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Abstract

In hunted animals, quality of blood samples may often be compromised. Alternative samples, such as meat juice, may
offer an advantage to perform serological tests. This study evaluates if meat juice is a feasible alternative sample to
perform the Tuberculosis ELISA test in hunted large game. Between 2017 and 2022, 175 samples were collected from
97 animals (14 red deer + 83 wild boar) in Portugal and Spain. Cohen's kappa coefficient was calculated at 0.71,
pointing out a good agreement using 156 paired samples. The sensitivity of the ELISA test with serum was 37.6%,
considering Tuberculosis-like lesions (TBL) detected during the initial examination (26 TBL+/ELISA+ in a total of 78
serum samples). Using meat juice as matrix, the sensitivity increased to 37.5% (33 TBL+/ELISA+ in 97 meat juice
samples). According to the agreement score and sensitivity being so close between the two matrices tested, meat
juice could be a feasible alternative matrix.
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Introduction
Wild boar (Sus scrofa) and red deer (Cervuselaphus) are two of the most implicated wild species in the maintenance
of Tuberculosis (TB) [infection with Mycobacterium tuberculosis complex agents (M. bovis, M. caprae, M.
tuberculosis)] in Europe (Gortazar et al. 2012).
This multi-host zoonotic disease is listed in the New Animal Health Law (EU Regulation 2016/429) and falls into
several categories according to eradication plan, control rules and target species.
Identifying TB infection is essential to limit the transmission and spread in the large game, sympatric species, and
neighbouring livestock (Bernitz et al. 2021). Screening this disease in these wild populations can be challenging
(Lyashchenko et al. 2008).
TB diagnosis in non-bovid species, as in some wild species like the wild boar and red deer, is based on conventional
tests: bacteriological culture, histopathology, and post-mortem examination (Thomas & Chambers 2021). An adequate
gold standard diagnostic test is necessary for the diagnosis since sensitivity (se) and specificity (sp) vary a lot (Alvarez
et al. 2012). The most referenced and sensitive (approximately 80%) is the bacteriological culture, but their constraints
condition the process. Time-consuming, cost and exposure risk can be avoided using other techniques such as PCR,
histopathology, and ELISA, which are quicker, cheaper, and safer (Barandiaran et al. 2019; Richomme et al. 2019;
Soares-Filho et al. 2019).
One way to monitor TB in wildlife is to perform the immunological diagnosis with the ELISA (Enzyme-Linked
Immunosorbent Assay) test. These tests are a poor indicator of TB infection but can detect the asymptomatic animals
and indicate the disease's progress and spread in specific populations (Richomme et al. 2019; Thomas & Chambers
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2021). The primary way to collect wild boar and red deer samples to perform a TB screening by ELISA is post-mortem
collection after driven hunts. Nevertheless, the post-mortem collection of blood in the large game has many obstacles.
Most of the blood collected is often haemolysed and/or degraded (Nielsen et al. 1998). Nonetheless, in the driven
hunts, other samples may be collected systematically, such as muscle, mainly the diaphragm, to screen for other
diseases, such as trichinellosis (Vieira-Pinto et al. 2021). With this muscle sample, it is possible to obtain meat juice
that contains systemic antibodies and perform ELISA (Felin et al. 2015; Meemken et al. 2014; Lyashchenko et al.
2021).
In the Iberian Peninsula, Portugal and Spain, TB is an endemic disease in wild game species populations, notably wild
boar and red deer (Gortazar et al. 2012; Gortazar et al. 2015; Santos et al. 2020). Although endemic, the distribution
of TB in this wild population varies regionally, with areas of higher prevalence, such as the interior of Portugal (near the
border with Spain) and the Extremadura and Andalucia regions of Spain, and others with almost zero prevalence,
such as northern Portugal and Galicia in Spain (Aranha et al. 2021; Santos et al. 2022; Varela-Castro et al. 2020).
High-risk areas are also conditioned by the risk factors that enhance the maintenance and spread of TB in these
populations, such as the density of these hosts, climate and the presence of other domestic hosts (Aranha et al. 2021;
Abrantes et al., 2021; Vicente et al. 2007). Considering that TB infection in these wild populations is difficult to detect,
mostly based on post-mortem TBL detection (Aranha et al. 2021; Abrantes et al. 2021; Vicente et al. 2006). It is also
one of the biggest constraints to eradicating the disease in domestic cattle (Naranjo et al. 2008). Therefore, it is
necessary to optimise screening methods for target populations, such as the ELISA test.
This survey aims to evaluate if meat juice is a feasible alternative sample to perform the TB ELISA test by calculating
the agreement score and the test’s sensitivity in the two matrices, serum vs. meat juice, obtained from the large game
from Iberian Peninsula.

Materials and methods

Ethics statement
All samples were collected from wild boars and red deer legally hunted. This study did not involve the deliberate killing
of animals. No ethical approval was deemed necessary.

Sampling
A sampling design was implemented to collect samples from large game hunts between 2017 and 2022 in the Iberian
Peninsula (Portugal and Spain). 
After the initial examination in loco, 175 samples (97 muscle + 78 sera) were collected from 97 hunted animals (14 red
deer + 83 wild boar). From those, in 78 hunted animals (11 red deer and 67 wild boars), both samples were collected,
thus having a total of 156 paired samples (muscle and serum). In the remaining 19 animals (3 red deer and 16 wild
boars), only meat sample was collected once the status of the carcass did not allow to obtain sera from these animals,
neither the head sinus nor the inside of the carcass’ thoracic cavity, due to head shooting, dog bites or very degraded
and coagulated state of the blood. 

Diagnostic tests
All muscle and blood collections from the hunted animals occurred after the in-charge veterinarian performed the initial
examination on the spot. Hunted species were systematically examined according to the described procedure in Vieira-
Pinto et al. (2014) to detect TBL (Tuberculosis-like lesions). Briefly, the systematic viscera’s inspection includes
incision and examination of heal, bronchial, mediastinal, mesenteric, precrural and pre-scapular lymph nodes, and
visual examination and palpation of the lungs. It is considered TBL, all caseous or caseocalcareous tubercules with
different sizes in any of these examined viscera (Zanella et al. 2008). 
The initial examination data (TBL detection) was used as the gold standard TB diagnostic test in the field, as it is
reported by some authors to be one of the most reliable methods of TB detection in the field for wild species, and TBL
shows a significant correlation with bacteriology (Risco et al. 2013). In this work, molecular methods such as PCR or
bacteriology were not used to confirm TBLs, and this topic is discussed at length in the discussion section.
All collected samples were correctly accommodated, labelled, and taken to the laboratory under appropriate
refrigeration conditions. In the laboratory, meat juice to perform the ELISA test was obtained after the muscle pieces
(such as diaphragm, heart or sternomastoideus muscles) were frozen and thawed, and the drained fluid was collected
(Nielsen et al. 1998). Subsequently, with this drained meat juice fluid, ELISA test was performed.
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The serological diagnosis with the detection of specific IgG antibodies against TB was performed using a commercial
indirect ELISA test (INgezim multispecies Tuberculosis DR) according to the manufacturer's instructions.
According to the instructions of the ELISA kit, the dilution for serum from wild boar is 1/250, and for other species,
such as red deer, it is 1/25. To carry out the assay with meat juice, a dilution of 1/25 was used for wild boar samples
and 1/2.5 for red deer samples, according to the testing carried out by Fabisiak et al. (2013) with an ELISA kit of the
same manufacturer , which shows that the meat juice dilution should be ten times lower.

Statistical analysis
To measure the agreement between the two ELISA parallel assays (in sera vs. meat juice), Cohen’s kappa coefficient
(k) was used. The proportion of positives observed in each group (e.g. several tested samples positive to ELISA test in
the TBL positive group) was compared by Fisher’s exact test to calculate the sensitivity of the carried tests, with a
95% confidence interval (p-value < 0,05). With the data obtained, the sensitivity of the test with the two matrices
compared to the TBL occurrence data in the carcasses was calculated, and no other values, such as specificity, were
calculated. The statistical analysis was performed using the EpiTools Epidemiological Calculators (Ausvet2022©).

Results

Agreement score
In the two parallel ELISA assays in 156 paired samples (both samples from 78 animals), seropositivity was obtained
from 21 hunted animals. Forty-seven animals were seronegative for both samples, and ten animals were positive only
for one of the samples (5 for serum and 5 for meat juice). Cohen’s kappa coefficient (k) value was 0.71, considered a
good agreement score for the parallel assays (McHugh 2012).

ELISA’s sensitivity with two matrices
To calculate the sensitivity of ELISA test, TBL detected during initial examination in loco was considered the gold
standard diagnostic test for TB in these hunted species, as previously referred by Risco et al. (2013). This assumption
occur due to TBL occurrence was considered an indicator of TB status in target populations. After all, TBL shows a
great correlation with the bacteriological culture (the proper gold standard). Of the 97 animals sampled, 88 showed
TBL on initial examination on-spot, and nine did not.
Sensitivity of the ELISA test with serum as the matrix was 37.6% (26 TBL+/ELISA+ in 78 serum samples). With meat
juice as a matrix, the sensitivity was 37.5% (33 TBL+/ELISA+ in 97 meat juice samples). Considering only wild boar
samples, the sensitivity of the ELISA test with serum was 34.3% (23 TBL+/ELISA+ in a total of 73 samples), and with
meat, juice increased to 38.9% (30 TBL+/ELISA+ in a total of 83 samples). The sensitivity of the few red deer sampled
with serum was 37.5%, and meat juice decreased to 18.8%.

Meat juice as an alternative matrix
Sensitivity of the ELISA test with meat juice is similar to that of the ELISA with the standard serum sample. One of this
study’s main results is highlighted by the highest sensitivity of the TB ELISA with wild boar meat juice as an alternative
matrix (38.9%). 
When separating samples by wild boar’s sex (male vs. female), the sensitivity is 28.5% for males and 47.6% for
females. In the case of the age analysis (adult vs. subadult), the sensitivity is 39.6% for adults and 37.9% for
subadults.

Discussion
Limitative diagnostic tests in wild hosts of TB are considered a confounding factor in the problematic control of this
disease (Barandiaran et al. 2019). 
In this perspective, the serological diagnosis, as the ELISA test performed in the presented assay, is a
complementary, simple, rapid, and cheap valuable technique for screening TB in certain wildlife species (Infantes-
Lorenzo et al. 2019; Lyashchenko et al. 2008) mainly in the wild boar, which is considered a biological vector of TB
and considered a sentinel host (Ferreras-Colino et al. 2022; Richomme et al. 2019). TB as a chronic disease produces
a delayed response. However, suid species, such as wild boar, show a consistent immunological response, which
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helps in this case to detect the circulating antibodies in the analysed animals (Thomas & Chambers 2021). The results
of this presented assay performed in hunted animals suggest that the sensitivity of the ELISA test was higher in this
species than in cervids in all analyses performed.
Validation of the diagnostic test in these wild animals is limited by access to many high-quality samples from confirmed
infected and uninfected animals (Bernitz et al. 2021). Presumably, the difficulty with samples provided of hunted
animals is having good conditions in which these samples arrive at the laboratory (Richomme et al. 2019). Most blood
samples come degraded and haemolysed without quality, and the test cannot be carried out. With that assumption, as
Felin et al. (2015) have shown, using meat juice as a sample is a valuable tool, as proven in this assay. 
As reported in the present assay, the major constraint is using the post-mortem examination as the standard
diagnostic test to calculate the sensitivity of the ELISA test, which obtained a sensitivity of around 35% and not up to
80% as indicated in the kit. TBL does not have laboratory confirmation and can result from other infectious agents,
such as Actinomyces, Rodoccocusequi or other non-tuberculous mycobacteria (Vicente et al. 2007). This proves that
some of the carcasses that were considered positive for TB because they have TBL may indeed be infected with TB.
On the other hand, some publications/research proved that TBL was regarded as an indicator of TB status (Riscoet
al. 2013; Vicente et al. 2007) due to the high correlation between TBL detection in loco and TB confirmed with
bacteriology. The ideal procedure involves running the TBL by PCR or culture them (Barandiaran et al. 2019; Ferreras-
Colino et al. 2022). However, the consistent sensitivity and agreement score of the presented results of tests with
standard and alternative matrices can also be compared and considered a valid assay.

Conclusions
With these results, agreement score and sensitivity being so close between these two matrices tested to perform the
ELISA test, meat juice could be considered the alternative matrix in this serological diagnosis. More studies are
needed to assess the effectiveness. The authors conclude that more studies should be carried out to better assess the
sensitivity and specificity of this ELISA test in hunted animals, taking into account the constraints that the samples of
these animals present.
In cases where lesions compatible with tuberculosis are not observed or expensive tests such as bacteriological
culture and PCR are used, the authors believe that the use of serological tests is useful in order to screen for an
infectious pathology in a target population. It is also expected that in future, meat juice can be routinely used as a
feasible sample for TB infection screening in wildlife. This type of sample (meat juice from diafragm and heart
muscles) is widely collected routinely to scan other game zoonotic diseases. With this, it could provide in future
information more practically and efficiently on long-time and spatial trends of TB infection in target large game, such as
the wild boar, a sentinel host. And thus, provide that hunters help in the surveillance of infectious diseases in
circulation in large game populations. Hunters may be responsible for routinely collect a sample that is easy to collect,
such as a piece of muscle, contributing to the study and TB screening.
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