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The aim of this study was to determine the reference range of Schirmer 
tear test (STT) values in sheep using Greek indigenous and mixed breeds and to 
investigate the potential effect of breed and season on these values. Ninety (30 
Chios, 30 Florina and 30 Lacaune mixed breed) ewes aged 2 years or more were 
used for the study. The aqueous portion of the tear film was measured using 
Schirmer tear test (STT) commercial strips bilaterally by the same investigator with 
the animal in standing position. The average STT value recorded was 18.45 ± 
3.93 mm/min and the range 10.8–26.2 mm/min. STT was significantly affected by 
the season and the recorded values were significantly higher in summer compared 
to winter. The breed had no significant effect on tear secretion. The results of the 
present study provide a reference range of STT values in sheep and indicate that 
tear secretion is significantly affected by the season.  
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The tear film is considered to have a unique structure with functions of 
nourishing, lubricating and protecting the ocular surface, containing lipid, pro-
tein, and mucous components (Ohashi et al., 2006; Tiffany, 2008). The secretion 
of tears serves for cleaning and lubricating the eye in response to an irritation. 
Tearing or epiphora can be an indicator of irritation, inflammation, injury or in-
fection of the eye. Possible causes of epiphora in pet animals are limited to aller-
gy, physical or chemical irritants, misplaced eyelashes, eyelid growth, chemical 
spills, wounds or direct injury, corneal ulcer, blocked tear ducts, some systemic 
diseases or toxin ingestion (Menaka and Puri, 2015). In sheep, infectious kerato-
conjunctivitis is a contagious and economically important disease with world-
wide distribution (Motha et al., 2003; Jansen et al., 2006), characterised by in-
flamed conjunctivae, ocular discharge, corneal opacity, and impaired vision. In 
severe cases, corneal ulceration and perforation can occur. As a rule, ocular le-
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sions regress spontaneously with or without treatment but relapses are common. 
If complications occur, lesions are slow to resolve and permanent blindness may 
result (Scott, 2015). 

The healthy ocular surface is associated with normal tear production and a 
stable tear film, which have been found to be affected by several endogenous and 
exogenous factors, such as age, gender, the time of day and environmental condi-
tions (Piccione et al., 2008). The Schirmer tear test (STT) is an important diag-
nostic tool for corneal and conjunctival disorders that measures the aqueous por-
tion of the tear film using special paper strips (Beech et al., 2003). It remains the 
standard test to assess tear production in veterinary ophthalmology (Ribeiro et 
al., 2010). However, in order for STT to be used sufficiently in sheep practice, 
reference ranges should have been established. Until now, there are only limited 
references in the available literature reporting average STT values in certain 
sheep breeds (Ghaffari et al., 2011; Isler et al., 2013; Wieser et al., 2013; Akgul 
et al., 2017). Despite the similar recorded average values among studies, irre-
spectively of the breed used, the effect of breed on tear secretion has not been 
systematically evaluated using different sheep breeds managed under the same 
conditions. Moreover, the potential seasonal variation in the tear secretion of 
sheep has not been assessed. Such variation cannot be excluded for sheep since it 
has been observed in humans and horses (Beech et al., 2003; Ayaki et al., 2017). 

The objective of this study was to investigate the potential effect of breed 
and season on STT values in sheep. 

 
 

Materials and methods 

Ninety ewes aged 2 to 5 years were used for study; 30 of them were of the 
Chios breed, 30 of the Florina (Pelagonia) breed and 30 of Lacaune mixed breed. 
Ewes of the Chios and Florina (Pelagonia) breeds were selected from the flock of 
the Research Institute of Animal Science, Hellenic Agricultural Organization, 
Demeter (Giannitsa, Greece; latitude: 40.79194, longitude: 22.4075) and the mixed 
breed ewes were selected from a flock of a commercial farm located in Lagadas 
region (Thessaloniki, Greece; latitude: 40.75, longitude: 23.0667). All flocks were 
managed identically, under an intensive system, fed a standard ration and housed 
in group pens with straw bedding, according to their lactation period, in semi-
open sheds with multiple windows on the long-walled side. 

Each flock was visited twice, on 28th of February and on 28th of August 
2018. The weather conditions during these months are presented in Table 1. At 
each visit the animals underwent a thorough clinical examination (visual obser-
vation, rectal temperature, respiratory and heart rate evaluation, auscultation of 
heart, lungs and rumen, mucus membranes inspection); the eyes were especially 
inspected for the presence of discharge and abnormal discoloration of the con-
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junctivae. The first 15 ewes from each breed that were judged as healthy and 
without having any eye abnormality according to the findings of the clinical and 
ophthalmological examination, were selected for tear secretion evaluation at each 
visit. Tear secretion was measured using STT (Schirmer Strips, Eickemeyer, Ger-
many) bilaterally by the same investigator with the animal in standing position. 
The strips were placed underneath the lower eyelid margin of the eye, left in 
place for one minute and the moistened part was measured and recorded as STT 
value. 

Table 1 

Weather conditions during February and August in the two regions where the sheep farms were lo-
cated (Giannitsa and Lagadas) 

 
Giannitsa1 Lagadas2 

February August February August 

Mean temperature (°C) 7.8 26.1 6.6 25.4 
Mean minimum temperature (°C) 4.3 19.9 2.1 17.9 
Mean maximum temperature (°C) 11.9 33.0 11.2 33.5 
Maximum temperature ≥ 32 °C (number of days) 0 26 0 28 
Total precipitation (mm) 42.7 50.2 65.8 34.0 
Number of days of rain 17 6 9 4 
Mean wind speed (km/h) 3.9 0.4 2.4 0.7 

1Data obtained from: http://penteli.meteo.gr/stations/giannitsa/NOAAPRYR.TXT; 2Data obtained 
from: http://penteli.meteo.gr/stations/lagadas/NOAAPRYR.TXT 

 
 
All procedures were carried out according to the ethical standards in the 

Helsinki Declaration of 1975, as revised in 2000, as well as the national law and 
the guidelines of our Institutional Animal Care and Use Committees. According 
to the regulations of our Institutions, a formal approval from the Ethical Commit-
tees was not required as long as STT was performed only once and is considered 
a typical diagnostic procedure. 

The normality of the data distribution was assessed by the Kolmogorov–
Smirnov test and the homogeneity of variances was evaluated with Levene’s test. 
Paired samples t-test was used to determine the significance of the differences of 
STT values between the left and the right eye. Univariate ANOVA was run to 
evaluate the effect of season, breed and their interactions (season × breed) on the 
STT values. The comparison of the main effects of means was performed using 
Bonferroni test for the adjustment of confidence interval. All these comparisons 
were done at a significance level of P ≤ 0.05 using the data analysis software 
IBM SPSS 25. The reference interval for STT values was calculated using the 
statistical software MedCalc 9.2. 
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Results 

The range and the average values for STT values obtained in the present 
study, as well as those referred in the literature, are presented in Table 2. The av-
erage STT values were not significantly different between the left and the right 
eye (mean ± SE: 18.25 ± 0.37 and 18.83 ± 0.41 for the left and the right eye, re-
spectively; P > 0.05). The analysis revealed that tear secretion was significantly 
affected by season (P < 0.05) but not by the breed of the animals or the season × 
breed interaction (P > 0.05). The average STT values obtained during summer 
were significantly higher than those in winter (mean ± SE: 20.08 ± 0.66 and 
15.10 ± 0.53 for summer and winter, respectively; P < 0.05), whereas no signifi-
cant difference was observed between breeds (mean ± SE: 18.80 ± 0.59, 17.10 ± 
0.77 and 17.90 ± 0.93 for Chios, Florina and Lacaune mixed breed, respectively; 
P > 0.05).  

 
Discussion 

The results obtained in the present study provide information about the 
reference interval for STT values in healthy ewes. Only few reports describe av-
erage STT values in domestic small ruminants (Broadwater et al., 2007; Whelan 
and Thompson, 2008; Ribeiro et al., 2010; Ghaffari et al., 2011; Isler et al., 2013; 
Wieser et al., 2013; Fornazari et al., 2016; Akgul et al., 2017) and especially in 
sheep (Ghaffari et al., 2011; Isler et al., 2013; Wieser et al., 2013; Akgul et al., 
2017). As shown in Table 1, the average STT values reported in this study are 
similar to those observed in former investigations carried out in Sanjabi sheep 
(Ghaffari et al., 2011), Merino sheep (Isler et al., 2013) and Romanov sheep 
(Akgul et al., 2017) but different from those reported by Wieser et al. (2013). 
This difference could be possibly attributed to the different size of STT strips 
used in the study of Wieser et al. (2013) compared to the classic strips used in all 
the other ones. It is well documented that STT results can vary depending on in-
consistencies in the absorptive capacity of STT strips due to differences in filter 
papers, the individual performing the test and the location of strip placement 
within the conjunctival sac (Rothschild et al., 2004). 

The comparison of tear volume between the right and the left eye showed 
no significant differences in STT values. This finding is in agreement with those 
reported in other sheep (Ghaffari et al., 2011; Akgul et al., 2017) and goat studies 
(Broadwater et al., 2007; Fornazari et al., 2016). On the other hand, Ribeiro et al. 
(2010) observed that in Saanen goats the STT values were significantly different 
between the right and the left eye. 

The results of this study prove that tear secretion is unaffected by the 
breed of sheep. This outcome is also confirmed by the similar average STT val-
ues documented in our report with those recorded in other studies that used dif-
ferent sheep breeds. 
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An interesting finding of the current study is the seasonal fluctuation in 
tear secretion in ewes, with the highest STT values being observed in summer 
compared to winter. No other reports currently exist regarding the effect of sea-
son on tear secretion in sheep. Previous studies in horses and ponies have 
demonstrated a trend for higher tear scores in STT during winter compared to the 
respective values in summer; however, the differences were not statistically sig-
nificant (Beech et al., 2003). In accordance with our results, seasonal variation in 
tear production has also been observed in humans with dry eye disease, with the 
highest values being observed in spring and the lowest in winter (Ayaki et al., 
2017). It was suggested that tear production may increase in spring as a scaveng-
ing response to an increase in seasonal allergens (Ayaki et al., 2017). 

The exact mechanism for the observed variation of STT between winter 
and summer in this study remains unknown. A possible explanation might be 
that during summer there is increased irritation of the eyes due to environmental 
factors such as dust, insects and allergens. The very high temperatures combined 
with the few days of rain and the very low wind speed observed at both locations 
in August favour the presence of all these irritants, especially dust and insects. In 
addition, the ammonia concentrations are expected to be higher under these con-
ditions contributing to increased STT values as it has been observed in Japanese 
black cattle (Suyama et al., 2019). 

Another possible mechanism might not be related to the weather condi-
tions but to the photoperiod and the function of the Harderian gland of the eye. 
One of the functions of this gland that exists in sheep is eye lubrication (Abd El 
Hafez et al., 2014; Rajathi et al., 2019). It has been observed in sheep that mela-
tonin administration increases the secretion of neutral and acid mucopolysaccha-
rides (Abd El Hafez et al., 2014). It could be hypothesised that sheep eyes are 
better lubricated during winter than in summer, due to the increased secretory 
function of the Harderian gland which is facilitated by the higher blood levels of 
melatonin that are naturally observed in winter compared to summer. Thus, the 
eye is less irritated and tears are secreted in a smaller amount. However, this hy-
pothesis has to be further investigated. 

On the other hand, seasonal changes in protein synthesis of the tear film 
could also affect tear production. In a comparative study, Chen et al. (2011) 
found a seasonal variation of camel tear fluids between summer and winter, in 
the composition of proteins including lactoferrin (LF) and vitelline membrane 
outer layer protein 1 homologue (VMO1). In previous reports, tear LF assays 
have been used as a predictor of tear film stability or tear volume change in the 
clinical practice, since decreases in LF concentration are correlated with decreas-
es in tear production from the lacrimal gland in dry eyes (Danjo et al., 1994; 
McCollum et al., 1994; Da Dalt et al., 1996). Analysis of the proteomic profiles 
of tear fluid from human, cow, sheep and camel eyes has confirmed the presence 
of VMO1 protein in both camel and sheep tears (Shamsi et al., 2011). Vitelline 
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membrane outer layer protein 1 homologue has been shown to interact with lyso-
zyme C (LYSC) and have positive effects on the stabilisation of the tear film 
(Wang et al., 2014). However, further research is necessary to identify the causes 
of this difference. 

In conclusion, this study provides data and reference ranges for STT val-
ues in healthy sheep. Moreover, the results of the present report indicate that 
there is a seasonal effect in tear secretion in sheep with higher STT scores rec-
orded in summer than in winter, and that tear secretion is similar regardless of 
the breed. 
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