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Abstract Bovine tuberculosis (bTB) is a chronic granuloma-
tous disease that primarily affects lung tissue and lymph nodes
(LN) in cattle, with economic impact on their productivity.
Furthermore, it is potential zoonoses that may cause public
health hazard. In this study, we evaluated the presence of bTB
in two abattoirs: Cayambe and Pelileo countries located in the
Ecuadorian provinces of Pichincha and Tungurahua, respec-
tively. In total, 578 cattle were sampled (Cayambe 271 and
Pelileo 307): 1,156 LN and 578 lung tissue samples were
collected to apply in vitro culture and nested-PCR, respective-
ly. The results determined a total apparent prevalence of
4.33 %, with 4.06 % at Cayambe’s abattoir and 4.56 % at
Pelileo’s abattoir. Additionally, the Bayesian analysis showed
a total true prevalence of 2.51 %, with 89.7 % of sensitivity
and 97.6 % of specificity. The risk factors were evaluated by
the use of simple logistic regressions with and without the
random effect of places of origin. Associations of the origin of
cattle in the selected slaughterhouses were found. The results
showed an efficient method for the detection of bTB, which
could identify a large number of infected animals, and the

usefulness of lung tissue samples for early diagnosis of the
disease was demonstrated in this study.
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Introduction

Veterinary inspection (VI) at slaughterhouses is an important
tool used in the control and eradication of bovine tuberculosis
(bTB). It is based on detailed observation of the carcasses,
which include sampling of compatible lesions with the disease
to apply culture and finally confirm the presence ofMycobac-
terium bovis by bacterial growth; a process which can take
several weeks. However, PCR used directly in biological
samples, i.e., lung tissue and lymph node (LN), from
suspected cattle offers another alternative of diagnostic with
more efficiency compared to in vitro culture (Zumárraga et al.
2005). In general, DNA extraction from tissue samples is
crucial to improve the success of the test, as well as employing
magnetic beads for getting better DNA from clinical tissues
samples of people and animals (Shiyang et al. 2013). PCR
advantages include speed, high specificity, moderate confir-
mation of the presence of the bacillus in samples with no
visible lesions negative to culture (Parra et al. 2008), and
discard of the susceptibility due to the elimination of inhibitors
reaction (Taylor et al. 2001). Nevertheless, it is not a perfect
test because it has difficulty obtaining DNA in samples with
low number of microorganisms (Zarden et al. 2013).

In Ecuador, the total national prevalence of bTB is still
unknown. The cases of the disease are not well document-
ed, published, or quantified for several reasons, i.e., lim-
ited animal carrier records, scarce diagnostic testing, and
lack of reporting of the disease when suitable (Proaño-
Pérez et al. 2011b).
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The aim of this study was to estimate the apparent preva-
lence (AP) and true prevalence (TP) of bTB in the two
slaughterhouses from two dairy areas of Ecuador, and evaluate
the direct use of nested-PCR (n-PCR) in lung tissue from
cattle modifying the protocol described by Mangiapan et al.
(1996).

Materials and methods

Study design

This was an exploratory cross-sectional study, applied in two
local slaughterhouses: Cayambe (0.04 N–78.14 W) and
Pelileo (1.33S–78.54 W), located in Pichincha and
Tungurahua provinces, respectively (Fig. 1). These areas were
chosen due to a high density of dairy herds and movement of
cattle. The methodology comprised two parts: (a) veterinary
inspection carried out in 578 cattle randomly selected from
farms of nearby abattoirs, and (b) laboratory analysis of the
biopsy samples taken from slaughtered cattle during two to
three interventions per week. In total, 1,734 biopsy samples
were analyzed: in Cayambe from 271 cattle, 813 samples (542
LN and 271 lung); and in Pelileo from 307 cattle, 921 samples
(614 LN and 307 lung). In both places, it was considered the
sampling method for a homogeneous population, and previ-
ously a priori prevalence of 0.15 was used, the confidence
level of 95 % and the maximum error was set at 0.04 for each
place. Information of each slaughtered animal was recorded
by the use of a questionnaire to obtain specific information,
i.e., age (≥6 and <6 years), sex, place of origin (province,
canton, and parish), owner, and whether or not visible injuries
were present during the VI. Finally, to diagnose bTB, the LN
samples were process in the laboratory of microbiology, and
the lung samples in the molecular biology laboratory of the
International Centre for Zoonosis (CIZ).

Postmortem examination

Postmortem examination was applied by inspection and pal-
pation of several organs, i.e., lungs, liver, kidneys, and spleen,
with each organ internally and externally evaluated. Then a
cross section of the mandibular, tracheobronchial,
retropharyngeal, mediastinal, mesenteric, and hepatic LN
were inspected carefully.

Samples

Lung tissue samples (578/1,734) and tracheobronchial and
mediastinal LN (1,156/1,734) of each animal slaughtered with
and without visible lesions (VL) were collected for further
examination, using disinfected (chlorine 10 %) dissecting
equipment, then placed in individual sterile tubes, stored in a
cool box, and transported the same day to the laboratory. All
samples were reduced by homogenizing into fine pieces.
Subsequently, these samples were placed into 1.5 ml of sterile
water and stored at −20 °C. All LNs were cultured and lung
tissues were amplified by n-PCR. Pulmonary samples were
taken for the lower part of the lobe because the pathogen can
be deposited in the peripheral respiratory alveoli in the first
stages (Kritski and Fiuza 2007; Müller et al. 2008). In Ecua-
dor, Proaño-Pérez et al. (2011a) tested the diagnostic methods
used at this study and demonstrated that the respiratory route
is the most important route in the transmission of the disease;
however, many VL were not found, and most of the cases
were identified by culture.

Polymerase chain reaction

The DNA extraction protocol for lung tissues was per-
formed according to Mangiapan et al. (1996), with some
modifications, i.e., initially, digestion was conducted by
placing 275 μl of sample into 275 μl of lysis buffer
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(200 mM Tris–HCl pH 7.4, 300 mM NaCl, 100 mM
EDTA, Ultra-Pure water) and 65 μl proteinase K
(20 mg/ml in PK buffer–50 mM Tris–HCl pH 7.4,
10 mM CaCl2, Ultra-Pure water), incubated at 50 °C with
stirring for 18 h to improve the mechanical and chemical
lysis of the tissue; then to prepare the sample for the
hybridization, 520 μl was centrifuged and the supernatant
was heated at 100 °C for 10 min and quickly cooled down
at 0 °C. Then, 200 μl of 3.75 M NaCl-3.3 ρmol was
added with each biotinylated primer and incubated at
60 °C with stirring for 2.5 h. The solution was placed
with 10 μl of M-280 Streptavidin Dynalbeads and incubat-
ed for 2 h at 20 °C. Finally, magnetic beads captured
the target DNA; after washing three times, they were
resuspended in 25 μl of TE buffer (10 mM Tris–HCl,
1 mM EDTA pH 8, Ultra-Pure water). Biotinylated
primers and primers used in the first run of the n-PCR
are specific for the genus Mycobacterium and have been
described by Portaels et al. (1996), which focused on the
16S rRNA gene: P1 (5′-TGCTTAACACATGCAAGTCG-
3′) and P2 (5′-TGAGATTTCACGAACAACGC-3′). For
the second run, there were used primers designed at
the Institute for Tropical Medicine in Antwerp, Bel-
gium, specific for Mycobacterium tuberculosis complex,
i.e., P3 (5′-AACCCGGACCTTCGTCGATG-3′) and P9
(5′-CATGTCTTGTGGTGGAAAGCGC-3′) described by
Proaño-Pérez et al. (2006, 2011a, b) and Durnez et al.
(2008)The parameters used for amplification have been
described by Proaño-Pérez et al. (2006). Finally, visual-
ized bands 962 and 271 bp were seen in agarose gel
2 % (w/v) (Fig. 2).

Microscopy and in vitro culture

All LN biopsies were cultured with the method described
by Proaño-Pérez et al. (2011a). In addition, Ziehl–Neelsen
staining was carried out; one drop of the processed tissue
was observed by microscopy to detect the acid alcohol-
resistant bacilli.

Statistical analysis

The analysis was made of the two areas together and sepa-
rately, the AP and CI95 % were obtained in the R version
2.12.1. The TP was calculated using the rule of Bayesian
modeling with Rogan–Gladen equation [AP=TP Se+(1−
TP) (1−Sp)] that estimates the TP starting from the AP,
sensitivity (Se) and specificity (Sp) of the diagnostic test,
and the total number of samples used. Uncertainty about the
test characteristics is required under a prior distributions. The
Bayesian approach uses information from previous studies of
the methodology used (Enøe et al. 2000) and allows approx-
imating the Se and Sp with 95 % probability interval (95 %
PI).

Beta prior distributions of the parameters were calculated
based on the mode and one percentile for Se and Sp with
BetaBuster software (Branscum et al. 2005). Then, the data
were incorporated in WinBUGS to make Bayesian estimation
and build a binomial model (Lunn et al. 2009). A burn-in
phase of 1,000 iterations was used and the model was run for
another 10,000 iterations to obtain estimates. The outcomes
were mean and percentiles sampled from the posterior distri-
butions of TP, Se, and Sp. Three chains starting in different

b)

a)Fig. 2 Agarose gel (2 %w/v)
showing 25 positive lung
samples: a Cayambe Canton; b
Pelileo canton; (+) (−) (+′) (−′),
positive (M. bovis SB0980) and
negative control of the first and
second round; M, 100 bp DNA
ladder; 963 and 271 bp, amplicon
of the first and second round,
respectively
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values were set and their convergence was analyzed graphi-
cally in order to evaluate how prior beliefs could affect the
posterior estimates of TP, Se, and Sp. Three scenarios were
built to analyze the best distribution of the parameters: sce-
nario 1—the Se of the n-PCRwas between 85 and 91% (Parra
et al. 2008; Shah et al. 2006) and Sp between 93 and 98 %
(Shim et al. 1998); scenario 2—security level was of 90%, the
Se was greater than 85 with a mode of 87% and a higher Sp to
95 with a mode of 99 %; scenario 3—security level was of
90%, the Se was greater than 85with a mode of 91% and a Sp
over 95 with a mode of 98 % (Table 1). Those parameter
values were used due to the fact that more uncertainty was
needed to reach prevalence estimates and test characteristics
according to literature and last experiences; also, plots of
posterior distributions were generated to verify an appropriate
convergence.

The agreement of diagnostic tests was assessed using
Cohen's Kappa analysis with different samples (i.e., lymph
nodes) and diagnostic test. The results were classified accord-
ing to the Altman scale (Table 2). Risk factor analysis using n-
PCR results was additionally studied. Mixed models of logis-
tic regression were calculated, taking into account the place of
animal origin, parish of origin was the random factor, due to
the impossibility for identifying the farm of origin. Relation-
ships were evaluated using the odds ratios obtained from logit
link function (Table 4). To test differences among places, a
simple logistic regression was generated.

Results

The AP of bTB in slaughtered cattle from two abattoirs was
4.33 % (25/578) [CI95 %=2.87–6.41]: 11/25 belonged to the

slaughterhouse of Cayambe (4.06 %) [CI95 %=2.14–7.35]
while 14/25 corresponded to the slaughterhouse of Pelileo
(4.56 %) [CI95 %=2.61–7.7] (Table 3). The estimation of TP
was 2.51 % [PI95 %=0.19–5.32], and the Se and Sp for this
study was 89.7 % [PI95 %=81.5–95.6] and 97.6 % [PI95 %=
95.4–99.4], respectively (Table 1).

The kappa analysis for diagnostic tests showed a slight
agreement (κ=0.02) among the n-PCR/VI held in Pelileo,
and poor agreement (κ=0) among the n-PCR/other techniques
used for the analysis of bTB (Table 2).

The risk factors analysis obtained with the data from both
slaughterhouses did not show any significant association
(P>0.05), as well in Cayambe; nevertheless, at Pelileo it
found associations with positive results, province and canton
of origin of animals sampled (n=203) showed highly signif-
icant difference (P<0.01) (Table 4).

Discussion

VI is routinely used to diagnose bTB with several advantages
such as low cost, provide useful information, and can be
considered as an important tool to identify the disease during
control programs (Biffa and Bogale 2010). However, the main
disadvantage is its low sensitivity due to minor injuries in
some cattle or being an early stage of disease (Biffa and
Bogale 2010). The difference in appearance of VL can cause
the detection to be very difficult, especially for inexperienced
personnel (Cousins et al. 2004). In addition, not all infected
cattle have VLs because the pathogen has been isolated from
samples apparently healthy (Katale et al. 2012). The presence
of lesions caused by non-tuberculosis mycobacteria (NTM)
(Müller et al. 2009), or other conditions such as leukosis (i.e.,
disease with high prevalence in the studied area), might make
the identification difficult because the lesions are restricted in
LN which can be confused with granulomas at early states.

Table 1 Parameters for Bayesian binomial model for TP, Se, and Sp of
the results obtained from the n-PCR

Scenario Prior distribution Result (%) IP95 %
a

1 TP Uniformb (0, 05) 2.3 0.13–5.2

Se Uniform (0.85, 0.91) 85 80.2–89.7

Sp Uniform (0.93, 0.98) 97.3 97.3–99

2 TP Uniform (0, 1) 1.3 0.06–3.5

Se Betac (57.9, 9.5) 85.7 76.4–93.1

Sp Beta (815.66, 34.91) 96.2 95–97.2

3 TP Uniform (0, 1) 2.51 0.19–5.32

Se Beta (62.39, 7.07) 89.7 81.5–95.6

Sp Beta (107.19, 3.17) 97.6 95.4–99.4

TP true prevalence, Se sensibility, Sp specificity
a I.C., credibility interval
b Data of WINBUGS14 program
cData of Betabuster and WINBUGS14 programs

Table 2 Kappa analysis applied with the test used to diagnose bovine
tuberculosis in slaughtered cattle from two abattoirs in Ecuador

Variable Test κ z P value k

Cayambe and Pelileo Culture/PCR −0.0170 −0.524 0.6 Poor

BAAR/PCR −0.0253 −0.678 0.498 Poor

Cayambe Culture/PCR −0.0126 −0.292 0.77 Poor

BAAR/PCR −0.0126 −0.292 0.77 Poor

Pelileo Culture/PCR −0.0207 −0.44 0.66 Poor

BAAR/PCR −0.0343 −0.626 0.531 Poor

IV/PCR 0.0154 0.351 0.726 Slight

κ kappa, Thrusfield (2005): κ (agreement)—>0.81 (perfect), 0.61–0.80
(substantial), 0.41–0.60 (moderate), 0.21–0.40 (fair), 0–0.20 (slight), <0
(poor)
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In Ecuador, most reports have been based on tuberculin
testing and VI. Proaño-Pérez et al. (2011a) analyzed different
laboratory tests (microscopy, in vitro culture, histopathology,
and n-PCR) for confirmation of macroscopic lesions found in
slaughtered cattle (2.3 %, 33/1390); they obtainedM. bovis in
1.2 % of the samples. In each studied areas, two unpublished
reports were performed applying tuberculin simple and com-
parative skin tests: in Cayambe, a prevalence of 0.47 % (14/
3006) was found and in nearby areas of Pelileo 2.43 % (49/
4012) (Proaño-Pérez et al. 2011b). The high AP (4.32 %)
value indicated a large number of sick animals in both zones.
In Cayambe, the high AP (4.06 %) could be due to a high
density of animals engaged to milk production; although VLs
were not found during VI, 11 cattle were found n-PCR-
positive. Complementarily, the prevalence by bacteriological
culture of LNs in the same cattle estimating an AP of 0.72 %

(2/279) was determined, which do not present amplification in
the lung biopsy analysis; it may have occurred because of an
early extra-pulmonary dissemination or an alternative patho-
genic route (Murphy et al. 2010). The results showed that
Cayambe had a large number of livestock with more cases of
4.97 % (8/161) because the slaughterhouse is located in this
area and also presented a high density of livestock and pro-
duction systems.

Despite of the existence of smallholder dairy breeders in
Pelileo country, a high AP (4.56 %) was found through
molecular identification. However, VI showed an AP of
17.92 % (55/307) that could not be confirmed as M. bovis
by culture of LN with VLs. Only 2 of 14 lung tissue samples
with VLs were also positive by n-PCR.

Analyzing the provinces of origin of infected cattle,
Imbabura and Tungurahua had 22.22 % (6/27) and 5.26 %

Table 3 Distribution of positive results to n-PCR for bovine tuberculosis in slaughtered cattle from cantons Cayambe and Pelileo, Ecuador

Slaughterhouse
PA

Animal
identification

Sex Area/province PA Area/canton PA Area/parish PA n-PCR/SC Vl Culture Smear
ZN

Cayambe 63 ♀ Imbabura Ibarra San Antonio Positive – – –

4.06 %
(11/271)

130 ♂ 2.91 % (3/103) 7.69 % (2/26) 8.33 % (2/24) Positive – – –

237 ♂ Otavalo 1.32 %
(1/76)

El Jordán 1.35 %
(1/74)

Positive – – –

133 ♀ Pichincha Cayambe 4.26 %
(4/94)

Juan Montalvo Positive – – –

139 ♀ 4.97 % (8/161) 9.52 % (4/42) Positive – – –

160 ♀ Positive – – –

221 ♀ Positive – – –

222 ♀ Quito El Quinche Positive – – –

234 ♀ 7.41 % (4/54) 7.41 % (4/54) Positive – – –

243 ♂ Positive – – –

246 ♀ Positive – – –

Pelileo 428 ♀ Tungurahua Ambato ND Positive – – –

4.56 %
(14/307)

478 ♂ 5.26 % (5/95) 6.5 % (5/77) Positive Positive – –

481 ♀ Positive – – –

485 ♀ Positive – – –

488 ♂ Positive – – –

496 ♀ Imbabura Ibarra San Antonio Positive – – –

497 ♀ 22.22 % (6/27) 22.22 % 37.5 % (6/16) Positive – – –

498 ♀ (6/27) Positive – – –

506 ♀ Positive Positive – –

507 ♀ Positive – – –

508 ♀ Positive Positive – –

460 ♀ Carchi 3.85 %
(1/26)

Tulcán 3.85 %
(1/26)

San Gabriel 3.85 %
(1/26)

Positive – – –

490 ♀ Cotopaxi 1.85 %
(1/54)

Salcedo 1.82 %
(1/55)

San Miguel 1.85 %
(1/55)

Positive – – –

410 ♀ ND 0.96 % (1/104) ND ND Positive – – –

ND data no available, n-PCR/SC nested-PCR/DNA extraction with sequence capture, ZN Ziehl–Neelsen
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(5/95), respectively. Nevertheless, 104 cattle did not have its
data source complete, due to the deficient records of the
movement of animals.

The modeling of the Se, Sp, and TP revealed that the
scenario 3 is the most fitting, showing the advantages of
the methodology but also presenting problems, especially
when positive cases were found. The estimated TP showed
false positives that was a reduction of the AP, probably
because of external factors to the test (Berkvens et al.
2006). Investigations using different modifications of the
technique have succeeded in increments of Se (n-PCR and
SC) that have been reported to be 91.0 % (Taylor et al.

2001). The calculated data were comparable with the pa-
rameters raised by other researchers.

Kappa analysis showed that the use of n-PCR and SC in the
extraction detected bTB in lung samples of animals that were
negative to VI, in vitro culture, and smear of lymph node
(Table 2). Therefore, this method showed better pathogen
detection. In addition, the changes in the extraction method
improved technical results and increased the Se and Sp values
in the study. Previously using the same protocols in samples
collected at the slaughterhouse from the Mejia canton, a
significant concordance (κ=0.61) was found between the
culture and the n-PCR (Proaño-Pérez et al. 2011a). While

Table 4 Results of the risk factor
analysis applied in slaughtered
cattle from Cayambe and Pelileo
cantons, Ecuador

∞ infinite
a Statistically significant

Slaughterhouse Variables/PCR X2 Fisher

P value P value Odds ratio IC95 %

Pelileo and
Cayambe

Slaughterhouse 0.0874 0.7675 0.8394 1.13 0.467–2.8

Sex 0.1981 0.6563 0.812 0.797 0.229–2.246

Province 6.34 0.3859 0.3117 – –

Cotopaxi – – – 0.555 0.034–9.21

Imbabura – – – 2.23 0.27–18.3

Napo – – – 5.21e−06 0–∞
Pichincha – – – 1.57 0.19–13.01

Tungurahua – – – 1.667 0.187–14.8

Cayambe Age 0.0289 0.865 0.5954 0.833936 0.108–37.9

Sex 0.0196 0.8887 1 0.908 0.15–3.91

Province 0.9861 0.8046 0.6543 – –

Carchi – – – 7.83e−07 0–∞
Napo – – – 7.83e−07 0–∞
Pichincha – – – 1.74 0.45–6.73

Canton 4.8024 0.684 0.4895 – –

Cayambe – – – 3.33 0.36–30.47

El Chaco – – – 6.482e−07 0–∞
Ibarra – – – 6.25 0.54–72.03

Montúfar – – – 6.482e−07 0–∞
Agualongo – – – 6.482e−07 0–∞
P. Moncayo – – – 6.482e−07 0–∞
Quito – – – 6.0 0.65–55.3

Pelileo Sex 0.2032 0.6522 1 1.42 0.30–13.386

Province 23.535 9.89e−05a 0.0009332a – –

Cotopaxi – – – 0.463 0.03–7.71

Imbabura – – – 7.14 0.79–64.14

Tungurahua – – – 1.4 0.16–12.44

Canton 24.9484 0.000775a 0.006955a – –

Ambato – – – 1.74 0.19–15.59

Ibarra – – – 7.14 0.8–64.14

Mocha – – – 2.16e−07 0–∞
Pelileo – – – 2.16e−07 0–∞
Picaigua – – – 2.16e−07 0–∞
Salcedo – – – 0.463 0.03–1.71

1020 Trop Anim Health Prod (2014) 46:1015–1022



the poor correlation that occurred in this study has to do with
the different samples collected because it has been determined
that the lung is the first locus to M. bovis infection (Müller
et al. 2008). The respiratory tract is recognized as the major
route of transmission of infection in most species (Doran et al.
2009). In Ecuador, it was observed that 75 % of the lesions
were located in the thoracic area in cattle slaughtered at the
Mejia Canton (Proaño-Pérez et al. 2011a).

n-PCR can detec t DNA from l ive or dead
mycobacteria (Cardoso et al. 2009), which were
destroyed by the immune system of the animal, during
transport, storage, or decontamination of specimens. The
results allow us to determine that the disease was in the
early stages; thus, VLs were not found in some cases.
Although several cattle in Pelileo showed VLs, DNA of
M. bovis was not confirmed, possibly caused by
nontuberculous mycobacterial. Proaño-Pérez et al.
(2006) found Mycobacterium avium-intracellulare-
scrofulaceum, Mycobacterium gordanae, Mycobacterium
szulgai, and Mycobacterium celatum in dairy cows
slaughtered in a nearby area, which were previously
identified as causing injuries, along with Mycobacterium
terrae, Mycobacterium fortuitum, Mycobacterium
smegmatis, and Mycobacterium chelonae, which can be
confused with those caused by the tubercle bacillus
(Cleaveland et al. 2007).

Although the overall analysis of risk factors was not
different, 80 % (20/25) of the positive samples were
females because they stay longer in the herd and are
used in milk production. As to the place of origin, at
the Imbabura, Pichincha, and Tungurahua provinces,
there is a chance to find the disease of 2.3, 1.67, and
1.57 times, respectively, more than the province of
Carchi. In Cayambe, differences in the associations were
not found, although 90.91 % (10/11) of the positive
animals were <6 years. In Pelileo, the place of origin
was a factor, which may be related to the history of the
disease in each province and canton (Humblet et al.
2009) or to the endemism (Carslake et al. 2011). In
the UK, bTB outbreaks recur in the same areas, possi-
bly because the disease could not be controlled and/or
factors of the environment may facilitate recurrence of
infection (White and Benhin 2004).

In conclusion, the results demonstrated that n-PCR is effi-
cient for the detection bTB from lung tissue samples, and this
method can identify the disease in the early stages.
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