
Abstract
Bovine tuberculosis is an important zoonotic disease transmitted by direct contact, respiratory pathway, ingestion of 
unpasteurised milk and milk product, raw or undercooked meat. Tuberculosis can be difficult to diagnose based only on the 
clinical signs. Tuberculosis is usually diagnosed in the field with the tuberculin skin test. Sputum and other body fluids may 
be collected for microbiological examination. Polymerase chain reaction (PCR) methods have also been described. Diagnostic 
blood tests include the lymphocyte proliferation assay, the interferon gamma (IFN-γ) assay, and enzyme-linked immunosorbent 
assays (ELISA). In this study a total of 50 animals were tested by using tuberculin skin test (TST), lateral flow rapid test, IFN-γ assay 
and real time PCR. The animals were selected randomly among 178 cattle in dairy farms with the aged between 3-5 years and 
suspected of having tuberculosis. Forty five cattle were positive out of 50 for TST while 31 for reactive by the IFN-γ assay and 
28 for rapid test and 9 for real time PCR. The purpose behind such variable as age was to compare sensitivity of tuberculin skin 
test, the IFN-γ assay and TB lateral flow rapid test and real time PCR examination for the diagnosis of field outbreaks of bovine 
tuberculosis in Turkey.

Keywords: IFN-γ assay, Real time PCR, TB lateral flow rapid test, Tuberculin skin test, Tuberculosis

Sahada Görülen Sığır Tüberkülozunun Tanısında Kullanılan 
Tuberculin Skin Test, IFN-γ Assay, Gerçek Zamanlı PCR ve 

Lateral Flow Rapid Testlerinin Karşılaştırılması

Özet
Sığır tüberkülozu; direkt temas, solunum yolu, pastörize edilmemiş süt ve süt ürünleri, çiğ ya da az pişmiş etlerin alınmasıyla 
insanlara da bulaşabilen önemli bir zoonoz hastalıktır. Yalnızca klinik bulgulara bakarak tüberkülozu teşhis etmek zor 
olabilmektedir. Genellikle tüberkülozun tanısı sahada tüberkülin testiyle konulmaktadır. Mikrobiyolojik muayene amacıyla kraşe 
ve diğer vücut sıvıları temin edilmektedir. Polymerase chain reaction (PCR) yöntemleri de kullanılabilmektedir. Tanı amaçlı kan 
testleri arasında lenfosit proliferasyon testi, interferon gamma (IFN-γ) testi ve enzyme-linked immunosorbent assay (ELISA) 
bulunmaktadır. Bu çalışmada 50 hayvan tuberculin skin test (TST), lateral flow rapid test, IFN-γ assay ve gerçek zamanlı PCR 
kullanılarak test edilmiştir. Hayvanlar 3-5 yaş arasındaki tüberküloz şüpheli 178 sütçü sığır arasından rastgele seçilmiştir. TST 
sonuçlarına göre 50 sığırdan 45’i pozitifken, IFN-γ testine göre 31’i pozitif bulunmuştur. TB lateral flow rapid testte 28 pozitif, 
gerçek zamanlı PCR testinde ise 9 pozitif sonuç bulunmuştur. Çalışmamızda farklı testlerin uygulanmasının amacı tüberkülin 
skin test, IFN-γ assay, TB lateral flow rapid test ve gerçek zamanlı PCR testinin Türkiye’de karşılaşılan sığır tüberkülozundaki 
duyarlılıklarının karşılaştırılmasıdır.
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INTRODUCTION

Bovine tuberculosis is an important zoonotic disease 
transmitted by direct contact, respiratory pathway, ingestion  
of unpasteurised milk and milk product, raw or undercooked 
meat. In developed countries, eradication efforts have 
significantly reduced the prevalence of this disease, but 
wildlife reservoirs avoid a complete eradication [1,2]. Bovine 
tuberculosis is still common in less developed countries 
and it causes economic losses in cattle. It is also a serious 
threat to endangered species [3,4]. Cattle are considered to 
be maintenance hosts for Mycobacterium bovis (M. bovis). 
Infections have also been described in numerous other 
domestic and wild animals [5].

It can be difficult to diagnose tuberculosis based only 
on the clinical signs [6]. In developed countries, few infections 
show symptoms and infections are mostly diagnosed 
by routine tests. Tuberculosis is usually diagnosed in the 
field with tuberculin skin test [7,8]. Sputum and other body 
fluids may be collected for microbiological examination, 
microscopic demonstration of acid fast bacilli, isolation of 
mycobacteria on selective culture media and identification 
by biochemical tests. Slides may be stained with Ziehl- 
Neelsen stain, fluorescent acid fast stain or immuno-
peroxidase techniques [9,10]. PCR methods have also been 
described. New diagnostic blood tests include lymphocyte 
proliferation assay, IFN-γ assay and enzyme-linked immuno- 
sorbent assays (ELISA) [11,12]. IFN-γ assay is only useful in 
members of bovidae however lymphyocyte proliferation 
test may be used on other animals and wild animals. These 
tests are not used routinely for diagnosis [13,14].

Serological assays have shown promise as a diagnostic 
alternative to skin testing or culture testing for many of 
these species. Serological blood test based on TB assays 
are appealing not only for better sensitivity and specificity 
for captive wild animals, exotic species and other non-
traditional livestock but also because they require only 
a single handling event, thereby minimizing capture-
associated injuries [15,16]. The serological test concept is 
simple, rapid, easy to interpret, inexpensive and is very 
useful as a slaughter surveillance test or an effective and 
efficient trap and cull assay [17].

The purpose for conducting this study was to compare 
sensitivity of TST, IFN-γ assay, lateral flow rapid test and real 
time PCR examination for the diagnosis of field outbreaks  
of bovine tuberculosis in Turkey.

MATERIAL and METHODS

TST assay was applied on 178 cattle in dairy farm with 
the age of 3-5 years suspected from tuberculosis. Fifty 
samples have been selected randomly. Tuberculin skin test 
has been used in a herd as a first TB test and blood samples 
have been collected during TST. The blood samples for 

analysis have been collected from 50 samples selected 
randomly. The herd have been quarantined and cattle with 
positive test result have been slaughtered.

Tuberculin Skin Test

Subsequent to shaving the neck hairs with the area of  
8-12 cm2, the skin has been measured with calliper and the 
results have been recorded. Mammalian PPD tuberculin 
(0.1 ml) has been injected intradermally on shaved skin. 
After 72 h, injection site has been examined for pain, 
tenderness, warmth, swelling and skin thickness has been 
measured again. An increase in skin thickness was observed 
as follows: 0-3 mm (negative), 3-4 mm (doubtful) and 4 ≥ 
(positive).

IFN-γ Assay

Whole blood samples have been examined for T cell 
reactivity by production of IFN-γ samples stimulated with 
M. bovis and Mycobacterium avium (M. avium) PPDs at 
20 µg/mL sample and PBS as non-stimulated controls as 
previously described. The blood has been incubated for 
18-20 h at 37°C in a humidified atmosphere. After this 
period, samples have been centrifuged for 15 min at 490 
g and the supernatant was collected and assayed for the 
presence of IFN-γ by using the ELISA (Bovigam, Product 
Number: 63319/63309) according to the manufacturer’s 
instructions. Using avian and bovine PPDs for stimulation, 
results have been considered positive having the mean 
optical density at 450 nm (OD 450) stimulated with bovine 
PPD minus the OD 450 measured in the negative control 
stimulated with PBS was greater than 0.05 and greater 
than the OD 450 obtained in the sample stimulated 
with avian PPD. Additionally, a less restrictive 0.1 cut-off 
point was also evaluated. Each ELISA plate was validated 
with positive and negative controls according to the 
manufacturer’s instructions.

Lateral Flow Rapid Test

For rapid detection of antibodies, TB lateral flow rapid 
test (BioNote Catalog No: RB23-02) uses selected myco- 
bacterial antigens immobilized on a nitrocellulose strip 
and a blue latex signal detection system for rapid detection 
of antibodies. The test was performed according to the 
manufacturer’s instructions. A single test plate was used 
for each cattle. Plates were kept at room temperature. 
Thirty microliters of serum was distributed into the sample 
wells and allowed to soak into the wick. Three drops of 
sample buffer was added to the sample wells. The test was 
incubated at room temperature for 20 min and the results 
were recorded. A completed blue band must appear 
across the control line site (C-band) in order to have a valid 
test and a complete blue band must also appear at the  
test line site (T-band) in order to have a positive test.

Molecular Diagnostics

DNA extraction has been obtained from plasma samples 
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with commercial DNA isolation kit (Roche; Product Number:  
03 038 505 001) according to the procedure [DNA extraction 
was performed by using MagNA Pure LC robotic isolation 
device according to the procedure. The isolation procedure 
is based on magnetic-bead technology. The samples are 
lysed by incubation with a special buffer containing a 
chaotropic salt and Proteinase K. Magnetic Glass Particles 
(MGPs) are added and total nucleic acids contained in the 
samples are bound to their surface. Unbound substances 
are removed by several washing steps, then the purified 
total nucleic acid is eluted with a low-salt buffer. The sample 
materials are placed into the wells of the sample cartridge. 
Lysis/binding buffer is added to the sample. Proteinase K 
is added to the samples and proteins are digested. Nucleic 
acids bind to the silica surface of the added MGPs due 
to the chaotropic salt conditions, isopropanol, and the 
high ionic strength of the lysis/binding buffer. MGPs with 
bound nucleic acids are magnetically separated from the 
residuallysed sample. MGPs with bound nucleic acids are 
washed repeatedly with wash buffer tore move unbound 
substances like proteins (nucleases), cell membranes, PCR 
inhibitors such as heparin or hemoglobin, and tore duce 
the chaotropic salt concentration. Again MGPs with bound 
total nucleic acid are magnetically separated from the 
wash buffer containing residual sample debris. The purified 
nucleic acids are eluted at +70°C from the MGPs in the wells  
of the elution cartridge, whereas the MGPs are retained  
in the reaction tip and discarded]. 

The DNA samples were stored at -20°C until PCR analysis. 
The amount of DNA determined by the measurement 
with spectrophotometer (ASP-3700) within 260 and 280 
nm. Commercial Mycobacterium spp. detection kit (Way 2 
Gene; Product Number: WG 40-0220- 16) was used for real-
time PCR analysis. PCR was carried out according to the kit 
procedure. Each reaction tube contained 2 µL fast start mix 
4 µL Mycobacterium genus primer, 1.6 µL Mg2, 5 µL DNA 
template and distilled water to give a final volume of 20 µL. 

The thermal cycling protocol was as follows: 10 min at 95°C 
for denaturation, 5 s at 64°C for annealing and 40 s at 72°C 
for extension using a Roche Light Cycler 2.0. In all control 
stages, PCR as a positive standards included in the set,  
the distilled water was used as a negative control.

Statistical Analyses

The statistically significant difference test were 
associated with the chi square test. The sensitivity and 
specificity have been revealed as reference test IFN-γ assay. 
The proportions used for calculating the sensitivities and 
specificities of the tests were compared using SPSS 16 for 
Windows. The 95% confidence limits for the findings were 
calculated using SPSS 16.

RESULTS 

In this study a total of 50 animals were tested by using 
tuberculin skin test, TB lateral flow rapid test, IFN-γ assay 
and real time PCR. Forty five were positive out of 50 for TST 
while 31 for reactive by the IFN-γ assay and 28 for TB lateral 
flow rapid test and 9 for real time PCR (Table 1).

The sensitivity and specificity of TST, TB lateral flow 
rapid test, and real time PCR compared with IFN-γ assay 
were determined as 100%, 80.65% and 25.81% respectively 
(Table 2). 

DISCUSSION

The objective for conducting this analysis was to 
evaluate the performance on positive results of TST, IFN-γ 
assay, TB lateral flow rapid test and real time PCR under 
field conditions. Currently, definitive diagnosis of bovine 
tuberculosis in cattle is often made on patients’ history, 
clinical and necropsy findings, tuberculin skin tests and 
abattoir meat inspection [15]. Control depends on early 

Table 2. The sensitivity and specificity of TST, TB lateral flow rapid test and real time PCR

Tablo 2. TST, TB lateral flow rapid test ve gerçek zamanlı PCR testlerinin hassasiyeti ve spesifitesi

Test Sensitivity Specificity Power of the Test P Value

TST x IFN-γ assay 100% 26.32% 72% 53.606***

TB lateral flow rapid test x IFN-γ assay 80.65% 84.21% 82% 15.489***

Real time PCR x IFN-γ assay 25.81% 94.73% 52%

*** P>0.001

Table 1. Number of positive cattle according to TST, TB lateral flow rapid test, IFN-γ assay, real time PCR

Tablo 1. TST, TB lateral flow rapid test, IFN-γ assay ve gerçek zamanlı PCR testlerine göre pozitif tespit edilen sığır sayısı

Performed Tests Positive Negative Total

Tuberculin skin test 45 5 50

TB lateral flow rapid test 28 22 50

IFN-γ assay 31 19 50

Real time PCR 9 41 50
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identification and proper treatment of individuals with 
active disease. The tuberculin skin test is effective in the 
early detection of pre-clinical cases of M. bovis infection 
in cattle. This allows the rapid removal of infected animals 
limiting transmission of the disease and eradication of 
bovine tuberculosis from many countries [18]. However, 
a few number of ancillary tests are being used, or are 
currently validated. These ancillary tests are likely to 
provide a more accurate diagnosis following skin-testing. 
The blood based IFN-γ assay is a cellular immune assay 
which can detect early infection [19,20].

Up to date, there is no simple, rapid, sensitive and 
specific test that can differentiate active TB from latent 
infections and slowly progressive TB. A number of new 
antigens are being tested individually or in combinations  
to obtain the desired sensitivity and specificity. The search 
for rapid and reliable diagnostic tests for active TB based on 
the examination of blood and other clinical specimens has 
been the focus of several studies [21,22]. The tests allow early 
detection of latently infected individuals and are useful in 
contact tracing and screening of high-risk groups in a low-
endemic setting. IFN-γ based tests may be important for 
epidemiological and surveillance studies to determine the 
extent of TB infection [23,24].

The initial field tirals carried out in Australia demonstrated 
that the IFN-γ assay had a higher sensitivity (93.6%) than 
the CFT (65.6%) [25]. Sensitivities ranged between 55 to 
97% and the specificity was as high as 97% [7]. In this study 
the TST x IFN-γ ELISA sensitivity were 100% with 26.32% 
specificity. In the study, the agreement between TST and 
IFN-γ assay was determined as excellent. The sensitivities 
and specificities reported in the study are relatively high 
compared with earlier studies [7,25,26].

Furthermore, a negative result to a tuberculin test 
does not mean that the animal is not infected with M. 
bovis while a positive result represents and immunological 
response in the form of a delayed hypersensitivity reaction 
to mammalian tuberculin that is most commonly occur 
due to an infection or exposure to other bacteria that 
share antigens similar to those of M. bovis. A number of 
studies have shown that the tuberculin skin test and IFN-γ 
assay detect overlapping, but also distinct populations 
of M. bovis infected cattle [27-29]. Using these two types of 
cellular immune assays in quick succession can result in 
the removal of a greater proportion of M. bovis infected 
animals than either using this test alone [9].

Rapid test is relatively simple, inexpensive and do not 
require highly trained personnel or a complex technological 
platform. The method is suitable for use in laboratories in 
countries with low-income. The tests allow early detection 
of latently infected individuals and are useful in contact 
tracing and screening of high-risk groups in a low-
endemic setting [17]. Results from this study so far suggest 
that combinations of antigens may yield the desired level 

of sensitivity without affecting specificity. This anti bovine 
TB antibody test kit has a sensitivity of 90% against bovine 
TB confirmed by bacterial isolation and a sensitivity of 
85.1% and specificity of 98.6% against TST [17]. Also using 
the lateral flow rapid test, achieving sensitivity of 84% and 
a specificity of 84.2% for serological diagnosis of M. bovis 
infection in cattle. Similar and relatively high sensitivity 
(86.5% and 84.6%) and specificity (83.8% and 91.4%) have 
been reported with other lateral flow techniques for the 
diagnosis of bovine TB in farmed red deers [15]. In this study, 
the apparent sensitivity of both was high rapid test x 
IFN-γ assay sensitivity and specificity were 80.65%, 84.21% 
respectively and in agreement with previously authors.

PCR methods allow direct identification of M. bovis 
complex and can detect less than 10 bacteria in a clinical 
specimen. PCR’s sensitivity ranges from 70-90% compared 
to the results of culture and its specificity varies between 
90 and 95%. In smear of positive cases, the sensitivity of 
PCR is greater than 95% but in smear of negative cases, 
it is only 50 to 60%. Therefore, present amplification 
methods should not be replaced diagnostic convectional 
culture [4]. Molecular biological methods, such as PCR may 
be used to [30] diagnose TB rapidly by identifying DNA 
from M. bovis complex in clinical samples with negative 
microscopic results however PCR gives rapid results. Most  
of these report a lower sensitivity for PCR than culture [9,21], 
sensitivity was 25.81% while specificity 94.73% for real time 
PCR x IFN-γ assay. This low sensitivity occurs due to blood 
samples failed for PCR. These results are consistent with 
data obtained in other studies. This makes PCR suitable  
for detecting active tuberculosis.

As a result, through the development these new 
ancillary tests in association with skin test the means 
and modes proposed throughout trials will improve 
the detection of M. bovis infected cattle and reduce the 
unnecessary slaughter of false-positive reactors.
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