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ABSTRACT 
 

Many diagnostic tools are essential for Mycobacterium bovis (M. bovis) eradication program. This study aimed to apply 
γ-IFN assay to detect bovine tuberculosis and multiplex PCR (m-PCR) for rapid identification of Mycobacterial isolates. 
A total no. of 150 cattle in 10 small farms at different Governorates in Egypt, were previously gave suspected results 
with comparative cervical tuberculin test (SICCT), they retested after 60 days later again with SICCT and bovine 
gamma-interferon (γ-IFN) immunoassay. Eighty-seven (58%) out of total 150 animals were +ve reactors by SICCT test 
while 80 (53.3%) animals gave +ve γ-IFN assay. The isolated M. bovis by conventional culturing and identification tests 
were +ve 55 (63.2%) out 87. The γ-IFN assay sensitivity and specificity gave 82.9% and 93.8% respectively. For rapid 
identification of different mycobacterial isolates using m-PCR two set of primers were used. The first set gave 123bp 
DNA PCR product expressing IS6110 insertion element for Mycobacterium tuberculosis (MTBC). The other one gave 
500bp from RvD1Rv2031c genomic sequence definite to M. bovis. M-PCR findings were in a concordance with results 
of conventional culturing and identification tests with high sensitivity and specificity (100%). From this study, it is 
concluded that diagnosis of bovine tuberculosis (BTB) used tuberculin test and γ-IFN assay with m-PCR for rapid 
identification M. bovis isolates in living herds. 
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INTRODUCTION 

 

Tuberculosis has economic importance effects via 

decreasing animal productivity, weight gain reduction of 

diseased ones and significant losses in the meat and dairy 

products exportation (Torky and Khalifa 2012; Carvalho et 

al. 2016). BTB considered as global zoonosis which affect 

diverse domestic and wild animals (Martucciello et al. 2020). 

It is very necessary to enhance observation and detecting 

BTB (WHO, 2019). In third countries bovine tuberculosis 

reported as endemic major zoonotic disease and has great 

importance for both economic and public health reasons due 

to its human susceptibility (Pandey et al. 2013). 

Diagnostic methods support effective eradication 

programs (Collins 2006). The tuberculin test was prescribed 

by (OIE) as preliminary screening assay for bovine 

tuberculosis recognition among cattle, isolation, PM finding, 

gamma - interferon and molecular assays (Filia et al. 2016).  

SICCT is widely used at herd level and it is 

recommended by world health organization as inspection 

examination among bovine international trade (Costello et 

al. 1997) and (Praud et al. 2015), but there was a problem 

of possessing wide range of specificity and sensitivity due 

to presence of common antigens in all Mycobacteria and 

most of these antigens are skin reactive (Figueiredo et al. 

2009), also it requires 2-3 days for doing the test, also 

veterinary workers should have special skills to perform the 

assay (Aboukhassib et al. 2016). As well as it gives good 

differentiation among animals affected by M. bovis and 

other species of Mycobacterium (Roupie et al. 2018) and 

(OIE 2019).  

Gamma interferon assay used for detection BTB as it 

explores the cytokine gamma interferon which is mainly 

produced via T- cells after stimulus through bovine PPD; 

bovine and avian types. γ-INF assay is approved to be used 

with SICCT in BTB eradication programs in several world
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areas (Palmer et al. 2006). Both cell mediated immunity 

established assays, SICCT and, γ-IFN assay able to early 

disease identification (Pollock et al. 2001). (IFN-γ) assay 

established in Australia since 1990s was extremely applied 

in bovine population for detection of BTB (Clegg et al. 

2017; Clegg et al. 2019).  

M. bovis culturing gives specificity nearly 100% and 

allows susceptibility bacteria identity in spite of the main 

problem that organism growth may require six to eight 

weeks. Moreover, bacteria culture needs living bacteria 

with the difficulty when tissues are not enough handling 

(OIE 2019). In a compare to SICCT, the γ-INF assay has 

many advantages that it is not interfering with animal 

immunity, and could be repeated in the same animal with a 

possibility rapid repeat testing, moreover it showed an 

increase in the sensitivity with requiring only one farming 

visit (Wood and Jones 2001; Faye et al. 2011). It bans 

variable observation incorporated with appraising skin test 

reactions and can differentiate the diseased animal from 

vaccinated ones (Bass et al. 2013).  

The use of both routine culturing and biochemical tests 

considers the principle technique for M. bovis identity, but 

they are fastidious and loss of time (Imam et al. 2010).  

PCR is rapid as well as applicable test aimed at rapid 

diagnosis of the Mycobacterial DNA and seems to have 

sensitivity similar to or more than the bacterial culture 

(Torky and Khalifa 2012; Ramadan et al. 2012).  

Many PCR protocols were recorded for mycobacterial 

identification belongs to the MTBC which contains 5 

species (Mycobacterium tuberculosis, M. bovis, M. microti, 

M. Canetti and M. africamum) (Ruggiero et al. 2007).  

Multiplex PCR techniques were established many fast 

and specific protocols to detect mycobacterial infections 

from cultures and directly from clinical specimens (Louie 

et al. 2000; Parandaman et al. 2000) as preliminary tool for 

controlling of tuberculosis based on fast discovery of novel 

cases, and identification of bacteria that faster than bacterial 

culture, decrease diagnosis time from 3days to 

approximately one day (Figueiredo et al. 2012), and may 

be an essential diagnostic method in endemic tuberculosis 

areas (Bakshi et al. 2005). One of the accurate PCR test 

using primers TB1 and TB2 that detect the IS6110 genomic 

insertion DNA segments which characteristic of the 

identifying species belonging to the MTBC (Eisenach et al. 

1990). M. bovis isolates identity by a successful a 500bp 

DNA PCR product amplification within the RvD1Rv2031c 

genomic sequence (Rodríguez et al. 1999). So, study aimed 

to evaluation of γ-IFN as sensitive and specific assay and 

compare this with SICCT results with application of m-

PCR for rapid identification of mycobacterial isolates for 

detection of BTB in Egypt. 

 

MATERIALS AND METHODS 

 

Ethical approval 

Current work approved through Ethics of Animal Use 

in Research Committee of Beni-Suef University, Egypt.  

 

Animals, SICCT and γ– IFN examination 

A total of 150 cattle in 10 small farms at different 

Governorates in Egypt, were previously gave suspected 

results with SICCT, they retested after 60 days later again 

with SICCT using bovine and avian tuberculin and bovine 

gamma-interferon (γ-IFN) immunoassay (Fentahun and 

Luke 2012), then SICCT was conducted at two sites on the 

mid neck, 10-12cm apart according to method described by 

Radostits et al. (2007) and (OIE 2019), also Gamma 

Interferon assay (γ-INF) (Radostits et al. 2007) and (Nasr et 

al. 2016) as followed: 150 whole blood samples tested for 

γ– IFN production. Samples stimulated with M. bovis and 

M. avium PPDs (20µg/ml for each sample) also Phosphate 

Buffered Saline was used as control. The blood was 

incubated for (18 to 20hours) at 37°C in a humid condition, 

then were centrifuged for 15min at 490g, collection of 

supernatant and tested for presence of γ–INF according to 

manufacturer’s instructions of a commercial bovine γ–IFN 

micro-plate enzyme-linked immune-sorbent assay (ELISA) 

(Bovigam-Prionics GmbH-Germany). 10-plate kit (150 

samples, Cat. No. 63300 (USA)/63320 (ROW). 

 

Tissue samples for isolation of mycobacterial isolates 

and molecular characterization 

Tuberculous lesions with affected lymph nodes were 

collected from the tuberculin reactor cattle after 

slaughtering. Lungs, livers, spleens, intestine, head and its 

associated lymph nodes and lymph nodes showing 

tuberculous-like lesions collected using aseptic techniques, 

placed in an ice box and submitted within few hours to the 

laboratory then processed for bacteriological examination 

for Mycobacteria isolation on Lowenstein-Jensen medium 

as recommended by OIE (2019). The obtained isolates 

were identified by routine gold standard bacterial culture 

techniques then molecular identification and confirmation 

of identified mycobacterial isolates as described by Abd El 

Tawwab et al. (2017). 

 

DNA extraction and Multiplex PCR amplification 

All identified isolates were extracted by using DNA 

easy blood and tissue kit (50prep.) cat. No. (69504). 

According to the standard procedures of the kit, the 

extracted DNA was stored -20°C. It was measured by 

spectrophotometer and agarose gel electrophoresis. All 

primers set used in this study were supplied by Invitrogen 

life technologies. Multiplex PCR was done in VSVRI, 

Cairo, Egypt. In 50ul total volume of for PCR reaction 

(25µl green Dream Taq PCR master mix (2X) Catalogue 

number K1081, Thermofisher Scientific, USA, 2µl of 

each Forward and reverse Primers with conc. (50pmol/µl) 

of primers as mentioned in Table 1, 3.0µl DNA, 18µl 

RNase, DNase free water). The multiplex PCR reaction 

was done using the Gene Amp PCR system Thermal cycler 

9700 (Applied Biosystem, USA). The reaction conditions 

were as described by Figueiredo et al. (2009). 

 

RESULTS 
 

Results of SICCT and γ– IFN assay 

A total no. of 150 animals were examined by SICCT 

and γ-IFN assay, out of them58% were positive to SICCT 

and 53.3% were reactive to the γ–IFN assay (Table 2). As 

shown in Table 3 the results reported that five cases +ve to 

γ–IFN assay; were SICCT –ve. On the other hand, 12 

animals that were positive to the SICCT gave -ve to γ–IFN 

assay. Moreover, the γ–IFN assay sensitivity was 93.8%, 

while the specificity for γ-IFN assay was recorded as 

82.9%. The  study  findings  of  Table  4  recorded  the results
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Table 1: Sequences of oligonucleotides primers and PCR products size for the detection of bovine tuberculosis 

Primer Set Primer description Target Primer Sequence (5’-3’) Product size (bp) References 

One TB1 MTBC CCTGCGAGCGTAGGCGTCGG 123 Eisenach et al. (1990) 

TB2 CTCGTCCAGCGCCGCTTCGG 
Two JB 21F M. bovis TCGTCCGCTGATGCAAGTGC 500 Rodríguez et al. (1999) 

JB 22R CGTCCGCTGACCTCAAGAAAG 

 
Table 2: SICCT and γ – IFN assay results for the detection of 
bovine tuberculosis 

Number of 
Farm 

Number of 
Tested 

Animals 

SICCT γ – IFN Assay 

Positive Negative Positive Negative 

1 12 9 3 8 4 
2 10 6 4 4 6 
3 15 9 6 8 7 
4 18 8 10 8 10 
5 18 12 6 9 9 
6 15 9 6 6 9 
7 17 11 6 9 8 
8 12 6 6 8 4 
9 18 8 10 11 7 
10 15 9 6 9 6 
Total 150 87 63 80 70 

 

Table 3: The sensitivity and the specificity of γ - IFN assay on 
SICCT reactors for the detection of bovine tuberculosis 

Result of γ -IFN 
Assay 

SICCT Total 

Positive Negative 

Positive 75 5 80 
Negative 12 58 70 
Total 87 63 150 

Sensitivity: 93.8%; Specificity: 82.9%. 

 

 
 

Fig. 1: Multiplex PCR (m-PCR) for M. bovis isolates 

identification in Egypt. Lane M: A 100bp DNA Marker, 

Stratagene, USA) size marker ranges from 3000bp to 100bp; Lane 

1: Reference +ve control PCR DNA band (123bp) from 

Mycobacterium tuberculosis complex (MTBC); Lane 2: 

Reference Two +ve control PCR DNA bands (123bp) and 

(500bp) from Mycobacterium bovis; Lane 3: Reference -ve 

control Brucella bovis; Lane 4, 5, 6, 7, 10, 11, and 13: gave two 

PCR DNA bands (123bp and 500bp) were +ve for M. bovis; Lane 

8: -ve isolate for multiplex PCR result (MOTT) and Lane 9 and 

12: gave 123bp PCR DNA band were +ve (MTBC). 
 

of comparison of SICCT with γ–IFN showed 58% and 

53.3% positive reactors respectively. After slaughtering 

showed that NVL were 27.6% and 30%, while VL found to 

be 72.4% and 70% respectively. On other hand, about 

11.5%, 10% of lesions were localized in the head, 35.6% 

and 37.5% in the respiratory system, 5.7% and 2.5% in the 

digestive system, while 12.6% and 12.5% of reactors had 

mixed lesions (respiratory and digestive rotes), 7.0% and 

7.5% of reactors were generalized lesions according to site 

of the lesion, respectively. 

Results of Multiplex PCR 

In this study, 10 identified isolates were analyzed by 

multiplex PCR for identification of M. bovis. The results 

were illustrated in Fig. 1 and Table 5. They showed that 7 

isolates out of 10 gave two specific PCR DNA fragments 

(123bp and 500bp) indicated for M. bovis. They are 

identified isolates (No. 4, 5, 6, 7, 10, 11 and 13). While No. 

9 and 12 isolates gave only one 123bp DNA band 

indicating Mycobacterium tuberculosis complex (MTBC) 

isolates and the final result, No.8 isolate, was negative 

result for m-PCR revealed that a Mycobacterium other than 

tuberculosis (MOTT) bacteria. The results confirmed that 

sensitivity and specificity between routine gold standard 

mycobacterial culture and multiplex PCR was 100%. 

 

DISCUSSION 

 

The accurate diseased animals’ identification and 

disposal of them are the preliminary tool to control BTB. 

The infected M. bovis cattle normally chronic and rarely 

show any clinical symptoms till late disease stages. In spite 

of, infected animal able to shed organism earlier they 

showed some clear apparent symptoms that though found; 

are not pathognomonic (Pušić et al. 2009c).  

Cellular immunity of ante mortem tests has great 

significance in early detection of BTB diseased ones. Both 

assays which survey these rules are now confirmed for 

bovine TB detection in cattle; in vivo intradermal 

tuberculin test and in vitro blood based γ-IFN assay. Skin 

tests consider master gold standard in ante-mortem M. 

bovis detection and recommended by OIE (2019) for 

international animal trade. The γ-IFN assay has a broad use 

as in vitro test for BTB among several countries (Pušić et 

al. 2009c; Kaya et al. 2015). Moreover, γ-IFN is a reliable 

biomarker in M. bovis infection discovery with Bovigam 

assay (Bass et al. 2013). Through current work, sensitivity 

and specificity of γ – IFN assay gave 93.8% and 82.9% 

respectively, these were in accordance with that of Cagiola 

et al. (2004) and Nasr et al. (2016). 

Twelve tuberculin reactor cases were negative by γ-

IFN assay, that’s may be due to animals’ co-infection with 

environmental Mycobacteria, that was similar to those 

reported by Gormley et al. (2004), De la Rua-Domenech et 

al. (2006) and Nasr et al. (2016), while there are five 

animals were positive by γ-IFN assay but were tuberculin 

negative, that may have attributed to the animals are in 

early stage infection or due to angry, desensitization or 

operators' errors as inadequate skin injection. Gormley et 

al. (2004) recorded that positive animals for γ-IFN assay 

and negative for intradermal tuberculin skin test attributed 

to that it will laterally convert to tuberculin positive and 

also recorded that γ-IFN assay can detect infection at earlier 

stage than the tuberculin skin test (De la Rua-Domenech et 

al. 2006; Martucciello et al. 2020) who concluded that γ-

IFN test considered as objective test which also takes short 

time and can be repeated without time constraint. 
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Table 4: Results of comparison of SICCT and γ –IFN on PM findings according to site of lesions of tuberculin reactor cattle 

 

Test type 

positive 

Reactor 

PM Findings 

VL Total of VL NVL 

Head Respiratory Digestive Mixed Generalized 

No % No % No % No % No % No % No % No % 

SICCT 87 58 10 11.5 31 35.6 5 5.7 11 12.6 6 7.0 63 72.4 24 27.6 

γ –IFN  80 53.3 8 10 30 37.5 2 2.5 10 12.5 6 7.5 56 70 24 30 

 
Table 5: Comparative analysis between multiplex PCR and 

routine gold standard mycobacterial cultures results of Egyptian 

mycobacterial isolates    

Sample 

 No. 

Multiplex PCR Routine gold standard 

mycobacterial culture 

123bp 500bp MTBC M. bovis 

1 (reference MTBC) + - + - 

2 (reference M. bovis) + + - + 

3 (reference Brucella 

bovis) 

- - - - 

4, 5, 6, 7, 10, 11 and 13 + + - + 

8 - - + - 

9 and 12 + - + - 
 

Accurate diagnosis depends mainly on post-mortem 

examination and routine gold standard mycobacterial 

culture test. This is fastidious and time consuming for 

surveillance and bovine tuberculosis eradication program. 

In this study we establish γ-IFN assay and multiplex-PCR 

as useful fast and low-cost tools helps SICCT for 

differentiation of M. bovis from other MTBC species, 

which are slow growing bacteria especially in the presence 

of small count of bacilli (Bannalikar and Verma 2006).  

Our results showed that seven identified isolates out of 

10 gave two specific PCR DNA fragments (123bp and 

500bp) indicated M. bovis, 2 samples gave only 123bp 

DNA band specific for MTBC isolates and one isolate was 

negative result for m-PCR indicating (MOTT) bacteria this 

finding confirmed those reported earlier (Eisenach et al. 

1990; Rodriguez et al. 1995; Rodríguez et al. 1999). 

Our findings were 100% sensitivity and specificity of 

m-PCR where all 10 M. bovis isolates were confirmed by a 

single step m-PCR, with specific two set of primers, able to 

identify bacteria as MTC members and confirmed M. bovis 

isolates (Abd El Tawwab et al. 2017). These findings were 

also supported by Figueiredo et al. (2012) and Lobna et al. 

(2015) who mentioned that rapid as it performs with 1day 

work in comparison with routine culture tests and is useful 

as screening test for detection of M. bovis. Furthermore, 

this study revealed that the molecular diagnosis using 

multiplex PCR, and γ-IFN assay combined with ante 

mortem sensitive and specific diagnostic tests as SICCT are 

of great value will pave the way for improvement of BTB 

surveillance and finally increase the efficiency of 

eradication programs.  
 

Conclusion 

The multiplex PCR for M. bovis and bovine γ-INF 

assay, as subsidiary tests for SICCT, urgently need for 

including on bovine tuberculosis eradication program 

especially in the co-existence of human and bovine TB in 

one region.  
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