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According to the Brazilian National Program for the Control and Eradication of Animal
Brucellosis and Tuberculosis (PNCEBT), the routine tests for the diagnosis of bovine tu-
berculosis in the country are the simple intradermal tuberculin test (SITT) of the Ministry
of Agriculture, Livestock and Food Supply (MAPA), the caudal fold test and the compara-
tive intradermal tuberculin test (CITT). The latter is also used as a confirmatory test. A
group of 53 animals from three dairy herds in a focal area for bovine tuberculosis, that
were submitted to depopulation in the state of Rio Grande do Sul, were submitted to the
CITT. Tissues were cultured and the resulting colonies were confirmed by PCR and DNA
sequencing. Among the 53 animals analyzed using the CITT, 32 (60.4%) were negative, 14
(26.4%) were positive and seven (13.2%) results were inconclusive. The CITT detected 11
of the 39 animals with culture-confirmed M. bovis infection as positive. Among the total of
14 uninfected animals based on cultures, the CBT detected eight as negative. Thus, the CITT
demonstrated sensitivity of 28.2% and specificity of 57.1% for the population sampled.
A total of 24/32 (75.0%) of the animals with negative CITT results were culture positive
(confirmed by PCR) and were considered false negatives based on the CITT. The mainte-
nance of these false-negative animals in herds has serious implications for the control of
the disease, since they can be a source of infection. The addition of complementary tests
could help identify such animals and increase the odds of diagnostic success.

INDEX TERMS: False-negative reactions, tuberculosis, Mycobacterium bovis, Comparative
Intradermal Tuberculin Test, bacteriological culture.
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RESUMO.- [Reacgdes falso-negativas ao teste cervical
comparativo para tuberculose bovina.] No Brasil, se-
gundo o Programa Nacional de Controle e Erradicacdo da
Brucelose e Tuberculose Animal (PNCEBT), do Ministério
da Agricultura, Pecuaria e Abastecimento (MAPA), os testes
de rotina para o diagndstico de tuberculose bovina sao o
teste cervical simples (TCC), o teste da prega caudal (TPC)
e o teste cervical comparativo (TCC), sendo que o ultimo
também é utilizado como teste confirmatdrio. Um grupo de
53 animais oriundos de trés rebanhos leiteiros de area de
foco para tuberculose bovina que foram submetidos a vazio
sanitario no Rio Grande do Sul foi submetido ao TCC. Os
tecidos destes animais foram cultivados e as colonias resul-
tantes confirmadas por PCR e sequenciamento de DNA. Dos
53 animais analisados no TCC, 32 (60,4%) foram negativos,
14 (26,4%) positivos e sete (13,2%) inconclusivos, com
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base no PNCEBT. O TCC detectou como positivos 11 dos 39
animais com infeccdo por M. bovis confirmada por cultivo.
Do total de 14 animais nio infectados, baseado na cultura,
o TCC detectou oito como negativos. Assim, o TCC apresen-
tou, para a populagdo amostrada, sensibilidade de 28,2%
e especificidade de 57,1%. Um total de 24/32 (75,0%) dos
animais negativos ao TCC foi positivo no cultivo (confirma-
do por PCR), sendo considerados falso-negativos ao TCC. A
manutencdo destes animais falso-negativos nos rebanhos
tem sérias implicagdes para o controle da enfermidade, ja
que os mesmos podem ser fonte de infeccdo. A adicao de
testes complementares poderia auxiliar na identificagdo
destes animais, aumentando a cobertura diagnéstica.

TERMOS DE INDEXACAO: Reagdes falso-negativas, tuberculose
bovina, Mycobacterium bovis, Teste Cervical Comparativo, cultura
bacteriolégica.

INTRODUCTION

Bovine tuberculosis (bTB) is a chronic infectious disease
caused by the intracellular bacterium Mycobacterium bovis,
which affects many domestic and wild species, especially
cattle and buffalo, and causes disease in humans (Pesciaroli
et al. 2014). The disease represents a threat to public he-
alth and causes economic losses, due mainly to the culling
of infected cattle (Sa’'idu et al. 2015). Moreover, the disease
is a commercial barrier to the export of meat from Brazil
(Brasil 2012).

In several countries, bTB control programs involve the
detection and culling of infected animals based on the in-
tradermal test, which measures the delay in hypersensitivi-
ty elicited by the inoculation of the mycobacterial antigen,
denominated purified protein derivative (PPD). Although
intradermal testing is the standard recommended method
for the diagnosis of M. bovis infected animals (OIE 2015),
there are concerns regarding its specificity due to cross-
-reactions with species of non-tuberculous mycobacteria
(Chen etal. 2014). There are also limitations related to sen-
sitivity due to the occurrence of animals in advanced stages
of the disease, which become anergic (Whelan et al. 2011).
Therefore, the consensus is that the intradermal test alone
may not be able to detect all animals infected with M. bovis,
leading to false-negative results (Casal et al. 2014, Mosavari
etal. 2016).

Despite the success of programs for the control and
eradication of bovine tuberculosis in several parts of the
world, reports of persistent outbreaks of the disease re-
main frequent even after the implementation of such pro-
grams. This may be due to the reintroduction of infected
cattle into herds, transmission by wild animals or a failure
in detecting all infected animals, which can remain as re-
servoirs of TB (Conlan et al. 2012, Mosavari et al. 2016).

In Brazil, according to the National Program for the
Control and Eradication of Animal Brucellosis and Tuber-
culosis (Programa Nacional de Controle e Erradicacdo da
Brucelose e Tuberculose Animal - PNCEBT) of the Ministry
of Agriculture, Livestock and Food Supply (MAPA), the re-
commended tests for the routine diagnosis of bTB are the
simple intradermal tuberculin test (SITT), the caudal fold

test (CFT) and the comparative intradermal tuberculin test
(CITT). The latter is also used as a confirmatory test. Ani-
mals showing a difference in skin fold enhancement caused
by inoculation of PPD from M. bovis (bPPD) and PPD from M.
avium (aPPD) equal to or greater than 4 mm (bPPD - aPPD)
are considered positive for tuberculosis (Brasil 2016). Ho-
wever, cross-reactions with environmental mycobacteria
can sensitize animals, leading to positive results on the in-
tradermal test even in the absence of tuberculous infection.
Thus, it is also assumed that the peer evaluation of bPPD
and aPPD responses would increase the specificity of the
CITT and reduce the occurrence of false-positive reactions
(Brasil 2006).

Although the CITT is considered a more specific test, it
may have low sensitivity and not be able to identify truly
infected animals (Whelan et al. 2011). In the present study,
the occurrence of false-negative CITT reactions in infected
dairy herds was tested. The occurrence of infection was de-
monstrated through the bacteriological culture of lesions
suggestive of tuberculosis, followed by PCR and DNA se-
quencing of the resulting colonies. The impacts of the fin-
dings on the PNCEBT are discussed.

MATERIALS AND METHODS

Study design. This study was conducted between December
2014 and March 2015 with three dairy cattle herds from the mu-
nicipalities of Arroio do Meio and Bom Retiro do Sul in the micro-
-region of Lajeado-Estrela in the state of Rio Grande do Sul, Brazil
(Fig.1). A total of 53 animals from three herds were studied. All
were of the Holstein breed and kept in a semi-intensive system. Re-
gardless of the results of the intradermal test, all animals were slau-
ghtered and submitted to necropsy, following the determination of
the Official Veterinary Service of the state of Rio Grande do Sul to
perform sanitary depopulation. Fragments of tissues and lymph
nodes were cultured for mycobacteria. Colonies suggestive of Myco-
bacterium bovis were confirmed by PCR and DNA sequencing.
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Fig.1. Lajeado-Estrela micro-region, state of Rio Grande do Sul,
Brazil
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Herds and animals. Two of the three herds studied were ac-
credited as being free of bTB: herd A since 2010 and herd B since
2013. Herd C was not accredited. In 2014, the routine intradermal
test resulted in the detection of positive animals in the three her-
ds, which were slaughtered. In 2015, the three herds were depo-
pulated (38 animals in herd A, seven animals in herd B and eight
animals in herd C, totaling 53 animals).

Intradermal test. The CITT was performed according to the
PNCEBT (Brasil 2016). The test consisted of an intradermal in-
jection of 0.1mL of bPPD and 0.1mL aPPD, with a distance of 15
to 20 cm between both inoculations. The aPPD was infected cra-
nially and bPPD was inoculated in the middle third of the cervi-
cal region. Readings were made after 72 hours using a cutimeter,
with the evaluation of the delayed hypersensitivity reaction at the
inoculation site. An animal was considered positive when the re-
action to bPPD was greater than 4.0 mm compared to the reaction
to aPPD. In compliance PNCEBT instructions, notifications of the
reactive cattle were given to the Provinces of Agricultural Defen-
se, which are the Local Units of Veterinary Service in the state of
Rio Grande do Sul.

Samples. All animals from infected herds were slaughtered
(depopulation) and submitted to necropsy. The animals were
slaughtered under the supervision of the veterinary inspection
service. Fragments of lung and mammary gland tissues as well as
retropharyngeal, intramammary, pulmonary and mesenteric lym-
ph nodes with or without macroscopic lesions compatible with
tuberculosis (granulomas usually with a yellowish appearance
and with a caseous, caseo-calcareous or calcified consistency)
were collected from all animals. In the absence of lesions sugges-
tive of tuberculosis, hepatic, mediastinal, mesenteric, retropha-
ryngeal and tracheobronchial lymph nodes were collected. The
tissue samples were placed separately in sealed plastic bags, in-
dicating the number of the animal and the name of the organ col-
lected. Screw cap vials were then immediately packed, each with
two or three sets of tissues, indicating the numbers of the animals
of the origin of the organ fragments. Inmediately after collection,
the samples were frozen for later shipment under refrigeration
in a thermal insulation box, which was placed in a cardboard box
indicating that it was an infective material, in compliance with the
standards established by Packaging Instruction P/650-IATA (In-
ternational Air Transport Association).

Culture and identification of Mycobacterium bovis. Tissue
samples were kept frozen at -30°C until processing. Fragments of
perimetric tissues (between 10 and 25mg) were macerated with
1.5mL of sterile distilled water in a Magna Lyser apparatus (Roche
Life Science), decontaminated using the Petroff method (Mako-
vcova et al. 2015) and cultured in Stonebrink culture medium at
37°C for up to 90 days. Colonies suggestive of M. bovis were sub-
mitted to conventional PCR with primers Mb.400, which amplify
a fragment with 400 base pairs (bp) flanking the region of diffe-
rentiation 4 (RD4), which is absent in this species, but present in
all the other members of the Mycobacterium tuberculosis Complex
- MTC (Sales et al. 2014).

Purification of PCR products.- The amplicons were purified
in a total reaction volume of 10 uL, each with 0.5 IU of Shrimp
Alkaline Phosphatase and 0.05 IU of Exonuclease I, and incubated
at 37°C for 30 minutes, followed by 80°C for 20 minutes in a MJ
Mini (Biorad) thermal cycler.

DNA sequencing. The DNA sequencing reactions were per-
formed with the BigDye Terminator cycle sequencing kit (version
3.1, Applied Biosystems, Foster City, CA, USA) in a total reaction
volume of 10 pL, with 1 pL of DNA (50ng/uL), 5.8ulL ultrapure
water type 1. 2uL of buffer, 0.5uL of Mb.400R primers (5mM) and
0.7uL of BigDye Terminator v3.1 Ready Reaction Mix. Amplifica-
tions were performed in a M] Mini (Biorad) thermal cycler using
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the following program: 96°C for 1 min, followed by 25 cycles of
96°C for 10 sec, 50°C for 5 sec. and 60°C for 4 min. A purification
step was performed with EDTA (125mM, pH 8.0), 70% ethanol
and 100% ethanol. The purified PCR products were sequenced
in an ABI-3130 automated sequencer (Applied Biosystems, USA).

Local alignment of DNA sequences. The base calling of the
DNA sequences was performed with the Sequence Scanner pro-
gram (Applied Biosystems) and the resulting DNA sequences
were compared to the nr/nt database bank by Blastn (https: //
blast.ncbi.nlm.nih.gov/Blast.cgi).

Statistical analysis. The level of agreement between each
two tests was assessed pairwise using McNemar’s test or Fisher’s
exact tests, which determine whether or not paired proportions
are different. The results were considered discordant when the
test had a p-value <0.05. Pearson’s correlation coefficient was
used to measure the degree of linear correlation between the two
measures, obtained pairwise per animal: M. bovis and M. avium
PPD.

RESULTS

In the analysis of the 53 cattle, the CITT detected 14
(26.4%) positive animals and demonstrated seven (13.2%)
inconclusive results. At slaughter, lesions suggestive of
tuberculosis (LST) were detected in organs/tissues of 43
animals, 13/14 animals with positive CITT (92.9%), 5/7
inconclusive (71.4%) and 25/32 (78.1%) animals with ne-
gative CITT (Table 1). McNemar’s test revealed a significant
discrepancy between the CITT results and the presence of
LST (p=0.000006468). For the paired odds ratio, the chan-
ce of discordant pairs of LST positive and CITT negative
animals was 25 times (95%CI: 3.38-184.5) the chance of
LST negative and CITT positive animals.

Among the 53 animals studied, 39 (73.6%) were con-
firmed as infected with M. bovis by bacteriological culture.
Among the 43 animals in which tissues presented LST, 39
(90.7%) were positive in the bacteriological culture, while
all 10 animals without LST were negative. All the 39 ani-
mal culture positive presented LST. The CITT detected 11
of the 39 animals with culture-confirmed M. bovis infection.
Among the total of 14 uninfected animals based on culture,
the CITT detected eight as negative. Thus, CITT had sensi-
tivity of 28.2% and specificity of 57.1%. A total of 24/32
(75.0%) of the animals negative in the CITT were culture
positive (confirmed by PCR) and were considered false-
-negatives (Table 1).

All colonies suggestive of M. bovis were confirmed by
conventional PCR for RD4. Sequencing of the RD4 DNA
fragment resulting from the M. bovis specific PCR was per-
formed in 12/24 animals that had positive culture findin-
gs, but negative CITT findings. The resulting DNA sequen-

Table 1. Results of comparative intradermal cervical test
(CITT), presence of lesions suggestive of tuberculosis (LST)
and bacteriological culture of cattle from the Lajeado-
Estrela micro-region, Rio Grande do Sul, Brazil

CITT results LST+/ LST+/ LST -/ LST-/  Total
culture + culture - culture + culture-

CITT + 11 2 0 1 14

CITT - 24 1 0 7 32

CITT inconclusive 4 1 0 2 7

Total 39 4 0 10 53
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ces all presented the homologous fragment in the isolate
AF2122/970f M. bovis (Sequence ID: LT708304), with iden-
tities of 99 to 100%.

Fisher’s exact test revealed no significant difference be-
tween the presence of LST and the occurrence of positive
culture for M. bovis (one-tailed p=0.12, two-tailed p=0.25).
The apparent prevalence of bTB in the herds studied was
26.4% based on the CITT, but the actual prevalence based
on cultures confirmed by PCR was 73.6%.

DISCUSSION

In Brazil, the only methods recommended by the National
Program for the Control and Eradication of Brucellosis and
Animal Tuberculosis (PNCEBT) for the antemortem diag-
nosis of bTB are the intradermal caudal fold test (CFT),
simple intradermal tuberculin test (SITT) and cervical
comparative tuberculin test (CITT). In the revision of the
program, the latter test, which was previously considered a
confirmatory test used on animals with inconclusive SITT
results and reagents to CFT (Brasil 2006), was also consi-
dered a routine test (Brasil 2016).

M. bovis infection predominantly triggers a cell respon-
se in the initial and intermediate stages of infection coor-
dinated by Th1 lymphocytes. Thus, intradermal PPD tests
are based on the detection of this response (Schiller et al.
2010). The SITT detects the cellular response to bPPD, whi-
le CITT simultaneously tests the intradermal responses to
bPPD and aPPD. Environmental mycobacteria can sensiti-
ze animals and therefore affect the results of intradermal
tests by eliciting nonspecific reactions to bPPD (Aranaz et
al. 2006, Aagaard et al. 2010) due to common antigens (Biet
& Boschiroli 2014). Thus, the CITT is expected to have grea-
ter specificity compared to the SITT in the diagnosis of bTB
precisely because it detects possible cross-reactions to en-
vironmental mycobacteria. Most studies involving the slau-
ghter of animals and bacteriological tissue cultures have
shown that the CITT has adequate specificity (>90%), with
rates of 96 to 99% in the United Kingdom (UK) (Monaghan
et al. 1994) and 98.6% in the USA (Farnham et al. 2012).
Thus, there is consensus on the usefulness of CITT as a con-
firmatory method for M. bovis infection. With regard to the
sensitivity of the CITT and its use as a screening method,
the results are quite diverse. In a study conducted in the
UK, which included postmortem examination of all animals
in the herd, the sensitivity of CITT was 81% (95%CI: 70 to
89%) (Karolemeas et al. 2012). The sensitivity of CITT is
often reported to be unsatisfactory, with mean estimates of
68 to 90% in the UK (Monaghan et al. 1994) and an average
0f 88.4% in the USA (Farnham et al. 2012). Thus, the useful-
ness of the CITT as a screening method for M. bovis infection
is questionable and should be recommended with caution.

Sanitary depopulations, in which the entire herd is slau-
ghtered after failure to control bTB, are unique opportu-
nities to evaluate quality parameters of intradermal tests,
since positive and negative culture data are generated (Ka-
rolemeas et al. 2012). This strategy was used in the present
study, allowing the comparison of intradermal reactions to
PPD and bacterial cultures of LST, with molecular confir-
mation of the bacterial samples obtained. The CITT results

diverged significantly from LST detection at slaughter, sin-
ce LST was detected in several animals with negative CITT
findings, characterizing false-negatives. The detection of
LST did not differ significantly from the M. bovis culture,
which lends support to the recommendation that slaughte-
red animals with suspected bTB should always be submit-
ted to necropsy and carefully analyzed for LST (Aradjo et al.
2014, Ejeh et al. 2014). It was not only possible to culture
M. bovis from LST, but the colonies were confirmed by PCR,
followed by DNA sequencing.

Despite the low number of cattle with inconclusive CITT
results, most presented LST and M. bovis positive cultures,
which lends support to the recommendation that animals
with inconclusive results on farms with outbreaks of bTB
may exhibit positive results with the progression of the di-
sease and should be slaughtered (Zarden et al. 2013).

The main finding of the present study was that 25 (78%)
of the 32 animals with negative CITT results presented LST
and all but one were confirmed by bacteriological cultures,
which the standard method of diagnosis for bTB. This fin-
ding is alarming. If only the CITT had been applied to these
herds, such animals would have been considered negative
and would maintain the infection in the herd, spreading it
to other animals and even humans. The spread of bTB to
other regions may also occur, since infected animals could
be sold with a certificate of negativity. It should be noted
that two of the three herds examined had been accredited
as bTB free. This situation may vary depending on the re-
gion studied and the CITT, although still an excellent con-
firmatory option in herds affected by environmental myco-
bacteria infections, was not confirmed in these herds as an
adequate screening method for bTB.

The findings for the population studied are not necessa-
rily extrapolatable to other epidemiological situations. In a
recent study by our research group, only 1/51 (1.9%) ani-
mal with negative results had a positive culture for M. bovis
(Aratijo et al. 2014).

When a bovine is classified as negative by intradermal
tests, there is no recommendation for additional tests in
Brazil, even during an outbreak. Thus, such animals are of-
ten not slaughtered and further investigation is hampered
by the difficulty in obtaining samples from live animals. Al-
though attempts at direct diagnosis from live animal sam-
ples have been performed with nasal secretion (De Souza
Figueiredo et al. 2010) and milk (Zarden et al. 2013, Bezer-
ra et al. 2015), the results are not very encouraging.

The inability to identify all infected animals impairs
the control and eradication of bTB (Lahuerta-Marin et al.
2016). In this study, the occurrence of a high percentage of
false-negative CITT reactions led to the failure to control
outbreaks and the indication of depopulation. The parallel
use of different in vivo diagnostic tests, such as interferon-
-gamma for the detection of the cellular immune response
(Marassi et al. 2010, Lahuerta-Marin et al. 2016), and se-
rological tests, such as ELISA, for the detection of the hu-
moral response (Marassi et al. 2011, Casal et al. 2014) may
increase the diagnostic coverage of intradermal tests and
reduce the impact of failed diagnoses on the control of bTB
(Lahuerta-Marin et al. 2016).
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1384 Rudielle A. Rodrigues et al.

CONCLUSIONS

The CITT demonstrated low sensitivity in the diagnosis
of bTB, leading to a high percentage of animals with false-
-negative reactions.

The maintenance of these false-negative animals in her-
ds has serious implications for the control of the disease,
since they can be a source of infection.

The addition of complementary tests could help identi-
fy such animals and increase the diagnostic coverage.
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