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The purpose of this study was to assess the condition of cells in the con-
junctiva and corneal epithelium prior to and during cyclosporine- or tacrolimus-
based treatment of keratoconjunctivitis sicca (KCS). The study was performed on 
40 dogs with KCS. The dogs were divided into two groups of 20 animals each. In 
Group I, 0.75% cyclosporine eye drops were administered three times a day, 
while in Group II 0.02% tacrolimus eye drops were administered twice daily. Ad-
ditionally, each group was subdivided into three subgroups based on the results of 
the Schirmer I tear test (STT I). Evaluation of cellular metaplasia in the cornea 
and the palpebral and bulbar conjunctiva based on the Nelson–Adams scale was 
performed by impression cytology using Millipore round filters (Millipore VSWP 
01300 DA) of 25 µm pore diameter applied to the studied area. Ophthalmological 
and cytological examinations were performed prior to the treatment as well as af-
ter one and two months of therapy. In both groups, a decrease in Nelson–Adams 
values was observed, corresponding to the increasing STT values [Rxy Spearman 
statistically significant correlation coefficient values between –0.75 (P < 0.001) 
and –0.45 (P < 0.01)]. The absence of goblet cells was observed in all dogs, re-
gardless of the KCS stage. Goblet cells reappeared following both tacrolimus- and 
cyclosporine-based treatment in impression cytology specimens classified as 0 in 
the Nelson–Adams scale. The extent of corneal and conjunctival metaplasia in the 
course of tacrolimus- and cyclosporine-based treatment of KCS decreases with 
increasing STT values. 

Key words: Keratoconjunctivitis sicca, impression cytology, tacrolimus, 
cyclosporine, dog 

Dry eye syndrome (keratoconjunctivitis sicca, KCS) is an ophthalmic dis-
ease commonly diagnosed in dogs. It is characterised by inadequate tear produc-
tion and/or incorrect composition of the lacrimal film, which leads to pathologi-
cal, inflammatory and degenerative processes in the cornea and conjunctiva. Un-
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treated or incorrectly treated KCS can lead to vision impairment or even blind-
ness (Kaswan et al., 1985; Barnett, 1997; Balicki et al., 2008). Most clinical cas-
es entail the immunological form of KCS related to infiltration by mononuclear 
cells and atrophy of the glandular tissue of lacrimal glands (Kaswan et al., 1984, 
1985; Whitley et al., 1991). Early signs of the disease include reddening of the 
conjunctiva, blepharospasm and the presence of mucoid or mucopurulent exu-
date in the conjunctival sac. The subsequent stage involves vascular ingrowth, 
pigmentation and ulceration of the cornea. The results of the Schirmer tear test 
(STT) facilitate the diagnosis and allow the determination of disease severity. 
The standard drug used in the treatment of KCS is cyclosporine which is often 
prepared as oil-solution eye drops (Gilger et al., 1995; Gilger and Allen, 1998; 
Gelatt, 2007). However, the use of tacrolimus in KCS therapy is currently be-
coming increasingly popular. It is believed that the effects of the latter are more 
potent than those of cyclosporine, which allows the medicine to be administered 
less frequently. Furthermore, the drug is poorly soluble in water but it can be used 
as an aqueous suspension and thus it causes less irritation and is more easily ac-
cepted by animals (Chambers et al., 2002; Berdoulay et al., 2005). In a previous 
study on the same group of dogs it was found that the application of both tacro-
limus 0.02% aqueous suspension eye drops and cyclosporine 0.75% oil-solution 
eye drops resulted in a significant reduction of neovascularisation after the first 
and second month of treatment. However, in moderate and advanced stages the 
observed efficacy of tacrolimus was higher (Radziejewski and Balicki, 2016). 

The progression of pathological lesions in the conjunctival and corneal re-
gion can be evaluated by cytological examination. Cytological specimens can be 
obtained by invasive and non-invasive methods. The former entail collecting 
scrapings using special spatulas, brushes or a scalpel (Bauer et al., 1996; Dell-
man and Eurell, 1998; Cowell et al., 1999; Maggs et al., 2008). Such methods 
lead to a varying degree of conjunctival damage, which limits their applicability 
for frequent monitoring of treatment effectiveness and for analysing the effects 
of medication. The use of invasive methods of collecting cytological specimens 
is also hindered in cases involving considerable damage to the corneal surface 
(Thatcher et al., 1977). Among non-invasive methods, cytology of conjunctival 
sac fluid and impression cytology using cellulose filters can be mentioned (Eg-
bert et al., 1977; Thatcher et al., 1977; Nelson, 1988; Murube and Rivas, 2003; 
Balicki et al., 2011; Eördögh et al., 2015; Braus et al., 2016). The term ‘impres-
sion cytology’ is used to describe the process of collecting outermost cell layers 
by applying a cellulose filter. The technique of impression cytology was first de-
scribed by Egbert et al. in 1977. In human medicine, it is commonly employed in 
the diagnosis of allergic conjunctivitis, KCS, Chlamydia infection, vitamin A de-
ficiencies, Stevens-Johnson syndrome, mucopolysaccharidoses, and glaucoma 
(Nelson et al., 1983; Nelson, 1988; Whitley et al., 1991; Nepp et al., 2001; 
Maggs et al., 2008). 
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Impression cytology has also been used for the diagnosis, monitoring and 
treatment of chronic superficial keratitis in dogs. Results obtained in the course 
of an 8-month study demonstrated that the observed clinical signs were reflected 
well by the cytological results (Balicki, 2005). 

Balicki et al. (2011) used impression cytology for examining conjunctival 
and corneal epithelial cells in mixed-breed dogs with KCS. It was observed that 
conjunctival and corneal epithelial cells of patients with advanced clinical signs 
were large with irregular, elongated, often curled edges and small pyknotic nu-
clei. Non-nucleated cells were also present. Regardless of the severity of clinical 
signs, specimens collected from the bulbar and palpebral conjunctiva contained 
no goblet cells.  

Eördögh et al. (2015) used different filter papers to collect a monolayer of 
epithelial cells from the feline conjunctiva. The aim of their study was to esti-
mate practicability and determine the most appropriate filter to obtain maximal 
diagnostic value of impression cytology of the feline eye. 

The purpose of this study was to assess the condition of cells in the con-
junctival and corneal epithelium prior to and during cyclosporine- or tacrolimus-
based treatment of KCS in dogs. 

 
 

Materials and methods 

This clinical and cytological study was conducted on 40 dogs diagnosed 
with the immunological form of KCS, which had not been treated for the disease 
previously. Of the 40 dogs qualified for the study, 21 were male and 19 were fe-
male. KCS was diagnosed in dogs aged 1 to 13 years. 

The patients underwent detailed ophthalmic examinations using a slit lamp 
as well as indirect and direct ophthalmoscopy. Schirmer’s I tear test (STT I) val-
ues were determined with the use of standard strips (Schering-Plough Animal 
Health). All dog owners were comprehensively interviewed. The dogs were also 
subjected to thorough clinical examination in order to exclude other diseases. In 
all dogs, complete blood cell counts were conducted using a URIT-2900 Vet ap-
paratus (Guilin Botest Medical Electronic Co. Ltd.). Serum biochemical profiles 
were performed to determine the activities of alanine transaminase, alkaline 
phosphatase and aspartate transaminase, as well as the levels of urea, complete 
bilirubin, creatinine and glucose using a Rayto RT-1904 VET apparatus (Rayto 
Electronics Inc.). The dogs showed no clinical signs other than ophthalmologi-
cal, as confirmed by the haematological and biochemical tests performed. Ani-
mals diagnosed with hypothyroidism were excluded from the study. 

The dogs were randomly divided into two groups based on the medicine 
used for the treatment. In Group I 20 dogs received cyclosporine three times a 
day (0.75% oil-solution eye drops), while in Group II tacrolimus (0.02% aqueous 
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suspension eye drops) was administered twice daily. Additionally, each group 
was further divided into three subgroups based on the STT results. In both 
groups, Subgroup I consisted of 6 dogs with STT scores between 0 and 5 
mm/min, 7 dogs with STT scores between 6 and 10 were assigned to Group II, 
and 7 dogs with STT scores between 11 and 14 to Group III. The STT was con-
ducted using standard strips (Schering-Plough Animal Health). 

Where purulent exudate was observed in the conjunctival sac, patients re-
ceived 0.3% ofloxacin in the form of Floxal (Dr Mann Pharma) eye drops admin-
istered four times daily over a period of two weeks. If the purulent exudate per-
sisted, the patients received a 2-week treatment with 0.3% tobramycin drops 
(Tobrosopt, Polfa S.A.) administered four times daily. In cases of corneal ulcera-
tion, dexpanthenol (Corneregel, Dr Mann Pharma) was also administered three 
times a day. 

Cytological examination of the bulbar conjunctiva and corneal epithelium 
was performed by impression cytology using Millipore round filters (Millipore 
VSWP 01300 type DA) of 25 µm in diameter, which were applied onto the ex-
amined surface. Before applying the discs, the conjunctival sacs and corneas 
were anesthetised with proxymetacaine hydrochloride drops (Alcaine, Alcon). A 
single disc was used to collect material from the superior and interior temporal 
quadrants of the cornea and the adjacent bulbar conjunctiva. After collecting the 
material, the discs were fixed in 96% alcohol and stained using the PAS method. 

Clinical and cytological examinations were conducted prior to treatment 
as well as after one and two months of therapy. 

Evaluation of cytological specimens was performed on the 4-grade Nelson 
(Nelson, 1988) and Adams (Adams et al., 1988) scale which relies on the mor-
phology of epithelial and goblet cells by classifying them as follows:  

Grade 0: Epithelial cells are small, round with good acidophilic staining 
of cytoplasm, cell nuclei are large, uniform with a nucleus to cytoplasm ratio of 
1:1, 1:2; a large number of round and oval goblet cells, staining intensively. 

Grade 1: Epithelial cells are slightly smaller and sporadically pleo-
morphic, cytoplasm staining is less intensive, cell nuclei are smaller, their ratio 
to cytoplasm is 1:3; goblet cells are slightly less numerous but staining well, the 
cells are plump, oval, with clearly visible edges. 

Grade 2: Larger, pleomorphic epithelial cells with a further reduction of 
nucleus size down to 1:4, 1:5 ratio relative to cytoplasm; cytoplasm staining is 
not uniform, goblet cells are significantly less numerous, smaller, oval, often 
with unclear boundaries and reduced staining. 

Grade 3: Epithelial cells are large and pleomorphic, often elongated with 
pyknotic nuclei (sometimes non-nucleated) and very pale cytoplasm, the nucleus 
to cytoplasm ratio is 1:6 or higher, goblet cells are very scarce or absent, very 
weakly staining. 
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In accordance with the presented scale, conjunctivas classified under 
grades 0 and 1 are considered healthy, whereas grades 2 and 3 indicate cellular 
metaplasia. 

For the purposes of a comparative analysis of STT scores and cytological 
examination results of the conjunctiva and cornea obtained prior to treatment and 
after one and two months of therapy, the Friedman ANOVA statistical test was 
used for the respective dependent variables. Due to the absence of normal distri-
bution, results were interpreted on the basis of the median, minimum and maxi-
mum values rather than mean values and standard deviation. 

In order to determine the correlation between STT scores and the condi-
tion of the conjunctiva and cornea, Spearman’s non-parametric coefficient Rxy 

was calculated and its significance was verified by means of the t-test. 
The statistical analysis was conducted for patient groups treated as a 

whole, without the division into subgroups. 
 
 

Results 

After collecting material using impression cytology none of the patients 
showed signs of blepharospasm as a sign of damage to corneal epithelium and 
nerve ending exposure. Impression cytology specimens collected from the pa-
tients during treatment showed levels of squamous metaplasia consistent with the 
severity of clinical signs. The detailed results of the study are presented in Tables 
1–4. At the onset of treatment, no goblet cells were present. Corneal and con-
junctival epithelial cells gradually rounded up and started to stain more inten-
sively in patients showing treatment progress (Figs 1, 2 and 3). The nucleus to 
cytoplasm ratio also improved over time. Based on the extent of squamous meta-
plasia, faster reaction to treatment was observed in cytological specimens ob-
tained from the conjunctiva. Of the 18 conjunctival sac specimens classified as 3 
on the Nelson–Adams scale at the beginning of cyclosporine treatment, after two 
months 12 were classified as grade 1, 5 as grade 2 and only 1 as grade 3. In 
Group II, of the 22 cytological specimens originally classified as grade 3, after 
two months of treatment 4 specimens were grade 0, 11 were grade 1, 5 were 
grade 2, and 2 were grade 3. 

Conjunctiva specimens classified as grade 0 on the Nelson–Adams scale 
contained goblet cells. After the first month of treatment, goblet cells reappeared 
in 2 Group I conjunctivas and 2 Group II conjunctivas. After the second month, 
the numbers increased respectively to 12 conjunctivas treated with tacrolimus 
and 7 treated with cyclosporine. 

Impression cytology specimens from the 3 corneas from Subgroup I pa-
tients treated with tacrolimus showed no reduction of the Nelson–Adams grade 
and all from the same specimens remained classified as grade 3 until the end of 
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treatment. The same result was obtained for 6 cornea specimens from Subgroup I 
treated with cyclosporine. In Subgroups of Group I, of 28 corneas classified at 
the onset of treatment as grade 3, at the end of treatment 6 were classified as 
grade 3, 14 as grade 2, 7 as grade 1 and 1 as grade 0. In Group II, of 28 corneas 
classified at the onset of treatment as grade 3, after two months of therapy 6 were 
classified as grade 3 and 6 as grade 2, 13 were classified as grade 1 and 3 as 
grade 0. A statistical analysis of the obtained results revealed a significant de-
crease in the Nelson–Adams classification grades for conjunctival samples after 
one and two months of therapy with both tacrolimus and cyclosporine. A statisti-
cally significant decrease of Nelson–Adams grading was observed for cytologi-
cal specimens of the right and left cornea after two months of treatment with cy-
closporine and tacrolimus, and for the right cornea after the first month of treat-
ment with tacrolimus (Tables 1–4). 

 
Fig. 1. An impression cytology specimen from the right palpebral conjunctiva of patient no. 2, 

Subgroup I, Group I after 2 months of treatment. Pleomorphic epithelial cells. Absence of goblet 
cells – grade 2 on the Nelson–Adams scale. PAS staining, magnification: approx. × 120 

 
The correlation analysis conducted between STT scores and cytological 

examination results of the conjunctiva and cornea revealed statistically signifi-
cant correlations (Tables 7 and 8). It was observed that where STT scores in-
creased, the Nelson–Adams scale values decreased (Tables 5 and 6). Such corre-
lations occurred for the left cornea and conjunctiva as well as for the right cornea 
in Group I after the first month of treatment, as well as for all conjunctivas and 
corneas after two months of therapy. In Group II, significant correlations were 
observed after both the first and second month of treatment for the right and left 
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conjunctival sac, for both corneas after one month of treatment, and for the left 
cornea after two months of treatment. 

 
Fig. 2. An impression cytology specimen from the left cornea of patient no. 7, Subgroup II, Group 

I after one month of treatment. Pleomorphic epithelial cells. Nucleus to cytoplasm ratio 1:4,  
1:5 – grade 2 on the Nelson–Adams scale. PAS staining, magnification: approx. × 180 

 
Fig. 3. An impression cytology specimen from the right cornea of patient no. 1, Subgroup I, Group 
II after 2 months of treatment. Epithelial cells are slightly enlarged. Some cells are normal, some 

elongated – grade 1 on the Nelson–Adams scale. PAS staining, magnification: approx. × 180 
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Table 1 

Assessment of the conjunctiva on the Nelson–Adams scale for Group I patients 

Patient  
no. 

Before treatment After 1 month of treatment After 2 months of treatment 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

 Subgroup I 

1 3 3 2 3 2 3 
2 3 3 2 2 2 2 
3 3 3 1 2 1 1 
4 3 3 2 2 2 2 
5 – 3 – 2 – 1 
6 3 3 2 1 1 1 

 Subgroup II 

1 2 3 1 1 1 1 
2 2 1 1 1 1 1 
3 3 3 1 2 1 1 
4 2 3 1 2 1 1 
5 1 2 1 1 0 1 
6 1 2 0 2 0 1 
7 3 3 2 2 1 1 

 Subgroup III 

1 2 2 1 1 1 1 
2 2 2 2 2 2 2 
3 1 1 1 0 0 0 
4 1 1 1 1 0 0 
5 2 2 1 1 1 0 
6 – 2 – 1 – 1 
7 2 3 2 2 1 1 

–: cytological examination was not performed because of unilateral KCS 
 
 

Discussion 

This study demonstrated that the severity of the clinical signs of KCS is 
closely reflected by the cytological results. In the impression cytology specimens 
obtained from patients with advanced clinical signs, extensive metaplasia of con-
junctival and corneal epithelial cells was observed – classified as grade 3 on the 
Nelson–Adams scale. As STT scores increased and the severity of clinical signs 
decreased, less extensive changes were observed in the cytology specimens of 
the conjunctival and corneal epithelium. Similar results were reported by other 
authors who employed impression cytology for monitoring KCS in humans (Ma-
rek and Podhorska, 1995). Significant squamous metaplasia was also observed 
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when using impression cytology for the assessment of conjunctival and corneal 
epithelial cells in cases of KCS in mixed-breed dogs. Similar lesions were pre-
sent in both the cornea and the conjunctiva (Balicki et al., 2011). 

Table 2 

Assessment of the conjunctiva on the Nelson–Adams scale for Group II patients 

Patient  
no. 

Before treatment After 1 month of treatment After 2 months of treatment 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

 Subgroup I 

1 3 3 1 1 1 0 
2 3 3 2 1 1 1 
3 3 3 2 2 2 2 
4 3 3 3 3 3 3 
5 3 – 2 – 2 – 
6 3 3 3 3 2 2 

 Subgroup II 

1 3 2 1 0 0 0 
2 2 – 1 – 1 – 
3 3 3 1 1 1 1 
4 3 3 1 2 1 1 
5 2 2 1 1 1 1 
6 3 3 2 2 1 1 
7 3 2 1 1 0 0 

 Subgroup III 

1 3 2 1 2 1 0 
2 3 – 1 – 1 – 
3 1 2 1 1 0 0 
4 1 2 0 1 0 0 
5 1 1 1 1 1 1 
6 2 2 1 2 1 1 
7 3 2 1 1 0 0 

–: cytological examination was not performed because of unilateral KCS 

 
In their study on humans suffering from KCS, Reddy et al. (1991) reported 

a significant decrease in the number, or a complete absence, of goblet cells in 
certain advanced cases. When monitoring diseases causing exfoliation of the 
corneal epithelium, Singh et al. (1997) observed scarceness of goblet cells and in 
many cases complete absence of the same. Other studies also reported absence of 
goblet cells in KCS patients. These cells reappeared only after long-term treat-
ment with sodium hyaluronate in so-called artificial tears (Aragona et al., 2002). 
It is believed that in dogs suffering from lacrimal film production disorders, re-
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duction of goblet cell counts or their complete disappearance can be common 
(Moore and Collier, 1990; Balicki et al., 2011). A study by Balicki et al. (2008, 
2011) conducted on mixed-breed dogs revealed reduced counts or complete ab-
sence of goblet cells at every stage of KCS prior to treatment, regardless of the 
severity of signs. As a result of treatment, an increase in the number of goblet 
cells, or their reappearance, was observed in impression cytology specimens al-
ready in the first month of therapy. This increase in goblet cell counts correlated 
with the improvement of STT scores (Balicki et al., 2011). Furthermore, analyses 
from a previous study revealed that the improvement of STT scores decreased 
the severity of clinical signs such as vascular ingrowth and corneal pigmentation 
in those patients (Radziejewski and Balicki, 2016). 

Table 3 

Assessment of the cornea on the Nelson–Adams scale for Group I patients 

Patient  
no. 

Before treatment After 1 month of treatment After 2 months of treatment 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

 Subgroup I 

1 3 3 3 3 3 3 
2 3 3 3 3 3 3 
3 3 3 3 3 1 2 
4 3 3 3 3 3 3 
5 – 3 – 3 – 2 
6 3 3 2 2 1 1 

 Subgroup II 

1 3 3 1 1 1 1 
2 3 2 2 2 2 2 
3 3 3 3 3 2 2 
4 3 3 3 3 2 2 
5 3 3 2 3 1 2 
6 2 3 2 2 2 2 
7 3 3 2 2 2 1 

 Subgroup III 

1 3 3 3 3 2 2 
2 3 2 2 2 2 2 
3 2 2 1 1 0 0 
4 1 1 1 0 0 0 
5 2 2 1 1 1 1 
6 – 2 – 1 – 1 
7 3 3 1 3 0 2 

–: cytological examination was not performed because of unilateral KCS 
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Table 4 

Assessment of the cornea on the Nelson–Adams scale for Group II patients 

Patient  
no. 

Before treatment After 1 month of treatment After 2 months of treatment 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

Right  
conjunctiva 

Left  
conjunctiva 

 Subgroup I 

1 3 3 2 3 1 2 
2 3 3 2 2 1 1 
3 3 3 3 3 3 3 
4 3 3 3 3 3 3 
5 3 – 2 – 1 – 
6 3 3 3 3 3 3 

 Subgroup II 

1 3 3 2 2 1 1 
2 3 – 2 – 1 – 
3 3 3 3 2 2 2 
4 3 3 2 2 1 1 
5 2 2 1 2 1 1 
6 3 3 3 3 1 2 
7 3 2 2 2 1 1 

 Subgroup III 

1 3 2 1 1 0 0 
2 3 – 2 – 1 – 
3 2 3 1 1 1 0 
4 1 2 1 1 0 1 
5 2 2 2 1 1 1 
6 3 3 2 2 2 2 
7 3 3 1 1 1 0 

–: cytological examination was not performed because of unilateral KCS 

 
In a study conducted by Oziębło-Kubczyk et al. (2006), goblet cell counts 

in KCS cases depended on the severity of lesions, but even in the most advanced 
cases individual goblet cells were present. Indeed, in certain moderately ad-
vanced cases of squamous metaplasia, the reported counts were considerably 
high. Adams et al. (1988) and Tseng et al. (1995) concluded that the absence or 
reduced presence of goblet cells in the conjunctiva is an early sign of squamous 
metaplasia. This observation was confirmed in our own research, where even the 
early stages of squamous metaplasia entailed a complete absence of goblet cells. 
It is generally believed that reduced production of the aqueous fraction in KCS 
cases is compensated by the increased production of mucin by goblet cells 
(Matsumoto et al., 1996). The same was not confirmed in our study as the ab-
sence of goblet cells was observed prior to treatment in all dogs, regardless of the 
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KCS stage, which may be evidence of a mucin deficit (Balicki et al., 2011). This 
results in the destabilisation of the lacrimal films, reduced moisturisation, and in-
creased risk of bacterial infection (Sebbag et al., 2016). Impression cytology cor-
nea specimens which revealed the presence of goblet cells were classified as 
grade 0 on the Nelson–Adams scale. After two months of tacrolimus treatment, 
goblet cells were present in 12 conjunctivas, as compared to 7 conjunctivas in the 
group treated with cyclosporine. Furthermore, the Schirmer test scores improved 
and the severity of clinical signs decreased in those patients. This could indicate 
a higher effectiveness of tacrolimus treatment in certain stages of KCS as com-
pared to cyclosporine. 

Table 5 

Schirmer tear test (STT) scores and results of cytological examination of the conjunctiva and cor-
nea on the Nelson–Adams scale for Group I 

 

Before treatment 
After 1 month of  

treatment 
After 2 months of  

treatment 

Right  
eye 

Left  
eye 

Right  
eye 

Left  
eye 

Right  
eye 

Left  
eye 

STT (mm) 
Me (min–max) 

8.5 
(2–14) 

9.0 
(0–13) 

11.0 
(4–17) 

11.0 
(0–17) 

13.0* 
(2–19) 

12.5* 
(0–20) 

Cytology of the conjunctiva 
Me (min–max) 

2.0 
(1–3) 

3.0 
(1–3) 

1.0*** 
(0–2) 

2.0*** 
(0–3) 

1.0*** 
(0–2) 

1.0*** 
(0–3) 

Cytology of the cornea 
Me (min–max) 

3.0 
(1–3) 

3.0 
(1–3) 

2.0 
(1–3 ) 

2.5 
(0–3) 

2.0*** 
(0–3) 

2.0** 
(0–3) 

Me: median; min–max: minimum and maximum values. Statistically significant differences: *P < 
0.05; **P < 0.01: ***P < 0.001 

Table 6 

Schirmer tear test (STT) scores and results of cytological examination of the conjunctiva and cor-
nea on the Nelson–Adams scale for Group II 

 

Before treatment 
After 1 month of  

treatment 
After 2 months of  

treatment 

Right  
eye 

Left  
eye 

Right  
eye 

Left  
eye 

Right  
eye 

Left  
eye 

STT (mm) 
Me (min–max) 

8.0 
(0–14) 

8.0 
(2–14) 

12.5** 
(1–18) 

12.0** 
(1–17) 

13.0** 
(1–19) 

14.0** 
(0–19) 

Cytology of the conjunctiva 
Me (min–max) 

3.0 
(1–3) 

2.0 
(1–3) 

1.0*** 
(0–3) 

1.0*** 
(0–3) 

1.0*** 
(0–3) 

1.0*** 
(0–3) 

Cytology of the cornea 
Me (min–max) 

3.0 
(1–3) 

3.0 
(2–3) 

2.0*** 
(1–3) 

2.0 
(1–3) 

1.0*** 
(0–3) 

1.0*** 
(0–3) 

Me: median; min–max: minimum and maximum values. Statistically significant differences: **P < 
0.01: ***P < 0.001 
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Table 7 

Correlations between Schirmer tear test (STT) scores and cornea and conjunctiva assessments on 
the Nelson–Adams scale in Group I 

Coefficient of correlation 

After 1 month of  
treatment 

After 2 months of  
treatment 

Right  
eye 

Left  
eye 

Right  
eye 

Left  
eye 

Rxy – Spearman’s coefficient of correlation  
between STT and conjunctiva assessment on  
the Nelson–Adams scale 

–0.36 –0.54*** –0.55*** –0.45** 

Rxy – Spearman’s coefficient of correlation  
between STT and cornea assessment on the  
Nelson–Adams scale 

–0.74*** –0.50** –0.65*** –0.56*** 

*a significant correlation between the variables is present: with increasing STT scores the Nelson–
Adams values decrease. Statistically significant differences: **P < 0.01; ***P < 0.001 

Table 8 

Correlations between STT scores and cornea and conjunctiva assessments on the Nelson–Adams 
scale in Group II 

Coefficient of correlation 

After 1 month of  
treatment 

After 2 months of  
treatment 

Right  
eye 

Left  
eye 

Right  
eye 

Left  
eye 

Rxy – Spearman’s coefficient of correlation  
between STT and conjunctiva assessment on  
the Nelson–Adams scale 

–0.74*** –0.60*** –0.75*** –0.71*** 

Rxy – Spearman’s coefficient of correlation  
between STT and cornea assessment on the  
Nelson–Adams scale 

–0.58*** –0.70*** –0.42 –0.69*** 

*a significant correlation between the variables is present: with increasing STT scores the Nelson–
Adams values decrease. Statistically significant differences: **P < 0.01; ***P < 0.001 
 

 
As observed by Nelson et al. (1983) and Nelson (1984, 1988), impression 

cytology specimens usually allow the collection of material from 1–3 top layers 
of cells. Furthermore, impression cytology allows the collection of material from 
larger areas, thus providing a more representative specimen. Studies conducted 
on KCS patients demonstrated that impression cytology is on a par with other 
methods of collecting cytology specimens (Marek and Podhorska, 1995). Our 
own research has proved that impression cytology as a non-invasive method is 
suitable for monitoring the treatment of KCS in dogs.  
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