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Sponge-based environmental
DNA detection as a useful tool
In monitoring Mycobacterium
tuberculosis complex markers in
European bison (Bison bonasus)

Anna Didkowska'™’, Marta Pérez-Sancho?3, Carmen Herranz?3, Daniel Klich*,
Krzysztof Anusz?, Lucjan Witkowski®, Lucas Dominguez??> & Christian Gortazar®™’

The European bison (Bison bonasus), also called wisent, is the largest terrestrial mammal in Europe,
classified by the International Union for Conservation of Nature (IUCN) as a “Near Threatened”
species. Tuberculosis (TB) represents a well-known threat to wisent, especially nowadays when
infectious diseases are emerging to this species, due to locally high population density and frequent
translocation (and consequently increased exposure to infectious diseases). There is an urgent need

to control the TB-epidemiological situation in the European bison environment. This study aimed to
assess the usefulness of the sponge-based environmental-DNA (eDNA) for monitoring TB in free-
ranging and captive European bison herds based on the knowledge of the TB-epidemiological situation
in the past. Between 2022 and 2024, eDNA samples (n=84) were collected from European bison or
their environment in eight herds from different regions of Poland. The real-time PCR techniques with
1S6110, 151081, and MPB70 as targets were used to detect MTC DNA markers in the samples. The
MTCDNA 1S6110 and 1S1081 were simultaneously detected in 17/84 (20.2%) samples. No sample

was positive for MPB70. The highest number of positive results for both markers (156110 and 1S10081
targets) was in the captive herd in Bieszczady-Muczne, followed by the free-ranging herd in the
nearby Bieszczady Mountains. Even though detecting nucleic acid, especially at low eDNA signal, does
not necessarily indicate viable pathogens, our results suggest this new approach could represent a
suitable complementary tool for TBC surveillance in wildlife-livestock interface of particular interest in
endangered species.
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Animal tuberculosis (TB) is a chronic infection of cattle and many other domestic and wild mammals. TB leads
to a loss in productivity in livestock and significant economic costs" This zoonotic disease is still a crucial
public health problem?. Although many countries have made costly efforts to eliminate the disease, eradication
remains elusive. TB also remains a serious threat to wildlife conservation strategies and biodiversity**. One of
the major problems for effective monitoring, is the well-known set of limitations of existing diagnostic tests®, this
situation is particularly worrying in wild animals, such as European bison (Bison bonasus), called also a wisent,
which is the largest land mammal in Europe.
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Although Poland remains an officially tuberculosis-free (OTF) country, the causative agents of TB have
been isolated in wildlife in Poland, including wild boar (Sus scrofa), wolves (Canis lupus) and European bison
(Bison bonasus)®°. The European bison seems to be a particularly sensitive species!?. Its status is defined by the
International Union for Conservation of Nature (IUCN) as “Near Threatened”!!. Currently, one of the main
threats to this species is the excessive local density of the population (e.g'?). Another relevant epidemiological
risk factor is the frequent captive breeding and translocation'®. In 1996-2013, 45 cases of TB in European bison
(Bison bonasus caucasicus) were microbiologically confirmed in the Bieszczady Mountains in southeastern
Poland!*. The Bieszczady Mountains are not the only region where TB has occurred in free-ranging European
bison. In spring 2016, in the Borecka Forest, two cases of TB were found in an 8-year-old and a 13-year-old
bull, respectively®. However, no positive results were confirmed in this region afterwards. In the last five years,
during the TB monitoring in European bison, there have been positive results in gamma-interferon assays in
Knyszynska Forest but there was no confirmation by culture in material collected post-mortem (unpublished
data).

TB also occurred in captive European bison herds. At the end of 2013, there were 21 individuals in the
European Bison Breeding Centre in Smardzewice (central Poland). Since that year, the herd was completely
depopulated in 2018 and Mycobacterium caprae infection was confirmed in all animals'®. The study revealed
the most likely source of infection was European bison from the Silesian Zoo (in which 11 animals, including 3
giraffes, 5 antelopes and 1 alpaca were found TB infected in 2009-2010)'%'7. In 2013, two bulls were transported
from Smardzewice to the “Wolisko” enclosure in the Borecka Forest. Due to the possibility of transferring the
infection from Smardzewice, in September 2013, the animals were depopulated, and in one of them, TB was
confirmed!®. In 2024, two PCR-positive results (unpublished data) were confirmed in nasal swabs collected
during the immobilization of European bison from two captive herds: Baltéw (two animals) and Gotuchéw (one
animal), as well as two doubtful gamma-interferon test (IGRA) results in Baltéw (unpublished data).

TB remains one of the major health threats to endangered European bison'® although the current TB situation
in this species remains unclear. Ante-mortem diagnosis of TB by tuberculin skin testing is expensive because
it requires a double immobilization of animals, which is associated with risks to their health®®. Even though
there have been attempts to develop improved diagnostic methods for tuberculosis in European bison!>2%2,
results are often ambiguous implying a limited number of detection TB tools for European bison is currently
available. An important direction for improving TB diagnostics is to create a diagnostic algorithm that includes
the inclusion of several tests to achieve overall high sensitivity and specificity. Another important step involves
new technologies like testing environmental DNA (eDNA)?. This latter is particularly important in monitoring
wildlife and the wildlife-livestock interface as it allows Mycobacterium tuberculosis complex (MTC) eDNA
monitoring and eDNA based risk analyses?*?°. In fact in these scenarios, improving a diagnostic method should
be aimed at developing tools to identify the pathogen in all hosts and settings and not specific to a certain host
type, which furthermore highlights the role and importance of eDNA-based methods. The importance of certain
environmental features in maintaining TB infection in multi-host systems has been confirmed due to long-
lasting MTC persistence in the environment?®%’.

In this study, we revisited seven of the European bison populations studied in a recent serosurvey in Poland?!
implementing environmental nucleic acid detection (ENAD) using non-invasive samplings for molecular
monitoring of MTC markers in free-ranging and captive European bison herds.

Results

The IS6110 and IS1081 markers were simultaneously detected by PCR in 17/84 (20.2%; 95%CI: 12.86-30.27)
samples (Ct range 35.25 to 37.81 for IS6110, and 38.15 to 39.64 for IS10081). No sample was positive for MPB70.
The highest number of positive results was observed in the captive herd in Bieszczad-Muczne, followed by the
nearby free-ranging herd in the Bieszczady Mountains (Fig. 1). Overall, IS6110 and 1S1081 were detected in
sponge samples collected from animals: 8/27 (29.6%; 95%CI: 12.86-30.27), feeders: 5/34 (14.7%; 95%CI: 5.98-
30.65), and soil: 4/16 (37.5%, 95%CI: 17.78-62.83).

Both the TB outbreak in European bison in the past and the source of samples had a significant impact on
MTC DNA markers detection in sponge samples (Table 1). Animals in free-ranging or captive locations
with a previous TB outbreak showed a significantly higher frequency of MTC DNA markers in samples
(p < 0.004). The source of samples was included in the model, however, did not statistically influence the
level of MTC DNA markers frequency detection (Table 1). The percentage of positive samples obtained
with antibodies against P22 (MTC) in European bison?! and MTC DNA (IS6110 and IS1081 targets)
obtained in this study were highly correlated (Rho =0.832, p = 0.020).

Discussion

In protected wildlife species, sample collection for disease surveillance purposes is extremely difficult. Finding
reliable, non-invasive methods is crucial to detect and monitor infectious diseases and to eventually assess the
impact of disease control interventions. In the present study, we have demonstrated the usefulness of sponge-
based non-invasive sampling to detect MTC markers in the European bison environment, an endangered species
susceptible to TB. Previous studies have demonstrated the ability of this approach to detect MTC DNA?*?> and
other pathogens*>?*?° not only in domestic environments but also in natural settings®®, even at the livestock-
wildlife interface?*2>30.

In our study we have found a strong link between the existence of TB records in European bison herds in
the past and the probability of IS6110 and IS1081 detection. Furthermore, our results are in line with previous
detection of P22 antibodies in European bison in the tested regions. A high correlation of results in those two
independent methods (serology and eDNA detections) strengthens their credibility.
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Fig. 1. MTC DNA markers (IS6110 and IS1081 targets) detection in sponge samples collected from European
bison (Bison bonasus) or its environment by maintenance type and site and source of sample. “Infrastructure”
sample sources include: feeders, fences or trees.

Source B Standard Error | Lower CI | Upper CI | Chi-square | p
Intercept 0.147 0.739 -1.301 1.596 0.040 0.842
No TB outbreak in the past -1.848 | 0.645 -3.112 -0.583 8.204 0.004
Positive TB outbreak in the past | 0%

SAMPLE-animal -0.079 | 0.786 -1.619 1.462 0.010 0.920
SAMPLE-elements —1.483 | 0.840 -3.130 0.164 3.114 0.078
SAMPLE-soil 0*

Table 1. Effect of TB outbreak in the past and (TB) and source of samples (SAMPLE) on MTC eDNA markers
(IS6110 and IS1081 targets) detection. *reference category.

The highest number of positive results were detected in Bieszczady in both captive (Bieszczady-Muczne) and
free-ranging herds (Bieszczady Mountains). This is in line with the region’s TB history® as long as the two biggest
TB outbreaks in European bison were reported in this part of Poland!*. In fact, in the last five years, there have
been confirmed TB cases in other wildlife species in this region: in the brown bear (Ursus arctos) (MTC DNA
detection)®!, wild boar, and wolves (culture)*? which confirms the suitability of non-invasive sampling to detect
the circulation of MTC in close environments to European bison. Due to the high number of positive results in
a captive herd in Bieszczady-Muczne detected in this study, active surveillance should be implemented in the
region due to the potential impact on health as well as biodiversity.

Another site where I1S6110 and ISI1081 targets were detected was a captive European bison herd in
Smardzewice. A TB outbreak occurred there between 2013 and 2018 (the entire herd was culled in 2018). Since
then, there have been no European bison in this area. However, it cannot be excluded that other species could
act as TB reservoirs like that reported in wild boar in the Bieszczady Mountains’.

In Knyszynska Forest, IS6110 and IS1081 positive samples were also obtained. No TB cases have been
confirmed in European bison or other wildlife species in the region. However, P22 antibodies (10.8%) and
positive gamma-interferon results have recently been obtained in animals of the region [Didkowska, unpublished
data]?!.

Even though detecting nucleic acid, especially at low DNA signal (the lowest Ct value in this study was 35.25
in a European bison surface from Bieszczady-Muczne), does not necessarily indicate viable pathogens in the
environment, it may indicate the circulation of MTC or related bacteria. Our results indicate that non-invasive
samplings could represent a convenient tool to detect regions in which surveillance efforts should be reinforced.

Our study has some limitations. Firstly, DNA-based methods do not distinguish between viable and dead
MTC or related bacteria which represents eDNA detection could not reflect current risk®*. Finding MTC
markers eDNA in sponge samples, including in those collected from animals, does not confirm the infection at
the individual level but may inform about epidemiological connection with other herd members, other wildlife
species, or livestock, especially in studies in free-living herds?. In fact, in our study, the TB-history of each tested
region of Poland, P22 serology, and/or MTC bacteriological results have shown that eDNA detection may reflect
the MTC situation of a region providing the opportunity of countless samplings (minimizing the contact with
animals) to better understand the pattern of IS6110 and IS1081 positivity in the studied European bison herds.
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Another limitation of our study that could be considered is the lack of information on TB status (at individual
and herd levels) in parallel with environmental samplings could be considered. However, the aim of this study
was to evaluate the suitability of a non-invasive approach for MTC markers monitorization in European bison
(not to establish the current TB epidemiological situation). Another limitation to consider is that only IS6110
and IS1081 positive results were obtained and MPB70 were negative. However, the obtained Ct values were
rather high, and this could explain why a multicopy target (IS6110 and I1S1081) was detected and a single unique
copy (MPB70) was not detected. Besides, IS6110 can also be present in other organisms and therefore we claim
marker detection rather than MTC detection. However, we note that our findings based on IS6110 and 1S1081
markers make biological sense, as explained above.

We suggest that sponge-based eDNA sampling provides a good complementary detection tool to monitor
MTC markers and probably other pathogens in the wild-environment to implement disease surveillance in
wildlife species such as European bison.

Materials and methods

Samplings

Between 2022 and 2024, sponges for eDNA MTC detection (1= 84) were collected from European bison or
their environment in three free-ranging and six captive populations. In Poland (Table 2; Fig. 2). In the case of
free-ranging herds, sampling surfaces were selected based on knowledge about the presence of European bison
in each area or data from camera traps.

Sponges were collected from animals during anaesthesia for routine diagnosis before transport (n= 8) or
immediately after culling (n=19), and from abiotic surfaces including feeders, fences, soil, and trees (n= 57)
(Table 3). The sampling procedure followed manufacturer instructions (GPSponge” KIT, Genetic PCR Solutions,
Alicante, Spain). Briefly, a sponge prehydrated with 15 ml of an isotonic surfactant liquid was scrubbed by
passing over each location ten times®*.

DNA extraction

The extraction and purification of DNA from the liquid of the sponge samples was performed using the QIAamp
Fast DNA Stool Mini Kit (Qiagen Hilden, Germany), starting from the pellet obtained after centrifuging 900 pL
of the previous homogenized sample for 3 min at 13.000 rpm.

PCR for MTC detection

The real-time PCR with IS6110, IS1081, and MPB70 as targets were used to detect MTC in the samples,
using the primers described previously**-3’. We defined three real-time PCR targets to detect MTC DNA in
environmental samples, IS6110, IS1081, and MBP70. The primer sequences for the IS6110 multicopy target
were 6110-forward: 5'- GGTAGCAGACCTCACCTATGTGT-3", 6110-reverse: 5- AGGCGTCGGTGACAA
AGG-3" and 6110-probe: 5'- FAM- CACGTAGGC GAACCC - MGB NFQ-3'%. The primer sequences for the
MPB70 monocopy target were mpb70 - forward: 5'-CTCAATCCGCAAGTAAACC-3’, mpb70-reverse: 5'-TC
AGCAGTGACGAATTGG-3' and mpb70-probe: 5'- FAM CTCAACAGCGGTCAGTACACGGT-BHQ1-3"%.
The primers sequences for IS1081 were TRIS1081 F- forward: 5°"CCG CCA CCG TGA TTT CGA3’, TR1S1081
R-reverse: 5'"GCC AGT CCG GGA AAT AGC T 3’ and TR IS1081 P-probe: (FAM)- 5°CCG CAA CCA TCG
ACG TC- 3'-(MGB-NFQ)?".

PCR was performed using the QuantiFast Pathogen +IC Kits (400) according to the manufacturer’s
instructions (QIAGEN). This kit includes an internal amplification control (IAC), as well as specific reagents and
primers/probes required for amplification. Ultra-pure distilled water was used as the negative control and DNA
from a BCG inoculum was used as the positive control. AllIS6110 and MPB70 PCR reactions were performed in
a CFX96 TouchTM real-time PCR detection system (Bio-Rad, Hercules, CA, USA) under the following cycling
conditions: 95°C for 5 min, followed by 45 2-step cycles of 95°C for 15 s and 60°C for 1 min.

The thermal cycler protocol for the IS1081 PCR were as follows: an initial activation of Taq polymerase at
95 °C for 5 min, followed by 40 cycles (denaturation at 95 °C for 15 s+ annealing/extension at 60 °C for 30 s).

Samples were considered positive if, at least, positive results were obtained for I1S6110 (Ct value <38) and
IS1081 (Ct <40).

Number of
collected
Sampling surface Description sponges
. The locations: spatula area, spine area (the entire length from head to tail, both flanks. Animals were dead
Animal : o 27
or immobilised.
Feeder Structure locations where animals are fed were chosen. 34
Soil (resting place or pasture) Places where whole herds gather were selected, with particular attention paid to the resting sites. Sponge 16
swabs were taken from the soil surface.
Fence Locations where animals rub and scratch were chosen. 4
Trees Swabs were collected from trees at a height where animals could rub. 3
Table 2. Types of surfaces sampled in the environment and on European bison (Bison bonasus).
Scientific Reports|  (2025) 15:18503 | https://doi.org/10.1038/s41598-025-01966-4 nature portfolio



http://www.nature.com/scientificreports

www.nature.com/scientificreports/

“™  Free ranging animals
Captive animals

3/14 positive/total samples

TB TB outbreak in the past
(2013-2018) years of TB outbreak

Fig. 2. Mycobacterium tuberculosis complex DNA (IS6110 and IS1081 targets) detection in sponge samples
collected from European bison (Bison bonasus) or its environment by maintenance type (free ranging or
captive) and site (six different regions of Poland). The figure was generated in Quantum GIS v.3.4.5 (https://qgi
s.org) and Core]DRAW Standard 2020 (https://www.corel.com). One of the coauthors created the map.

. . In spring 2024 in two animals positive result in PCR swab one animal positive

Baltow Captive in IGRA (unpublished data). 0% (0/2) 0% (0/9)

g;j*e‘;?‘eza Free living | TB never reported. 6.9% (95% CI: 2.78-5.13) | 7.14% (95% CI: 3.7-31.71) (1/14)

FBli‘;?eia Captive TB never reported. 7.9% (95% CI: 2.19-20.79) | 0 (0/2)

Bieszczad Two TB outbreaks in European bison: 1997-2001 and 2010-2013. TB

M ay Free-living confirmed also in other species. Last TB case in wild boar (not published) in | 5.9% (95% CI: 1.63-16.36) | 29.4% (95% CI: 12.38-54.41) (5/17)

ountains 2024

Bieszczady, . TB has never been reported in a captive herd, but it has been reported in 12.5% (95% CI: .

Muczne Captive wildlife species in the surrounding area. 2.27-37.16) 50% (95% CI: 24.27-75.73) (6/12)

Gotuchéw Captive TB never reported. 0% 0% (0/3)

Knyszynska - TB has been never been reported. However, positive results in IGRA test have | 10.8% (95% CI: .

Forest Freeliving been detected in last five years (unpublish data) 3.78-25.38) 21.4% (95% CI: 6.12- 50.00) (3/14)

Pszczyna Captive TB never reported. 5.3% (95% CI: 0.95-17.99) | 14.3% (95% CI: 0.74-55.42) (1/7)
TB in herd between 2013-2022. In December 2022 the last animal from herd

Smardzewice | Captive was culled. Sampling was conducted due to plans for introducing European Not included. 16.7% (95% CI: 0.86-58.86) (1/6)
bison again to Smardzewice.

Table 3. Sites of sponge collection and TB history in European bison (Bison bonasus).
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Statistical analyses
The probability of finding MTC eDNA markers (IS6110 and IS1081 targets simultaneously) was verified by the
presence in samples with the generalized linear binary model in IBM SPSS software. Positive vs. negative MTC
eDNA markers samples (IS6110 and IS1081) (marked as 1 and 0 respectively) were tested as dependent variables
regarding previous TB outbreaks (Bieszczady Mountains - free-ranging animals and captive herds in Muczne
and Smardzewice) and source of samples. The source of samples was in three groups: animals, elements (feeder,
trees, fence), and soil. Then, we performed a pairwise comparison of marginal means with the LSD test’®.

The relation between the percent of positive samples obtained with antibodies against P22 (MTC) in European
bison?! and MTC markers DNA (IS6110 and IS1081 targets simultaneously) obtained in this study was verified.
For this purpose, Spearman’s rank correlation coefficient in IBM SPSS (version 29.0) was used.

Data availability

All detailed data are available for request in the corresponding authors.
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