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Tear meniscometry test in wild animals
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ABSTRACT: This study aimed to describe strip meniscometry test values for Amazona aestiva (turquoise-fronted amazon), Ara ararauna
(blue-and-yellow macaw) and Caiman latirostris (broad-snouted caiman). Twenty-one Amazona aestiva and 11 Ara ararauna, healthy, adults
of unknown sex, and 37 healthy adult Caiman latirostris (27 males and 10 females), were used in this investigation. All animals were manually
restrained and I-Tear® Test strip was inserted for 5 s at the edge of the lower tear meniscus, without touching the eyelid or ocular surface,
immediately followed by measurement (millimeter per 5 seconds). No differences were reported between left and right eyes for Amazona
aestiva (P = 0.824), Ara ararauna (P = 0.262) and Caiman latirostris (P = 0.679). Median and confidence interval were 2.0 (2.25-3.56)
mm/5s for Amazona aestiva, 3.0 (2.93—4.15) mm/5s for Ara ararauna and 3.0 (2.55—4.90) mm/5 s for Caiman latirostris. These values for strip
meniscometry tear test can be used as parameters for each species and may be helpful for diagnosis and treatment of tear-production disorders
in birds and reptiles.
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Teste de meniscometria lacrimal em animais silvestres

RESUMO: O objetivo deste estudo foi descrever os valores do teste de meniscometria lacrimal para Amazona aestiva (papagaio-verdadeiro),
Ara ararauna (arara-canindé) e Caiman latirostris (jacaré-de-papo-amarelo). Vinte e um Amazona aestiva, 11 Ara ararauna adultos, de sexo
desconhecido, e 37 Caiman latirostris adultos (27 machos e 10 fémeas), foram utilizados nesta investigagdo. Todos os animais foram contidos
manualmente e uma tira do I-Tear® test foi inserida por 5 segundos na borda do menisco inferior, sem tocar a palpebra ou a superficie ocular,
e imediatamente mensurada (milimetro por 5 segundos). Nao foram encontradas diferencas entre os olhos esquerdos e direitos para Amazona
aestiva (P = 0,824), Ara ararauna (P = 0,262) e Caiman latirostris (P = 0,679). Mediana e intervalo de confianga foram de 2,0 (2,25-3,56)
mm/5 s para Amazona aestiva, 3,0 (2,93—4,15) mm/5 s para Ara ararauna e 3,0 (2,55—4,90) mm/5 s para Caiman latirostris. Estes valores para
o teste de meniscometria podem ser utilizados como pardmetros para estas espécies e podem ser uiteis para diagnosticar e tratar disturbios de
produgdo lacrimal em aves e répteis.

Palavras-chave: ave, meniscometria, menisco lacrimal, produgdo de lagrima, réptil.

INTRODUCTION is an important tool for routine semiotechnique,
and for wild animals Schirmer tear test (STT),
endodontic absorbent paper point tear test (EAPPTT)

and phenol red thread tear test (PRTT) can be used

The corneal and scleral surface are covered
by the tear film which possess a protective function

and nutritional properties for maintenance of ocular
health (ROLANDO & ZIERHUT, 2001). The eyelid
blinking spreads the tear fluid over the ocular surface,
inferior and superior meniscus, and conjunctival sac
(TIFFANY, 2008). Thus, changes in tear turnover or
production may result in changes in distribution and
induce ophthalmopathies (ROLANDO & ZIERHUT,
2001). Establishment of lacrimal production values

(ORIA et al., 2013a, 2013b; MONCAO-SILVA et
al., 2016a, 2016b; FALCAO et al., 2017a, 2017b).
These evaluations are similar once the test strips are
inserted in the conjunctival sac, for basal and reflex
tear quantification, without anesthetic eye drops
(TROST et al., 2007). However, studies estimate that
the region of tear meniscus may contain up to 90% of
the total volume of tear fluid in humans (SHEN et al.,
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2008), and because of this, tear meniscometry test may
complement tear production evaluation in wild animals.
Different methods of tear meniscus quantification have
been reported for humans, including evaluations using
optical coherence tomography, but high cost limits
their use (SHINZAWA et al., 2018).

The strip meniscometry tube (SMT)
evaluates the tear volume present in the palpebral
meniscus rapidly and non-invasively (DOGRU et al.,
2006; IBRAHIM et al., 2011; KAZAMA et al., 2014;
RAJAEI et al., 2017) and these technical features
are important for wild animals, once the physically
restraining time must be fast (MARCO et al., 2006).
The use of SMTs has been reported for some domestic
species, such as dogs, cats and rabbits (KAZAMA
et al.,, 2014; RAJAEI et al., 2017, MIYASAKA et
al., 2019), and studies in non-domestic species are
described only in monkeys (RAPOSO et al., 2018).

The present study aimed to evaluate and
establish reference parameters for SMT tests in
Amazona aestiva (turquoise-fronted amazon), Ara
ararauna (blue-and-yellow macaw) and Caiman
latirostris (broad-snouted caiman), as an ophthalmic
semi-technical instrument for measuring lacrimal
production in wild animals.

MATERIALS AND METHODS

Animals
Twenty-one Amazona aestiva (turquoise-
fronted amazon) and 11 Ara ararauna (blue-and-

yellow macaw) adults, of unknown sex, obtained
from the Triage Center of Wild Animals (Salvador,
Bahia, Brazil); and 37 adult Caiman latirostris (27
males and 10 females) obtained from a commercial
establishment (Mister Cayman LTDA, Maceio,
Alagoas, Brazil), were used in this investigation.
All animals were manually restrained and the
evaluations were performed in the morning hours,
with average temperature and humidity of 24.61 °C
and 59.3%, respectively.

Physical and ophthalmic examinations
were performed by the technical staff and veterinary
ophthalmologist (UFBA). All animals were subjected
after SMT, to inspection of the eye and periocular
region in normal light for gross abnormalities with a
binocular magnifying loupe 3X and a transilluminator.
Routine ophthalmic tests, such as fluorescein were
also conducted to ensure the health of the eye.
Animals that presented any clinical signs of systemic
disease or gross abnormalities of the eye or periocular
region were excluded.

Meniscometry tear test

One I-Tear® Test strip (Imed, Dollard-des-
Ormeaux, Canada) was carefully inserted in each
eye, slightly off-center temporally, for 5 seconds at
the edge of the lower tear meniscus, without touching
the eyelid or the ocular surface (Figure 1), and then
immediately measured, without the use of topical
anesthesia, as described by Miyasaka et al. (2019).
The eyelid position remained neutral with no manual

Figure 1 - Tear meniscometry test (I-Tear® Test) in wild animals. (A) Tear meniscometry test strip inserted at the
edge of the lower tear meniscus in Ara ararauna. (B) Tear meniscometry test strip inserted at the edge
of the lower tear meniscus in Caiman latirostris.
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eversion. The duration of the test was timed with a
stopwatch. Length of the blue stained tear column
in the central membrane ditch (in millimeters) was
considered as the meniscometry strip value for that
eye in mm/5 s.

Statistical analysis

Shapiro—-Wilk test was used to assess
the normality of the SMT values. Wilcoxon test for
paired groups was used to compare results between
left and right eyes. For analysis, the SPSS program
(version 22.0) was used and the level of significance
was set to 5%.

RESULTS AND DISCUSSION

Evaluation of tear volume is considered
important for the diagnosis of diseases such as dry
eye (IBRAHIM et al., 2010, 2011; KAZAMA et al.,
2014; RAJAEI et al., 2017; RAPOSO et al., 2018;
NICHOLS et al.,, 2004; MARCO et al.,, 20006).
However, invasive methodologies may induce ocular
irritation, discomfort or reflex lacrimation (TIFFANY,
2008; IBRAHIM et al., 2010). The SMT has been
shown effective for measuring tear production, with
the use of a single strip for both eyes and it can
serve as an alternative method for evaluating tear
production (IBRAHIM et al., 2011; RAJAEI et al.,
2017; RAPOSO et al., 2018).

The data were not normally distributed
according to Shapiro—Wilk test. There were no
significant differences between the left and right
eyes for Amazona aestiva (P = 0.824), Ara ararauna
(P = 0.262) and Caiman latirostris (P = 0.679).
Results are shown in table 1.

The test was more difficult to execute with
birds due to the nictitating membrane reflex when
the strip approached the inferior eyelid. Sometimes,
during the test (strip inserted at the edge of the lower
tear meniscus), incursion of the nictitating membrane
removed the strip from the site and a rapid increase in

Table 1 - Median and confidence interval (CI) for strip
meniscometry tube (SMT) test in Amazona
aestiva, Ara ararauna and Caiman latirostris.

Species SMT (mm/5s) 95% CI

Amazona aestiva 2.0 2.25-3.56
Ara ararauna 3.0 2.93-4.15
Caiman latirostris 3.0 2.55-4.90

tear production was observed. As these changes were
not foreseen and could not be avoided, the obtained
data were retained in the final result. These behaviors
were not observed for Caiman latirostris. Difficulties
in the evaluation of tear production in non-
collaborative animals are described in other studies,
as the use of PRT in birds, also due to incursion of the
nictitating membrane (BECKWITH-COHEN et al.,
2015; BLISS et al., 2015; MONCAO-SILVA et al.,
2016b). Faster filling of the strip capillary might have
been caused by tearing during eyelid incursion, which
may be attributed to a renewal in the tear reservoir
present in the meniscus (UCHIDA et al., 2007).

The animals constantly moved their heads
during the investigation, which made it difficult
to perform the test; although, the manipulators had
undergone prior training as suggested by IBRAHIM
et al. (2011). RAJAEI et al. (2007) also reported
agitation in rabbits and cats during the test, possibly
induced by the strip approaching of the animal’s eye.

The median values reported for Amazona
aestiva, Ara ararauna and Caiman latirostris for SMT
were lower than the averages reported for dogs 9.78
+ 3.68 mm/5 sand 9.66 + 2.15 mm/5 s (KAZAMA
et al., 2014; RAJAEI et al., 2017), cats 10.50 + 0.7
mm/5 s (RAJAEI et al., 2017), rabbits 4.72 + 1.20
mm/5 s (RAJAEI et al., 2017) and capuchin monkeys
(Sapajus sp.) 8.0 = 1.625 mm/5 s (RAPOSO et
al.,, 2018). However, the STT evaluations of tear
production for domestic species (RAJAEI et al,
2017) and capuchin monkeys (ORIA et al., 2013b;
MONTIANI-FERREIRA et al., 2008) are also higher
than those reported for the species in the present study
(ORIA etal., 2013a; FALCAO et al., 2017a, 2017b).
A statistical correlation between positive STT and
tear meniscometry test for humans (DOGRU et al.,
2006; IBRAHIM et al., 2010) and dogs (KAZAMA
et al., 2014; RAJAEI et al. 2017; MIYASAKA et al.,
2019) has been reported, so it is suggested that the
values reported in our study are consistent with those
expected for the evaluated species.

In the present study, the obtained median
values were lower than other tear production tests
placed in the conjunctival sac, including PRT (12.6 +
2.6 mm/15 s and 19.12 +£3.14 mm/15 s) and EAPPTT
(13.1 = 1.4 mm/min and 16.74 £ 1.38 mm/min) for
Amazona aestiva and Ara ararauna respectively
(MONCAO-SILVA et al., 2016a, 2016b). Results for
all tests (PRT, EAPPTT and SMT) were always lower
for Amazona aestiva than Ara ararauna as well.

Tear production values reported for
Caiman latirostris were lower than those observed
for EAPPTT (17.1 + 2.5 mm/min), but are close
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to those reported for STT (mean 3.4 + 3.6 mm/
min and CI 2.01-4.78 mm/min) (ORIA et al.,
2013a). Differences in the results among tests can
be correlated with factors such as methodology
employed or absorption properties of each material
(ORIA et al., 2013a; BECKWITH-COHEN et al.,
2015; SMITH et al., 2015; MONCAO- SILVA et al.,
2016a; MONCAO-SILVA et al., 2016b; OLIVEIRA
et al., 2017), as well as the anatomic and physiologic
variability of each species (BECKWITH-COHEN et
al., 2015; OLIVEIRA et al., 2017).

Despite the similar median results of SMT
for Caiman latirostris and Ara ararauna, there are
distinct anatomic characteristics, including palpebral
fissure length, eye blink frequency, lacrimal gland
and drainage system features that must be considered
(ORIA et al., 2013; BECKWITH-COHEN et al.,
2015; FALCAO et al, 2017a; MONCAO-SILVA et
al, 2016b; OLIVEIRA et al., 2017). However, there
are no corneal surface abnormalities in the studied
animals, supporting the hypothesis of a stable tear film
(LAWTON, 2005; DELGADO et al., 2014; ORIA et
al., 2013a) that is adapted to the environment of each
population; and studies demonstrated factors, such as
composition and disposition of the tear film aiding
the understand of homeostasis dynamic maintenance
in the ocular surface for these species.

The SMT may be useful in the diagnosis of
changes in lacrimal production (DOGRU et al., 2006;
RAJAEI et al., 2017, MIYASAKA et al., 2019) and
has been proven feasible for wild animals in particular,
due to the fast manipulation and minimal discomfort
of the subjects. Moreover, these results can provide
information on tear dynamics once a relationship is
established between tear meniscometry value and total
tear volume (HOLLY, 1985; IBRAHIM et al., 2010).

CONCLUSION

The establishment of species-specific
values can help in the diagnosis of ocular diseases
and, when supplemented by other tests, may
provide an understanding of the distribution of this
important fluid across the ocular surface. Limitations
encountered may be reduced by prior acquisition of
manipulation skills and possible animal conditioning.
SMT is shown to be a promising and feasible method
in the ophthalmology of wild animals.
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