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Mycobacteries

Complexe Tuberculosis

M. tuberculosis

M.bovis
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M.microti
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“Dassie bacillus”

M.orygis

M.mungi

Introduction           Législation        Espèces        Discussion     Conclusion

3



Introduction-2
Pathogène obligatoire : complexe 
tuberculosis

Potentiellement pathogène

Introduction           Législation        Espèces        Discussion     Conclusion

3



Introduction-2
Pathogène obligatoire : complexe 
tuberculosis

Potentiellement pathogène

complexe avium

Introduction           Législation        Espèces        Discussion     Conclusion

3



Introduction-2
Pathogène obligatoire : complexe 
tuberculosis

Potentiellement pathogène

complexe avium

Sous espèces avium

Introduction           Législation        Espèces        Discussion     Conclusion

3



Introduction-2
Pathogène obligatoire : complexe 
tuberculosis

Potentiellement pathogène

complexe avium

Sous espèces avium

Mycobactéries environnementales 
(non tuberculeuses, atypiques)

Introduction           Législation        Espèces        Discussion     Conclusion

3



Introduction-2
Pathogène obligatoire : complexe 
tuberculosis

Potentiellement pathogène

complexe avium

Sous espèces avium

Mycobactéries environnementales 
(non tuberculeuses, atypiques)

Phénomène de latence

Introduction           Législation        Espèces        Discussion     Conclusion

3



Obligations réglementaires (CEE 92/65)

But : Tous les ruminants échangés entre les zoos européens 
doivent provenir de troupeaux indemnes de tuberculose

«Etablissement agréé» = aucun cas de tuberculose 
bovine dans les 3 dernières années (= liste A) et pas 
d’infection au complexe tuberculosis  chez les Primates/
Felidés/Ruminants en cas de reglementation nationale specifique 
(liste B)

Transfert entre 2 etablissements agrées  = pas de tests TB ! 

M.A.D : tous mammifères, mais M.tuberculosis et M.bovis seulement
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Diagnostic en zoo

Aspecifique
 Examen clinique

Hematologie
Autopsie

Radiographie
Endoscopie

Tomographie

 (Colorations)

• IDR ou IDC

• LTA ou LPA

• !-interferon (IGRA)

Humoral

• ELISAs

• Tests Rapides

• Multiplex

DIRECT
• Colorations

• CULTURE

• Biologie 
moléculaire 
(PCR)

Doute Certitude Immunologie

Cellulaire
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TESTS IMMUNOLOGIQUES

 Théorie «Bovin».... ... et pratique primate!

Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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Abstract

Despite significant progress in reducing the incidence of

tuberculosis in nonhuman primates (NHPs) maintained in

captivity, outbreaks continue to occur in established colo-

nies, with potential serious consequences in human expo-

sures, animal losses, disruption of research, and costs

related to disease control efforts. The intradermal tuberculin

skin test (TST) using mammalian old tuberculin (MOT) has

been the mainstay of NHP tuberculosis surveillance and

antemortem diagnosis for more than 60 years. But limita-

tions of the TST, particularly its inability to reliably identify

animals with latent TB infections, make it unsuitable for use

as a single, standalone test for TB surveillance in nonhuman

primates in the 21st century. Advances in technology and the

availability of Mycobacterium spp. genomic sequence data

have facilitated the development and evaluation of new im-

mune-based screening assays as possible adjuncts and al-

ternatives to the TST, including in vitro whole blood assays

that measure the release of interferon gamma in response to

stimulation with tuberculin or specific mycobacterial anti-

gens, and assays that detect antibodies to highly immuno-

genic secreted proteins unique to M. tuberculosis, M. bovis,

and other species belonging to theM. tuberculosis complex.

It is becoming apparent that no single screening test will

meet all the requirements for surveillance and diagnosis of

tuberculosis in nonhuman primates. Instead, the use of sev-

eral tests in combination can increase the overall sensitivity

and specificity of screening and surveillance programs and

likely represents the future of TB testing in nonhuman pri-

mates. In this article we describe the characteristics of these

newer screening tests and discuss their potential contribu-

tions to NHP tuberculosis surveillance programs.
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Introduction

Despite significant reductions in the incidence of tu-

berculosis (TB1) among captive nonhuman primates

(NHPs1) since the 1970s, due in large part to adher-

ence to guidelines established by the Centers for Disease

Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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malian old tuberculin; NHP, nonhuman primate; TB, tuberculosis; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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for at least two decades, but they have generally suffered
from a low Se when compared with skin and c-IFN tests,
particularly when applied to animals in the early stages
of infection (Plackett et al., 1989; Fifis et al., 1992). The
inclusion of defined and more specific, ‘sero-dominant’
M. bovis antigens (e.g. MPB70 and MPB83) has improved
test Sp, but this has not resulted in higher Se. More recent
studies have shown that antibody responses against M.
bovis are boosted by skin testing (‘anamnestic’ response)
(Thom et al., 2004). This increase correlates with disease
severity and animals with more generalised disease are
recognised as having a higher antibody titre (Lightbody
et al., 1998; Lyashchenko et al., 2004).

In summary, serological tests that detect antibodies
against M. bovis, although relatively cheap and simple to
run, do not, at present, offer an alternative to the established
CMI-based tests (Vordermeier et al., 2001a). They can be
regarded as ancillary parallel tests for skin and c-IFN test
negative cattle in herds with confirmed chronic infection
or explosive TB breakdowns. A serological assay for TB
using the ‘sero-dominant’ antigens MPB70 and MPB83
has been developed at VLA and is currently undergoing val-
idation for use in such situations in Great Britain. Neverthe-
less, antibody-based TB screening could offer an attractive
alternative to costly ‘test and slaughter’ programmes in
developing countries where bovine TB is endemic and the
emphasis is on cost-efficient detection and removal of cattle
with advanced disease (Pollock et al., 2005).

5. Other ancillary diagnostic tests

Conventional culture remains at present the gold stan-
dard for detection of M. bovis in clinical samples such as
cattle tissues, nasal mucus, milk, blood and in environmen-
tal samples. Nevertheless, polymerase chain reaction
(PCR) methods offer the potential advantages of sensitiv-
ity, flexibility and speed. Many nucleic acid amplification
assays are described in the medical literature and PCR
and ligase chain reaction-based kits have been commer-

cially available for some time for the diagnosis of active
pulmonary TB in humans (Drobniewski et al., 2003).
PCR protocols for the identification of M. bovis in bovine
clinical samples have been assessed (Vitale et al., 1998;
Sreedevi and Krishnappa, 2004). Such assays, using specific
M. bovis DNA target sequences, would allow rapid screen-
ing of live cattle samples and monitoring of the environ-
ment for the presence of the bacterium. However, the
PCR has not to date shown itself to be superior to routine
culture in terms of sensitivity, specificity or reliability. The
limitations with the current protocols probably lie in the
low numbers of bacilli in clinical specimens, intermittent
shedding, inefficient DNA extraction of mycobacteria, or
the presence of PCR inhibitors in the samples. PCR is
likely to remain of limited use for detecting M. bovis infec-
tion in clinical specimens, since it requires samples with
high bacillary burdens. Therefore, samples such as blood,
urine, faeces, nasal swabs, lymph node biopsies, etc., are
unlikely to be suitable. In short, whilst PCR methods
may be of benefit in the early identification of mycobacte-
rial species in culture, it is unrealistic to consider them a
viable alternative to immunological tools for routine diag-
nosis of TB in live cattle.

Recently, Fend et al. (2005) have investigated the poten-
tial of chemical sensors to diagnose infection with M. bovis
based on the detection and analysis of volatile organic
compounds in serum samples from infected calves, an
approach colloquially known as ‘electronic nose’ (‘EN’ or
‘e-nose’). Although the initial results have been promising
(eight experimentally infected calves were discriminated
from the uninfected controls as early as three weeks after
infection), further and larger studies are needed to validate
this technology as a robust, sensitive, specific, rapid and
cost-effective means of detecting cattle naturally infected
with M. bovis.

6. Future developments

Characterisation of individual M. bovis protein antigens
that elicit significant and appropriate immune responses
could have a dramatic impact on the performance of skin
and c-IFN tests. M. bovis-specific antigens and synthetic
peptides derived from the sequences of those antigens are
being evaluated as alternatives to PPD tuberculin in the
development of more specific skin (Pollock et al., 2003)
and in vitro (Pollock et al., 2000, 2001; Vordermeier
et al., 2001a; Amadori et al., 2002b; Cockle et al., 2002;
Pollock et al., 2005; Ewer et al., 2006) diagnostic tests in
cattle. The recent elucidation of the genome sequences of
M. tuberculosis, M. bovis and M. bovis BCG strain has
allowed comparative genome analyses for immunological
screening of potential antigens (Garnier et al., 2003). Sev-
eral antigens can increase the sensitivity and specificity of
the c-IFN test when used in combination with ESAT-6
and CFP-10, although more antigens need to be screened
in order to reach the sensitivity levels of tuberculin (Pollock
et al., 2001; Cockle et al., 2002; Ewer et al., 2006).
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Fig. 3. Schematic representation of the spectrum of responses of the
bovine immune system to various tests for TB (adapted from Vordermeier
et al., 2004).
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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Abstract

Despite significant progress in reducing the incidence of

tuberculosis in nonhuman primates (NHPs) maintained in

captivity, outbreaks continue to occur in established colo-

nies, with potential serious consequences in human expo-

sures, animal losses, disruption of research, and costs

related to disease control efforts. The intradermal tuberculin

skin test (TST) using mammalian old tuberculin (MOT) has

been the mainstay of NHP tuberculosis surveillance and

antemortem diagnosis for more than 60 years. But limita-

tions of the TST, particularly its inability to reliably identify

animals with latent TB infections, make it unsuitable for use

as a single, standalone test for TB surveillance in nonhuman

primates in the 21st century. Advances in technology and the

availability of Mycobacterium spp. genomic sequence data

have facilitated the development and evaluation of new im-

mune-based screening assays as possible adjuncts and al-

ternatives to the TST, including in vitro whole blood assays

that measure the release of interferon gamma in response to

stimulation with tuberculin or specific mycobacterial anti-

gens, and assays that detect antibodies to highly immuno-

genic secreted proteins unique to M. tuberculosis, M. bovis,

and other species belonging to theM. tuberculosis complex.

It is becoming apparent that no single screening test will

meet all the requirements for surveillance and diagnosis of

tuberculosis in nonhuman primates. Instead, the use of sev-

eral tests in combination can increase the overall sensitivity

and specificity of screening and surveillance programs and

likely represents the future of TB testing in nonhuman pri-

mates. In this article we describe the characteristics of these

newer screening tests and discuss their potential contribu-

tions to NHP tuberculosis surveillance programs.
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Introduction

Despite significant reductions in the incidence of tu-

berculosis (TB1) among captive nonhuman primates

(NHPs1) since the 1970s, due in large part to adher-

ence to guidelines established by the Centers for Disease

Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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tuberculin skin test; WB-IFN!, whole blood interferon-!
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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for at least two decades, but they have generally suffered
from a low Se when compared with skin and c-IFN tests,
particularly when applied to animals in the early stages
of infection (Plackett et al., 1989; Fifis et al., 1992). The
inclusion of defined and more specific, ‘sero-dominant’
M. bovis antigens (e.g. MPB70 and MPB83) has improved
test Sp, but this has not resulted in higher Se. More recent
studies have shown that antibody responses against M.
bovis are boosted by skin testing (‘anamnestic’ response)
(Thom et al., 2004). This increase correlates with disease
severity and animals with more generalised disease are
recognised as having a higher antibody titre (Lightbody
et al., 1998; Lyashchenko et al., 2004).

In summary, serological tests that detect antibodies
against M. bovis, although relatively cheap and simple to
run, do not, at present, offer an alternative to the established
CMI-based tests (Vordermeier et al., 2001a). They can be
regarded as ancillary parallel tests for skin and c-IFN test
negative cattle in herds with confirmed chronic infection
or explosive TB breakdowns. A serological assay for TB
using the ‘sero-dominant’ antigens MPB70 and MPB83
has been developed at VLA and is currently undergoing val-
idation for use in such situations in Great Britain. Neverthe-
less, antibody-based TB screening could offer an attractive
alternative to costly ‘test and slaughter’ programmes in
developing countries where bovine TB is endemic and the
emphasis is on cost-efficient detection and removal of cattle
with advanced disease (Pollock et al., 2005).

5. Other ancillary diagnostic tests

Conventional culture remains at present the gold stan-
dard for detection of M. bovis in clinical samples such as
cattle tissues, nasal mucus, milk, blood and in environmen-
tal samples. Nevertheless, polymerase chain reaction
(PCR) methods offer the potential advantages of sensitiv-
ity, flexibility and speed. Many nucleic acid amplification
assays are described in the medical literature and PCR
and ligase chain reaction-based kits have been commer-

cially available for some time for the diagnosis of active
pulmonary TB in humans (Drobniewski et al., 2003).
PCR protocols for the identification of M. bovis in bovine
clinical samples have been assessed (Vitale et al., 1998;
Sreedevi and Krishnappa, 2004). Such assays, using specific
M. bovis DNA target sequences, would allow rapid screen-
ing of live cattle samples and monitoring of the environ-
ment for the presence of the bacterium. However, the
PCR has not to date shown itself to be superior to routine
culture in terms of sensitivity, specificity or reliability. The
limitations with the current protocols probably lie in the
low numbers of bacilli in clinical specimens, intermittent
shedding, inefficient DNA extraction of mycobacteria, or
the presence of PCR inhibitors in the samples. PCR is
likely to remain of limited use for detecting M. bovis infec-
tion in clinical specimens, since it requires samples with
high bacillary burdens. Therefore, samples such as blood,
urine, faeces, nasal swabs, lymph node biopsies, etc., are
unlikely to be suitable. In short, whilst PCR methods
may be of benefit in the early identification of mycobacte-
rial species in culture, it is unrealistic to consider them a
viable alternative to immunological tools for routine diag-
nosis of TB in live cattle.

Recently, Fend et al. (2005) have investigated the poten-
tial of chemical sensors to diagnose infection with M. bovis
based on the detection and analysis of volatile organic
compounds in serum samples from infected calves, an
approach colloquially known as ‘electronic nose’ (‘EN’ or
‘e-nose’). Although the initial results have been promising
(eight experimentally infected calves were discriminated
from the uninfected controls as early as three weeks after
infection), further and larger studies are needed to validate
this technology as a robust, sensitive, specific, rapid and
cost-effective means of detecting cattle naturally infected
with M. bovis.

6. Future developments

Characterisation of individual M. bovis protein antigens
that elicit significant and appropriate immune responses
could have a dramatic impact on the performance of skin
and c-IFN tests. M. bovis-specific antigens and synthetic
peptides derived from the sequences of those antigens are
being evaluated as alternatives to PPD tuberculin in the
development of more specific skin (Pollock et al., 2003)
and in vitro (Pollock et al., 2000, 2001; Vordermeier
et al., 2001a; Amadori et al., 2002b; Cockle et al., 2002;
Pollock et al., 2005; Ewer et al., 2006) diagnostic tests in
cattle. The recent elucidation of the genome sequences of
M. tuberculosis, M. bovis and M. bovis BCG strain has
allowed comparative genome analyses for immunological
screening of potential antigens (Garnier et al., 2003). Sev-
eral antigens can increase the sensitivity and specificity of
the c-IFN test when used in combination with ESAT-6
and CFP-10, although more antigens need to be screened
in order to reach the sensitivity levels of tuberculin (Pollock
et al., 2001; Cockle et al., 2002; Ewer et al., 2006).
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Fig. 3. Schematic representation of the spectrum of responses of the
bovine immune system to various tests for TB (adapted from Vordermeier
et al., 2004).
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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Abstract

Despite significant progress in reducing the incidence of

tuberculosis in nonhuman primates (NHPs) maintained in

captivity, outbreaks continue to occur in established colo-

nies, with potential serious consequences in human expo-

sures, animal losses, disruption of research, and costs

related to disease control efforts. The intradermal tuberculin

skin test (TST) using mammalian old tuberculin (MOT) has

been the mainstay of NHP tuberculosis surveillance and

antemortem diagnosis for more than 60 years. But limita-

tions of the TST, particularly its inability to reliably identify

animals with latent TB infections, make it unsuitable for use

as a single, standalone test for TB surveillance in nonhuman

primates in the 21st century. Advances in technology and the

availability of Mycobacterium spp. genomic sequence data

have facilitated the development and evaluation of new im-

mune-based screening assays as possible adjuncts and al-

ternatives to the TST, including in vitro whole blood assays

that measure the release of interferon gamma in response to

stimulation with tuberculin or specific mycobacterial anti-

gens, and assays that detect antibodies to highly immuno-

genic secreted proteins unique to M. tuberculosis, M. bovis,

and other species belonging to theM. tuberculosis complex.

It is becoming apparent that no single screening test will

meet all the requirements for surveillance and diagnosis of

tuberculosis in nonhuman primates. Instead, the use of sev-

eral tests in combination can increase the overall sensitivity

and specificity of screening and surveillance programs and

likely represents the future of TB testing in nonhuman pri-

mates. In this article we describe the characteristics of these

newer screening tests and discuss their potential contribu-

tions to NHP tuberculosis surveillance programs.
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Introduction

Despite significant reductions in the incidence of tu-

berculosis (TB1) among captive nonhuman primates

(NHPs1) since the 1970s, due in large part to adher-

ence to guidelines established by the Centers for Disease

Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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Despite significant reductions in the incidence of tu-

berculosis (TB1) among captive nonhuman primates

(NHPs1) since the 1970s, due in large part to adher-

ence to guidelines established by the Centers for Disease

Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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for at least two decades, but they have generally suffered
from a low Se when compared with skin and c-IFN tests,
particularly when applied to animals in the early stages
of infection (Plackett et al., 1989; Fifis et al., 1992). The
inclusion of defined and more specific, ‘sero-dominant’
M. bovis antigens (e.g. MPB70 and MPB83) has improved
test Sp, but this has not resulted in higher Se. More recent
studies have shown that antibody responses against M.
bovis are boosted by skin testing (‘anamnestic’ response)
(Thom et al., 2004). This increase correlates with disease
severity and animals with more generalised disease are
recognised as having a higher antibody titre (Lightbody
et al., 1998; Lyashchenko et al., 2004).

In summary, serological tests that detect antibodies
against M. bovis, although relatively cheap and simple to
run, do not, at present, offer an alternative to the established
CMI-based tests (Vordermeier et al., 2001a). They can be
regarded as ancillary parallel tests for skin and c-IFN test
negative cattle in herds with confirmed chronic infection
or explosive TB breakdowns. A serological assay for TB
using the ‘sero-dominant’ antigens MPB70 and MPB83
has been developed at VLA and is currently undergoing val-
idation for use in such situations in Great Britain. Neverthe-
less, antibody-based TB screening could offer an attractive
alternative to costly ‘test and slaughter’ programmes in
developing countries where bovine TB is endemic and the
emphasis is on cost-efficient detection and removal of cattle
with advanced disease (Pollock et al., 2005).

5. Other ancillary diagnostic tests

Conventional culture remains at present the gold stan-
dard for detection of M. bovis in clinical samples such as
cattle tissues, nasal mucus, milk, blood and in environmen-
tal samples. Nevertheless, polymerase chain reaction
(PCR) methods offer the potential advantages of sensitiv-
ity, flexibility and speed. Many nucleic acid amplification
assays are described in the medical literature and PCR
and ligase chain reaction-based kits have been commer-

cially available for some time for the diagnosis of active
pulmonary TB in humans (Drobniewski et al., 2003).
PCR protocols for the identification of M. bovis in bovine
clinical samples have been assessed (Vitale et al., 1998;
Sreedevi and Krishnappa, 2004). Such assays, using specific
M. bovis DNA target sequences, would allow rapid screen-
ing of live cattle samples and monitoring of the environ-
ment for the presence of the bacterium. However, the
PCR has not to date shown itself to be superior to routine
culture in terms of sensitivity, specificity or reliability. The
limitations with the current protocols probably lie in the
low numbers of bacilli in clinical specimens, intermittent
shedding, inefficient DNA extraction of mycobacteria, or
the presence of PCR inhibitors in the samples. PCR is
likely to remain of limited use for detecting M. bovis infec-
tion in clinical specimens, since it requires samples with
high bacillary burdens. Therefore, samples such as blood,
urine, faeces, nasal swabs, lymph node biopsies, etc., are
unlikely to be suitable. In short, whilst PCR methods
may be of benefit in the early identification of mycobacte-
rial species in culture, it is unrealistic to consider them a
viable alternative to immunological tools for routine diag-
nosis of TB in live cattle.

Recently, Fend et al. (2005) have investigated the poten-
tial of chemical sensors to diagnose infection with M. bovis
based on the detection and analysis of volatile organic
compounds in serum samples from infected calves, an
approach colloquially known as ‘electronic nose’ (‘EN’ or
‘e-nose’). Although the initial results have been promising
(eight experimentally infected calves were discriminated
from the uninfected controls as early as three weeks after
infection), further and larger studies are needed to validate
this technology as a robust, sensitive, specific, rapid and
cost-effective means of detecting cattle naturally infected
with M. bovis.

6. Future developments

Characterisation of individual M. bovis protein antigens
that elicit significant and appropriate immune responses
could have a dramatic impact on the performance of skin
and c-IFN tests. M. bovis-specific antigens and synthetic
peptides derived from the sequences of those antigens are
being evaluated as alternatives to PPD tuberculin in the
development of more specific skin (Pollock et al., 2003)
and in vitro (Pollock et al., 2000, 2001; Vordermeier
et al., 2001a; Amadori et al., 2002b; Cockle et al., 2002;
Pollock et al., 2005; Ewer et al., 2006) diagnostic tests in
cattle. The recent elucidation of the genome sequences of
M. tuberculosis, M. bovis and M. bovis BCG strain has
allowed comparative genome analyses for immunological
screening of potential antigens (Garnier et al., 2003). Sev-
eral antigens can increase the sensitivity and specificity of
the c-IFN test when used in combination with ESAT-6
and CFP-10, although more antigens need to be screened
in order to reach the sensitivity levels of tuberculin (Pollock
et al., 2001; Cockle et al., 2002; Ewer et al., 2006).
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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tuberculosis in nonhuman primates (NHPs) maintained in

captivity, outbreaks continue to occur in established colo-

nies, with potential serious consequences in human expo-

sures, animal losses, disruption of research, and costs

related to disease control efforts. The intradermal tuberculin

skin test (TST) using mammalian old tuberculin (MOT) has

been the mainstay of NHP tuberculosis surveillance and

antemortem diagnosis for more than 60 years. But limita-

tions of the TST, particularly its inability to reliably identify

animals with latent TB infections, make it unsuitable for use

as a single, standalone test for TB surveillance in nonhuman

primates in the 21st century. Advances in technology and the

availability of Mycobacterium spp. genomic sequence data

have facilitated the development and evaluation of new im-

mune-based screening assays as possible adjuncts and al-

ternatives to the TST, including in vitro whole blood assays

that measure the release of interferon gamma in response to

stimulation with tuberculin or specific mycobacterial anti-

gens, and assays that detect antibodies to highly immuno-

genic secreted proteins unique to M. tuberculosis, M. bovis,

and other species belonging to theM. tuberculosis complex.

It is becoming apparent that no single screening test will

meet all the requirements for surveillance and diagnosis of

tuberculosis in nonhuman primates. Instead, the use of sev-

eral tests in combination can increase the overall sensitivity

and specificity of screening and surveillance programs and

likely represents the future of TB testing in nonhuman pri-

mates. In this article we describe the characteristics of these

newer screening tests and discuss their potential contribu-

tions to NHP tuberculosis surveillance programs.
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berculosis (TB1) among captive nonhuman primates

(NHPs1) since the 1970s, due in large part to adher-

ence to guidelines established by the Centers for Disease

Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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Abstract

Despite significant progress in reducing the incidence of

tuberculosis in nonhuman primates (NHPs) maintained in

captivity, outbreaks continue to occur in established colo-

nies, with potential serious consequences in human expo-

sures, animal losses, disruption of research, and costs

related to disease control efforts. The intradermal tuberculin

skin test (TST) using mammalian old tuberculin (MOT) has

been the mainstay of NHP tuberculosis surveillance and

antemortem diagnosis for more than 60 years. But limita-

tions of the TST, particularly its inability to reliably identify

animals with latent TB infections, make it unsuitable for use

as a single, standalone test for TB surveillance in nonhuman

primates in the 21st century. Advances in technology and the

availability of Mycobacterium spp. genomic sequence data

have facilitated the development and evaluation of new im-

mune-based screening assays as possible adjuncts and al-

ternatives to the TST, including in vitro whole blood assays

that measure the release of interferon gamma in response to

stimulation with tuberculin or specific mycobacterial anti-

gens, and assays that detect antibodies to highly immuno-

genic secreted proteins unique to M. tuberculosis, M. bovis,

and other species belonging to theM. tuberculosis complex.

It is becoming apparent that no single screening test will

meet all the requirements for surveillance and diagnosis of

tuberculosis in nonhuman primates. Instead, the use of sev-

eral tests in combination can increase the overall sensitivity

and specificity of screening and surveillance programs and

likely represents the future of TB testing in nonhuman pri-

mates. In this article we describe the characteristics of these

newer screening tests and discuss their potential contribu-

tions to NHP tuberculosis surveillance programs.
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Introduction

Despite significant reductions in the incidence of tu-

berculosis (TB1) among captive nonhuman primates

(NHPs1) since the 1970s, due in large part to adher-

ence to guidelines established by the Centers for Disease

Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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for at least two decades, but they have generally suffered
from a low Se when compared with skin and c-IFN tests,
particularly when applied to animals in the early stages
of infection (Plackett et al., 1989; Fifis et al., 1992). The
inclusion of defined and more specific, ‘sero-dominant’
M. bovis antigens (e.g. MPB70 and MPB83) has improved
test Sp, but this has not resulted in higher Se. More recent
studies have shown that antibody responses against M.
bovis are boosted by skin testing (‘anamnestic’ response)
(Thom et al., 2004). This increase correlates with disease
severity and animals with more generalised disease are
recognised as having a higher antibody titre (Lightbody
et al., 1998; Lyashchenko et al., 2004).

In summary, serological tests that detect antibodies
against M. bovis, although relatively cheap and simple to
run, do not, at present, offer an alternative to the established
CMI-based tests (Vordermeier et al., 2001a). They can be
regarded as ancillary parallel tests for skin and c-IFN test
negative cattle in herds with confirmed chronic infection
or explosive TB breakdowns. A serological assay for TB
using the ‘sero-dominant’ antigens MPB70 and MPB83
has been developed at VLA and is currently undergoing val-
idation for use in such situations in Great Britain. Neverthe-
less, antibody-based TB screening could offer an attractive
alternative to costly ‘test and slaughter’ programmes in
developing countries where bovine TB is endemic and the
emphasis is on cost-efficient detection and removal of cattle
with advanced disease (Pollock et al., 2005).

5. Other ancillary diagnostic tests

Conventional culture remains at present the gold stan-
dard for detection of M. bovis in clinical samples such as
cattle tissues, nasal mucus, milk, blood and in environmen-
tal samples. Nevertheless, polymerase chain reaction
(PCR) methods offer the potential advantages of sensitiv-
ity, flexibility and speed. Many nucleic acid amplification
assays are described in the medical literature and PCR
and ligase chain reaction-based kits have been commer-

cially available for some time for the diagnosis of active
pulmonary TB in humans (Drobniewski et al., 2003).
PCR protocols for the identification of M. bovis in bovine
clinical samples have been assessed (Vitale et al., 1998;
Sreedevi and Krishnappa, 2004). Such assays, using specific
M. bovis DNA target sequences, would allow rapid screen-
ing of live cattle samples and monitoring of the environ-
ment for the presence of the bacterium. However, the
PCR has not to date shown itself to be superior to routine
culture in terms of sensitivity, specificity or reliability. The
limitations with the current protocols probably lie in the
low numbers of bacilli in clinical specimens, intermittent
shedding, inefficient DNA extraction of mycobacteria, or
the presence of PCR inhibitors in the samples. PCR is
likely to remain of limited use for detecting M. bovis infec-
tion in clinical specimens, since it requires samples with
high bacillary burdens. Therefore, samples such as blood,
urine, faeces, nasal swabs, lymph node biopsies, etc., are
unlikely to be suitable. In short, whilst PCR methods
may be of benefit in the early identification of mycobacte-
rial species in culture, it is unrealistic to consider them a
viable alternative to immunological tools for routine diag-
nosis of TB in live cattle.

Recently, Fend et al. (2005) have investigated the poten-
tial of chemical sensors to diagnose infection with M. bovis
based on the detection and analysis of volatile organic
compounds in serum samples from infected calves, an
approach colloquially known as ‘electronic nose’ (‘EN’ or
‘e-nose’). Although the initial results have been promising
(eight experimentally infected calves were discriminated
from the uninfected controls as early as three weeks after
infection), further and larger studies are needed to validate
this technology as a robust, sensitive, specific, rapid and
cost-effective means of detecting cattle naturally infected
with M. bovis.

6. Future developments

Characterisation of individual M. bovis protein antigens
that elicit significant and appropriate immune responses
could have a dramatic impact on the performance of skin
and c-IFN tests. M. bovis-specific antigens and synthetic
peptides derived from the sequences of those antigens are
being evaluated as alternatives to PPD tuberculin in the
development of more specific skin (Pollock et al., 2003)
and in vitro (Pollock et al., 2000, 2001; Vordermeier
et al., 2001a; Amadori et al., 2002b; Cockle et al., 2002;
Pollock et al., 2005; Ewer et al., 2006) diagnostic tests in
cattle. The recent elucidation of the genome sequences of
M. tuberculosis, M. bovis and M. bovis BCG strain has
allowed comparative genome analyses for immunological
screening of potential antigens (Garnier et al., 2003). Sev-
eral antigens can increase the sensitivity and specificity of
the c-IFN test when used in combination with ESAT-6
and CFP-10, although more antigens need to be screened
in order to reach the sensitivity levels of tuberculin (Pollock
et al., 2001; Cockle et al., 2002; Ewer et al., 2006).
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Fig. 3. Schematic representation of the spectrum of responses of the
bovine immune system to various tests for TB (adapted from Vordermeier
et al., 2004).
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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skin test (TST) using mammalian old tuberculin (MOT) has

been the mainstay of NHP tuberculosis surveillance and

antemortem diagnosis for more than 60 years. But limita-

tions of the TST, particularly its inability to reliably identify

animals with latent TB infections, make it unsuitable for use

as a single, standalone test for TB surveillance in nonhuman

primates in the 21st century. Advances in technology and the

availability of Mycobacterium spp. genomic sequence data

have facilitated the development and evaluation of new im-

mune-based screening assays as possible adjuncts and al-

ternatives to the TST, including in vitro whole blood assays

that measure the release of interferon gamma in response to

stimulation with tuberculin or specific mycobacterial anti-

gens, and assays that detect antibodies to highly immuno-

genic secreted proteins unique to M. tuberculosis, M. bovis,

and other species belonging to theM. tuberculosis complex.

It is becoming apparent that no single screening test will

meet all the requirements for surveillance and diagnosis of

tuberculosis in nonhuman primates. Instead, the use of sev-

eral tests in combination can increase the overall sensitivity

and specificity of screening and surveillance programs and

likely represents the future of TB testing in nonhuman pri-

mates. In this article we describe the characteristics of these

newer screening tests and discuss their potential contribu-

tions to NHP tuberculosis surveillance programs.
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Control and Prevention (CDC 1991) and the widespread

implementation of surveillance programs in virtually all pri-

mate facilities in the United States (Butler et al. 1995; Kauf-

mann 1971; Roberts and Andrews 2008), tuberculosis

remains a serious threat to the health of nonhuman primates

and their human caretakers. Outbreaks of tuberculosis con-

tinue to occur in established colonies of nonhuman primates

(Table 1) and can have severe economic consequences due

to the loss of animals, disruption or confounding of ongoing

research protocols, and costs associated with disease control

efforts.

Early detection is critical to minimizing the adverse ef-

fects of a tuberculosis outbreak, but in nonhuman primates

it poses significant challenges, among them the necessity of

detecting both active and latent infections. Infected animals

with active TB may show no overt signs of disease for

weeks or months (Gibson 1998), during which time they can

transmit infection to other colony animals. Animals with

latent TB are not infectious and may appear healthy for

years, but eventual reactivation of latent TB can result in

secondary transmission and outbreaks of disease in estab-

lished colonies. Reactivation of latent infections that were

not detected using traditional screening methods during pri-

mary quarantine is emerging as an important factor in the

epidemiology of TB in nonhuman primates.

Tuberculosis in NHPs is caused primarily by infection

with Mycobacterium tuberculosis or, less commonly, M.

bovis. Virtually all species of nonhuman primates are sus-

ceptible to tuberculosis, although there is a general hierar-

chy of susceptibility: Old World monkeys are considered

more susceptible than apes, which appear to be more sus-
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Figure 1 Idealized patterns of reactivity in the WB-IFN! assay in
relation to infection status. (A) Expected reactivity pattern of an

animal infected with Mycobacterium tuberculosis or M. bovis. (B)

Expected reactivity pattern of an animal infected with or sensitized

to M. avium or other nontuberculous environmental mycobacteria.

(C) Expected reactivity pattern of an uninfected animal.

Figure 2 Sequential ESAT-6 antibody, TST, and WB-IFN! assay
results in cynomolgus macaques (Macaca fascicularis) developing

latent (A, B) and chronic active (C) tuberculosis after experimental

infection with Mycobacterium tuberculosis. The dark horizontal

line represents an arbitrary threshold for a positive result for each

of the three tests, corresponding to a TST score of 3 or greater; a

delta value for OD bPPD – OD aPPD " 0.05 units in the WB-

IFN! assay; and a delta value for MFI ESAT-6 –MFI BSA " 500

MFI units in the ESAT-6 antibody assay. aPPD,M. avium purified

protein derivative; bPPD, M. bovis purified protein derivative;

BSA, bovine serum albumin; ESAT-6, early secreted antigenic

target 6; MFI, mean fluorescence index; OD, optical density; TST,

tuberculin skin test; WB-IFN!, whole blood interferon-!.
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for at least two decades, but they have generally suffered
from a low Se when compared with skin and c-IFN tests,
particularly when applied to animals in the early stages
of infection (Plackett et al., 1989; Fifis et al., 1992). The
inclusion of defined and more specific, ‘sero-dominant’
M. bovis antigens (e.g. MPB70 and MPB83) has improved
test Sp, but this has not resulted in higher Se. More recent
studies have shown that antibody responses against M.
bovis are boosted by skin testing (‘anamnestic’ response)
(Thom et al., 2004). This increase correlates with disease
severity and animals with more generalised disease are
recognised as having a higher antibody titre (Lightbody
et al., 1998; Lyashchenko et al., 2004).

In summary, serological tests that detect antibodies
against M. bovis, although relatively cheap and simple to
run, do not, at present, offer an alternative to the established
CMI-based tests (Vordermeier et al., 2001a). They can be
regarded as ancillary parallel tests for skin and c-IFN test
negative cattle in herds with confirmed chronic infection
or explosive TB breakdowns. A serological assay for TB
using the ‘sero-dominant’ antigens MPB70 and MPB83
has been developed at VLA and is currently undergoing val-
idation for use in such situations in Great Britain. Neverthe-
less, antibody-based TB screening could offer an attractive
alternative to costly ‘test and slaughter’ programmes in
developing countries where bovine TB is endemic and the
emphasis is on cost-efficient detection and removal of cattle
with advanced disease (Pollock et al., 2005).

5. Other ancillary diagnostic tests

Conventional culture remains at present the gold stan-
dard for detection of M. bovis in clinical samples such as
cattle tissues, nasal mucus, milk, blood and in environmen-
tal samples. Nevertheless, polymerase chain reaction
(PCR) methods offer the potential advantages of sensitiv-
ity, flexibility and speed. Many nucleic acid amplification
assays are described in the medical literature and PCR
and ligase chain reaction-based kits have been commer-

cially available for some time for the diagnosis of active
pulmonary TB in humans (Drobniewski et al., 2003).
PCR protocols for the identification of M. bovis in bovine
clinical samples have been assessed (Vitale et al., 1998;
Sreedevi and Krishnappa, 2004). Such assays, using specific
M. bovis DNA target sequences, would allow rapid screen-
ing of live cattle samples and monitoring of the environ-
ment for the presence of the bacterium. However, the
PCR has not to date shown itself to be superior to routine
culture in terms of sensitivity, specificity or reliability. The
limitations with the current protocols probably lie in the
low numbers of bacilli in clinical specimens, intermittent
shedding, inefficient DNA extraction of mycobacteria, or
the presence of PCR inhibitors in the samples. PCR is
likely to remain of limited use for detecting M. bovis infec-
tion in clinical specimens, since it requires samples with
high bacillary burdens. Therefore, samples such as blood,
urine, faeces, nasal swabs, lymph node biopsies, etc., are
unlikely to be suitable. In short, whilst PCR methods
may be of benefit in the early identification of mycobacte-
rial species in culture, it is unrealistic to consider them a
viable alternative to immunological tools for routine diag-
nosis of TB in live cattle.

Recently, Fend et al. (2005) have investigated the poten-
tial of chemical sensors to diagnose infection with M. bovis
based on the detection and analysis of volatile organic
compounds in serum samples from infected calves, an
approach colloquially known as ‘electronic nose’ (‘EN’ or
‘e-nose’). Although the initial results have been promising
(eight experimentally infected calves were discriminated
from the uninfected controls as early as three weeks after
infection), further and larger studies are needed to validate
this technology as a robust, sensitive, specific, rapid and
cost-effective means of detecting cattle naturally infected
with M. bovis.

6. Future developments

Characterisation of individual M. bovis protein antigens
that elicit significant and appropriate immune responses
could have a dramatic impact on the performance of skin
and c-IFN tests. M. bovis-specific antigens and synthetic
peptides derived from the sequences of those antigens are
being evaluated as alternatives to PPD tuberculin in the
development of more specific skin (Pollock et al., 2003)
and in vitro (Pollock et al., 2000, 2001; Vordermeier
et al., 2001a; Amadori et al., 2002b; Cockle et al., 2002;
Pollock et al., 2005; Ewer et al., 2006) diagnostic tests in
cattle. The recent elucidation of the genome sequences of
M. tuberculosis, M. bovis and M. bovis BCG strain has
allowed comparative genome analyses for immunological
screening of potential antigens (Garnier et al., 2003). Sev-
eral antigens can increase the sensitivity and specificity of
the c-IFN test when used in combination with ESAT-6
and CFP-10, although more antigens need to be screened
in order to reach the sensitivity levels of tuberculin (Pollock
et al., 2001; Cockle et al., 2002; Ewer et al., 2006).
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Fig. 3. Schematic representation of the spectrum of responses of the
bovine immune system to various tests for TB (adapted from Vordermeier
et al., 2004).
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Pinnipèdes " Diagnostic

Imagerie : scanner

It can also be nearly nothing …

TB lesions

K. Jurczynski

K. Jurczynski

CT scan

It can also be nearly nothing …

TB lesions

K. Jurczynski

K. Jurczynski

CT scan
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Pinnipèdes " Diagnostic

Imagerie : scanner

Serologie  

S. Tortschanoff

Mexican kissing bug

S. Tortschanoff

Mexican kissing bug
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Pinnipèdes " Diagnostic

Imagerie : scanner

Serologie  

Elephant STATPAK®, DPP®
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Pinnipèdes " Diagnostic

Imagerie : scanner

Serologie  

Elephant STATPAK®, DPP®

Détection directe

Sputum PCRSputum PCR
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Pinnipèdes " Diagnostic

Imagerie : scanner

Serologie  

Elephant STATPAK®, DPP®

Détection directe

Faux positifs
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Pinnipèdes " Diagnostic

Imagerie : scanner

Serologie  

Elephant STATPAK®, DPP®

Détection directe

Faux positifs

Faux négatifs
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Pinnipèdes #: conduite à tenir
Sea lion group

Serological test of all individuals

 (sputum sample optional)NEGATIVE POSITIVE

recheck once per

year

EUTHANASIA

Retest serology

+

PCR-culture-smears on

sputum every 2 months

1.PCR-Culture-Smear

On sputum (all individuals)
All negative

 CT: Severe TB suggestive lesions

(with PCR/Cult + or -)

ISOLATION – Staff/animal protection

Inform health authorities 

Inform TB group (K.Jurczynski).

Start treatment for at least 6

months under INTENSIVE

MONITORING of affected and

exposed individuals

2. CT scan of any positive individuals

on serology, PCR or culture

CT mild or no lesions + Positive PCR/Cult

CT mild lesions + Negative PCR/Cult

DEPENDING ON FEASIBILITY OF

TREATMENT ON EACH CASE.

OR

COMPLETE NECROPSY

+

 SAMPLING (histo + frozen)

- Drug PHARMACOCINETIKS (in treated)

- ANTIBIOGRAM (when cultured)

- SPUTUM CONTROL (weekly in treated and 4

times/year in exposed)

- SEROLOGY 4 times/year (all)

- CT or XRay

Consider

prophylactic

treatment of other

group members
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Tapirs !
 M.bovis, M.tuberculosis + 
transmission de M.pinnipedii 
depuis otaries
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Tapirs !
 M.bovis, M.tuberculosis + 
transmission de M.pinnipedii 
depuis otaries

Serologie, IDR
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Tapirs !
 M.bovis, M.tuberculosis + 
transmission de M.pinnipedii 
depuis otaries

Serologie, IDR

exposition de l’espèce 
(biologie) $ impact sur la 
specificité des tests?
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Tapirs ": Conduite à tenir 
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Tapirs ": Conduite à tenir 

Gestion de 3 
populations
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Autres espèces

Daman & Dassie bacillus
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Autres espèces

Daman & Dassie bacillus

Camelidés & M.microti

Ongulés & M.bovis : 

Mycobactéries 
environnementales
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Carnivores sauvages..

Félidés
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Carnivores sauvages..

Félidés

Herpestidés
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Carnivores sauvages..

Félidés

Herpestidés

Mustelidés

Procyonidés
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Différences majeures entre : 

Les législations nationales

Les outils diagnostiques 
disponibles  :tuberculine, 
capacité des laboratoires

Table 1 (continued )

Rv number Molecular
mass

Functional
groupx

Protein classy PPDbov BR PPDbov UK PPDavi BR PPDavi UK Protein identity

Rv1475c 102728 7 C x x x – Aconitate hydratase
Rv1608 16894 0 C – – – x Probable peroxidoxin BcpB
Rv1630 53199 2 C – x – – 30S ribosomal protein S1
Rv1661 220844 1 C – – – x Probable polyketide synthase pks7
Rv1662 167095 1 C – – – x Probable polyketide synthase pks8
Rv1637 27936 10 C – – x – Conserved hypothetical protein
Rv1687c 27940 3 C – – – x Probable ABC-transporter
Rv1758 17868 3 C – – – x Probable cutinase cut1
Rv1781 79744 7 C – – – x Probable 4-Alpha-Glucanotransferase Malq
Rv1789 38588 6 C – – x x PPE Family protein
Rv1793 9993 3 C – x x x ESAT-6 like protein 5
Rv1796 60275 7 TMHMM – – – x Conserved hypothetical protein
Rv1802 46021 6 C – – x – PPE Family protein
Rv1808 39899 6 C – – x – PPE Family protein
Rv1826 14229 7 C – x – – Glycine cleavage system H protein
Rv1827 17240 10 C x x x – Conserved hypothetical protein
Rv1837c 80450 7 C x x x – Malate synthase
Rv1855c 33256 7 C – x x – Probable monooxygenase
Rv1860 28746 3 SIGNALP – x x x Precursor of Apa (45/47 kD secreted protein)
Rv1876 18443 7 C – x x x Bacterioferritin
Rv1886c 30814 1 TATP – x x x Antigen 85B, mycolyltransferase
Rv1893 7463 10 C – x x x Hypothetical protein
Rv1915 40489 7 C – x – – Probable isocitrate lyase aceAa
Rv1916 85437 7 C x x – – Isocitrate lyase, [beta] module
Rv1926c 16504 3 SIGNALP x x – – Hypothetical protein
Rv1932 17057 0 C – x x x Thiol peroxidise
Rv1980c 25081 3 SIGNALP x x x x Secreted immunogenic protein Mpb64/Mpt64
Rv1984c 24210 3 SIGNALP – x – – Probable secreted protein
Rv2031c 16086 0 C x x – – 14 kD antigen, heat shock protein Hsp20 family
Rv2140c 18622 10 C – x – – Conserved hypothetical protein
Rv2145c 28260 3 C x x x x Antigen 84 (aka wag31)
Rv2162c 44478 6 SIGNALP – – – x PE-PGRS Family protein
Rv2198c 30954 3 TMHMM – – – x Probable conservedmemebrane protein MMPS3
Rv2215 57110 7 C – x – – Dihydrolipoamide succinyl transferase
Rv2220 53707 7 C – x – – Glutamine synthase class I
Rv2241 100481 7 C – x – – Pyruvate dehydrogenase E1 component
Rv2244 12516 1 C x x x x Acyl carrier protein (meromycolate extension)
Rv2246 44421 1 C – x – – [Beta]-ketoacyl-ACP synthase (meromycolate
Rv2347c 10977 3 C – – – x Putative ESAT-6 Like protein ESXP
Rv2376c 16653 3 SIGNALP – x – – Conserved hypothetical protein
Rv2428 21566 0 C – – – x Alkyl hydroperoxide reductase C protein
Rv2467 94683 7 C – – x – Probable aminopeptidase
Rv2468 17288 10 C – – x x Conserved hypothetical protein
Rv2557 24679 10 C – x – – Conserved hypothetical protein
Rv2593c 20177 2 C – x – – Holliday junction binding protein, DNA helicase
Rv2623 31747 3 C – x – – Conserved hypothetical protein
Rv2626c 15679 10 C x x – – Conserved hypothetical protein
Rv2744c 29257 10 C – – x x Conserved 35 kDa alanine rich protein
Rv2779c 19871 9 C – x – – Possible transcriptional regulatory protein
Rv2787 63848 10 C – x – – Conserved hypothetical alanine protein
Rv2847c 41938 7 C – – – x Conserved hypothetical protein
Rv2873 24412 3 SIGNALP x x – – Surface lipoprotein Mpt83
Rv2875 8674 3 SIGNALP x x – – Major secreted immunogenic protein Mpt70
Rv2878c 18959 3 SIGNALP – x – – Secreted protein Mpt53
Rv2882c 20815 2 C – – – x Ribosome recycling factor
Rv2889c 28851 2 C – x – – Elongation factor EF-Ts
Rv2919c 12220 9 C – – – x Nitrogen regulatory protein
Rv2940c 24296 3 SIGNALP x x – – Lipoprotein
Rv2945c 36626 7 C – x – – Ketol-acid reductoisomerase
Rv3001c 31700 7 C x x – – Electron transfer flavoprotein [alpha] subunit
Rv3028c 24590 3 SIGNALP x x x – Probable secreted protein
Rv3036c 24406 SIGNALP – – x x Probable conserved secreted protein TB22.2
Rv3045 37508 7 C x – – – Alcohol dehydrogenase
Rv3046 13350 10 C – – x x Conserved hypothetical protein
Rv3048c 37025 2 C – x – – Ribonucleoside-diphosphate small subunit
Rv3196A 7252 16 C – x – – Hypothetical protein
Rv3248c 54343 7 C x x x – Adenosylhomocysteinase
Rv3285 63750 1 C – – x – Probable bifunctional protein acetyl
Rv3354 13065 10 SIGNALP – x – – Conserved hypothetical protein
Rv3368c 23732 7 C – – x – Probable oxidoreductase
Rv3392c 32461 1 C x – – – Cyclopropane Fatty acid synthase
Rv3417c 55858 0 C x x – – 60 kD chaperonin 1
Rv3418c 10798 0 C x x – x 10 kD chaperone

(continued on next page)

S. Borsuk et al. / Tuberculosis 89 (2009) 423–430 427

Table 1 (continued )

Rv number Molecular
mass

Functional
groupx

Protein classy PPDbov BR PPDbov UK PPDavi BR PPDavi UK Protein identity

Rv1475c 102728 7 C x x x – Aconitate hydratase
Rv1608 16894 0 C – – – x Probable peroxidoxin BcpB
Rv1630 53199 2 C – x – – 30S ribosomal protein S1
Rv1661 220844 1 C – – – x Probable polyketide synthase pks7
Rv1662 167095 1 C – – – x Probable polyketide synthase pks8
Rv1637 27936 10 C – – x – Conserved hypothetical protein
Rv1687c 27940 3 C – – – x Probable ABC-transporter
Rv1758 17868 3 C – – – x Probable cutinase cut1
Rv1781 79744 7 C – – – x Probable 4-Alpha-Glucanotransferase Malq
Rv1789 38588 6 C – – x x PPE Family protein
Rv1793 9993 3 C – x x x ESAT-6 like protein 5
Rv1796 60275 7 TMHMM – – – x Conserved hypothetical protein
Rv1802 46021 6 C – – x – PPE Family protein
Rv1808 39899 6 C – – x – PPE Family protein
Rv1826 14229 7 C – x – – Glycine cleavage system H protein
Rv1827 17240 10 C x x x – Conserved hypothetical protein
Rv1837c 80450 7 C x x x – Malate synthase
Rv1855c 33256 7 C – x x – Probable monooxygenase
Rv1860 28746 3 SIGNALP – x x x Precursor of Apa (45/47 kD secreted protein)
Rv1876 18443 7 C – x x x Bacterioferritin
Rv1886c 30814 1 TATP – x x x Antigen 85B, mycolyltransferase
Rv1893 7463 10 C – x x x Hypothetical protein
Rv1915 40489 7 C – x – – Probable isocitrate lyase aceAa
Rv1916 85437 7 C x x – – Isocitrate lyase, [beta] module
Rv1926c 16504 3 SIGNALP x x – – Hypothetical protein
Rv1932 17057 0 C – x x x Thiol peroxidise
Rv1980c 25081 3 SIGNALP x x x x Secreted immunogenic protein Mpb64/Mpt64
Rv1984c 24210 3 SIGNALP – x – – Probable secreted protein
Rv2031c 16086 0 C x x – – 14 kD antigen, heat shock protein Hsp20 family
Rv2140c 18622 10 C – x – – Conserved hypothetical protein
Rv2145c 28260 3 C x x x x Antigen 84 (aka wag31)
Rv2162c 44478 6 SIGNALP – – – x PE-PGRS Family protein
Rv2198c 30954 3 TMHMM – – – x Probable conservedmemebrane protein MMPS3
Rv2215 57110 7 C – x – – Dihydrolipoamide succinyl transferase
Rv2220 53707 7 C – x – – Glutamine synthase class I
Rv2241 100481 7 C – x – – Pyruvate dehydrogenase E1 component
Rv2244 12516 1 C x x x x Acyl carrier protein (meromycolate extension)
Rv2246 44421 1 C – x – – [Beta]-ketoacyl-ACP synthase (meromycolate
Rv2347c 10977 3 C – – – x Putative ESAT-6 Like protein ESXP
Rv2376c 16653 3 SIGNALP – x – – Conserved hypothetical protein
Rv2428 21566 0 C – – – x Alkyl hydroperoxide reductase C protein
Rv2467 94683 7 C – – x – Probable aminopeptidase
Rv2468 17288 10 C – – x x Conserved hypothetical protein
Rv2557 24679 10 C – x – – Conserved hypothetical protein
Rv2593c 20177 2 C – x – – Holliday junction binding protein, DNA helicase
Rv2623 31747 3 C – x – – Conserved hypothetical protein
Rv2626c 15679 10 C x x – – Conserved hypothetical protein
Rv2744c 29257 10 C – – x x Conserved 35 kDa alanine rich protein
Rv2779c 19871 9 C – x – – Possible transcriptional regulatory protein
Rv2787 63848 10 C – x – – Conserved hypothetical alanine protein
Rv2847c 41938 7 C – – – x Conserved hypothetical protein
Rv2873 24412 3 SIGNALP x x – – Surface lipoprotein Mpt83
Rv2875 8674 3 SIGNALP x x – – Major secreted immunogenic protein Mpt70
Rv2878c 18959 3 SIGNALP – x – – Secreted protein Mpt53
Rv2882c 20815 2 C – – – x Ribosome recycling factor
Rv2889c 28851 2 C – x – – Elongation factor EF-Ts
Rv2919c 12220 9 C – – – x Nitrogen regulatory protein
Rv2940c 24296 3 SIGNALP x x – – Lipoprotein
Rv2945c 36626 7 C – x – – Ketol-acid reductoisomerase
Rv3001c 31700 7 C x x – – Electron transfer flavoprotein [alpha] subunit
Rv3028c 24590 3 SIGNALP x x x – Probable secreted protein
Rv3036c 24406 SIGNALP – – x x Probable conserved secreted protein TB22.2
Rv3045 37508 7 C x – – – Alcohol dehydrogenase
Rv3046 13350 10 C – – x x Conserved hypothetical protein
Rv3048c 37025 2 C – x – – Ribonucleoside-diphosphate small subunit
Rv3196A 7252 16 C – x – – Hypothetical protein
Rv3248c 54343 7 C x x x – Adenosylhomocysteinase
Rv3285 63750 1 C – – x – Probable bifunctional protein acetyl
Rv3354 13065 10 SIGNALP – x – – Conserved hypothetical protein
Rv3368c 23732 7 C – – x – Probable oxidoreductase
Rv3392c 32461 1 C x – – – Cyclopropane Fatty acid synthase
Rv3417c 55858 0 C x x – – 60 kD chaperonin 1
Rv3418c 10798 0 C x x – x 10 kD chaperone

(continued on next page)

S. Borsuk et al. / Tuberculosis 89 (2009) 423–430 427

Discussion -1
Introduction           Législation        Espèces        Discussion     Conclusion

16



Différences majeures entre : 

Les législations nationales

Les outils diagnostiques 
disponibles  :tuberculine, 
capacité des laboratoires

gestion et prévalence TB 
humaine

Persistance des réservoirs 
sauvages en interface

Discussion -1
Introduction           Législation        Espèces        Discussion     Conclusion

16



Différences majeures entre : 

Les législations nationales

Les outils diagnostiques 
disponibles  :tuberculine, 
capacité des laboratoires

gestion et prévalence TB 
humaine

Persistance des réservoirs 
sauvages en interface

Discussion -1
Introduction           Législation        Espèces        Discussion     Conclusion

16



Différences majeures entre : 

Les législations nationales

Les outils diagnostiques 
disponibles  :tuberculine, 
capacité des laboratoires

gestion et prévalence TB 
humaine

Persistance des réservoirs 
sauvages en interface

Impact des importations du 
milieu sauvage à grande 
longévité (éléphants, otaries)

Discussion -1
Introduction           Législation        Espèces        Discussion     Conclusion

16



TB WG :

Suivre le circuit 
épidemiologique des 
souches circulantes

Discussion (2)
Introduction           Législation        Espèces        Discussion     Conclusion

17



TB WG :

Suivre le circuit 
épidemiologique des 
souches circulantes

Mettre à jour les 
recommandations et les 
connaissances sur 
l’efficacité des outils 
diagostiques

Discussion (2)
Introduction           Législation        Espèces        Discussion     Conclusion

17



TB WG :

Suivre le circuit 
épidemiologique des 
souches circulantes

Mettre à jour les 
recommandations et les 
connaissances sur 
l’efficacité des outils 
diagostiques

Discussion (2)
Introduction           Législation        Espèces        Discussion     Conclusion

17



TB WG :

Suivre le circuit 
épidemiologique des 
souches circulantes

Mettre à jour les 
recommandations et les 
connaissances sur 
l’efficacité des outils 
diagostiques

Discussion (2)
Introduction           Législation        Espèces        Discussion     Conclusion

17



Conclusion
Le diagnostic de la tuberculose est une analyse des risques : 
le clinicien/laboratoire pose son propre seuil limite !

Limites de performances des tests
TEST

Se=95%

Sp= 95%

Prévalence 5%

Malade Non malade

Valeurs Prédictives 

du test

TEST

Se=95%

Sp= 95%

Prévalence 5%

5 95

Valeurs Prédictives 

du test

Test + 4,75 4,75 VPP=4,75/(4,75+4,75)=0.50

Test - 0,25 90,25 VPN=90,25/(90,25+0,25)=0.99
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Conclusion
Rupture entre les moyens et les objectifs

Manque de cadre réglementaire sur les espèces sauvages 
et les carnivores domestiques

coïncidant avec la réalité des possibilités 
diagnostiques (test IDR,...)

la finalité doit elle être la même que pour les 
animaux de rente?

Quelle prévalence dans nos populations captives ?
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Conclusion
De l’animal à l’homme ?

quelques cas mais surtout  risque professionnel

De l’homme à l’animal

probable origine dans les P.E.V.D

De l’animal à l’animal :

Bien plus réel (publications) et plus préoccupant !
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