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mus, which affects dogs and wild canids. The clinical implications of this disease are

able clinical signs) or present a wide spectrum of clinical alterations and degrees of
severity, including the death of the animal. Symptoms such as lymphadenomegaly,
alopecia, weight loss, keratoconjunctivitis and onychogryphosis are usually the first
diagnostic reference available. The objectives of this study are to evaluate the validity
(sensitivity, specificity and likelihood ratios) and diagnostic utility (pre-test probability)
of the clinical sighs commonly associated with canine leishmaniasis based on the preva-
lence in the area and to explore the combination of symptoms that best predicts the
diagnosis of canine leishmaniasis. It is a matched case-control study in the canine popu-
lation of southern Spain based on the comparison of the findings collected in the clinical
history and the results of the LeisSCAN quantitative ELISA. A total of 39 cases and
78 controls were analysed. Approximately 80% of the infected animals showed signs
compatible with the disease. The most frequent alterations were cutaneous (64.1%),
systemic (51.3%) and oculo-nasal (30.7%). The most useful signs to support this diagno-
sis were alopecia and epistaxis (LR+ 6.69 and 6.0, respectively) (pre-test leishmaniasis
probability is >70% for prevalence >28% when alopecia or epistaxis is present), fol-
lowed by lameness (LR+ 5.0). The combinations of signs that showed greater validity
were alopecia with hyperkeratosis of the snout and alopecia with onychogryphosis
(LR+ > 10). None of the observed signs or their combinations resulted useful to rule
out the diagnosis (LR- 0.55 to 1.15). The results found show notable differences in the
diagnostic value of the clinical signs, individually and in combination, so we believe that

medical decisions should be based on their diagnostic validity (LR+) and the estimation

of the pre-test and post-test probability.
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1 | INTRODUCTION

Leishmaniasis is a notifiable parasitic zoonosis caused by Leishmania
spp., which can affect about 70 species of mammals, including humans.
Although the natural infection in dogs and wild canids is more common
(Ribeiro et al., 2018), causing a wide variety of clinical signs (cutaneous,
oculo-nasal, systemic), many of them common to other pathologies
transmitted by vectors (Cortes et al., 2012; Miré et al., 2013).

Canine visceral leishmaniasis (CVL) is mainly caused by L. infantum,
an obligate intracellular protozoan transmitted by haematophagous
insects of the genus Phlebotomus. This disease is endemic in America,
the Mediterranean Basin, West Asia and the Middle East and is preva-
lent in at least 98 countries and 3 territories on 5 continents (Alvar
etal,, 2012; Ribeiro et al., 2018).

The assertive diagnosis of CVL is usually complex due to the lack
of serological techniques with 100% sensitivity and specificity and the
high cost of molecular and histopathological techniques (Travi et al.,
2018; Laurenti et al., 2013). In the majority of pathologies, the physical
examination does not allow the presence of a disease to be abso-
lutely confirmed or ruled out. Moreover, it is important to mention that
asymptomatic dogs are highly competent to transmit leishmania to the
vector in endemic areas (Laurenti et al., 2013).

However, this information, together with the prevalence of the dis-
ease in the area and the epidemiological data (exposure to risk factors),
allows us to make a first estimate of the probability that the animal
suffers from a certain disease. In this way, it is possible, as for labo-
ratory tests, to determine the validity and usefulness of the results of
the examination by calculating the sensitivity, specificity and likelihood
ratios (LR).

Numerous studies have detailed the frequency of presentation of
signs associated with CVL in positive animals, attributing a diagnos-
tic value to this frequency without considering that they may occur in
other pathologies. These works divide the animals into asymptomatic,
oligosymptomatic and polysymptomatic, depending on the number of
clinical signs (0, 1-3 and +3, respectively), proposing different diag-
nostic and therapeutic guidelines for each group (Moreira et al., 2007,
Romero and Sanchez, 2009; Travi et al., 2018). More recently Da Silva
et al. (2017) proposed a clinical scoring scale (0-19), with a sensitivity
of 60.71% and a specificity of 73.64%, based on the degree of associ-
ation of clinical signs with the disease (Odds ratio); however, there are
no previous references on the LR of the signs associated with CVL.

The LRs allow determining the potential usefulness of a diagnostic
test and the probability that an animal has a certain disease based on
its result and the prevalence in the area (post-test probability). They
are basically a relationship between the probability that a certain sign
is present (LR +) or not (LR-) in a sick animal with respect to the proba-

bility that it is present or not in an animal without the disease. However,
LRs require one diagnostic item to be considered at a time and have
never been validated for use in series or parallel. To assess combi-
nations of signs, it is therefore necessary to compare the probability
that they occur simultaneously in animals with and without the disease
(Sackett et al., 2001).

This post-anamnesis probability may be used by the veterinarian to
conduct the epidemiological data survey and readjust the probability
of its first diagnosis, or to directly select the laboratory test and, once
the result is known, estimate the final probability that the animal has
leishmaniasis (Sackett et al., 2001; Santana and Esparza, 2014).

The objective of this work was to estimate the validity of differ-
ent clinical signs associated with any kind of CVL and the pre-test
probability that an animal has the disease based on symptoms and

prevalence.

2 | MATERIAL AND METHODS
2.1 | Study design

Between 2017 and 2020, an age- and sex-matched case-control study
was carried out in the dog population of the southern region of Spain
(2 million animals, 29% of the country’s census, MAGRAMA, 2015)
to determine the diagnostic value of the main clinical signs associ-
ated with CVL, by comparing the frequency of presentation in animals
with established infection (CVL-positive) and in ‘healthy’ animals (CVL-
negative). Through the Andalusian Council of Official Veterinary Asso-
ciations of Andalusia, veterinarians from hospitals, clinics, shelters,
pack of hounds and kennels were contacted for the referral, with the
informed consent of the owner, of a blood sample from all the seroposi-
tive animals treated for CVLin their establishments. The clinical history
was also requested to determine the presence in the last month of
cutaneous signs (alopecia desquamation, onychogryphosis, ulcerative
dermatitis and hyperkeratosis of the snout), oculo-nasal signs (kera-
toconjunctivitis, epistaxis and glaucoma), systemic signs (weight loss,
fever, adenopathy) and lameness (Manna et al., 2009; Solano-Gallego
etal.,,2011; DaSilvaetal., 2017).

The samples were processed at the Department of Animal Health
of the University of Cérdoba using the commercial quantitative ELISA
LeisSCAN (HYPRA Laboratories S.A., Girona, Spain), for the titration
of specific antibodies against Leishmania spp. Due to its validity, this
technique (Sensitivity 92.5%, Specificity 100%) is comparable to Indi-
rect Immunofluorescence (IIF), considered a reference test (World
Organization for Animal Health, OIE 2018). The results were read fol-

lowing the manufacturer’s instruction using an ELISA reader at 450 nm.
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After comparing the optical density of the samples individually and the
positive control, it was considered as follows:

Sample/control Correlation with IIF

ratio ELISA antibody titre
<0.5 Negative NEGATIVE
0.5-0.7 Negative 1/20-1/40
0.7-0.9 Negative >1/40-1/80
0.9-11 Doubtful 1/80

1.1-15 Low positive >1/80-1/160
1.5-2 Positive >1/160-1/320
2-3 High positive >1/320-1/640
>3 Very high positive > 1/640

Following the OIE guidelines (2018), any sample with a ratio equiva-
lent to an antibody titre of IIF > 1/160 was considered a ‘case’ (animal
with established infection).

For each confirmed case, the referring veterinarian was asked to
randomly select 4 animals of the same sex, age and geographic location
that were seronegative for CVL. After performing the quantitative test,
2 animals were randomly selected among those with a ratio < 1.1 to be
used as negative controls. In total, 39 cases and 78 controls (1:2) were
studied.

2.2 | Statistical analysis

The data were processed with the statistical program EPIDAT 3.1
(Epidemiology Service of the General Directorate of Public Health of
Galicia, Spain) and the Microsoft Excel 2013 spreadsheet. Each clin-
ical sign was considered as a diagnostic test to be included in the
statistical program, positive if the clinical history collected its detec-
tion in the 30 days prior to the query, and negative otherwise. Taking
the quantitative ELISA (imperfect gold standard test) as a reference,
the following parameters were estimated: adjusted sensitivity (pro-
portion of cases with a positive physical examination result) (True
positives/True positives + False negatives); adjusted specificity (pro-
portion of controls with a negative physical examination result) (True
negatives/True negatives + False positives); and the likelihood ratios
(probability of obtaining the result in an animal with the disease /prob-
ability of obtaining it in an animal without the disease) (LR result + =
S/1-E) (LR result - = 1-S/E) (Sackett et al., 2001).

Subsequently, the components of the clinical history present with
greater frequency in animals with CVL were chosen and the ability of
various combinations to predict the disease was estimated. The inter-
pretation of the results was performed based on the criteria of Sackett
etal.(2001) and McGee (2002).
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LR+ LR-
<0.1

LR interpretation

>10 High diagnostic value. They

entail very important and
usually decisive changes
in probability (+45%
minimum)

They will normally allow
discrimination between
healthy and diseased
animals

0.1-0.2 Moderate changes in

probability (+ 30%-45%)
Its diagnostic utility will
depend on the prevalence

2-5 0.2-0.5 Small but sometimes

important changes
(according to the prior
probability) (+ 15%-30%)

1.0-2 >0.5 Rarely noticeable changes

Finally, based on the LR+, the pre-test probability of suffering from
CVL associated with the presence of one or more clinical signs based on
the prevalence in the area was estimated using Bayesian methodology
(Sackett et al., 2001).

3 | RESULTS

3.1 | Analysis of the clinical history

Of the 39 cases included in this study, 30 (76.9%) reflected clinical
signs compatible with CVL in the anamnesis (Table 1): 23.1% showed
1-2 signs; 30.8%, 3 signs; 15.4%, 4 signs; and 7.7 %, 6 or more signs.
Moreover, 47.4% (37/78) of the controls showed some of the signs
described.

The most frequent alterations observed in infected animals were
cutaneous (64.1% of animals with one or more lesions), followed by
systemic signs (51.3% of animals with one or more signs) and oculo-
nasal (30.7% of animals with one or more alterations). Individually,
the most frequent signs were alopecia (48.7%), thinning (38.5%), ony-
chogryphosis (35.9%) and lymphadenomegaly (35.9%), followed by
keratoconjunctivitis (25.6%), muzzle hyperkeratosis (15.4%) and lame-
ness (12.8%). In none of the cases was the presence of glaucoma
recorded. The alterations that appeared together most frequently
were alopecia thinning (30.7% of cases), alopecia lymphadenomegaly
(28.2%) and alopecia onychogryphosis (20.5%).

In polysymptomatic cases (+3 signs), the most frequent findings
were lymphadenomegaly (88.8%), alopecia (77.7%) and onychogrypho-
sis (77.7%), presenting the three signs simultaneously in 55.5% of the

animals.
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Description of clinical signs associated with canine leishmaniosis found in the infectious animals in this study

Infected animal without clinical manifestation: 9 out 39 (23.1%)

Infected animals with clinical manifestation: 30 out 39 (76.9%) infected animals

Clinical signs observed in infected animals (% of presentation)

Joint
Clinical f % i
. fnica rar‘ne( eln Cutaneous (64.1% with 1 or more sign) Oculo-nasal (30.7%) Systemic (51.3%) (12.8%)
infected animals)
ALO ULCER NHYP ONYC CONJ NOSEB WLOOS ADEN FEV LIMP
15sign (15.4%) *
N
2signs (7.7%) * *
3signs (30.8%) * * *
4 signs (15.4%) * * * *
* * * *
> 6signs (7.7%) * * * * * *
48.7% 10.3% 15.4% 35.9% 25.6% 7.7% 38.5% 35.9% 2.5% 12.8%

Abbreviations: ALO, alopecia desquamation; ULCER, ulcer dermatitis; NHYP, nose hyperkeratosis; ONYC, onychogryphosis; CONJ, keratoconjunctivitis;
NOSEB, epistaxis; WLOOS, weight loss; ADEN, lymphadenopathy; FEV, fever; LIMP, limp.

In controls, the most frequent clinical findings were lymphade-
nomegaly (33.3%), weight loss (15.4%), keratoconjunctivitis (14.1%)
and onychogryphosis (11.5%). Less than 5% had persistent fever, lame-
ness, ulcerative dermatitis, hyperkeratosis of the muzzle, or epistaxis.
Glaucoma was not detected.

3.2 | Diagnostic validity and post-anamnesis
probability

Table 2 details the sensitivity, specificity and likelihood ratios obtained
for the different signs in isolation. As expected, most of the abnormali-
ties were detected more frequently in cases than in controls.
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TABLE 2 Adjusted sensibility, specificity and likelihood ratios are estimated for individually clinical signs

Clinical signs Sensibility (95%Cl) Specificity (95%Cl) LR+ (95%Cl) LR- (95%Cl)
Alopecia desquamation 48.8% 92.7% 6.69 0.55
(32.55%-65.21%) (85.64%-99%) (2.69-37.43) (0.37-0.74)
Onychogryphosis 35.95% 89.49% 3.42 0.72
(21.45%-51.35%) (81.60%-96.40%) (1.55-10.99) (0.53-0.91)
Ulcer dermatitis 10.26% 94.94% 2.03 0.95
(0%-21.6%) (89.47%-100%) (0.53-7.67) (0.84-1.06)
Nose hyperkeratosis 12.82% 94.87% 2.50 0.92
(1.05%-24.59%) (89.34%-100%) (0.71-8.79) (0.81-1.05)
Keratoconjunctivitis 23.09% 86.28% 1.68 0.84
(10.8%-37.2%) (77.02%-93.94%) (0.67-4.40) (0.71-1.07)
Epistaxis 7.69% 98.72% 6.0 0.94
(0.00%-17.34%) (95.58%-100%) (0.64-55.82) (0.85-1.03)
Weight loss 38.51% 85.59% 2.67 0.72
(23.09%-54.14%) (76.66%-93.67%) (1.31-6.52) (0.53-0.93)
Fever 2.50% 84.62% 0.16 1.15
(0%-8.59%) (75.97-93.26%) (0.02-1.21) (1.04-1.28)
Lymphadenopathy 35.90% 66.78% 1.08 0.96
(21.04%-51.39%) (55.65%-77.36%) (0.59-1.86) (0.69-1.28)
Limp 12.82% 97.44% 5.0 0.89
(1.05%-24.59%) (93.29%-100%) (1.02-24.62) (0.79-1.01)

Pre-test probability of canine leishmaniasis (%)

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97

Prevalence of canine leishmaniasis (%)

FIGURE 1 Estimated probability for the diagnosis of canine leishmaniasis based on the prevalence and the presence of a clinical sign. ALO,
alopecia -desquamation; ULCER, ulcer dermatitis; NHYP, nose hyperkeratosis; ONYC, onychogryphosis; CONJ, keratoconjunctivitis; NOSEB,
epistaxis; WLOOS, weight loss; LYMPH, lymphadenopathy; FEV, fever; LIMP, limp.

Based on the LR+, the sign with the highest value would be alopecia
desquamation (LR+ of 6.69; 95%ClI [2.69-37.43]), although its valid-
ity is moderate and its usefulness depends on prevalence. Thus, the
probability pre-test that a dog with alopecia has CVL will be very high
(>70%) if the prevalence is greater than or equal to 26% (Figure 1).
Similar results were obtained for the presence of epistaxis (LR+ 6.0)

or lameness (LR+ 5). However, the lower limit of the estimated 95% Cl
for these signs was very close to 1, so we cannot rule out that its valid-
ity is actually null or very low. In the case of weight loss, hyperkeratosis
of the snout and ulcerative dermatitis, the diagnostic relevance would
be small (LR+ 2.03-2.67), so that only in areas with a prevalence > 54%
the probability of having a case of CVL would be elevated.
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TABLE 3 Sensibility, specificity and likelihood ratios are estimated for combinations of clinical signs

Sensibility (95%Cl)

Specificity (95%Cl)

LR+ (95%Cl) LR- (95%Cl)

Alopecia + 30.77% 94.62% 5.73 0.73

weight loss (15.00%-46.54%) (88.44%-99.77%) (1.5-35.35) (0.56-0.90)
Alopecia + 28.21% 92.31% 3.67 0.78

lymphadenopathy (12.8%-43.61%) (85.75%-98.86%) (1.46-9.18) (0.63-0.96)
Alopecia + 20.51% 100% ) 0.79

onychogryphosis (6.56%-34.47%) (99.36%-100%) (0.68-0.93)
Alopecia + 15.41% 97.98% 7.62 0.86

keratoconjunctivitis (5.13%-27.84%) (93.83-100%) (0-71.7) (0.73-0.98)
Alopecia + 15.38% 100% oo 0.85

nose hyperkeratosis (2.78%-27.99%) (99.36%-100%) (0.74-0.97)
Onychogryphosis + 17.97% 91.40% 2.09 0.90

lymphadenopathy (6.51%-30.99%) (83.96%-97.9%) (0.64-8.61) (0.74-1.05)
Keratoconjunctivitis + 7.69% 91.03% 0.86 1.01

lymphadenopathy (0.00%-17.34%) (84.04%-98.01%) (0.23-3.13) (0.90-1.14)
Keratoconjunctivitis + 12.82% 96.15% 3.33 0.91

weight loss (1.05%-24.59%) (91.25%-100%) (0.84-13.23) (0.80-1.03)
Alopecia + weight loss 15.41% 97.98% 7.62 0.86

+ lymphadenopathy (5.13%-27.84%) (93.83%-100%) (0-71.7) (0.73-0.98)

When considering the joint presence of several signs (Table 3), we
observed that most of the tested combinations increased the speci-
ficity with respect to the individual signs, but at the cost of reducing
their sensitivity, since all the signs had to be present to lead to a
positive result. As a consequence, only the presence of alopecia with
hyperkeratosis of the muzzle or alopecia with onychogryphosis (LR+
o) would imply an important and generally decisive change in the ini-
tial probability (+ 45% minimum). The combination of alopecia with
keratoconjunctivitis (LR+ 7.62; 95%Cl [0-71.7]) or with weight loss
and lymphadenomegaly (LR+ 7.62; 95%Cl [1.5-96.23]) represented
in both cases an increase with respect to the validity of this sign iso-
lated, although its usefulness remained modest. For the rest of the
combinations, the LR+ was zero or very low (LR+ 0.86-3.67).

Regarding the validity of the signs observed to rule out the dis-
ease, both inisolation and in combination, it was very slight (LR- > 0.5)
(Tables 2 and 3).

4 | DISCUSSION

Due to the increase in prevalence and spread of CVL in recent decades,
as a consequence of climate change and the massive migration of
human and canine populations, there are numerous studies that mea-
sure the frequency of presentation of clinical signs in affected animals
with any kind of CVL and propose guides or scoring scales for the prac-
tical management of the disease (Manna et al., 2009; Solano-Gallego
etal,2011; Cortesetal.,, 2012; DaSilvaetal., 2017). Medical decision-
making in these cases is based solely on the number of signs observed
or their degree of association with the disease. Therefore, they do not
consider the initial probability that the animal has the infection (condi-

tioned by clinical history and prevalence) and how this affects the final

probability of diagnosis. This is especially relevant in CVL, a systemic
disease that can manifest itself with a wide variety of non-specific clin-
ical signs and whose transmission depends above all on the population
density of the vector, which determines large variations in prevalence
between contiguous territories (Solano-Gallego et al., 2011; Roura
et al., 2013). The visceral form is of great importance in countries such
as India, Ethiopia or Brazil (up to 85% depending on the bioclimatic
zone), while the cutaneous form is endemic in America, West Asia,
the Middle East and the Mediterranean Basin (6.4%-46.6% in central-
southern Spain) (Alvar et al., 2012; Mir¢ et al., 2013; Bouattour et al.,
2021).

In most published studies, cutaneous and systemic signs constitute
the most frequent manifestation in sick animals, with lymphade-
nomegaly being the most prevalent sign (84%-90% in infected animals)
(Mannaetal.,2009; Cortes et al., 2012; Da Silvaet al.,2017). According
to these authors, its presence in animals negative for serology or with
low titres of antibodies is indicative of a state of mild disease (LeishVet
Guide) (Solano-Gallego et al., 2011). Lymphadenomegaly is a normal
response of the body to infectious agents and, consequently, its fre-
quency in animals without CVL can be very high. According to data
collected by DaSilvaetal.(2017) (68% in negative animals and 83.9% in
positive animals), we cannot establish a statistically significant associa-
tion between this alteration and CVL (OR 2.2; 95%CI [0.94-5.15]. This
result coincides with the low validity obtained for lymphadenomegaly
in our work (LR+ 1.08), although the frequency of presentation of this
sign in both groups was lower (35.9% in positive animals and 33.3% in
negative animals).

Hair loss is one of the main manifestations of skin diseases in
dogs. This disorder, very common in clinical practice, can be caused
by multiple aetiologies (parasites, bacteria, fungi, allergies, endocrine

disorders) (Greene, 2012). Alopecia desquamation was the most
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frequent clinical sign in CVL-positive dogs (48.7%), being detected in
only 8.8% of CVL-negative dogs. Although these values  differ from
those found by Da Silva et al. (2017) (39.29 and 22.48%, respectively),
they attribute moderate validity to this sign (LR+ 6.69), coinciding with
the degree of association described by this author (OR 2.25; 95%Cl
[1.14-4.48]) and the classification of the LeishVet guideline (Stage I,
moderate disease) (Solano-Gallego et al., 2011; Da Silva et al., 2017).
Based on our result, the probability of CVL if the animal presents alope-
cia desquamation will be high if the prevalence of the disease in the
area is moderate. However, if the prevalence is low (<7%) the proba-
bility will be less than 30% and with prevalence between 13% and 19%
the uncertainty of the diagnosis will be supreme (50%-60%). Similar
results were found for lameness (LR+ 5.0), present in 12.8% of pos-
itive animals. However, taking into consideration that some authors
describe up to 25% presentation in animals with CVL (Manna et al,,
2009), this sign is not included in many clinical assessment scales
(Solano-Gallego et al., 2011; Da Silvaet al., 2017).

Within the variety of pathological alterations that can occur in
CVL, several clinical signs (keratoconjunctivitis, onychogryphosis, epis-
taxis, nutritional status, alopecia desquamation and hyperkeratosis of
the snout) seem to be more associated with the disease (Da Silva
et al,, 2017). According to Da Silva et al. (2017) the mere presence
of keratoconjunctivitis (OR 5.4; 95%CI [2.54-11.44]), muzzle hyper-
keratosis (OR 4.65; 95%Cl [2.21-9.75]), bleeding (OR 4.52; 95%CI
[1.26-16.14]), or onychogryphosis (OR 3.5; 95%Cl [1.83-6.79]) would
be highly correlated with CVL. In our study, the diagnostic validity
of keratoconjunctivitis, hyperkeratosis and onychogryphosis was low
(LR+ 1.68, 2.50 and 3.42, respectively) and moderate in the case of
epistaxis (LR+ 6). This result, consistent with the presence of these
signs in other pathologies (coagulation problems, foreign bodies, poi-
soning, cancer, parasites, infectious diseases, etc.) (Manna et al., 2009;
Greene, 2012), differs notably from findings of Da Silva et al. (2017),
although we must point out that our results could be underestimated
based on the width of the confidence interval obtained. Regarding sys-
temic signs (fever, weight loss and anorexia), we confirm the frequency
of presentation described by other authors in infected animals (40%-
60%) (Manna et al., 2009; Solano-Gallego et al., 2011), as well as its lack
of specificity.

That an isolated symptom is of little use in diagnosing a disease
is to be expected and coincides with the findings published by other
authors on the diagnosis of CVL (Solano-Gallego et al., 2011; Da Silva
et al.,, 2017). In fact, when the clinician evaluates a patient, he does
not consider each sign in isolation, but all the data as a whole (preva-
lence, history, risk factors and clinical examination) and each positive
response increases or adjusts the probability that the animal suffers
from a certain disease. Thus, the combination of several positive signs
can give such an important likelihood ratio that it will allow us to prac-
tically confirm or rule out a diagnosis (Lugo-Reyes et al., 2011). Most of
the combinations evaluated in this study did not significantly improve
the predictive capacity of the clinical examination. Only in case of
observing alopecia with hyperkeratosis of the snout or onychogrypho-
sis, the probability of being in a case of CVL would reach a high level of

certainty, even in areas where the infection is rare, which corroborates
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the important role of these signs in the prediction of the CVL indicated
by Da Silva et al. (2017).

The information provided in our work could help to identify the
most useful clinical manifestations to establish the probability of find-
ing a case of CVL and to select the best candidates for carrying out
complementary tests. Ordering a diagnostic test is not always appro-
priate and can lead to confusion and poor patient management. If the
pre-test probability is very high or very low, performing a test (almost
always imperfect) can be useless, if it confirms what we already knew,
or confusing, if it gives an erroneous result that contradicts our ini-
tial suspicion (Lugo-Reyes et al., 2011). However, it is not uncommon
for owners and veterinarians to attribute 100% credibility to the test
result of the test. As we have mentioned, the presence of one or more
signs combined with an LR+ > 10 will generally support the diagno-
sis with sufficient certainty, and tests with moderate specificity can
be used to confirm it, and therefore, they are more affordable eco-
nomically (Sackett et al., 2001). Thus, in areas with limited economic
resources (India, Sudan, Ethiopia, etc.), where the prevalence of the
disease is unknown or diagnostic techniques are not applicable, clini-
cal examination can be an important tool in making medical decisions
(Soltani and Moayyeri, 2007).

5 | CONCLUSION

In this work, we verified that there are signs and combinations of signs
with anotable diagnostic value that would allow us to confirm CVL with
enough certainty, but which presence in areas of very low prevalence
would not be conclusive. The results found also show notable differ-
ences in the validity of the clinical findings, which is why we consider
that medical and therapeutic decisions should not be based so much
on the number of signs that an animal presents, but on the probabil-
ity ratios and the estimation of the pre-test and post-test probability.
However, when using LRs it is important to understand their limita-
tions. The validity of this parameter depends entirely on the quality
of the studies that generated the data and may be subject to preci-
sion bias (size and representativeness of the sample), information bias
(especially in retrospective studies) and diagnostic bias (homogeneity
of criteria, quality of the clinical examination, validity of the diagnos-
tic technique). Another limitation is the wide confidence intervals of
the LRs due to the paucity of data at the extremes of the disease spec-
trum, where the LRs are likely to be most useful. Finally, since LRs are
calculated from sensitivity and specificity, like these parameters, they
can be affected by the severity of the disease (Parikh et al., 2009).
Based on this, we consider it important to continue this work, including
other geographical areas, in order to increase the sample and, in this
way, improve the reliability of our estimates, include new symptoms

associated with LC and assess other combinations.
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