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Abstract – The intradermal tuberculin (IDTB) test and the interferon-gamma (IFN-γ) assay are
used worldwide for detection of bovine tuberculosis in cattle, but little is known about the effect of
co-infecting agents on the performance of these diagnostic tests. This report describes a field trial
conducted in a cattle herd with dual infection (bovine tuberculosis and paratuberculosis) during
3.5 years. It has been based on a strategic approach encompassing serial parallel testing
(comparative IDTB test, the IFN-γ assay and serology of paratuberculosis) that was repeated
8 times over the period, and segregation of animals into two herds. The IDTB test detected 65.2%
and the IFN-γ test detected 69.6% of the Mycobacterium bovis culture-positive cattle. However, the
IDTB test performed better during the first part of the trial, while the IFN-γ test was the only method
that detected infected animals during the following three samplings. The number of false positive
reactors with the IDTB and/or the IFN-γ tests was remarkably high compared to other reports, and
could be caused by cross-reactivity with M. avium subsp. paratuberculosis. Also, the M. bovis
isolates from cattle and wildlife from the same property were characterised using molecular
techniques to disclose an epidemiological link. The IDTB test may not be appropriate to eradicate
bovine tuberculosis in herds with dual mycobacterial infections. This report highlights the need to
use several diagnostic techniques for the accurate detection of M. bovis infected animals in these herds.
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1. INTRODUCTION

Eradication of bovine tuberculosis, zoon-
oses caused by Mycobacterium bovis, relies
on the detection of infected animals and

subsequent slaughter of reactors. The intra-
dermal tuberculin (IDTB) test has been
used for routine field detection of infected
animals since nearly a century ago [19],
and it is the official test in most countries.
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Evaluación de herramientas de diagnóstico para la erradicaciónde la tuberculosis bovina en bovinos coinfectados conMycobacterium bovis y M. avium subsp.paratuberculosis
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La prueba IDTB puede no ser apropiada para erradicartuberculosis bovina en rebaños con infecciones micobacterianas duales. Este informe destaca la necesidad deutilizar varias técnicas de diagnóstico para la detección precisa de animales infectados con M. bovis en estos rebaños.
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and spb-98 in our database, were isolated
from animals sampled from 2001 to 2004.
The isolates were divided into four types
using the ETR-A typing and 2 types using
MIRU-4 typing. The combination of the
results of both techniques further subdi-
vided the M. bovis isolates into 5 types.
M. bovis from cattle and wild animals from
the property shared the profiles of spoligo-
typing and VNTR.

4. DISCUSSION

In spite of the economic and logistic
resources that have been devoted to the
eradication of bovine tuberculosis, the
prevalence of Mycobacterium bovis infec-
tion has not being substantially reduced in
certain areas of Spain and other countries
such as the United Kingdom and the Repub-
lic of Ireland. Some factors have been asso-
ciated with the failure of these eradication
campaigns. Firstly, the performance of the
tuberculin tests could be affected by factors
inherent to the method [19], or factors that
have been described to impair the immune
response, such as treatment with corticoids
and the effect of stress [7, 12]. Secondly, some
wildlife species have been blamed for acting
as a reservoir. This study was undertaken to
ascertain the effect of a third possibility,
that it is the presence of other infections
(specifically paratuberculosis) in the per-
formance of the diagnostic tests for bovine
tuberculosis. Furthermore, these situations
do not rule out the existence of the others.

The results obtained in this study show
that the IDTB test alone, without further
analysis of results and follow-up at the abat-
toir of tuberculosis reactor cattle, is not the

Table III. Non-specific stimulation of the 340
blood samples that did respond to the poke-weed
mitogen.

Parachek Response to the poke-weed 
mitogena

Negative 1.306b

Positive 0.956
0.100–0.250 0.964
0.251–0.500 0.990
0.501–1.000 0.986
> 1.000 0.871
a Mean of the OD of the mitogen well minus the
OD of the PBS well for each animal.
b The ELISA results over found only in this group
were replaced with the highest value in the group
to help in the calculations. 

Table IV. Results of the molecular characterisation of the 36 M. bovis isolates from cattle (n = 26)
and wildlife animals (n = 10) obtained in the study.

Spoligotyping ETR-Aa MIRU-4a Animal species Years of samplingb

Spb-7 (SB0121)c 5 4 7 cattle
4 wild boar

2001–2003
2002

Spb-7 (SB0121) 7 3 5 cattle
1 wild boar

2001
2002

Spb-9 (SB0295) 7 3 1 deer
2 wild boar
2 wild boar

3 cattle, 1 bull

2001
2001
2002

2001–2004
Spb-34 (SB0152) 8 3 1 cattle 2001

Spb-98 (SB0933) 4 3 7 cattle, 2 bulls 2001–2004

a Number of copies.
b Wildlife animals were sampled only in 2001 and 2002. 
c SB0121 (HEX code 6F-5F-5E-7F-FF-60), SB0295 (6F-5F-5E-7F-FF-20), SB0152 (40-00-00-7F-FF-
60), and SB0933 (60-5F-5F-7F-FF-40) are the number of the patterns as found in the M. bovis spoligo-
type database (www.Mbovis.org).

Gregorio
Cuadro de texto
En primer lugar, el rendimiento de la las pruebas de tuberculina podrían verse afectadas por factoresinherente al método [19], o factores que han sido descritos para dañar el sistema inmunerespuesta, como el tratamiento con corticoides y el efecto del estrés [7, 12]. En segundo lugar, algunosespecies de vida silvestre han sido culpados por actuar como un depósito. Este estudio se realizó paradeterminar el efecto de una tercera posibilidad, que es la presencia de otras infecciones(específicamente paratuberculosis) en el desempeño de las pruebas de diagnóstico para bovinostuberculosis. Además, estas situaciones no descarta la existencia de los demás.
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optimum strategy for the eradication cam-
paign if both mycobacterial infections are
present. It presents two main drawbacks in
the eradication campaign; first, the unsatis-
factory level of sensitivity to clear the infec-
tion, and secondly, the finding of false
tuberculosis reactors, which is detrimental
to farmers, results in serious financial loss
and may lead to non-compliance with erad-
ication schemes.

The development of the IFN-γ test has
been a major advancement in the diagnosis
of bovine tuberculosis and it has been offi-
cially approved in many countries. How-
ever, there is little information about the
performance of this test and the criteria that
should be used in the different epidemio-
logical contexts. Since our main target was
the eradication of tuberculosis in the herd,
the cut-off value of the ELISA for IFN-γ
was adjusted to obtain a maximum sensi-
tivity (bovine PPD ≥ nil + 0.050). 

Although it is difficult to compare the
results obtained in the published field trials
because of the use of different methodology
(sampling time, different PPD and ELISA
kit), source of cattle, and criteria of inter-
pretation, the sensitivity values obtained in
this study for both the IDTB and the IFN-γ
tests have been only moderate, and in gen-
eral terms, they were lower than those
found in other reports [13, 18, 28, 31, 32,
45]. This low performance is more obvious
regarding the IFN-γ assay since it is gener-
ally accepted to have a higher sensitivity. In
this study, the apparent sensitivity of both
IDTB and IFN-γ tests was low and similar,
65.2% and 69.6% respectively. The sensi-
tivity of the tests may be overestimated
because only a moderate number of non-
reacting cattle were necropsied. As
reported in other studies, there was an over-
lapping population of infected animals that
was detected by both the IDTB test and the
IFN-γ assay, and a population positive on
either the skin test or the IFN-γ assay. In this
case, this common population was also
small (40.9%). Therefore, and in agreement
with other authors [13, 28, 32, 39, 45], the

detection of the maximum number of
infected animals is achieved by the combi-
nation of both tests. Both tests were com-
plementary also in the way that the IDTB
test performed better during the first part of
the trial, while the IFN-γ test was the only
method that detected the infected animals at
the second part of the study (it detected the
M. bovis culture positive cattle that failed to
react to the IDTB test). The practical effect
in the eradication of this infection is that by
using the comparative IDTB test alone, the
herd would have recovered the officially
tuberculosis-free herd status that enable for
movement and trade of animals although
some residual M. bovis infection remained
at that moment. Cattle movement and cattle
purchase is a potential for the transmission
of the disease [27]. In fact, a recent paper
highlights that the movement of cattle from
areas where bovine tuberculosis is reported
outperforms other variables as the predictor
of disease occurrence in Great Britain [11].

Two of the M. bovis culture positive ani-
mals were avianB reactors. The identifica-
tion of avian reactors further complicates
the interpretation of the results. These ani-
mals are usually considered negative to
tuberculous infection, and it has been
reported that cows with a positive IFN-γ
response to avian PPD generally also had
positive lower responses to bovine PPD
[35]. However, the isolation of M. bovis
from avianB reactors was described in a
goat flock [18]. We have found that it can
also occur in cattle.

Serial testing combining two techniques
(IDTB and IFN-γ assay) has been previ-
ously used for the eradication of tuberculo-
sis in goats3 [18] and cattle [13] resulting in

3 Vidal D., Domingo M., Aranaz A., et al., Eradi-
cation of tuberculosis from goat herds by means of
the interferon-γ assay and the single intradermal
comparative skin test, in: Griffin F., De Lisle G.
(Eds.), Tuberculosis in wildlife and domestic ani-
mals, Proc. 2nd Int. Conference on Mycobacte-
rium bovis, Otago Conference Series, University
of Otago Press, Dunedin, New Zealand, 1995,
328–330.
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gradual reduction in the prevalence of the
infection and elimination after two to four
cycles. The fact that more cycles were
needed in this herd could be due to the type
of cattle, the presence of paratuberculosis in
the same herd, and a possibility of infection
from wildlife species.

Although the use of a mitogen as the
positive control has not been considered
absolutely necessary [37], we included
stimulation with poke-weed mitogen as a
positive control, and the general immune
response obtained was satisfactory. The
results indicate that the response of cattle
negative to the Parachek test is slightly
higher than those positive to the Parachek
test. Secretion of greater quantities of
IFN-γ in response to mitogens in cows with
subclinical paratuberculosis than in cows
with clinical paratuberculosis has been
reported [34]. The finding that five of the
cattle which did not respond to mitogen
were at the last stage of paratuberculosis
infection may suggest that clinically
advanced paratuberculosis hampers the
development of cell responses, resulting in
false negative reactions.

Although our data should be interpreted
as approximate because the slaughtered
animals were not randomly selected, the
number of false reactors (IDTB test positive
and/or IFN-γ test positive, but M. bovis cul-
ture negative) found in this study was
remarkably high compared to other reports,
with the exception of another Spanish study
[13]. Our results were obtained on a single
farm, but we think that they could be extrap-
olated to many other farms in the same sin-
gular epidemiological situation.

In our experience, the number of false
positive reactors is too high to be explained
only as a failure to detect M. bovis because
(1) lesions were in unusual location and
therefore not sampled at the abattoir
because we examined the tissues with a
higher probability to contain bacilli (medi-
astinal, retropharyngeal, bronchial and
mesenteric lymph nodes, and lung) [5, 40],
or (2) as failure of the bacteriological cul-

ture to detect low-viability bacteria that
could be damaged after freezing or decon-
tamination procedures [5]. In total, 39 of the
78 (50%) false reactors were positive in
the serology of paratuberculosis using the
Parachek kit, 24 were positive in the Ziehn-
Neelsen staining, and M. a. paratuberculo-
sis was isolated from 11 cattle; most of them
were from the group detected by the IFN-γ
assay. Therefore, we think that this can be
explained by the cross-reactivity due to
bacteria other than M. bovis, likely cross-
reactivity due to M. a. paratuberculosis.

The animals were separated into two
herds according to their results to the tests.
The advantages of this systems of segrega-
tion (apart from the study of the evolution
of the results) are that it avoids unnecessary
culling and helps to maintain a number of
cattle in the property to keep its economic
viability, while limiting the spread of the
infections. Only the offspring of herd A
were used for replacement, and as the con-
trol progressed, the trend was the elimina-
tion of herd B. The obvious drawback is that
it can be carried out only when no limitation
of land and other resources is present.

Another aspect of the epidemiology of
the M. bovis infection that was taken into
account in this study was the potential role
of wildlife as reservoirs of the infection.
M. bovis can also infect a wide range of
domestic and wild animals [21, 25] and
some of them are considered as reservoirs
of infection for livestock. The risk these res-
ervoirs constitute for domestic animals
depends on the specific epidemiological
situation of the species and the environment
[21] and has been demonstrated under a
similar situation in Spain [1].

Sustainable control policies can only be
achieved through a better understanding of
the epidemiology of tuberculosis in both cat-
tle and wildlife reservoirs [2]. The M. bovis
isolates obtained in this study were charac-
terised by spoligotyping and VNTR typing,
and the results indicate that three of the five
patterns are shared by domestic and wildlife
species in the property. The awareness of
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Las pruebas seriales que combinan dos técnicas (IDTB e IFN-γ) se han utilizado previamente para la erradicación de la tuberculosis en cabras 3 [18] y el ganado [13], lo que resulta en reducción gradual en la prevalencia de la infección y eliminación después de dos a cuatrociclos. El hecho de que más ciclos eran necesario en este rebaño podría ser debido al tipode ganado, la presencia de paratuberculosis en la misma manada, y una posibilidad de infecciónde especies de vida silvestre
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this potential risk resulted in a more precise
targeting of control measures; the owners
were advised to take measures to limit con-
tact between cattle and wild species, and
wildlife was fenced in a separate area.

For the time being, the strategy described
in this report has been applied for 3.5 years
in the herd, and we have not found any M.
bovis culture-positive cattle since the sixth
trial. All animals in herd A were negative
to the IFN-γ assay in the last trial to date.
The herd has achieved the officially tuber-
culosis-free status, but continuous surveil-
lance will be maintained.

In summary, we found that the perform-
ance of the IDTB and the IFN-γ tests is
impaired in cattle with dual mycobacterial
infections; and this drop is more evident in
the latter. In this context, it is not possible
to accurately forecast the infection status of
an animal with a single test. These results
indicate that a different mentality is
required in approaching the eradication
campaign in herds where both diseases are
present. The combined use of diagnostic
techniques allied to improved farm man-
agement practices have been useful for the
objective of this field trial. The strategy
implemented in the property (serial com-
bined use of diagnosis techniques and seg-
regation of animals depending on the
results, together with separation of domes-
tic and wild animals) has resulted in the
elimination of M. bovis infection from the
herd and a significant control of the paratu-
berculosis infection. However, in especial
when a herd is dually infected, these proce-
dures require a substantial technical and
economic effort both in farm management
and in the laboratory, because a detailed fol-
low-up of the animals is needed. These
strategies should be understood as a
medium-long term task, and the trusted col-
laboration of all implied parties is essential.
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El uso combinado de diagnóstico técnicas aliadas a una gestión agrícola mejoradaprácticas han sido útiles para el objetivo de esta prueba de campo. La estrategiaimplementado en la propiedad (serie combinada uso de técnicas de diagnóstico y segregaciónde animales dependiendo del resultados, junto con la separación de y animales salvajes) ha resultado en la eliminación de la infección por M. bovis delrebaño y un control significativo de la paratuberculosis infección.
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