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			Abstract | Bovine tuberculosis is a worldwide disease that causes great economic losses to the dairy industry and constitutes a serious human public health hazard. Development of a wide range of serodiagnostic assays for mycobacterium has been an area of interest through the past two decades as a rapid, accurate, and easy-to-be-used and interpreted diagnostic kit as well as to be a competitive alternative to the conventionally established expert-dependent techniques. The current work’s main objective is to evaluate the reliability of two widely distributed rapid kits for as a suitable substitution for the gold standard bovine tuberculosis diagnostic techniques. IQRT Anigen Rapid Bovine TB Ab kit and Ubio quick VET Bovine Tuberculosis Antibody kit were used in testing 3750 dairy cattle. The results obtained were compared with the ELISA, bacteriological examination, and tuberculin skin testing. By the tuberculin test, 69 (1.8%) animals reacted positively, from which 51 animals (73.9%) showed visible lesions on postmortem examination while the remaining 18 animals (26.1%) showed no visible lesions. Using bacteriological examination of tissue specimens, 48 out of the 69 positive tuberculin reactors (69.6%) revealed successful M. bovis isolation. Using ELISA on serum samples collected prior to skin testing from the positive tuberculin reactors, only 26 cases (37.7%) were positive. The IQRT Anigen lateral flow kit showed only 21 positive cases, 43.8% of 48 bacteriologically identified cases, and 30.44% out of the 69 tuberculin-positive cases. The Ubio quick VET kit has detected zero% of bovine tuberculosis-positive cattle. Using bovine tuberculosis rapid kits alone may be unreliable for the detection of tuberculosis-infected cattle. 
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			Introduction

			Bovine tuberculosis (bTB) is a chronic granulomatous condition that mostly affects cattle’s lymph nodes and lungs. It is caused by M. bovis, a member of the M. tuberculosis complex (Taylor et al., 2007). M. bovis zoonotically transferred to people; causing disease through ingestion; inhalation and less usually by contact with mucous membranes and torn skin (De la Rua-Domenech, 2006). Bovine tuberculosis can affect a wide range of species and is defined by the progressive development of granulomatous lesions (tubercles/granulomas) in any body organ (Borham et al., 2022).

			The intradermal tuberculin skin test has been in use for almost a century in the diagnosis of bovine tuberculosis and despite the technological advances of the last two decades, it is still the only reliable test for the diagnosis of tuberculosis in cattle (Cousins and Florisson, 2005). The purified protein derivative (PPD), the antigen used in the tuberculin test, contains many antigenic determinants of broad specificity, which leads to the appearance of non-specific reactors indicating false positive possibilities (Radostits et al., 2000). 

			Although the tuberculin test is still considered the golden test for the diagnosis of bovine tuberculosis, it is laborious and time-consuming. In addition, negative or doubtful tuberculin-tested cases cannot be retested 6 months after tuberculin testing. Therefore, the recently developed serodiagnostic methods may be suitable and reasonable alternative tools for the diagnosis of bovine tuberculosis. Therefore, the suggestion of (El-Sify et al., 2013) to use enzyme-linked immunosorbent assay (ELISA) with the tuberculin skin test to overcome the problems of the tuberculin test was very convincing. Aurtenetxe et al. (2008) developed the first ELISA kit for the serodiagnosis of bovine tuberculosis, and it was intended for use in wildlife applications with bovine-purified protein derivatives (b-PPD) as the target antigen. For the identification of TB in wild boar, a previously created ELISA kit was reported to have a sensitivity and specificity of 73% and 96%, respectively (Chambers, 2013).

			As an alternative to tuberculin skin testing for antemortem diagnosis, quick and simple immune-chromatographic lateral flow assays (LFAs) for the serodiagnosis of bTB have been developed and presented (Pollock et al., 2005; Ameni et al., 2010). As both qualitative captures and detectors of specific antibodies against M. bovis in plasma, serum, and whole blood, these chromatographic immunoassays use special blends of chosen M. bovis antigens (Lyashchenko et al., 2004; Wernery et al., 2007). The common seroreactive antigens in bovine tubercle bacilli (TB) have been identified as the MPB83, 14-kDa protein, ESAT-6, MPB70, CFP-10, MPT51, MPT32, MPB59, MPB64, MPT63, Acr1, PstS-1, 16-kDa alpha-crystalline/MPB83 fusion protein, ESAT-6/CFP10 fusion protein, M. bovis purified protein derivatives, and M. bovis culture filtrate (Lyashchenko et al., 2004; Waters et al., 2006). The use of a lateral flow kit (LFK) in the serodiagnosis of infectious diseases has been widely applied and its first application in the diagnosis of bovine tuberculosis was first recorded by (Greenwald et al., 2013). Since then, these tests have become an extremely popular tool for the rapid diagnosis of bovine tuberculosis (Chambers, 2013). However, the specificity and sensitivity of several commercially available LFA kits are questionable. 

			In the present work, two LFKs were evaluated in the rapid detection of tuberculosis-infected cattle. The sensitivity and specificity of these kits were determined using the tuberculin skin test and bacterial isolation as a golden standard technique. The first kit was the IQRT Antigen Rapid Bovine TB antibody kit that employed recombinant M. bovis MPB70 antigen (specific for M. bovis) as capture and detector. The second kit was the Ubio quick VET Bovine TB Antibody Rapid Test, this kit uses a unique cocktail of recombinant antigens of M. bovis to detect specific antibodies of three immunoglobulin classes, IgG, IgM, and IgA developed during infection in cattle. 

			MaterialS and Methods

			Study design and animal population 

			Through a national study involving most of the Egyptian governorates, a total of 3750 crossbreed dairy cattle from different Egyptian governorates, all over Egypt were involved in the current study. The study design can be clearly described through the flowchart illustrated in Figure 1.
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			Figure 1: A flowchart illustrating the overall testing flow of each animal involved in the study.

			General signs appeared on diseased/bovine tuberculosis suspected cases

			Bovine tuberculosis is mainly represented clinically as a chronic debilitating disease in dairy cows. However, in the current study, most infected cattle were identified early before obvious clinical signs’ development. Progressive emaciation, a low-grade fluctuating temperature, weakness, and decreased appetite are typical late-stage signs. Animals typically have a moist cough that gets worse in the morning, in cold weather, or after activity. They may also experience dyspnea or tachypnea, as well as occasional constipation and diarrhea. Symptoms of bovine tuberculosis in cattle generally take months to manifest. Additionally, infections may remain dormant for a very long time before resurfacing in tense situations or in the elderly. Therefore, the bTB can be difficult to diagnose based only on clinical symptoms, especially in cases when the prevalence of severe cases in animals with clinical evidence may be low or missing and the majority are discovered at the slaughterhouse or identified by routine testing.

			Collective description of the most remarkable postmortem lesions revealed by the tuberculin test-positive reactors

			This syndrome leads to the formation of granulomas that contain mycobacteria. These granulomas are normally yellowish, frequently encapsulated, caseous, caseo-calcareous, or calcified. Some tubercles are so small that they cannot be detected with the naked eye unless the tissue is dissected into parts. Cattle lymph nodes typically feature tubercles, especially those in the head and thorax. They frequently appear on the exteriors of internal organs such as the liver, spleen, and lung.

			Direct microscopic examination using Ziehl Neelsen (ZN) differential stain

			A potential secondary microscopic presentation of acid-fast bacteria serving as a diagnostic aid for post-mortem lesions. Ziehl-Neelsen staining, which is based on tinctorial properties shared by mycobacteria and other non-mycobacterial acid-fast opportunistic as well as pathogenic bacteria like Nocardia, Rhodococcus, and Corynebacterium, was used to detect the presence of mycobacteria in a given sample. This staining technique was followed by a light microscopy examination.

			Using the Ziehl-Neelsen acid-fast technique, direct smears were made from tissues exhibiting tuberculous lesions. The gathered samples were homogenized with a homogenizer after being smashed with a pestle in a clean, sterile mortar. The homogenized tissues were then smeared with a sterile loop to create a smear (1cm x 2cm) on a fresh, clean, and labeled grease-free glass slide. The smeared slides were heated to a temperature of 50°C in a hot air oven (HAO) for 7–10 minutes to completely dry and fix them. As stated by (Saidu et al., 2015), the hot Ziehl Neelsen procedure was exactly carried out. A positive microscopic slide was defined as a red, acid-fast, straight, or slightly curved rod that was present alone or in groups.

			Application of the single intradermal Tuberculin skin test (TST), performed according to the OIE manual (2009) as follows

			Testing of each animal started with measuring skin thickness followed by intradermal (I/D) injection of 0.1mL of bovine PPD. Seventy-two hours post-injection, the skin thickness was measured and the differences between the 1st and 2nd readings in (mm) were recorded. According to the Egyptian general organization of veterinary services (Amin, 2019), an increase in skin thickness of 4mm or more was considered positive, less than 2mm is considered negative and from 3-4 mm was considered doubtful. All positive reactants were slaughtered due to the test and slaughter rule in case of TB-positive cases.

			Isolation of acid-fast bacilli from collected tissue samples of slaughtered tuberculin-positive reactants

			The tested tuberculin-positive cattle were slaughtered. Postmortem examination was conducted on them, and 69 tissue samples were collected. These samples were used for bacteriological isolation and identification of M. bovis according to (Corner et al., 2012). For the isolation of this organism, tissues, lymph nodes, and/or other organs were processed. All specimens were broken into small pieces, combined with fine sterile sand, diluted with 2mL of sterile distilled water, and then ground in a sterile mortar. The samples were then incubated for half an hour at 37°C with two mL of 4% H2SO4. After being further diluted with 16mL of sterile, distilled water, the liquid was centrifuged for 20 minutes at 3000rpm. The acquired sediment was re-suspended in 0.5mL sterile distilled water, inoculated into Lowenstein-Jensen slants, and cultured at 37°C in an inclined posture for at least 6-8 weeks with weekly examinations beginning three days after inoculation. The obtained data were recorded (Riello et al., 2016).

			Serological diagnosis of bovine tuberculosis using locally developed ELISA and 2 types of commercially available lateral flow kits

			All serodiagnostic tests were performed on the serum samples that were collected from the examined dairy cattle before being tested with the single intradermal tuberculin skin test (Kennedy et al., 2003). These samples were examined for diagnosis of bovine tuberculosis through the detection of Mycobacterium bovis-specific antibodies. The serum samples were examined using a locally prepared ELISA and two commercially available lateral flow kits, namely; the Antigen Rapid Bovine TB Ab test Kit (IQRT test kits) and the Ubio quick VET Bovine Tuberculosis Antibody Rapid Test Kit. The obtained results were comparably analyzed.

			Examination of the collected serum samples using the Anigen Rapid Bovine TB Ab test Kit (IQRT test kits) produced by Anigen Animal Genetics Inc., South Korea

			The test was performed per the manufacturer’s instructions as follows; three drops (about 60-90μL) of tested serum samples were dispensed into the sample application well. One drop of phosphate buffered saline was added into the sample well if the flow migration is not observed within 30 seconds in the result window, Results were read in 20 minutes with instructional invalid readings and interpretation after 20 minutes. Positive results appeared as two purple color bands (T band and C band) within the result window, positive results can be visible in as short as 1 minute. If the intensity of the purple band color is faint, it is interpreted as positive as it appears within 20 minutes.

			Examination of the collected serum samples using the Ubio quick VET bovine tuberculosis antibody rapid test kit produced by Ubio, India

			The test was performed per the manufacturer’s instructions as follows; three drops (about 60-90μl) of the tested serum were added to the sample hole on the test card using a dropper. The result was recorded in 5-10 minutes. The control line, marked C, should always develop color if the test procedure is performed properly and the test reagents are working. A red test line marked T will be visible if there are enough bovine TB-specific antibodies in the serum sample.

			Examination of the collected serum samples using locally prepared ELISA 

			The antigen used for coating the microtiter plate wells was b-PPD which was obtained from the bacteriological diagnostic products department, veterinary serum and vaccine research institute (VSVRI), Abbasia, Cairo, Egypt. It was prepared according to the protocol of the central veterinary laboratories, in Weighbridge, United Kingdom (UK). Briefly, the test was developed as follows; polystyrene 96-well microtiter plates were coated with the b-PPD antigen using 15µg/mL in 0.1M carbonate-bicarbonate buffer (pH 9.6). The antigen solution was dispensed in 50uL/well. In each microtiter plate, 4 wells were left uncoated with b-PPD antigen and served as blank control wells. Each of these blank wells received 50µL of carbodiimide in 0.1M carbonate bicarbonate coating buffer. The plates were incubated overnight at 4°C then decanted, washed 3 times with phosphate-buffered saline (PBS), and air dried for 10 minutes. Then all wells except the blank ones were filled with 100µL/well of 0.01M ammonium chloride as a blocking buffer and further incubated for 30 minutes at 22ºC. Finally, the plates were washed 3 times with PBS washing buffer (Waters et al., 2011). In each microtiter plate, all wells except the wells of the first column were filled with 50ul/well PBS buffer. For each serum sample, one row is used. The tested serum samples were diluted 1:40 in PBS and 100µL of each tested serum sample was added to the first well of the corresponding row. This was followed by two-fold serial dilutions of each sample. Each plate received negative serum samples run in the same dilutions to calculate the cut-off value. The plates were incubated at room temperature for 30 minutes on a horizontal shaker. The microtiter plates were decanted, washed 4 times with ELISA washing buffer, and allowed to stand inverted for 30 minutes. To each well, 50µL of anti-bovine IgG alkaline phosphatase diluted 1:5000 in diluting buffer was added and the plates were then incubated for 30 minutes at room temperature on a horizontal shaker. The plates were again washed 4 times with ELISA washing buffer and allowed to stand inverted for 30 minutes. The substrate solution composed of P-Nitrate phenyl phosphate (one tablet 5mg/5mL substrate buffer) was prepared and 50µL/well was dispensed in all wells of the plates and were further incubated for 20 minutes at room temperature. The color development was stopped by the addition of 100µl/well of 0.4 M NaOH-stopping solution. The results were recorded by optical density measurement at 405nm using spectra III ELISA reader. A titer of 1:80 or higher was considered positive for bovine tuberculosis (El-Seedy et al., 2007). The results obtained by the applied serological tests were compared with the tuberculin testing and the results of the culture isolation, which is considered the gold standard test. The diagnostic value of the tested serological methods was determined in the terms of accuracy index, sensitivity, specificity, positive predictive value, and negative predictive value. 

			Results and Discussion

			Mycobacteria can be detected using a microscope; however, the sensitivity is typically low (19%). Additionally, the genus Mycobacterium and Nocardia have many characteristics, such as the unique acid fastness staining properties, making it often challenging to distinguish between the two. This is primarily because effective microscopic investigation requires a large bacterial burden Figure 2.

			The results of tuberculin skin testing are presented in Table 1 were out of 3750 tuberculin-tested cross-bred dairy cattle, 69 were found to be positive reactors with a prevalence rate of 1.8%.

			Table 1: Tuberculin skin test result in dairy farm cattle from some Egyptian Governorate
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			Figure 2: A representative sample of the direct Ziehl Neelsen technique stained slides.

			This is comparatively lower than that recorded by other investigators in Egypt (Dimitri et al., 1990), (6.9%), (Lotfy et al., 1960), (4.6%), (Elbattawy, 2008), (2.2%) and in some other African countries as in Ethiopia (Nasr et al. 2008), (11.6%), while in Chad (Ameni and Erkihun, 2007), (8%). This noticeably reduced incidence might be attributed to the fact that the farms included in this research perform the tuberculin test regularly and applied the test and slaughter strategy (Borna et al., 2009). On the other hand, the prevalence rate recorded in the present study is comparatively higher than that reported by other investigators in other countries, 0.9% to 1.3% in Tanzania (Gonzalez-Liamazares et al., 1999; Shirma et al., 2003), respectively, 0.54 % in Venezuela (Cleaveland et al., 2007), 0.4 %, in New Zealand (Delgado and Trujillo, 1975), 0.05 to 0.15 % in Australia (Johns, 1969), and 0.02 % in Japan (Clay, 1971). 

			The postmortem findings of the slaughtered TB reactors revealed that 73.9% of these animals showed visible lesions. At the same time, the percentage of tuberculin reactors with non-visible lesions was 26.1%, Table 2.

			Table 2: Result of Postmortem examination of tuberculin-positive slaughtered cattle.
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			These results agreed with those reported by (Nemoto, 1972; Olivera et al., 1983). As well as, a much higher percentage was recorded by (Zivkovic et al., 1984) who reported (86.9%) in Queensland. A lower percentage was also reported in Egypt (Guindi et al., 1980) by (Kuczyuski, 1970), (46%), (Yoon et al., 1979), (52.7%), and (Rodriguez et al., 1983), (40.8%). Sensitization by atypical Mycobacteria or even closely related microbes, particularly members of the genus Nocardia, or a combination of liver fluke infestation and saprophytic Mycobacteria was blamed for the proportion of tuberculin-positive animals with non-visible lesions (Waddington, 1965; Byrne et al. 2017). In addition, (O’Reilly, 1992; Huitema, 1994) attributed the non-specific reaction to the possibility that those animals were slaughtered at an early stage of the illness when the tuberculous lesions were still invisible, or lesions may have been found in body parts not usually examined in the carcass, such as bone or brain. The relation between the postmortem findings in different ages of tuberculin reactor cattle is presented in Table 3.

			Table 3: Results of the correlation between the age of the animal and PM finding of the slaughtered cases.
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			The percentage of reaction-positive animals increased with age, reaching a maximum in animals over 60 months old. Similar studies in Great Britain recorded an increase in the incidence of bTB with increased age (Brooks-Pollock et al., 2013). It was suggested earlier by (Mackay and Hein, 1989) that, the high positivity of old age might be due to the reduced number γ and δ T cells responsible for anti-mycobacterial immunity. [These cells are predominantly found in the circulation of young calves. It has also been suggested that the increased incidence of TB in older animals can be due to a waning protective capability in aged animals (O’Reilly and Daborn, 1995; Parlas and Rossi, 1964). The correlation between the site of the lesion and the isolated mycobacteria species is shown in Table 4.

			Table 4: Result of bacteriological isolation and identification of mycobacteria isolated from tuberculin positive cattle.
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			The total acid-fast bacilli isolated from the 69 slaughtered cattle were 52 isolates (75.4%). According to the morphological characters, growth rate, pigmentation, growth at different temperatures and biochemical tests these isolates were identified into 48 (69.6%) M. bovis, 1 unidentified rapid grower strain (1.44%) and 3 (4.3%) unidentified pigmented slow grower strains. The recovery rate of M. bovis figured up to 69.6% but other authors reported a lower M. bovis recovery rates, 14.8% by (Lesslie and Birn, 1970), 20.2% by (Beck and Bibrack, 1971), 41% by (Osman, 1974), 35.4% by (Gallo et al., 1983), 29.1% by (Payeur and Marquardt, 1988), 5.6% by (Abuo-Eisha et al., 1995), and 42.9% by (Chul, 1981). On the contrary, (Rogers et al., 1980), a much higher isolation rate (92.1%), has been reported in the Republic of Korea. These findings are mostly influenced by the actual disease state existing in the tested herd, and to a lesser extent by the investigators’ experience and the method employed to decontaminate tissue samples. Data presented in Figure 3, shows the relation between the post-slaughter findings of positive tuberculin reactors and the type of mycobacteria recovered from the 69 carcasses, M. bovis isolates, rapid grower isolates and slow growers pigmented isolates were recovered at rates of 69.6%, 4.3%, and 1.44%, respectively. M. bovis was isolated at a rate of 100% from generalized TB, 91% from pulmonary TB, 81.8% from extra-pulmonary TB, 90% from mixed TB, and 11.1% from non-visible lesion (NVL) reactors. These results coincide with those reported by (Good et al., 2018) who isolated M. bovis from NVL reactors. On the other hand, the recovery rate of typical mycobacteria rapid growers and slow growers pigmented was 16.7% of the extra-pulmonary for both of them and 33.3% of the mixed for the rapid growers. None of the cases of generalized tuberculosis yielded atypical mycobacteria, since M. bovis has a tendency to induce progressive lesions and generalization (Huitema, 1994; Palmer et al., 2006). All cases with generalized TB yielded M. bovis, a finding indicating the high susceptibility of cattle to M. bovis infection. Comparison between bacteriological examination and serological testing by lateral flow kits of tuberculin-positive cattle are shown in Figure 4. 
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			Figure 3: Correlation between site of lesion and the isolated mycobacteria spp.

			The results of the application of lateral flow kits on sera from tuberculin-positive cattle

			The One-step Anigen Rapid Bovine Antibody Test (IQRT) employed recombinant M. bovis MPB70 antigen specific for M. bovis as capture and detector antigen. It is crucial to note that TST was performed after serological testing because the latter can enhance antibody responses in infected cattle and stresses the significance of the timing of blood sample collection on the interpretation of the test (Harrington et al., 2008). In contrast to the 69.6% of calves whose tuberculin positivity was verified by bacterial isolation of M. bovis, this Anigen TB antibody test kit only detected 43.8% of them. While the single-directional lateral-flow serological test used in the other lateral flow assay Ubio quick VET test was developed to quickly determine the presence of M. Bovis antibody has not identified any cattle that are tuberculin positive (Danbrini et al., 2010, 2013).
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			Figure 4: Comparison between bacteriological examination and serological testing (lateral flow kits) of tuberculin positive cattle.

			Comparison between the result of the ELISA, rapid lateral flow test, and bacteriological isolation of tuberculin-positive cattle showed that 8 tuberculin positive reactors with generalized tuberculous lesions were bacteriologically positive (M. bovis isolation) and ELISA positive using b-PPD as coating antigen (100%). 
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			Figure 5: Comparison between the result of the ELISA test, rapid lateral flow test, and bacteriological isolation of tuberculin-positive cattle. MOTT; Mycobacteria Other Than Tuberculosis.

			As shown in Figure 5, out of 22 tuberculin-positive reactors 10 (45.5%) showed pulmonary lesions, out of 11 tuberculin-positive reactors 3 (27.3%) showed extra-pulmonary lesions (head and digestive), and out of 10 tuberculin reactors showing mixed TB lesions (pulmonary and extra-pulmonary), 5 (50%) isolates of M. bovis were positive for ELISA by using b-PPD as coating antigens. Out of 18 tuberculin reactors showing NVL, 2 (11.1%) isolates of M. bovis could be isolated from them and zero (0%) serum samples were positive by ELISA by using b-PPD as a coating antigen.

			As reported by (Lepper and Corner, 1983; Waters et al., 2010), antibody response to M. bovis. The findings of the present study were consistent with those of other studies. Unevenness in bovis infection is unquestionable. This phenomenon was first mentioned in a serological examination by researchers looking at the humoral immune response to M. bovis (Hanna et al., 1992). They came to the conclusion that bovis infection in cattle was characterized by very diverse antigen recognition. It is determined that in order to establish the true prevalence of bTB in the herd, a single intradermal tuberculin test, culture, and isolation of the mycobacterium are advised.

			The recent lateral flow rapid kits could be used for initial tuberculosis screening in combination with TST for improving the sensitivity of bovine tuberculosis screening, thereby leading to more successful control programs in developing countries. The rapid test is proposed as a potentially useful ancillary assay for bTB. In addition, it may be most suitable for surveillance, especially if an immediate result is needed. The differences in the sensitivity and specificity of the different LFA kit sources available in the market necessitate that, the importance of choosing the type of diagnostic kits used for the rapid detection of bovine tuberculosis. Also, these kits alone may be not enough for an accurate diagnosis of bovine tuberculosis.

			Conclusions and Recommendations

			An important zoonotic disease for public health is bovine tuberculosis (bTB). To fully comprehend the epidemiology and zoonotic potentials of bovine TB, as well as to significantly reduce and manage the disease in livestock, the optimum identification of the disease in Egypt’s cow herds is essential. The tuberculin skin tests (TST), which are based on delayed hypersensitivity reactions, are now the best strategies for worldwide field diagnosis of bTB in live animals. By cultivating the bacteria prior, one can gain a significantly higher sensitivity. Despite some drawbacks, such as the challenge of collecting representative samples from live animals, the requirement for pretreatment, slow growth, and additional time for identification by alternative methods, culture is still recognized as the gold standard for TB diagnosis.

			Acknowledgments

			We thank all general practitioner veterinarians and dairy animal specialists all over Egypt due to their help during the sample collection stages.

			Novelty Statement

			The outcome of the current work clearly describe the actual sensitivity and specificity of more than one antibody based serodiagnostics detectors in comparison with the gold standard diagnostic tests of tuberculosis cases.

			Author’s Contribution

			All authors contributed equally during the whole stages of the study.

			Abbreviations

			bTB, bovine tuberculosis; PPD, purified protein derivatives; ELISA, enzyme linked immunosorbent assay; b-PPD, bovine purified protein derivatives; LFAs, lateral flow assays; TB, tubercle bacilli; LFKs, lateral flow kits; ZN, Ziehl Neelsen; HAO, hot air oven; TST, tuberculin skin test; I/D, intradermal; VSVRI, veterinary serum and vaccine research institute; UK, United Kingdom; NVL, nonvisible lesion; MOTT, Mycobacterium other than tuberculosis.

			Ethics approval and consent to participate

			This work is designed and performed with complete guidance by the (Animal Research: Reporting of In-Vivo Experiments-ARRIVE) and the (Institutional Animal Care and Use Committee-IACUC of the faculty of veterinary medicine, Cairo University) guidelines. 

			All sample collection procedures, which are (no) or (low) pain procedures, were done based on permission from the cattle farm owners and managers. 

			Consent for publication

			Not applicable.

			Availability of data and materials

			The data collected, used, and/or analyzed related to the current work are available from the corresponding author upon request.

			Funding

			Not applicable.

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Abuo-Eisha AM, El-Attar AA, El-Sheary MN (1995). Bovine and atypical mycobacterial infection of cattle and buffalos in Port Said Province, Egypt. Assiut Vet. Med. J., 47: 152-162. https://doi.org/10.21608/avmj.2002.180250

			Ameni G, Erkihun A (2007). Bovine tuberculosis on small-scale dairy farms in Adama town, central Ethiopia, and farmer awareness of the disease. Rev. Sci. Tech. Off. Int. Epiz., 26(3): 711-719. https://doi.org/10.20506/rst.26.3.1778

			Ameni G, Amenu K, Tibbo M (2010). Bovine tuberculosis: Prevalence and risk factor assessment in cattle and cattle owners in Wuchale-Jida District, Central Ethiopia. Int. J. Appl. Res. Vet. Med., 1(1): 17-26. 

			Amin A (2019). Bovine tuberculosis in Egypt. In: Dibaba, A., Kriek, N., Thoen, C. (eds) tuberculosis in animals: An African Perspective. Springer, Cham. https://doi.org/10.1007/978-3-030-18690-6_13

			Aurtenetxe O, Barral M, Vicente J, de la Fuente J, Gortazar C, Juste RA (2008). Development and validation of an enzyme-linked immunosorbent assay for antibodies against Mycobacterium bovis in European wild boar. BMC Vet. Res., 4: 43. https://doi.org/10.1186/1746-6148-4-43

			Beck G, Bibrack B (1971). Pathological, histological, and cultural diagnosis of mycobacterial infections with special reference to meat inspection regulations. Tierarztl. Umsch., 26(5): 196-201.

			Borham M, Oreiby A, El-Gedawy A, Hegazy Y, Khalifa HO, Al-Gaabary M, Matsumoto T (2022). Review on bovine tuberculosis: An emerging disease associated with multidrug-resistant Mycobacterium Species. Pathogens, 11: 715. https://doi.org/10.3390/pathogens11070715

			Borna M, Penelope V, Bongo N, Colette D, Irene S, Beatrice M, Bruno O, Esther S and Jakob Z (2009). Bayesian receiver operating characteristic estimation of multiple tests for diagnosis of bovine tuberculosis in chadian cattle. PLoS One, 4(12): 1371-1381. https://doi.org/10.1371/journal.pone.0008215

			Brooks-Pollock E, Conlan AJ, Mitchell AP, Blackwell R, McKinley TJ, Wood JL (2013). Age-dependent patterns of bovine tuberculosis in cattle. Vet. Res., 44(1): 97. https://doi.org/10.1186/1297-9716-44-97

			Byrne AW, Graham J, Brown C, Donaghy A, Guelbenzu-Gonzalo M, McNair J, Skuce R, Allen A, McDowell S (2017). Bovine tuberculosis visible lesions in cattle culled during herd breakdowns: the effects of individual characteristics, trade movement and co-infection. BMC Vet. Res., 13(1): 400. https://doi.org/10.1186/s12917-017-1321-z

			Chambers MA (2013). Review of the diagnosis of tuberculosis in non-bovid wildlife species using immunological methods. Transb. Emerg. Dis., 60(1): 14-27. https://doi.org/10.1111/tbed.12094

			Chul SC (1981). Mycobacterium isolated from man, animals, and soil in Korea, 1968-1980 review. Korean J. Vet. Publ. Hlth, 5(1): 49-64.

			Clay AL (1971). Tuberculosis of cattle in Australian with particular reference to Queensland. Aust. Vet. J., 47: 409-414. https://doi.org/10.1111/j.1751-0813.1971.tb02165.x

			Cleaveland S, Shaw DJ, Mfinanga SG, Shirima G, Kazwala RR, Eblate E, Sharp M (2007). Mycobacterium bovis in rural Tanzania: Risk factors for infection in human and cattle populations. Tuberculosis, 87(1): 30-43. https://doi.org/10.1016/j.tube.2006.03.001

			Corner LAL, Gormley E, Pfeiffer DU (2012). Primary isolation of Mycobacterium bovis from bovine tissues: Conditions for maximizing the number of positive cultures. Vet. Microbiol., 156(1–2): 162-171. https://doi.org/10.1016/j.vetmic.2011.10.016

			Cousins DV, Florisson N (2005). A review of tests available for use in the diagnosis of tuberculosis in non-bovine species. Rev. Sci. Tech., 24: 1039-1059. https://doi.org/10.20506/rst.24.3.1635

			Danbirni S, Okaiyeto SO, Bature C, Moris A (2013). Field determination of tuberculosis prevalence in a herd of cattle using tuberculin and quicking ® Bovine tuberculosis antibody rapid tests in Jalingo. Nigeria J. Vet. Adv., 3(1): 20-23. 

			Danbrini S, Sackey AKB, Ayo JO, Bawa EK, Kudi AC, Okaiyeto SO, Pewan SB (2010). Exposer and shedding in milk of Mycobacterium bovis in dairy herds using one-step Anigen rapid bovine tuberculosis antibodies test and Ziehl-Neelsen stain. Medwell J. Vet. Res., 3(3): 38-42. 

			De la Rua-Domenech R (2006). Human Mycobacterium bovis infection in the United Kingdom: Incidence, risks, control measures and review of the zoonotic aspects of bovine tuberculosis. Tuberculosis, 86: 77-109. https://doi.org/10.1016/j.tube.2005.05.002

			Delgado MW, Trujillo AR (1975). 5 years of the campaign to eradication bovine tuberculosis in Venezuela. Rev. Vet. Venezolana, 38: 149-159.

			Dimitri RA, Soufy H, Amin, Gergis SM, Awad MM, Shawkat ME (1990). Studies on serodiagnosis of bovine tuberculosis in Egypt. Egypt. Agric. Res. Rev., 68(4): 853-863.

			Elbattawy EH (2008). Bacteriological characterization, molecular, and immunological diagnostic assays for mycobacterium infection in some animals thesis Ph.D. Minufiya University, Sadat city branch Faculty of Veterinary Medicine Department of Bacteriology, Immunology, and Mycology.

			El-Seedy FR, Sohair SE, Hassan WH, Nasr EA (2007). Comparison between tuberculin test results and ELISA for diagnosis of bovine tuberculosis. Bs. Vet. Med. J., 17(1): 56-60. https://doi.org/10.21608/jvmr.2007.77894

			El-Sify A, Nayel M, Hazem S, Tarabess R, Akram S, Allaam M, El-Garhy M (2013). Sero-diagnosis of bovine tuberculosis by ELISA usingbovine PPD and ST. CF. J. Vet. Med. Res., 22(1): 126-129. https://doi.org/10.21608/jvmr.2013.77694

			Gallo J, Veitia AG, Remon FS, Delgado L (1983). Mycobacteria isolated from cattle reacted to tuberculin tests. Revista-Cubana de Ciencias Vet., 14(3): 173-176.

			Gonzalez-Liamazares OR, Gutierrez-Martin CB, Alvarez-Nistal D, Puente-Redondo V, Dominguez-Rodriguez L, Rodriguez-Ferri EF, De-La-Puente RVA (1999). Field evaluation of the single intradermal cervical tuberculin test and the interferon-gamma assay for detection and eradication of bovine tuberculosis in Spain Vet. Microbiol., 70(1): 55-66. https://doi.org/10.1016/S0378-1135(99)00121-2

			Good M, Bakker D, Duignan A, Collins DM (2018). The history of in vivo tuberculin testing in bovines: Tuberculosis, a One Health Issue. Front. Vet. Sci., 5: 59. https://doi.org/10.3389/fvets.2018.00059

			Greenwald R, Esfandiari J, Lesellier S, Houghton R, Pollock J, Aagaard C, Andersen P, Hewinson RG, Chambers M, Lyashchenko K (2003). Improved serodetection of Mycobacterium bovis infection in badgers (Meles meles) using multiantigen test formats. Diagn. Microbiol. Infect. Dis., 46: 197-203. https://doi.org/10.1016/S0732-8893(03)00046-4

			Guindi SM, Lotfy O, Awad WM (1980). Some observations regarding the infectivity and sensitivity for tuberculosis in buffaloes in Arab Republic of Egypt. J. Egypt. Vet. Med. Assess., 35(3): 125-138.

			Hanna J, Neill SD, O’Brien JJ (1992). ELISA tests for antibodies in experimental bovine tuberculosis. Vet. Microbiol., 31: 243–249. https://doi.org/10.1016/0378-1135(92)90082-5

			Harrington NP, Surujballi OP, Prescott JF, Duncan JR, Waters WR, Lyashchenko K, Greenwald R (2008). Antibody responses of cervids (Cervus elaphus) following experimental Mycobacterium bovis infection and the implications for immunodiagnosis. Clin. Vaccine Immunol., 15: 1650-1658. https://doi.org/10.1128/CVI.00251-08

			Huitema H (1994). Tuberculosis in animals and man 1st Ed. Publication of the Royal Netherlands Tuberculosis Association (KNCV).

			Johns AT (1969). New Zealand report of the department of agriculture for the year ended 31 March 1969, pp. 69. Wellington: AR., Shearer, Govt. Printer {Animal Health Divn. PP. 18 -26}45c.

			Kennedy HE, Welsh MD, Cassidy JP, Bryson DG, Forster F, McNair J, Gangadharan B, Howard CJ, Pollock JM (2003). The role of WC1+δ T- cells in the delayed type hypersensitivity (DTH) skin- test reaction of Mycobacterium bovis infected cattle. J. Vet. Immunol. Immunopathol., 93: 169-176. https://doi.org/10.1016/S0165-2427(03)00070-9

			Kuczyuski J (1970). Analysis of the postmortem finding in tuberculin positive cattle slaughtered at Lodz abattoir during the period 1966 -1969. Edycyna Wet., 26: 545.

			Lepper AWD, Corner LA (1983). Naturally occurring mycobacteriosis of animals in biology of mycobacteria. Acad. Pres Lon., 2: 478–488, 546.

			Lesslie IW, Birn KJ (1970). Mycobacterium aviam infections in cattle and pigs in Great Britain. Tubercle, Land 51: 446-451. https://doi.org/10.1016/0041-3879(70)90011-5

			Lotfy O, Khater AR, Guindis SM (1960). Investigation on tuberculosis in Umkenan village. Egypt. Uarj Egypt. Vet. Med. Assess., 20: 105-112.

			Lyashchenko KP, Whelan AO, Greenwald R, Pollock JM, Andersen P, Hewinson RG, Vordermeier HM (2004). Association of tuberculin-boosted antibody responses with pathology and cell-mediated immunity in cattle vaccinated with Mycobacterium bovis BCG and infected with M. bovis. Infect. Immun., 72(5): 2462-2467. https://doi.org/10.1128/IAI.72.5.2462-2467.2004

			Mackay CR, Hein (1989). A large proportion of bovine T cells express the T cell receptor and show a distinct tissue distribution and surface phenotype. Int. Immunol., 1: 540-545. https://doi.org/10.1093/intimm/1.5.540

			Nasr EA, Abdel-Twab AA, Abdel-Rahman M, Abdel-Aziz AM (2008). A comparative study between the performance of a novel rapid lateral flow test and the conventional tuberculin skin test in recognizing cattle with tuberculous lesions in Egyptian herds.13th Sci. Cong. Fac. Vet. Med. Assiut. Univ. Egypt. pp. 637-652.

			Nemoto H (1972). Bovine tuberculosis: Its present status of occurrence and diagnosis in Japan. Japan Agri. Res. Quart., 6: 241-244.

			Olivera SJ, Piantac Ramos ET, Prates de Azevedo CA, Barbossa Antunes CA, Silva FM (1983). Veterinary public health. A study of tuberculosis in dairy cattle. Bol. Oficina Sanit. Panam., 94: 142-149.

			O’Reilly LM, Daborn CJ (1995). The epidemiology of Mycobacterium bovis infections in animals and man: A review. Tuberc. Lung Dis., 76: 1-146. https://doi.org/10.1016/0962-8479(95)90591-X

			O’Reilly LM (1992). Specificity and sensitivity of tuberculin tests. Pr. Int. Conf. Anim. Tubercul. Gen. Organ. Vet. Ser. Cairo, Egypt, pp. 87-139.

			Osman K (1974). Studies on acid fast micro-organisms in some domesticated animals with special reference to atypical mycobacteria group. Ph. D. (Microbiology) thesis, Cairo University.

			Palmer MV, Waters WR, Thacker TC, Greenwald R, Esfandiari J, Lyashchenko KP (2006). Effects of different tuberculin skin-testing regimens on gamma interferon and antibody responses in cattle experimentally infected with Mycobacterium bovis. Clin. Vaccine Immunol., 13(3): 387-394. https://doi.org/10.1128/CVI.13.3.387-394.2006

			Parlas M, Rossi L (1964). Causes of recurrence of tuberculosis in TB free herds. Vet. Med., 9: 1-10.

			Payeur JB, Marquardt JG (1988). Mycobacterial isolated from submissions at National Veterinary Services Laboratories (NVSL) during Fy 83- 87. Proc. United States Anim. Health Assoc., 92: 457- 477.

			Pollock M, Welsh D, McNair J (2005). Immune responses in bovine tuberculosis: Towards new strategies for the diagnosis and control of disease. Vet. Immunol. Immunopathol., 108(1-2): 37-43. https://doi.org/10.1016/j.vetimm.2005.08.012

			Radostits OM, Gay CD, Blood CD, Hinchcliff KW (2000). Veterinary medicine textbook of the diseases of cattle, sheep, pigs, goats and horses; 9th Edition, Baillier, England.

			Riello FN, Rebecca TS, Brígido SA, Tomaz AM, Luiz RG, Isabela MBG (2016). Diagnosis of mycobacterial infections based on acid-fast bacilli test and bacterial growth time and implications on treatment and disease outcome. BMC Infect. Dis., 16(142): https://doi.org/10.1186/s12879-016-1474-6

			Rodriguez VD, Real VF, Gasca AA (1983). Bovine tuberculosis in Cordoba Province of Spain. Hyg. Pecovis, 5: 31-37.

			Rogers RJ, Donad BA, Suchlt K (1980). The distribution of M. bovis in Queens and cattle herds with observation on the laboratory diagnosis of tuberculosis. Assuit. Vet. J., 56(11): 542-546. https://doi.org/10.1111/j.1751-0813.1980.tb02584.x

			Sa’idu AS, Okolocha EC, Dzikwi AA, Kwaga JK, Gamawa AA, Usman A, Maigari SA, Ibrahim S (2015). Detection of Mycobacterium bovis in organs of slaughtered cattle by DNA-based polymerase chain reaction and Ziehl-neelsen techniques in Bauchi State, Nigeria. J. Vet. Med., pp. 921868. https://doi.org/10.1155/2015/921868

			Shirma GM, Kazwala RR, Kambarage DM (2003). Prevalence of bovine tuberculosis in cattle in different farming systems in the Eastern zone of Tanzania. Prev. Vet. Med., 57(3): 167-172. https://doi.org/10.1016/S0167-5877(02)00214-3

			Taylor GM, Worth DR, Palmer S, Jahans K, Hewinson RG (2007). Rapid detection of mycobacterium bovis DNA in cattle lymph nodes with visible lesions using PCR. BMC Vet. Res., 13(3): 12. https://doi.org/10.1186/1746-6148-3-12

			Waddington FG (1965). Observation on tuberculin sensitivity in cattle in Kenya. Br. Vet. J., 121: 319-331. https://doi.org/10.1016/S0007-1935(17)41103-1

			Waters WR, Buddle BM, Vordermeier HM, Gormley E, Palmer MV, Thacker TC, Bannantine JP, Stabel JR, Linscott R, Martel E, Milian F, Foshaug W, Lawrence JC (2001). Development and evaluation of an enzyme-linked immunosorbent assay for use in the detection of bovine tuberculosis in cattle. Clin. Vaccine Immunol., 18(11): 1882-1888. https://doi.org/10.1128/CVI.05343-11

			Waters RW, Palmer MV, Thacker TC, Bannantine JP, Vordemeier HM, Hewinson RG, Greenwald R, Esfandiari J, McNair J, Pollock JM, Andersen P, Lyashchenko KP (2006). Early antibody responses to experimental Mycobacterium bovis infection in cattle. Clin. Vac. Immunol., 13(6): 648-654. https://doi.org/10.1128/CVI.00061-06

			Waters WR, Whelan AO, Lyashchenko KP, Greenwald R, Palmer MV, Harris BN, Hewinson RG, Vordermeier HM (2010). Immune responses in cattle inoculated with Mycobacterium bovis, Mycobacterium tuberculosis, or Mycobacterium kansasii. Clin. Vaccine Immunol., pp. 247–252. https://doi.org/10.1128/CVI.00442-09

			Wernery U, Kinne J, Jahans KL, Vordermeier HM, Esfandiari J, Greenwald R, Johnson B, Ul-Haq A, Lyashchenko KP (2007). Tuberculosis outbreak in a dromedary racing herd and rapid serological detection of infected camels. Vet. Microbiol., 122(1-2): 108–115. https://doi.org/10.1016/j.vetmic.2007.01.012

			Yoon YD, Kim JM, Son BH (1979). Detection of bovine tuberculosis and the factors affecting tuberculin reaction. Korean J. Vet. Publ. Health, 3(1): 1-8.

			Zivkovic JS, Berko M, Hadziosmu V (1984). Suitability for human consumption of meat from tuberculin positive cattle. Vet. Bull., 55(10): 6718.

		

	OEBPS/image/Image1797831.png
M s vghtered bl actor cate

- Visbleleons 51 Y
& bl
()
N | N % [N s [N % | Ne| %
13yan Ve[ afm] s w [ e[ a6 w

Shan| w0 | W W] 3 | w | 2|e]| v w3 w || w7

OS2 4 | v 0| 0w s |1 a3 | 3| w5 |
sean

T | w0 | @ | 18| 8 | me| s |7 @m0 ows | 6 87| w0 s | s | wn






OEBPS/image/Image1797833.jpg
Diseased or apparent healthy dairy cattle
Y

Collection of blood sample and serum separation
v

diagnistics

5 t Tuberculin test

3 ]

t'| Positive reactor

applction
s 1
— Slaughtered
pra-ntoyed T T Negative reactor
Gassical
postmortem (#M)| | microbiologica

n isolationand

identification






OEBPS/image/Image1797840.png
20,

maulture

] wlateral flow

: 1 1 R





OEBPS/image/Image1797837.png





OEBPS/image/Image17978401.png
= cuiture

lateral flow

L

Generdlized  Head  Respiratory  Digestive





OEBPS/image/Image1797841.png
Head

Respiatory  Digestive

M. bovissobtes
amorr

= Latealflow
meusa






OEBPS/image/1.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Critical Field Appraisal for the Use of Bovine Tuberculosis’ Antibody
Detecting-Serodiagnostics
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Abstract | Bovine tuberculosis is a worldwide disease that causes great economic losses to the dairy industry
and constitutes a serious human public health hazard. Development of a wide range of serodiagnostic assays for
mycobacterium has been an area of interest through the past two decades as a rapid, accurate, and easy-to-be-used and
interpreted diagnostic kit as well as to be a competitive alternative to the conventionally established expert-dependent
techniques. The current work’s main objective is to evaluate the reliability of two widely distributed rapid kits for as
a suitable substitution for the gold standard bovine tuberculosis diagnostic techniques. IQRT Anigen Rapid Bovine
TB Ab kit and Ubio quick VET Bovine Tuberculosis Antibody kit were used in testing 3750 dairy cattle. The results
obtained were compared with the ELISA, bacteriological examination, and tuberculin skin testing. By the tuberculin
test, 69 (1.8%) animals reacted positively, from which 51 animals (73.9%) showed visible lesions on postmortem
examination while the remaining 18 animals (26.1%) showed no visible lesions. Using bacteriological examination
of tissue specimens, 48 out of the 69 positive tuberculin reactors (69.6%) revealed successful M. bovis isolation.
Using ELISA on serum samples collected prior to skin testing from the positive tuberculin reactors, only 26 cases
(37.7%) were positive. The IQRT Anigen lateral flow kit showed only 21 positive cases, 43.8% of 48 bacteriologically
identified cases, and 30.44% out of the 69 tuberculin-positive cases. The Ubio quick VET kit has detected zero% of
bovine tuberculosis-positive cattle. Using bovine tuberculosis rapid kits alone may be unreliable for the detection of
tuberculosis-infected cattle.

Keywords | Bovine tuberculosis, tuberculin skin test, lateral flow kits for antibody detection, ELISA, Rapid
diagnostics, dairy industry, Human health hazards, Granulomatous diseases
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INTRODUCTION

Bovine tuberculosis (bTB) is a chronic granulomatous
condition that mostly affects cattle’s lymph nodes
and lungs. It is caused by M. bovis, a member of the
M. tuberculosis complex (Taylor et al., 2007). M. bovis
zoonotically transferred to people; causing disease through
ingestion; inhalation and less usually by contact with

mucous membranes and torn skin (De la Rua-Domenech,
2006). Bovine tuberculosis can affect a wide range of
species and is defined by the progressive development of
granulomatous lesions (tubercles/granulomas) in any body
organ (Borham et al., 2022).

The intradermal tuberculin skin test has been in use for
almost a century in the diagnosis of bovine tuberculosis
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