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SUMMARY

In some French départements, the eradication of bovine tuberculosis is incomplete and usual
skin tests [single intradermal tuberculin test (SIT) and single intradermal comparative cervical test
(SICCT)] have poor specificity due to cross-reactions with non-pathogenic mycobacteria, causing
economic losses. In Côte d’Or (Burgundy, France), an experimental serial testing scheme based
on the combination of SICCT and gamma-interferon (IFN-γ) tests has been initiated in order
to shorten the interval between suspicion and its invalidation in herds with false-positive results
to skin tests. Our aim was to assess the scheme’s sensitivity and to compare it to the sensitivity
of the screening scheme recommended by the European Commission. Our study included 1768
animals from Côte d’Or. The sensitivities of both schemes were estimated using a Bayesian
approach. The individual sensitivity of the IFN-γ test [88·1%, 95% credibility interval (CrI)
72·8–97·5] was not significantly different from individual SICCT sensitivity (80·3%, 95% CrI
61·6–98·0) and individual SIT sensitivity (84·2%, 95% CrI 59·0–98·2). The individual specificity
of the IFN-γ test was 62·3% (95% CrI 60·2–64·5). No significant difference could be
demonstrated between the sensitivities of the serial testing scheme used in Côte d’Or
(73·1%, 95% CrI 41·1–100) and the European Union serial testing scheme (70·1%, 95%
CrI 31·5–100·0).
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INTRODUCTION

Bovine tuberculosis (bTB) is a zoonotic infectious
disease mainly due to Mycobacterium bovis. In cattle,

its clinical expression is discrete and frequently un-
noticeable until several years of evolution.

Although France has been considered as officially
free from bTB since December 2000, the eradication
of the disease is still incomplete in a few French
départements like Côte d’Or (Burgundy, France) [1].

In France, the detection of bTB is mainly based
on meat inspection at the abattoir and skin test
performed on cattle aged >6 weeks, at different
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frequencies depending on the region’s epidemiological
status with regard bTB. Two types of skin tests are
used: the single intradermal tuberculin test (SIT) and
the single intradermal comparative cervical test
(SICCT). Both tests have imperfect sensitivity and
specificity in addition to technical drawbacks, even
though SICCT is a little more specific than SIT [2].
The biological bases of skin tests are detailed in [3].
European directive CE/64/432 recommends the use
of SIT as a first attempt for screening in herds. When
positive or doubtful results to SIT occur in a herd, ani-
mals with non-negative results may be slaughtered in
order to confirm the infection. The only opportunity
to invalidate the suspicion is to repeat the skin test
(using an SICCT) and to obtain only negative results
in the herd. This second skin test must be performed
at least 6weeksafter theSITbecauseof adesensitization
phenomenon. During this period, trade of cattle and
products from the herd is forbidden.

Another test is available for the diagnosis of bTB:
the gamma-interferon (IFN-γ) test. IFN-γ is a cyto-
kine produced by T-lymphocytes of bTB-infected ani-
mals after stimulation of M. bovis antigens [4]. The
IFN-γ test has been used in Australia since the 1980s
[5] and in Europe since the 2000s [6]. According to
the literature, this test is more sensitive than SICCT
[7], and often as specific as it; however, some studies
show lower specificities of IFN-γ test compared
to SICCT [6]. The IFN-γ test is based on the same
biological principle as skin tests [3] but it detects
bTB in the early stages of infection, and can be per-
formed immediately after a skin test without desensi-
tization [8].

In some French areas like Côte d’Or, the specificity
of skin tests is known to be particularly poor, because
of cross-reactions due to non-pathogenic myco-
bacteria. In this département, SICCT is used as a
first attempt instead of SIT, in order to improve the
specificity of the screening, but false-positive results
occur frequently, hampering trade and causing sub-
sequent economic losses [1].

An experimental screening scheme using serial test-
ing combining SICCT and IFN-γ tests has been
initiated in Côte d’Or since 2008, to detect herds
with false-positive results to SICCT and to shorten
the interval between suspicion and its invalidation
in these herds. This use of the IFN-γ test (i.e. serial
testing with SICCT) is not included in the European
directive CE/64/432, raising issues about the certifica-
tion of the status of animals exported by France with
regard to bTB. The aim of our study was to assess
the sensitivity of the screening scheme used in Côte
d’Or (serial application of SICCT and IFN-γ tests;
SICCT-IFN-γ) and to compare it to the sensitivity
of the screening scheme recommended by the
European Commission (serial application of SIT and
SICCT; SIT-SICCT).

METHODS

Sample and tests

The data presented in this study is part of annual test-
ing data for 1850 farms from Côte d’Or, based on in-
dividual skin tests performed on 68816 heads of cattle
aged >12 months. The current study includes 2871
animals, sampled from cattle raised on 657 farms in
which one or more animals tested positive or doubtful
in the annual SICCT testing regimen between 2009
and 2012 (i.e. 35·5% of the 1850 Côte d’Or farms).
Animals were included in the study if they had a posi-
tive or a doubtful result to SICCT (‘reactors’), or if
they had close contacts with reactors (2871 animals,
i.e. 4·2% of the 68816 tested animals). The sampling
scheme is displayed in Figure 1. Thus, 88·8% (2549/
2871) of the animals had positive (or doubtful)
SICCT results and 11·2% (322/2871) had negative
SICCT results. They were included because they pre-
sented a higher risk of bTB than the other animals
in the herd.

Each animal has been included only once in the
sample (in order to satisfy independence). This point

CÔTE D’OR
1850 farms

68 816 animals
SICCT

IFN-γNon-negative results
657 farms

Negative results
1193 farms

Results available for 
SICCT and IFN-γ

657 farms
2871 animals

Results available for 
SICCT, SIT and IFN-γ

657 farms
1768 animals

Fig. 1 [colour online]. Sampling scheme. SIT, Single intradermal tuberculin test; SICCT, single intradermal cervical compar-
ative test; IFN-γ, gamma-interferon test.
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has been strictly verified using the national identifica-
tion number given to each animal and the date the test
was performed.

Most (591) of these 657 farms kept their bTB-free
status after further investigation and 66 were found
to be infected (according to Directive 64/432/EEC
and Arrêté Ministériel du 15/09/03 modifié).

In Côte d’Or, each animal aged >12 months
was annually subjected to SICCT, using standard
methods. Skin tests were performed by sanitary veter-
inarians (‘vétérinaires sanitaires’, i.e. private veterinar-
ians in charge of official veterinary controls and
application of health policy) between 2009 and 2012.
Bovine and avian purified protein derivative (bovine
and avian PPD, 0·1 ml) were injected intradermally
and separately in the mid-cervical region, after the
measurement of skin-fold thicknesses at day 0 (thick-
ness at the point of bovine PPD injection: B0; thick-
ness at the point of avian PPD injection: A0). In
France, bovine PPD is used at a concentration of
20000 international units (IU)/ml and avian PPD at
a concentration of 25000 IU/ml. The swelling indu-
ced by the delayed-type hypersensitivity reaction
was evaluated 72 h after the injection, with the
measurement of the skin-fold thicknesses at day 3
(B3 and A3, respectively), and interpreted according
to Table 1.

Qualitative skin test results (i.e. ‘positive’, ‘doubt-
ful’, ‘negative’) were available for 2871 animals but
detailed quantitative results (i.e. skin-fold thickening
measured in millimetres) were registered by veterinar-
ians and therefore available in the database for only
1768 of the 2871 animals. For this last case, SIT
results were deduced from SICCT results interpreting
only the DB value. When DB was42mm, the SIT re-
sult was negative; when DB was between 2 and 4 mm,
the SIT result was doubtful and when DB was >4 mm,

the SIT result was positive. The results for SICCT
were thus available for 2871 animals and results for
SIT for 1768 animals.

In farms where non-negative results (i.e. positive or
doubtful results) to SICCT were observed, an IFN-γ
test was performed between 72 h and 5 days after
the tuberculin injections, on a batch of cattle including
animals showing non-negative results by SICCT, in
order to confirm or invalidate the suspicion. The
IFN-γ tests were performed at the Veterinary Lab-
oratory of Côte d’Or. The samples were identified
by a code number, transported to the laboratory by
veterinarians within 8 h and tests were performed
blind to the results of the other tests. The data was col-
lected between 2009 and 2012 by veterinarians and the
Veterinary Laboratory of Côte d’Or, and gathered by
local veterinary officers (Direction Départementale de
Protection des Populations de Côte d’Or; DDPP21).

The principle of the IFN-γ test is based on the fact
that when sensitized T-lymphocytes from blood of an
infected animal are exposed to different antigens
(avian and bovine PPD and recombinant antigens),
the cells will release the cytokine IFN-γ [3]. The first
step of the test is culture of whole blood in the pres-
ence or absence of different antigens and the separ-
ation of plasma from these cultures after incubation
at 37 °C. The second step is measurement of IFN-γ
from plasma, using an ELISA. The levels of IFN-γ
released from blood cultures stimulated with different
antigens are compared [9]. Two kinds of antigens were
used: bovine and avian PPD commercialized with the
Bovigam® kit (Bovigam®; Prionics AG, Switzerland)
and specific antigen ESAT-6 (SSI, Denmark), in
order to improve the specificity [10]. The Bovigam
test was performed according to the manufacturer’s
recommendations and as described previously [11].
Optical densities (ODs) were transformed into

Table 1. Interpretation of the results of the single intradermal cervical comparative test (SICCT)

Skin-fold thickening
at the point of bovine PPD
injection (DB*=B3−B0)

Difference of skin-fold thickening at the points
of bovine PPD injection (DB*=B0−B3) and avian
PPD injection (DA†=A3−A0) Result of SICCT

DB >2mm DB−DA>4mm Positive
1 mm4DB−DA 44mm Doubtful
DB−DA<1mm Negative

DB 42mm Negative

PPD, Purified protein derivative.
* DB, Skin-fold thickening at the point of bovine PPD injection.
†DA, Skin-fold thickening at the point of avian PPD injection.
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percentage values by comparing the test-sample OD
to the positive control OD, both ODs being corrected
by subtracting the negative control OD [11]. Results
50·04 were considered positive and <0·04 considered
negative under this cut-off. The Bovigam and ESAT-6
results were interpreted jointly using the rules pre-
sented in Table 2. When animals had a negative
result by IFN-γ test, the ‘officially bTB free’ status
of their herd was maintained. Otherwise, the herd
was considered as ‘suspected of bTB’ and further
investigation was carried out (slaughter of animals
with non-negative results, search for lesions and
PCR or isolation of M. bovis on lesions or lymph
nodes).

The skin and IFN-γ tests were performed as part
of the usual official screening scheme on farms from
Côte d’Or. The EU recommendations about screening
procedures and EU ethical guidelines and animal
welfare regulations were strictly adhered to.

Statistical methods

Since the infectious status of each animal regarding
bTB was unknown, each test’s sensitivity and specifi-
city were estimated using a latent class analysis im-
plemented through a Bayesian approach using Mar-
kov Chain Monte Carlo (MCMC) algorithms. The
Bayesian approach has often been used to estimate
characteristics of tests in the absence of a gold stan-
dard, whether in veterinary or human medicine
[12–15]. The main advantage of Bayesian models
for latent class analysis is the combination of prior
information (previous studies or expert opinion) with
evidence from new data (likelihood).

The model used was a generalization of the
Bayesian independence model to allow for dependent
test outcomes. It has been applied in previous studies
[12, 15–18] and used to estimate the covariance of the
sensitivities (γSe) and specificities (γSp) of each pair of
tests (see online Appendix). Two tests are considered

independent as to whether or not an animal is diseased
if the probability of positive (or negative) outcome of
the first test is the same, whatever the outcome, for the
other test [19]. Skin and IFN-γ tests share common
steps in their triggering pathways [3]. Consequently,
they are expected to be conditionally dependent [16].

The prior distributions of sensitivities, specificities
and prevalence were modelled as beta distributions
[19]. To construct a beta prior distribution, the most
probable value of the parameter (or ‘best guess’; θ0)
and a ‘lower limit’ (θL; i.e. a value for which the exper-
imenter is 95% certain that the parameter will be lar-
ger) were determined. Many different studies were
performed to estimate sensitivity (Se) and specificity
(Sp) of bTB screening tests (using different sampling
schemes, laboratory and statistical methods). For
this reason, diffuse prior distributions combining
literature information (meta-analysis of previous stu-
dies [6] using the same methods for the performance
of SIT [5, 10, 20–22], SICCT [23–25] and IFN-γ
tests [5, 21–23, 26, 27]) and experts’ advice were intro-
duced in the model. Table 3 provides the parameters
of the beta (a,b) distribution for each parameter esti-
mated by the model.

Six sensitivity covariances (one for each pair of
tests) and six specificity covariances were required
for the model. No information was available on cov-
ariances: they were modelled as uniform distributions
between a lower limit and an upper limit defined as
follows:

max(−(1− Se1) ∗ (1− Se2),−Se1 ∗ Se2 4 γSe

4 min(Se1 ∗ (1− Se2), Se2 ∗ (1− Se1)),
max(−(1− Sp1) ∗ (1− Sp2),−Sp1 ∗ Sp2 4 γSp

4 min(Sp1 ∗ (1− Sp2), Sp2 ∗ (1− Sp1)).

The statistical analysis was performed with the
WinBUGS program [28]. The MCMC algorithm con-
vergence was assessed by checking the stabilization of
the plots of iterate parameter value, after a given num-
ber of samples and by running multiple chains from
dispersed starting values. Early samples (1000 out of
50000) were discarded as a ‘burn-in’ period. A sensi-
tivity analysis was also performed by making the
prior distributions more diffuse in order to check
that the parameter estimates were little affected by
these variations [19]. The posterior inferences were
expressed as means and 95% credibility intervals
(CrIs) [12, 19].

After estimating the sensitivities and specificities
of the two tests, they were evaluated when used in

Table 2. Interpretation of the results of the
gamma-interferon (IFN-γ) test performed with the
Bovigam® kit and ESAT-6 specific antigens

Bovigam result ESAT-6 result IFN-γ test result

Positive Positive Positive
Positive Negative

DivergentNegative Positive
Negative Negative Negative
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series. Under this screening scheme, the overall
result was positive when the results were positive
(or doubtful /divergent) with both tests. The con-
ditional dependence between results (γSe) estimated
through the Bayesian approach was also taken
into account [16]. The sensitivity of the serial appli-
cation of SIT and SICCT (‘EU protocol’) was
defined as:

SeEU protocol = SeSIT ∗ SeICCT + γSeSIT/SICCT,

where Se is sensitivity and γ is covariance. The sensi-
tivity of the serial application of SICCT and IFN-γ
tests (‘Côte d’Or protocol’) was defined as:

SeCôted′Or protocol = SeSICCT ∗ SeIFN-γ + γSeSICCT/IFN-γ

The specificity of the serial application of the two tests
was also defined as:

SpSerial = 1− ((1− Sptest1) ∗ (1− Sptest2)) − γSp.

RESULTS

Qualitative results for SICCT and IFN-γ tests were
available for 2871 animals and results for SIT were
available for 1768/2871 animals in the database.
Results for SIT and IFN-γ tests were concordant for
38·7% of the animals (685/1768) whereas results for
SICCT and IFN-γ tests were concordant for only
40·5% of the animals (716/1768) (Table 4). For the
2871 animals for which SICCT and IFN-γ test results
were available, 1881 (65·5%) obtained concordant
results with both IFN-γ tests (Bovigam kit and recom-
binant antigen ESAT-6) and 990 (34·5%) obtained a
divergent result to the IFN-γ test. Most (793) of
these 990 animals had a positive result with
Bovigam and a negative result with ESAT-6 and 197
animals had a negative result with both Bovigam
and ESAT-6. As explained above, doubtful results to
SICCT and divergent results to IFN-γ test were con-
sidered as positive. Tables 5 and 6 give the result

Table 3. Parameters of the Beta(a,b) distributions used as priors in the
latent class model implemented through a Bayesian approach

Test Parameter
Best guess

(θ0)
Lower limit
(95%) (θL)

Parameters of
prior beta (a,b)
distributions

a b

SIT Se 84% 63% 9·4 1·79
Sp 97% 76% 1·59 0·05

SICCT Se 80% 52% 5·73 1·43
Sp 99% 80% 0·10 0·001

IFN-γ Se 88% 75% 21·11 2·88
Sp 97% 85% 6·87 0·21

SIT, Single intradermal tuberculin test; SICCT, single intradermal cervical compar-
ative test; IFN-γ, gamma-interferon test; Se, sensitivity; Sp, specificity.

Table 4. Number and proportion of concordant
results for each pair of tests in the studied sample

Tests
Number of concordant
results (proportion)

SIT/SICCT 1581/1768 (89·4%)
SIT/IFN-γ 685/1768 (38·7%)
SICCT/IFN-γ 716/1768 (40·5%)

SIT, Single intradermal tuberculin test, SICCT, single intra-
dermal cervical comparative test; IFN-γ, gamma-interferon
test.

Table 5. Cross-results to single intradermal cervical
comparative test (SICCT) and gamma-interferon
(IFN-γ) test in the studied sample (doubtful and
divergent results were considered as positive)

SICCT result IFN-γ result
No. of animals
(proportion)

Positive Positive 1046 (36·4%)
Positive Negative 1503 (52·4%)
Negative Positive 139 (4·8%)
Negative Negative 183 (6·4%)

Total 2871 (100%)
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profiles of the studied animals to the skin and IFN-γ
tests.

The sensitivities and specificities of the tests and
their covariances were then estimated using a latent
class analysis implemented through a Bayesian ap-
proach (Table 7). The average individual sensitivity
of the IFN-γ test (SeIFN-γ=0·881, 95% CrI 0·728–
0·975) was slightly higher than the average individual
sensitivity of SIT (SeSIT=0·842, 95% CrI 0·590–0·982)
and SICCT (SeSICCT=0·803, 95% CrI 0·616–0·980)
but there was no significant difference between the
sensitivities of the tests (P>0·05). The sensitivity co-
variance of SIT and SICCT was γSeSIT/SICCT=0·025
(95% CrI −0·048 to 0·122). The sensitivity covariance
of SICCT and IFN-γ tests was γSeSICCT/IFN-γ=0·023
(95% CrI −0·038 to 0·105). Most animals included
in the protocol had positive or doubtful results by
skin test: for this reason, specificities estimated
for SIT and SICCT were considerably low and were
thus not biologically interpretable. The individual
specificity of the IFN-γ test was 0·623 (95% CrI
0·602–0·645). The individual prevalence of bTB in
the studied sample was 2·0% (95% CrI 1·2–3·2).

In Côte d’Or, SICCT and IFN-γ tests were com-
bined in series to improve the specificity of the
screening, whereas the European Commission recom-
mends the use of a serial testing scheme with SIT and
SICCT, raising issues about a potential defect of
sensitivity of the French protocol. The estimation of
the sensitivity of each sequence was based on the indi-
vidual test sensitivities described above. The diagnos-
tic sensitivity of the Côte d’Or protocol (i.e. serial
application of SICCT and IFN-γ tests) was 73·1%
(95% CrI 41·1–100·0) and the diagnostic sensitivity

of the EU protocol (i.e. serial application of SIT and
SICCT) was 70·1% (95% CrI 31·5–100·0). No signifi-
cant difference between the sensitivities of the proto-
cols could be shown (P=0·638).

DISCUSSION

The aim of our study was to assess and to compare the
sensitivity of the screening scheme used in Côte d’Or
(serial testing using SICCT and IFN-γ tests) and
the screening scheme recommended by European
Commission (serial testing scheme using SIT and
SICCT).

The estimation of the accuracy of a test should
ideally be derived from testing a statistically relevant
panel of animals. The history of these animals and
their infection status should be known and the panel
should be representative of the region where the test
is to be used [29]. The selection of an appropri-
ate gold-standard-infected population (i.e. culture-
positive animals) is extremely cumbersome, requires
a significant budget and could lead to an overestima-
tion of the diagnostic sensitivity of the tests under
study, since culture-positive animals are probably suf-
fering from an advanced stage of infection. The tech-
nical and financial constraints highlighted above
justify the statistical approach (i.e. latent class model-
ling) used to assess the sensitivities of tests and

Table 7. Sensitivity and specificity of each test and their
covariance estimated through a Bayesian model for
latent class analysis

Test Parameter Mean
95% credibility
interval

SIT Se 0·842 0·590 to 0·982
Sp 0·104 0·089 to 0·119

SICCT Se 0·803 0·616 to 0·980
Sp 0·083 0·070 to 0·095

IFN-γ Se 0·881 0·728 to 0·975
Sp 0·623 0·602 to 0·645

SIT/SICCT γSe 0·025 −0·048 to 0·122
γSp 0·037 0·030 to 0·046

SICCT/IFN-γ γSe 0·023 −0·038 to 0·105
γSp −0·001 −0·008 to 0·005

SIT/IFN-γ γSe 0·026 −0·025 to 0·105
γSp 0·006 0·0003 to 0·012

SIT, Single intradermal tuberculin test, SICCT, single intra-
dermal cervical comparative test; IFN-γ, gamma-interferon
test; Se, sensitivity; Sp, specificity; γSe, sensitivity covari-
ance; γSp, specificity covariance.

Table 6. Cross-results to single intradermal tuberculin
test (SIT), single intradermal cervical comparative test
(SICCT) and gamma-interferon (IFN-γ) test in the
studied sample (doubtful results were considered as
positive)

SIT result SICCT result IFN-γ result
No. of animals
(proportion)

Positive Positive Positive 546 (30·9%)
Positive Positive Negative 953 (53·9%)
Positive Negative Positive 78 (4·4%)
Positive Negative Negative 109 (6·2%)
Negative Negative Positive 21 (1·2%)
Negative Negative Negative 61 (3·4%)

Total 1768 (100%)
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protocols. Latent class analysis implemented through
a Bayesian approach is frequently used in evaluation
of diagnostic tests, in veterinary or human medicine
[14]. It offers some advantages over frequentist meth-
ods, e.g. the possibility of taking into account prior
information about test accuracy or prevalence in the
form of expert opinion or literature data. These priors
should be generated independently of the study but
collected in a similar context [19]. Another advantage
of the Bayesian method is that it provides true prob-
ability intervals (credibility interval contain the true
parameter with 95% certainty), whereas a 95% fre-
quentist confidence interval is considered to contain
the true parameter value 95% of the time [19]. The
width of the credibility intervals also depends on
the adaptation of the prior distributions to the data.
The prior distributions used in this study might not
be ideal, but reflects the central tendency and variation
of the accuracy of the respective tests in previous
studies regarding detection of M. bovis in cattle.

The tests were considered as conditionally depen-
dent. Taking into account this dependence was essen-
tial; otherwise the estimates of characteristics might
have been biased due to an underestimation of the
classification errors [30]. Posterior estimates of covar-
iances confirmed the hypothesis of conditional depen-
dence between tests, with low values of covariance.

The study was based on a representative sample of
the bovine population submitted to IFN-γ testing in
Côte d’Or, i.e. animals from herds where non-negative
results to SICCT were observed.

This sampling scheme engenders some biases. For
example, no information was available on animals
with false-negative results to SICCT: these animals
could have been detected by the IFN-γ test since this
test is known to detect bTB infection earlier than
skin tests, leading to an underestimation of the sen-
sitivity of the IFN-γ test [10, 31, 32]. Furthermore,
specificity estimates for SIT and SICCT are artificially
low and not biologically interpretable.

The individual sensitivity of the IFN-γ test (88·1%,
95% CrI 72·8–97·5) was not significantly different
from individual SICCT sensitivity (80·3%, 95% CrI
61·6–98·0) and individual SIT sensitivity (84·2%,
95% CrI 59·0–98·2). The sensitivity of SIT has been
deduced from bovine PPD results of SICCT: this
might engender some biases (especially an overestima-
tion of the sensitivity of SIT since in SICCT the skin-
fold is systematically measured with a cutimeter
whereas the interpretation of SIT results is usually
subjective). This overestimation does not seem to

raise a major issue since this bias leads to an overesti-
mation of the sensitivity of the EU protocol and does
not impact the estimation of the sensitivity of the
SICCT-IFN-γ test protocol.

In previous studies, the IFN-γ test was described as
at least as sensitive as skin tests or more sensitive than
these tests since the IFN-γ test allows detection of the
infection earlier than skin tests [10, 31, 32]. According
to Dean et al. [33], the period between the infection
and the possibility of detection does not depend on
the infecting dose. Two studies using the IFN-γ test
with a Bayesian approach have recently been conduc-
ted in Ireland [34] and Spain [35]. The sensitivity of
the IFN-γ test was 89·3% (95% CrI 77·5–97·2) in
Spain and 64·1% (95% CrI 60·8–67·8) in Ireland.
The results found in Spain are similar to ours.

As explained above, most animals included in the
protocol had positive or doubtful results by skin test:
for this reason, specificities estimated for SIT and
SICCT were considerably low and were thus not inter-
pretable. The individual specificity of the IFN-γ test
was 0·623 (95% CrI 0·602–0·645). The discordance be-
tween test results could be due to the lack of specificity
of skin tests in Côte d’Or.

A high rate of animals tested positive by SICCT
and IFN-γ tests (36·4%) but the infection could be
confirmed (according to Directive 64/432/EEC and
Arrêté Ministériel du 15/09/03) in only 66 (10·0%)
out of 657 farms. This can probably be related to
the poor predictive value of positive results to screen-
ing tests since SICCT and IFN-γ tests lack specificity
(particularly in areas where cross-reactions to myco-
bacteria are frequent, such as Côte d’Or) and the
prevalence of bTB is low. Furthermore, it should be
borne in mind that in field, tests results are interpreted
at the herd level. Herd sensitivity is higher than indi-
vidual sensitivity (it increases with the number of
bTB-infected animals) and herd specificity is consider-
ably lower than individual specificity (it decreases very
quickly with the number of bTB-free animals). At the
herd level, the sensitivities of the schemes are thus
higher than at the individual level.

The assessment of the characteristics of the IFN-γ
test varies greatly according to the methods used in
performing the test (antigens, cut-offs, interpretation
criteria, etc.) and the epidemiological context. For in-
stance, using specific antigens like ESAT-6 or CFP-10
improves the specificity of the IFN-γ test [3].
Furthermore, in most European countries, the IFN-γ
test is used in parallel with skin tests in herds infected
with bTB in order to improve disease eradication,
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whereas in Côte d’Or it is used in a serial testing
scheme with skin tests to speed up the release of
herds with false-positive results by SICCT.

Moreover, the IFN-γ test is easier to perform than
skin tests, since animals need to be restrained only
once, to draw blood samples. This is particularly im-
portant in Côte d’Or, where herds are large and
mainly comprised of beef cows that spend most of
their time grazing and are not used to be handled.
Finally, the IFN-γ test can be standardized: its result
does not depend on the technician.

The main drawbacks of this test are its cost (40–60
euros per test per animal) and technical constraints:
the delay between blood sampling and analysis at the
laboratory should not exceed 8 h [36]. In Côte d’Or,
this condition was satisfied thanks to a specific system
of sample collection and the immediate analysis of the
samples by the veterinary laboratory of Côte d’Or.

The imperfect diagnostic performance of both
tests could justify their combined use [37]. With a par-
allel testing scheme, the overall result is positive when
at least one test gives a positive result, whereas with
a serial testing scheme, the overall result is positive
when the results are positive by both tests.

The parallel combination increases the sensitivity of
the screening. Accordingly, it could be recommended
in the context of suspected infection with the aim of
accelerating the eradication of disease. In this context,
many sera may have to be tested in a flock and
the rapidity of the process influences the success of
eradication operations. In France, skin and IFN-γ
tests are used in parallel in two areas (Côte d’Or and
Dordogne) in infected herds and in herds epidemio-
logically linked to an outbreak of bTB. This kind
of testing scheme is recommended by European
Directive CE/64/432.

A serial testing scheme increases the diagnostic
specificity of screening and could therefore be recom-
mended in areas where prevalence of bTB is low but
cross-reactions are frequent, in order to avoid false-
positive results. An experimental use of serial SICCT
and IFN-γ tests has been initiated in France in Côte
d’Or but is not allowed under European Directive
CE/64/432. The aim of our study was thus to evaluate
the sensitivity of this protocol. Subsequently, we
assessed the sensitivities of serial testing schemes in-
cluding, respectively, SICCT and IFN-γ tests (Côte
d’Or protocol) and SIT and SICCT (EU protocol).
The individual sensitivity of the Côte d’Or protocol
was 73·1% (95% CrI 41·1–100·0) and the individual
sensitivity of the EU protocol was 70·1% (95% CrI

31·5–100·0). Our study could not demonstrate the
existence of a difference between the sensitivities of
these protocols (P=0·638). The risk of importing
infected cattle considered bTB free from Burgundy
did not seem higher than from areas following the
CE/64/432 Directive recommendations. Nevertheless,
it is essential to take into account the width of the
credibility intervals: this could be due to lack of in-
formative data. Our study suggests it will be of interest
to use the IFN-γ test in combination with SIT or
SICCT in serial testing in order to improve the specifi-
city of the screening scheme; however, considering the
width of the credibility intervals and the biases due to
the field protocol, a new study on larger samples of
animals is currently being conducted in Côte d’Or in
order to verify and refine these results.

To conclude, our study is an original survey aiming
at estimating the sensitivity of the IFN-γ test in serial
combination with SICCT for the diagnosis of bTB, in
a French area with low bTB prevalence but numerous
false-positive results to skin tests. The estimation of
the sensitivity of the IFN-γ test showed this test to
be as sensitive as SICCT and SIT. Our results are con-
sistent with previous studies, even if the epidemiologi-
cal context of bTB in Côte d’Or is very specific. When
studying IFN-γ and skin tests in series, no significant
difference of sensitivity could be shown between the
Côte d’Or protocol (serial testing scheme with SICCT
and IFN-γ tests) and the EU protocol (serial testing
scheme with SIT and SICCT). Nevertheless, the credi-
bility intervals of the estimated parameters were very
wide and the protocol engenders some biases; therefore
caution should be exercised when interpreting the
results.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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