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Bovine tuberculosis (BTB) is a chronic contagious disease of cattle which has economical, public
health and veterinary importance worldwide. So far, test and slaughter is the most feasible method to
control the disease but identification of lesions from slaughtered animals does not always coincide with
ante-mortem test results. Fifty four animals which were found positive by comparative intradermal
tuberculin test (CIDT) or INF-y release assay or both were slaughtered and post mortem examination
(PME) was conducted to identify tuberculous (TB) lesions. The animals were composed of four age
groups (=< 3; 4-6; 7-9 and 2 10 years) the two sexes and two breeds (Boran, Boran-Friesian cross). Out of
all the slaughtered animals, lesions were detected from 70.3% (38/54) of them. No significant difference
was observed among the four age groups and two sexes of both breeds of animals on the level of TB
lesion detection. Higher proportion of the lesion was observed by mediastinal (40.4%) followed by
bronchial (34.8%), retropharyngeal (17.9%) and lastly miliary form and mesenteric lymph nodes in equal
proportion (3.3%). Among the CIDT positive animals, 59.2% of them had lesions. Similarly, 46.2% of INF-
y release assay positive animals had lesions during postmortem examination. Of the total CIDT (+) and
INF-y (-) animals, postmortem lesions were detected from 22.2% of them, and in the vice-versa, of the
CIDT (-) and INF-y (+) animals, 9.2% of them contain TB lesions. Using the PME as reference test,
sensitivity of CIDT was 84.2% and the specificity was 6.2%. Similarly, the sensitivity and specificity of
the INF-y release assay was 65.7 and 37.5% respectively. It is concluded that, both tests predict the
development of TB lesions. However, in our condition, CIDT was found more predictable for detection
of TB lesions as compared to INF-y release assay.

Key words: Bovine tuberculosis (BTB), comparative intradermal tuberculin test (CIDT), interferon gamma (INF-
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INTRODUCTION

Bovine tuberculosis is a chronic contagious zoonotic Mycobacterium tuberculosis complex (MTBC), affecting
disease caused by Mycobacterium bovis, member of the cattle, other domestic animals, humans and a wide range

*Corresponding author. E-mail: bezinaemeru@gmail.com

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

of wild life species. Infected cattle can become infectious
long before they elicit any clinical sign or lesion and
concurrent infections are also seen (Gupta et al., 2009).
Even after careful examination, the clinical signs in cattle
are not pathognomonic (la Rau-Domenech et al., 2006).
Unlike many other diseases where antibody (humoral
immunity) is the main immune defense mechanism,
tuberculosis is caused by intra-cellular pathogen, thus,
the immune response rely on cell mediated immunity
(Ritacco et al., 1991). So, the common ante-mortem tests
rely on this principle. The comparative intradermal
tuberculin test or simply ‘skin test’ is the most common
diagnostic test and has been implemented for decades
since it was first reported in 1982 (Sinder, 1982). Another
test which targets quantifying the amount of the most
stable cytokine (INF y) produced in response to TB
antigen exposure came into application since the first
report in 1991 (Wood et al, 1991). Post slaughter
diagnosis of TB mainly targets the protection of the
community from the disease however it has advantage
on predicting the extent of the disease but not the real
prevalence (Biffa et al., 2010).

The ability of ante mortem examinations to predict the
level and degree of postmortem lesion development
could provide information to take the necessary measure
during examination of the carcass, judgment or disposal.
Although there are few studies with the objective of
comparing antemortem tests and postmortem diagnosis
of TB (Ameni et al., 2006), differences due to breed,
management practice and geographical locations are yet
to be studied. Thus, the objective of this work is to
evaluate the ability of comparative intradermal tuberculin
and interferon gamma tests to predict TB lesions
development independently or in combination on cattle at
different age range, breeds and sexes.

MATERIALS AND METHODS
Study animals

A cross-sectional study was conducted at a governmental farm
located in Holetta, central Ethiopia. A total of 502 cattle were tested
for BTB by CIDT and INF-y release assay. 125 animals were found
positive by both or either of the two tests. Among them, 54 of them
were selected for slaughter in order to clean the farm from infection.
The other half were kept in quarantine for further study. The
selected animals were from both sexes (male and female), breed
(Boran and Holstein —boran cross) and any of the four age
categories (< 3; 4-6; 7-9 and = 10 years).

Comparative intradermal tuberculin test

Two sites, twelve centimeter apart, on the right neck of the animal
were shaved at equal distance from the cervical lymph node, and
skin thickness was measured with a caliper and recorded. One site
was injected with an aliquot of 0.1 ml of 2,500-lU/ml bovine PPD
(Veterinary Laboratories Agency, UK), into the dermis, and the
other was similarly injected with 0.1 ml of 2,500-1U/ml avian PPD
(Veterinary Laboratories Agency, UK). After 72 h, the skin thickness
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at the injection sites was measured. In brief, increase in skin
thickness only at avian PPD injected site indicate the animal was
positive for avian tuberculosis but not either of Mycobacterium
tuberculosis or M. bovis (the mammalian tuberculosis), however, if
there is increment of skin thickness for both injections (avian and
bovine), the increase for Bovine PPD in mm was deducted from the
increase of avian PPD to make decision. If the difference is above 4
mm, it will be considered as positive for BTB (OIE, 2000).

Whole-blood culture and IFN-y release assay

Blood samples were collected from the jugular vein into heparinized
vacutainers and dispensed at 250 pl volume into 96-well flat-bottom
culture plates. Antigens (each avian and bovine PPD) were added
in 25 yl aliquots to give final assay concentrations of 10 g/ml and 25
ul of saline were used as negative control for each sample. All the
samples were duplicated to minimize pipetting error. Cultures were
incubated at 37°C, in a humid, 5% CO, atmosphere for 48 h, and
supernatants were harvested and frozen. Levels of IFN-y in the
supernatants were measured by an enzyme-linked immunosorbent
assay by using the bovine IFN-y test kit (BOVIGAM™ test kit)
(Commonwealth Serum Laboratories, Australia) in accordance with
the manufacturer’s instructions.

Detailed post-mortem examination

Detailed post-mortem examination was conducted on the lymph
nodes of the head, the lungs, and the intestine namely mandibular;
medial retro-pharyngeal; cranial and caudal mediastinal; left and
right bronchial and mesenteric lymph nodes. Each lymph node was
sliced at 2 mm thickness in order to find the typical calcified or
caseous tuberculous lesion. Body cavities and visceral organs were
inspected to detect miliary type of lesions.

Statistical analysis

Chi-square (X?) was used to analyze the prevalence of BTB among
different age groups, breeds and sexes by both tests identifying the
differences as significant if the P-value is less than 5% (P<0.05).
Multivariate logistic regression was used to estimate the risk of
exposure to the infection quantified by the odds ratio. Bivariate
correlation analysis was conducted to understand the relationship
between test score values and number of TB lesions identified per
examined animals. All the statistics were computed by SPSS
statistics version 17.0.

RESULTS

Among the 54 animals, 47 were confirmed for BTB by
CIDT and 35 by using BOVIGAM™ test kit (INF-y release
assay). Out of all the slaughtered animals, tuberculous
lesion was detected from 70.3% (38/54) of them
examined through detailed postmortem examination. No
significant difference was observed among the four age
groups and two sexes of both breeds of animals on the
frequency of  tuberculous lesion  development.
Tuberculous lesion was found nearly three times higher
on animals at 7-9 years of age as compared to animals at
three or lesser years of age. The frequency of the
tuberculous lesions was found more than five times
higher in Boran as compared to cross breed animals
(Tables 1 and 2). Higher proportion of the lesion was
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Table 1. Association of BTB lesions positivity under different biological categories.

Cl
Variable Category N '\.‘9' Ofo OR
positive (%) Lower Upper
<3 12 7(58.3) 1
Age (years) 4-6 11 8(72.7) 14 0.31 6.4
gety 7-9 13 11(84.6) 2.7 0.45 16.5
=10 18 12(66.7) 1.3 0.25 6.9
F 46 33(71.7) 15 031 7.2
Sex
M 8 5(62.5) 1
Cross 43 28(65.1) 1
Breed
ree Boran 11 10(90.9) 53 0.62
Table 2. Assessment of risk of acquiring BTB lesion under different biological categories.
. No. of Chi square test
Variable Categor N L
gory positive (%) X’/ Fishers’ exact P-value
<3 12 7(58.3) 2.24 0.54
4-6 11 8(72.7)
Age (Y
ge (Years) 7-9 13 11(84.6)
=10 18 12(66.7)
Sex F 46 33(71.7) 0.27 0.68
M 8 5(62.5)
Breed Cross 43 28(65.1) 2.79 0.14
Boran 11 10(90.9)

observed on mediastinal (40.4%) followed by bronchial
(34.8%), retropharyngeal (17.9%) and lastly miliary form
and mesenteric lymph nodes in equal proportion (3.3%)
(Table 3).

Among the CIDT positive animals, 59.2% of them had
lesions. Similarly, 46.2% INF-y release assay positive
animals  contained lesions during  postmortem
examination (Table 4). Lesions were detected from a total
of 61 sites of all animals diagnosed by INF-y release
assay and the distribution of the lesion was 1.69
lesion/head of post mortem examined animals. Similarly,
a total of 78 lesions were detected from different lymph
nodes of all 47 CIDT positive animals and the lesion were
distributed with 1.65 lesion/head of post mortem
examined animals. Out of all animals examined, three
(5.5%) miliary types of lesion were detected which were
confirmed by both tests.

Of the total CIDT positive and INF-y negative animals,
postmortem lesions were detected from 22.2% of them,
and in the vice-versa, of the CIDT negative and INF-y
positive animals, 9.2% them had TB lesions. However,
the two tests share the highest proportion of individuals

having postmortem lesion rather than exclusion of one
from the other (37%). The sensitivity of CIDT was 84.2%
and the specificity was 6.2%. Similarly, the sensitivity and
specificity of Bovigam was 65.7 and 37.5% respectively
(Table 4). No significant correlation between scores of
both CIDT and INF-y release assay and the distribution of
post mortem lesion was detected. However, the values
scored by INF-y release assay and the number of lesions
detected show slightly negative correlation. Again, no
correlation was observed between the scores of the two
tests and occurrence of military tuberculosis. However,
when the CIDT scores decrease, the occurrence of
miliary tuberculosis increase (Table 5).

DISCUSSION

Although the current study was not intended to study
prevalence of BTB, higher proportion of the slaughtered
animals had at least one lesion (67.8%). The distribution
of the lesion was not differing significantly among the age
groups but in younger animals (< 3 years of age) animals,
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Table 3. Distribution of lesions under different categories of examined animals.

Number of animals  Number of lesion

Lymph nodes and sites examined for detection of tubercle lesions (Average %)

Variabl Cat - . o

ariavle ategory examined identified Miliary  Mediastinal  Bronchial  Retropharyngeal Mesenteric
<3 12 23 1(33.3) 8(22.2) 9(29) 3(18.7) 2(66.6)
46 11 15 0 5(13.8) 6(19.3) 4(25) 0

Age (Years) 4 g 13 24 1333)  12(333) 7(22.5) 4(25) 0
>10 18 27 1333)  11(305) 9(29) 5(31.2) 1(33.3)

S F 46 81 3(100) 32(88.8) 27(87) 16(100) 3(100)
M 8 8 0 4(11.1) 4(12.9) 0 0

Breed Cross 43 67 266.6)  24(66.6) 26(83.8) 12(75) 3(100)
Boran 11 2 1(33.3) 12(33.6) 5(16.1) 4(25) 0

Total 54 89 3(3.3) 36(40.4) 31(34.8) 16(17.9) 3(3.3)

Table 4. Comparison of CIDT and INF-y release assay using PME as a reference.

Independent use of the test on postmortem lesion

Combined use of CIDT& INF-y on postmortem lesion detection

Parameter detection
CIDT INF-y release assay CIDT(+) & INF-y(-) CIDT(-) & INF-y (+)  CIDT(+)& INF-y (+)

+) 32(59.2%) 25(46.2%) 0 0 0

e (+)38 0 6(11.1%) 13(24%) 12(22.2%) 5(9.2%) 20(37%)
+ 15(27.7% 10(18.5%

(-)16 (()) 121.8%)0) 6((11.1%0)) 5(9.2%) 1(1.8%) 8(18.8%)

Total 54 (100%) 54 (100%)

Sensitivity (%) 84.2 65.7

Specificity (%) 6.2 375

(+) Predictive value (%) 68 285

() Predictive value (%) 14.2 315

Table 5. Correlation between test scores values and number of TB lesions identified per examined animals.

Between number of TB lesions identified/head and test score values

Between miliary form of TB/head and test score values

r p-value r p-value
CIDT 0.069 0.620 -0.36 0.796
INF-y release assay -0.003 0.981 0.070 0.614

Number of TB lesions identified per animals range from 1 lymph node up to all the 7 lymph nodes examined (cranial and caudal mediastinal,
left and right bronchial, left and right retropharyngeal and mesenteric); test score values for CIDT and INF-y release assay are corresponding

value recorded after testing individual animal. Pearson correlation coefficient =r.

TB lesions were detected almost three times less likely
than animals at the age range of 7 to 9 years. Since TB is
a chronic disease, the tuberculous lesion might develop
long after the infection time which coincides with the age
of the animal (Radostits et al., 2000); however, in this
study, two animals which were less than three years of
age were observed, one having miliary type of lesions

and the other having lesions almost in all of the
diagnosed lymphnodes (data not shown). Guirado and
Schlesinger (2013) explained that T-cell functions such
as cytokine production (IL-2 and IFNy), cytotoxic activity,
and T cell proliferation decrease when the age increases.
This implies the increased risk of acquiring the disease
while exposure in aged individuals. However, poor
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nutrition and immunosuppression have impact on
development of sufficient immune response besides the
age factor in M. tb infection in human cases (Peggy and
Ellen, 2008). The inconsistency observed in this study in
respect to lesion development in relation to aging could
align with such and other unknown factors like co-
infection with immune-suppressive diseases or infection
by very high dose of the pathogen.

Higher proportion of the lesions were detected from
pulmonary LN (mediastinal and bronchial) (78%) followed
by LN of the head (Mandibular) (18%). Similarly, Tigre et
al. (2012) identified 63.3% of the total lesions from the
thoracic cavity. Since aerosol is the most common route
of infection, it is expected to identify lesion on the primary
site of replication.

Another interesting finding in this study is that majority
of the mesenteric LN lesions were detected from younger
animals (16.7%). Oral route of infection from
contaminated milk during suckling could be the most
common route of infection in young animals since the
animals are mostly kept indoors (Regassa et al., 2010).
However, the animals may acquire the infection through
grazing and lesions can be detected at GIT system as
described earlier by Ameni et al. (2006) who compared
animals kept indoors with the ones in pasture. In another
study by Ayana et al. (2013), it was explained that,
although route of infection could be the primary site to
develop the granulomatous lesion, reactivation and
dissemination could spread the bacteria throughout the
body and lesions might appear far from their site of
infection. Similarly, Guirado and Schlesinger (2013)
discussed reactivation of TB that occurs 80% in the lung
which could be noticed when the lung associated lymph
nodes contain considerable lesions. Hence, lesions that
develop extra-pulmonary sites might be due to escaping
bacilli from pulmonary tubercle.

Miliary type of tuberculosis is the most hazardous form
of tuberculosis among the rest localized lesions in terms
of public health significance, especially in countries
where consumption of raw meat is common due to
cultural reasons. In the current study, 5.5% of the
examined animals had miliary tuberculosis which was
very alarming. Similarly, a 10 years retrospective study
(from 1992-2001) of animals slaughtered at Addis Ababa
abattoir indicate whole carcass condemnation due to
generalized tuberculosis was 0.024% with annual
increment rate of 0.34% (Asseged et al., 2004).

In terms of distribution, the mean number of lymph
nodes with TB lesions per skin test reactive and INF-y
positive animals were 1.65 and 1.69, respectively.
Similarly, Liebana et al. (2008) has identified the mean
number of lymph nodes with tuberculosis TB-like lesions
per TB-confirmed animal was 1.7. Lesser ratio of mean
number of lesions was observed by Asseged et al. (2004)
which was 1.5.

In the current study, of all the CIDT positive animals,
TB lesions were detected from 59.2% of them which is

closer to the finding in an earlier study by Costello et al.
(1997) who illustrated that out of all tuberculin reactive
animals, 65.6% of them contain TB-like lesion at least in
one of their lymph nodes. But, it is higher than another
study by Llamazares et al. (1999) who showed that,
lesions were detected only from 50% of tubercline
reactive animals. However, high percentage of overlaps
between skin test and postmortem lesions were
illustrated by Ameni et al. (2006) who detected lesions
from 91% of the reactors. After a year, the same author
found even higher proportion of intersection between the
skin test and most mortem examination which was 95%
(Ameni and Erkihun, 2007). It was reviewed that, there is
wide range (50-80%) of missing detectable TB lesion
from skin test reactive animals (la Rau-Domenech et al.,
2006). O’Hagan et al. (2015) found lesions only from 43%
of the total 24,923 reactor animals in Ireland. Failure to
detect visible gross TB lesions while conducting
postmortem examination might not infer freedom from TB
infection. This is probably due to technical gaps to
identify the typical lesion, early infection which does not
develop detectable tubercle lesion yet, time spent during
diagnosis, proper lymph nodes slicing distance and latent
infection of M. bovis (Biffa et al., 2010; Corner, 1994, la
Rau-Domench et al., 2006).

On the other hand, we found that TB lesions were
detected from 46.2% of animals positive for INF-y release
assay. In New Zealand, TB lesions were identified in
37.2% of INF-y reactive animals (Sincliar et al., 2016).
Breed, environment and management practices might
produce the difference on the level of INF production
upon TB exposure.

Different proportion of exclusion was observed when
the two tests combined rather than their independent
application considering postmortem lesions as a
reference. Of the total CIDT positive and INF-y negative
animals, postmortem lesions were detected from 22.2%
of them, and in the vice-versa, of the CIDT negative and
INF-y positive animals, 9.2% had TB lesions. However
the two tests share the highest proportion of individuals
having postmortem lesion rather than exclusion of one
from the other (37%). According to a study by Clegg et al.
(2017), out of the total skin test reactive but INF-y
negative animals, lesions were detected from 11.8% of
them. Again, in their study, lesions were detected from
18.9% of SICCT negative but INF-y positive animals.
Despite the ability of INF-y test to detect early infections
in comparison with skin test (Wood and Jones, 2001), in
the current study, the INF-y assay was found less
sensitive to detect lesions unlike what was seen in the
work of Clegg et al. (2017). The explanation for this
phenomenon is not well understood, but the shift on
immune mechanism from cellular to humoral during the
later period of the infection can more likely affect the
single cytokine INF-y dynamics rather than the skin test
since the second one elicits more general inflammatory
reaction than the first (Clegg et al., 2017).



Using postmortem lesion development as a reference,
the sensitivity of CIDT and INF-y release assay was 84.2
and 65.7% respectively. On the other hand, the specificity
of the two tests was 6.2 and 37.5% in the same order.
The higher sensitivity of the skin test and the higher
specificity of the INF-y release assay coincide with the
nature of the two tests. The chance of getting lesions
from CIDT positive animals seems higher than INF-y
release assay positive animals and this might be because
the first one has higher probability of detecting cross-
reactive animals for other mycobacterial infection.
However, the change in the cytokine INF-y level is
monitored in highly controlled environment (in vitro) and
measurement was done using the very sensitive type of
ELISA which is the sandwich ELISA (Bovigam Kkit).

In the current study, no significant correlation was
observed among any of the tests and/or pathological
conditions. However, the correlation tend towards
negative (-0.003) when the INF-y release score related
with the extent of distribution of TB lesion. Similarly, a
negative correlation trend between INF-y responses and
the pathology scores was observed by Ameni et al.
(2006) in animals kept indoors but not those kept in
pasture.

Conversely, negative correlation between the
occurrences of generalized tuberculosis (miliary TB) and
skin test scores was observed, that is, the chance to
detect miliary tuberculosis is high in skin test low scoring
animals as compared to those which scored high. Focus
was given to miliary tuberculosis because of the
assumption that this form of BTB affects more the
systemic immunological response as compared to the
other forms. In the present study, animals at stage of
miliary tuberculosis could be justified as a shift from the
T-cell mediated immune response towards the B-cell
response via production of antibodies discussed under
different studies since,cellular mechanisms of control of
the bacilli start to exhaust (Buddle et al., 2005; Cassidy et
al., 2001; Cooper, 2009). Earlier study by Ritacco et al.
(1991) also demonstrated that there is inverse
relationship between cellular and humoral responses to
tubercle bacilli in cattle with natural infection. In
conclusion, both CIDT and INF-y release assay predict
the presence of TB lesions post slaughter. CIDT was
found to be more predictable for detection of postmortem
lesions as compared to INF-y release assay in our
condition. However, combined use of the two tests
predicts the existence of lesions from considerable
proportion of the examined animals. Abattoir workers
should focus more while examining animals with positive
TB history.

ABBREVIATIONS

CIDT, Comparative intradermal tuberculin test; INF-y,
interferon gamma; BTB, bovine tuberculosis; PPD,
purified protein derivative; PME, postmortem examination.
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