliklari disk difiizyon yontemi kullanilarak yapilmustir. Sitolojik
incelemelerde, aktif keratokonjuktivitisli goézlerde yaygin olarak, sitoplazmalarinda bakteri bulunan ya da bulunmayan

* This paper was presented as an oral presentation in 37th European Congress of Cytology, 30 September-3 October 2012,
Dubrovnik-Cavtat, Croatia.
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polimorfoniiklear nétrofil 16kositler ile eozinofil 16kositler, lenfosit ve makrofajlar saptandi. Ayrica bazi orneklerde ekstraselliiler
bakteri kiimeleri goriildii. Kornea iilserli gozlerden alinan firga drneklerinde dnemli reaktif hiicresel degisiklikler mevcuttu. Alinan
orneklerin mikrobiyolojik incelemesi sonucunda sirasiyla %61,11, %50 ve %47,22 oraninda Staphylococcus aureus, Pseudomonas
aeruginosa ve Escherichia coli izole ve identifiye edildi. Izole edilen suslar gesitli antibiyotiklere kars1 farkli duyarliliklar gosterdi.
Tedavi edilen 70 oglagin bir hafta iginde iyilestigi ancak bu hayvanlarin bazilarinda (n=40) niiks oldugu goriildii. Sonug¢ olarak,
okiiler yiizey orneklerinin mikrobiyal kiltiirii ve sitosantrifiij ile hazirlanan preparatlarin sitolojik yonden degerlendirilmesi
keratokonjunktivitisin tanisina katki saglayabilir. Bu ¢aligma, Saanen kecilerinde keratokonjunktivitis olgusunu sitospin teknigi ile
saptayan ilk ¢aligmadir. Ayrica, sitospin tekniginin okiiler yiizey hastaliklarinin teshisi ve takibinde kullamilabilirligini géstermesi

yoniinden de bu ¢alisma 6nem tagimaktadir.

Anahtar sozciikler: Firga sitolojisi, kegi, keratokonjunktivitis, sitospin teknik.

Introduction

Infectious keratoconjunctivitis is recognized as a
worldwide contagious disease affecting the eyes of
domestic and wild sheep and goats (18). It is
characterized by localized inflammation of the
conjunctiva and cornea. Outbreaks frequently occur
when new goats are introduced to the herd when they are
transported or relocated. Infection spreads easily from
one eye to the other and from animal to animal (6, 8).
Though most common in the summer and in young
animals, it may occur at any time of the year and in sheep
and goats of any age. It occurs in all sheep and goat-
raising areas of the world, though the primary causative
organisms may vary (14). Identification of the causative
microorganisms is the mainstay of the treatment of ocular
surface infections (26). However, several bacteria have
been isolated from healthy and infected goats’ eyes. The
absence of significant inflammation is helpful in these
cases (27). Cytological examination is a valuable
diagnostic tool in infective and degenerative ocular
surface disorders (36). A cytospin preparation is a
concentration of cells taken directly from specimens or
from scraped cell cultures (28). Although there are a
great number of studies related to the microbial isolation
of the bacteria in infectious keratoconjunctivis in goats
(19, 23, 24, 31, 32), there is no previous study related to
cytopathologic assessment of the goat’s kerato-
conjunctivitis via brush cytology with cytospin
technique. There are few reports concerning Gram
stained smears prepared with samples taken by scraping,
swab or brush of the conjunctiva in goats (3, 8). In
humans, the cytobrush techniques is the method of
choice for ocular (13, 30, 34, 36) and cervical cytology
(2, 21). Human cytology brush can be modified for
veterinary application (22). Gynecological cytobrush for
collection of conjunctival specimens have been described
in veterinary practice (5, 9, 22). To the authors’
knowledge, this is the first case concerning infectious
keratoconjunctivitis in a herd of Saanen goats reported in
Tiirkiye. In this study, the assessment of utilization of
brush cytology with cytospin preparation in the diagnosis
of caprine keratoconjunctivitis, and the correlation
between the results of cytospin centrifuge and the

microbiological examinations in goats with kerato-
conjunctivitis were evaluated.

Materials and Methods

Animals and Clinical History: The outbreak had
been occurred in a herd consisting of 200 Saanen goats
(120 kids and 80 mothers) in Kosubogazi village,
Mustafa Kemal Pasa county of Bursa. During the
outbreak, all of the kids and approximately 10% of the
mothers were affected with varying severity. The ocular
specimens were collected from 30 kids aged 3.5 to 4
months. Animals were used with the permission of the
Board of Ethics in Animal Experiments of Ankara
University.

It was reported that outbreak occurred when a new
herd of goats were brought into the farm, and the
infection was seen especially in the last two years in
summer months. The disease was developed within 1-2
weeks following the birth of the kids in April. The
disease seen especially in the kids (n=120) but rarely
seen in mothers (n=8). The disease initially commenced
in the herd as a sporadical disease, later it spread rapidly.
The disease started primarily with conjunctivitis in the
newborn kids with a little rheum in eyes, within a few
days (3-5 days) and eyes became irritated and sometimes
closed. Kids had bilateral ocular lesions whereas mothers
had unilateral. Eyes of the animals had been washed with
cold soapy water for treatment purpose, and later
antiseptic eye drops have been applied. The mothers
recover after a short time of the treatment. However, no
complete recovery has been observed in kids after
treatment. Then the kids were treated with antibacterial
drugs, [primamycin (oxytetracycline), unofen (tilmicosin)
and enrolen (enrofloxacin)] via parenteral route. In
addition, eyes were washed with a mixture of penicillin
with a 0.9% NaCl solution, which was more effective
than the previous treatment. Ratio to respond to treatment
of the treated animals reached up to 70-80%, but
infection in these animals was seen again. Most of the
kids whose eyes were closed died because of inability to
reach the food and water. The mortality rate reached up
to 20%. The disease spread quickly in the kid population.
A significant decrease in the infection rate was observed
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following the treatment but it has recurred after 15-20
days.

Clinical signs: All the affected kids showed
depression, serous or muco-purulent ocular discharge. In
early stages, the disease presented unilateral or bilateral
conjunctivitis with hyperaemia of the vessels. In general,
both eyes were affected, although severity of symptoms
differed between two eyes. The macroscopic changes in
the eyes were characteristic. In advanced stage, a mild
corneal opacity with the accompanying ulcer and
conjunctivitis were seen. In more advanced stages, the
process extended over the whole cornea, causing a blue-
greyish turbidity and corneal ulceration (Figure 1) and
later on herniation in the centre of the eyes has been
encountered. This kind of cases possed irreversible
changes from the point of view of vision.

Figure 1. A) Keratoconjunctivitis in the eyes of the kids.
Plumped scleral blood vessels, and muco-purulent ocular effusion.
B) Severe corneal ulcer characterized by a corneal cellular
infiltrate (blue-grayish opacity) and perilesional corneal edema
and vascularization.

Sekil 1. A) Keratokonjunktivitisli oglak gozii. Skleral kan
damarlarinda dolgunluk, mukopurulent okiiler efiizyon. B)
Korneal hiicresel infiltrasyon (mavi-grimsi bulaniklik), lezyon
etrafinda korneal &dem ve vaskiilarizasyonla karakterize
korneal iilser.

Figure 2. Top. Cytobrush immersed in Cytospin collection fluid.
Bottom. Cytobrush for ocular samples used for bacteriological
and cytological examination.

Sekil 2. Ust. Sitospin hiicre koruyucu soliisyonuna daldirilms
firca. Alt. Okiiler yiizeyden bakteriyolojik ve sitolojik 6rnek
almak i¢in kullanilan firca.

Cytospin Technique: Conjunctival brush samples
were obtained from one eye of each of the 30 kids picked
at random. A special brush (Cytobrush, Gynobrush Plus,
Germany) that is used in cervical cytology in human (7)
was used in order to collect conjunctival cells efficiently.
After topical application of anaesthetic to the temporal
bulbar and forniceal area, the samples were obtained
from the conjunctiva by rotating the cytobrush gently
under slit lamp observation. Brushes were taken into
fixative solution (Cytospin collection fluid, Thermo
Shandon 6768001, USA), and cytocentrifuged at 1500
rpm for 15 minutes (Figure 2). Epithelial cells collected
by the brush cytology technique were deposited onto
poly L-lysine coated slide glasses by cytocentrifugation
(Cytospin; Thermo Shandon Southern Ltd, Cheshire,
England). Wet cytocentrifuged slides were drawn out,
dried and stained with Hematoxylin-eosin (HE). The
slides were mounted with mounting medium (Merck).
All slides were photographed with a digital camera
(Olympus DP71) and digital programmers (DP
Controller and the DP Manager) fitted to a microscope
(BX-51, Olympus) (minimum of 4 fields per slide, using
x10, x40,and x100 objectives).

Microbiological Examinations: Ocular specimens
were collected with a pre-moistened brush with sterile
saline and applied to surfaces of conjunctiva and cornea.
Samples were taken into tubes containing Cary-Blair
transport media (Lab M, UK) and immediately submitted
to microbiology laboratory. They were inoculated onto
blood agar (Merck, Germany) and Mac Conkey agar
(Merck, Germany) and incubated at 37 °C for 24-48
hours. The suspicious colonies were selected and
subcultured for phenotypical tests. The antibiotic
susceptibility testing was performed using disc diffusion
method (4). In antibiotic susceptibility test, a total of 14
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different antibiotic discs soaked with amoxicillin (25 pg),
amoxicillin-clavulanic acid (30 pg), cefotaxime (30 pg),
ciprofloxacine (30 pg), enrofloxacin (5 pg), gentamycin
(10 pg), imipenem (10 pg), penicillin (10 pg), neomycin
(30 pg), norfloxacin (30 pg), oxytetracyclin (30 pg),
tetracyclin (30 pg) and tobramycin (10 pg) were used.

Results

Cytological findings: The morphological appearance
of epithelial cells was evaluated. The cytological samples
exhibited abundant cellularity with very homogeneous
cell size. In cytological examination of ocular surface,
rounded small cells, mucus secreting goblet cells and
columnar epithelial cells of normal conjunctiva with
noncornified squamous epithelium of cornea were
common in some samples. These cells with eosinophilic
stained cytoplasm had similar shape and sizes. The type
of cells commonly encountered from eye with active
conjunctivitis and keratitis were polymorphonuclear
neutrophils, lymphocytes and macrophages. Mucus and
keratin were seen in most of the cases. Neutrophils, with
or without bacteria located intracellularly or extracellular
bacterial cluster were abundant. Significant dysplastic
changes in epithelial cells were present in a few samples
with corneal ulcers. The dysplastic changes were
consisted of enlarged hyperchromatic nuclei, bi- and
multinucleated cells with increased nuclear/cytoplasmic
ratio and irregular nuclear contour. In the squamous
metaplasia of conjunctiva, the cells with abundant
cytoplasm, reduced nuclear/cytoplasmic ratio and
pyknotic nuclei were observed (Figure 3).

Bacteriological Findings: Staphylococcus aureus
was the most frequently occurring Gram-positive strain

(61,11 %), and Pseudomonas aeruginosa was the
predominant Gram-negative strain (50 %), Escherichia
coli (47.22 %) were commonly isolated pathogens from
eyes of goats at rates.The results of antibiotic
susceptibility testing are presented as Tablel.

Discussion and Conclusion

The cytology is a minimally invasive diagnostic
tool that continues to expand in veterinary medicine (11,
15). The cytology is involved in the conditions such as
chronic or severe ocular surface inflammation and/or
abscesses, ocular surface diseases that do not respond to
therapy, progressive or deep melting corneal ulcers and
proliferative masses of the cornea, conjunctiva and
nictitating  membrane. Samples for cytological
examinations can be collected from ocular surface by
scraping (swabs or cytobrush) and impression smears (7,
9, 10, 17, 20, 35). It has been reported that the nylon-
bristled cytobrush is used to obtain the best diagnostic
sample (36). The cytobrush technique has the advantages
such as increased total number of cells, acquisition of
cells from deeper layers with less intervention, high
quality cell morphology, and reduced cell overlapping
(11, 36). This technique also provides the opportunity for
simultaneous studies of the samples taken from very
different areas of the ocular surface. The cytobrush is
commonly used as a tool for obtaining cervical samples
as well as ocular samples in human (2, 30, 36). However,
it has been reported in limited studies in veterinary
pathology (5, 9, 18, 22, 26) that the same type cytology
brushes are used successfully for ocular cytology in dogs
and cats.

Table 1. Antibiotic susceptibility of the bacteria isolates from kids eye with keratoconjunctivitis.
Tablo 1. Keratokonjuktivitisli oglaklardan izole edilen bakterilerin antibiyotiklere duyarliliklar:.

Bacteria Pseudomonas aeruginosa Staphylococcus aureus Escherichia coli
Antibiotics Zone of inhibition Sensivity . .Z.O.n ¢ of Sensivity . .Z.O.n ¢ of Sensivity
(mm) inhibition (mm) inhibition (mm)
Amoxycillin 25 S 27 S 17 I
Amoxyecillin-Clavulanic acid 26 S 28 S 17 I
Cefotaxime 18 I 17 I 16 I
Cefuroxime sodium 24 S 25 S 17 I
Ciprofloxacine 16 I 21 S 20 I
Enrofloxacin 27 S 24 S 16 I
Gentamycin 14 I 16 S 14 I
Imipenem 14 I 15 I 14 I
Penicillin 10 R 25 I 0 R
Neomycin 15 I 7 R 0 R
Norfloxacin 16 I 14 I 13 I
Oxytetracyclin 15 I 8 R 18 I
Tetracycline 17 I 16 I 18 I
Tobramycine 14 I 13 I 10 R

Sensitivity : R:Resistant, I: Intermediate, S: Susceptible.
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Figure 3. Cytospin preparation of ocular surfaces with keratoconjunctivitis and corneal ulcer (HE). A) Intensive neutrophil
leucocytes with squamous epithelial cells background showing keratoconjunctivitis. Inset shows higher magnification. B) The
presence of degenerative neutrophils and clump of bacteria (framed area). C) Mononuclear (macrophages, lymphocytes, and
plasmocytes) and conjunctival epithelial cells seen in samples taken with brush. Inset shows epithelial cells arranged in cell group.
D) The plump and oval Goblet cells (arrows) with light cytoplasm among the dysplastic cells. E) Dysplastic cells that have well
defined cytoplasm, increased nucleocytoplasmic ratio, hyperchromasia and nuclear pleomorphism. F) Binucleated (arrow) and
trinucleated conjunctival epithelial cell (inset).

Sekil 3. Okiiler yiizeyin sitospin teknigiyle hazirlanan keratokonjunktivitis ve kornea ilserini gosteren preparatlar A)
Keratokonjunktivitisi gosteren yogun nétrofil l6kositler ile skuamdz epitel hiicreler. Ekli resim daha biiyiik biiylitmeyi
gostermektedir. Cift cekirdekli hiicreler (sar1 ok). (B) Dejeneratif notrofil 16kositler ve bakteri kiimeleri (ekli alan). C) Konjunktival
epitel hiicrelerini de igceren ¢ok sayida mononiiklear hiicreleri (makrofaj, lenfosit, plazma hiicresi) gosteren fir¢a drnegi. Ekli resim
diizenli hiicre gruplarimi gostermektedir. D) Displazik hiicreler arasinda dolgun ve oval sekilli, agik renk sitoplazmali goblet hiicreleri
(oklar). E) Hiperkromazi ve niikleer pleomorfizm gosteren, sitoplazmalari belirgin ve niikleositoplazma orani artmis olan displazik
hiicreler. F) Cift ¢ekirdekli (ok) ve ii¢ ¢ekirdekli (ekli resim) konjunktival epitel hiicreleri.
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Wills et al. (35) who clinically assessed the conjunctive
cell morphology in normal dogs and cats have indicated
that cytobrush is an effective technique in the determination
of the conjunctival changes. Hillstrom et al. (16) have
also used brush cytology in the diagnosis of feline
conjunctivitis, and indicated that transfer of cells from
the brush to the slide must be gentle to avoid fragmentation
of the cells, but enough pressure must be used to ensure
adequate transfer of cells to the glass slide.

The cytospin technique has been used widely for
many years for processing urine, respiratory specimens,
and body fluids in human (2, 29). The cytospin monolayer
technique allows the diagnosis of intraocular lymphoma
(12). This quick, inexpensive and non-invasive method
may have a role in diagnosis, screening and surveillance
of patients. The primary publications regarding brush
cytology, and very limited studies on cytological sample
collection techniques for ocular diseases were concerned
mostly with the conventional direct smear method (3, 8,
10). To the authors’ knowledge, no previous study has
reported the diagnosis of keratoconjunctivis by cytospin
technique with cytobrush in goats’ ocular cytology.
Therefore, in this study, the preparations of ocular
samples collected by cytobrush and prepared by cytospin
centrifuge were examined and the effectiveness of
cytospin technique in the diagnosis of keratoconjunctivis
seen in goats was evaluated.

Conjunctival flora of goats consists of many
resident microorganisms (25). Severel bacteria such as
Staphylococcus Pasteurella  haemolytica,
Moraxella bovis, Mycoplasma spp. were isolated from
the eyes of healthy goats (26). Given a chance any
organism can cause opportunistic infections in humans
(29) and very occasionally in goats (14, 26). The
microorganisms that are commonly isolated in the
domestic and wild caprinae with keratoconjunctivitis are
Mycoplasma spp., Chlamydia psittaci, aerobic bacteria
(Neisseria ovis, Staphylococcus aureus, Streptococcus
spp., Moraxella spp, Escherichia coli, Pseudomonas spp,
Arcanobacterium pyogenes, Listeria monocytogenes) (1,
3,6, 8, 14, 19, 25). Therefore, cytological examination
together with the culture of the ocular specimens remains
as the gold standard for differential diagnosis (29). In this
study, only a few bacteria such as S. aureus, P.
aeruginosa and E. coli, were isolated from kids with
clinical signs of keratoconjunctivitis, and they were
considered as possible aetiological agents as indicated in
previous studies (3, 8, 14).

The choice of antimicrobial therapy before
obtaining antimicrobial susceptibility testing results must
be based on clinical signs and cytological findings (24,
27). In the present study, S. aureus and P. aeruginosa
were found to be susceptible to amoxicillin, amoxicillin
clavulanic acid, cefuroxim sodium and enrofloxacin
whereas E. coli was found to be resistant to all of the

aureus,

antibiotics tested in this study, which can be attributed to
the resistance of the E. coli strains to antibiotics in
general.

The cytological evaluation of ocular samples is of
importance for identification of keratoconjunctivitis,
especially in animals receiving antimicrobial treatment.
In the cytological assessments, if the predominant cell
type is degenerative neutrophils, then the most common
underlying causes are bacteria or fungi in the actiology of
the eye diseases (2, 15). In this study, squamous metaplasia
may be indicative of a higher degree of epithelial damage
of conjunctival epithelial cells, and presence of
neutrophils and macrophages is a strong indicator of an
inflammatory aetiology for this disease. The observation
of neutrophils with intracellular bacteria as well as
presence of the in extracellular bacterial clusters, which
were in agreement with the previous reports (9, 11, 15),
showed infection, thus antibiotic therapy were based on
evidence of polymorphonuclear cells along with the
results of culture and susceptibility testing of the isolated
strains.

Multinucleated epithelial cells have been noted in
people (33) with conjunctivitis and have been reported in
feline keratoconjunctivitis (16). Binucleated epithelial
cells were commonly seen in the presented study as
previously reported in dogs (9) and human (29, 36) with
keratoconjunctivitis. These cells may indicate reactive
changes in sites of intense chronic inflammation.

The results of the present study have suggested that
cytospin centrifuge together with brush cytology, which
is a rapid and inexpensive technique, provides good
quality sample preparations thus can be used efficiently
along with the bacterial culture for monitoring of corneal
damage and the early diagnosis of keratoconjunctivitis in
goats.
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