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Bovine tuberculosis (bTB) is one of the top three, high-priority, livestock diseases in Ethiopia and hence, the need for evaluation of potential control strategies is critical. Here, we applied the test-and-segregate followed by cull strategy for the control of bTB in the intensive Alage dairy farm in Ethiopia. All cattle reared on this farm were repeatedly skin tested using the Comparative Cervical Tuberculin (CCT) test for a total of five times between 2015 and 2021. During the first (October 2015) and second (March 2017) rounds of testing, all reactor animals (>4 mm) were culled, while those that were deemed as inconclusive (1–4 mm) were segregated and retested. At retest, animals with CCT >2 mm were removed from the herd. In the third (December 2017) and fourth (June 2018) rounds of tuberculin testing, a more stringent approach was taken wherein all reactors per the severe mode of CCT test interpretation (>2 mm) were culled. A final herd status check was performed in May 2021. In summary, the number of CCT positives (>4 mm) in the farm dropped from 23.1% (31/134) in October 2015 to 0% in December 2017 and remained 0% until May 2021. In contrast, the number of Single Cervical Tuberculin (SCT) test positives (≥4 mm) increased from 1.8 to 9.5% (from 2017 to 2021), indicating that CCT test might not be sufficient to effectively clear the herd of bTB. However, a more stringent approach would result in a drastic increase in the number of false positives. The total cost of the bTB control effort in this farm holding 134–200 cattle at any given time was conservatively estimated to be ~US$48,000. This, together with the need for culling an unacceptably high number of animals based on skin test status, makes the test-and-cull strategy impractical for nationwide implementation in Ethiopia and other low- and middle-income countries (LMICs) where the infection is endemic. Hence, there is an increased emphasis on the need to explore alternate, affordable measures such as vaccination alongside accurate diagnostics to help control bTB in endemic settings.
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INTRODUCTION

Bovine tuberculosis (bTB) is a chronic, progressive, granulomatous, inflammatory disease of cattle caused by members of the Mycobacterium tuberculosis complex (MTBC) (1). Most high-income countries have successfully controlled bTB based on test-and-slaughter of skin test-positive animals, alongside slaughterhouse surveillance, and trade and movement restrictions of affected herds. However, complete eradication is a challenge due to potential for spillover from wildlife reservoir hosts and imperfect performance of the currently available diagnostic tests (1–3). Conversely, in most low- and middle-income countries (LMICs), the bTB prevalence is high, and implementation of a test-and-slaughter program is not affordable for both social and economic reasons and, as a result, the disease has continued to cause significant economic and public health impacts (4). Moreover, the World Health Organization (WHO) estimates that of ~10 million new cases of human TB reported globally in 2018, ~71,000 to 240,000 were of zoonotic origin, meaning caused by Mycobacterium bovis alone (5). It is important to note that this is likely an underestimate due to the lack of cross-sectional, national-level surveillance programs, under-reporting and lack of laboratory confirmation of causative agents in LMICs where the infection is endemic in both human and bovine populations (5). Hence, it is being increasingly recognized that eliminating TB in humans cannot be accomplished without first controlling bTB in cattle.

A systematic review and meta-analysis conducted on the prevalence of bTB in Ethiopia reported a pooled prevalence estimate of 5.8% (95% CI: 4.5–7.5%) (6). The report indicated that bTB is highly prevalent in intensive and semi-intensive dairy farms in the country. However, so far there is no national bTB control strategy in Ethiopia, hence, this situation favors the unregulated movement of bTB-infected cattle and further spread of infection (7). Moreover, given the increased emphasis placed on expansion of intensive dairy farms with genetically improved dairy cattle to meet economic demands and nutritional requirements, the prevalence of bTB is only likely to worsen in the coming years. Hence, there is an urgent need for the implementation of a control program for bTB to reduce its prevalence in livestock and its zoonotic impact in Ethiopia (8, 9).

The tuberculin skin test is the current standard method for diagnosis of bTB recommended by the World Organization for Animal Health (OIE) (3). This test probes the cell-mediated immune response upon intradermal injection of the stimulating antigens such as purified protein derivatives (PPD) of tuberculin. In Ethiopia, the standard test for the diagnosis of bTB is the Comparative Cervical Tuberculin (CCT) test, which involves injection of two stimulating antigens, bovine PPD (PPD-B) derived from the extract of the M. bovis AN5 strain and avian PPD (PPD-A) derived from the extract of M. avium subsp. avium D4ER. The CCT is used to improve test specificity, although at the cost of sensitivity when compared with the use of the Single Cervical Tuberculin (SCT) test applying PPD-B only.

Here, we describe efforts involved in controlling the prevalence of bTB in a high burden voluntary dairy farm, owned by Alage Agricultural Technical and Vocational Education Training (ATVET) College in Ethiopia. An iterative strategy of repeated test-and-segregation followed by culling of reactors was implemented and followed for a period of 6 years. We also conservatively estimated the costs associated with this program.



MATERIALS AND METHODS


Study Location

The study was conducted from 2015 to 2021 at the dairy farm of Alage ATVET College. This college occupies a total area of 4,200 ha, located at longitude of 38°30′ east and latitude of 07°30′ north. The college is situated about 217 km southwest of the capital city, Addis Ababa. It is part of the dry plateau agro-ecology of the southwestern part of the Ethiopian Rift Valley system at an altitude of 1,590 m above sea level. This dairy farm was established in 1979 with a starting population of 300 Holstein Friesian (HF) heifers from different sources and all animals have been exclusively stall-fed under a closed intensive management system. As part of farm biosecurity measures, new exotic breed animals have not been included since establishment. However, local Boran breed cattle are introduced for cross breeding purposes after screening for bTB. The farm is not in close proximity with any other dairy farms or wildlife populations. During the final round herd test (May 2021), the farm had a total of 175 cattle, of which 136 were HF-zebu cross, 33 were local Boran breed and 6 were calves <3 months of age. The dairy farm uses artificial insemination system for breeding and has its own veterinary clinic for animal health issues.



Study Design

As part of our efforts to clear bTB from the Alage dairy farm, a repeated cross-sectional study was conducted whereby all animals (with the exception of calves <3 months of age, third trimester pregnancy (>8 months) and sick animals not suggestive of bTB), were skin tested with PPD-B and PPD-A for a total of five times between 2015 and 2021. The first round of tests was conducted in October 2015, the second in March 2017, the third in December 2017, and the fourth in June 2018. Finally, the current status of the farm was checked more recently in May 2021 using both CCT test and interferon-gamma release assay (IGRA). The testing interval between each round was not uniform but at least a 6 month gap was considered between rounds for logistical reasons. In the first and second rounds of testing, all animals testing positive (PPD-B–PPD-A > 4 mm) were slaughtered, while those in the inconclusive range (PPD-B–PPD-A = 1–4 mm) were segregated to a different location (~1 km away from the main herd with independent management) and retested 42 days later. At retest, animals with skin thickness >2 mm were slaughtered, and non-reactors were reintroduced into the main herd. Animals with skin thickness ranging from 1 to 2 mm at retest were kept segregated (until the next round of testing) instead of slaughter. Here, we note that this deviates from the OIE guidelines for retesting that recommends culling of all non-negative animals (≥1 mm) (3). However, including animals with skin thickness ranging from 1 to 2 mm dramatically increased the total number of animals to be culled and was not practically implementable in this dairy farm. In the third and fourth rounds of CCT testing, a more stringent approach was followed wherein all the tested animals with increase in skin thickness of >2 mm by CCT test were slaughtered and no retesting was conducted. Animals that showed 1–2 mm increase in skin thickness during the third round of test were segregated until fourth round test, while those from the fourth round remained in the herd. Three years later, the farm was tested again (May 2021) with CCT test and IGRA. It was recommended to the farm to segregate all animals that were inconclusive (1–4 mm) per CCT test, reactor (≥ 4 mm) per SCT test, and positive per IGRA (optical density ≥ 0.1).



Skin Test Procedures

The CCT test was performed following the OIE guidelines (3, 10). Bovine PPD (3000IU/dose) and avian PPD (2500IU/dose) were administered intradermally with the bevel edge of needle faced outwards (0.1 ml final volume; Prionics/ThermoFisher Scientific, Lelystad B.V., The Netherlands). The same operator measured the skin thickness just before and 72 ± 4 h after the PPD injection. The difference in the increase of skin thickness at the PPD-B and PPD-A sites before and after injection was calculated. A reaction was considered positive if the increase in skin thickness at PPD-B site of injection was more than 4 mm greater than the reaction shown at the site of the PPD-A injection. The reaction was considered inconclusive if the PPD-B minus PPD-A reaction was from 1 to 4 mm, and negative if the PPD-B minus PPD-A reaction was <1 mm (3). During the third and fourth rounds of testing, all animals with skin thickness >2 mm by CCT test were considered positive per the severe mode of interpretation (11). In the SCT test (which involves PPD-B only), the reaction was considered positive if there is an increase of 4 mm or above in skin-fold thickness and inconclusive if the increase in skin-fold thickness is more than 2 mm and <4 mm. However, SCT results were not used for decisions on culling of animals.



Interferon Gamma Release Assay

The IGRA test was conducted using the commercially available Gamma interferon test kit for Cattle (BOVIGAMTM, Prionics). Whole blood samples were collected using lithium heparin vacutainer tubes. The blood samples were stimulated with PPD-B and PPD-A, at a final concentration of 300 and 250 IU/ml, respectively, and were incubated in a humidified atmosphere at 37°C and 5% CO2 for 16–24 h. In addition, RPMI1640 media with L-Glutamine (BioWhittaker, Lonza, USA) and Pokeweed Mitogen (PWM) (Sigma-Aldrich) at 10 ug/ml final concentration were also used to stimulate the whole blood as negative and positive controls, respectively. Following overnight incubation, plates were centrifuged at 300 g for 10 min at room temperature and the supernatant was harvested. The harvested plasma was tested using the BOVIGAM ELISA kit to detect the secretion of interferon gamma (IFN-γ) from the stimulated T cells (12–14). Procedure was carried out as per kit instructions and the absorbance was measured at 450 nm with an ELISA reader. A reaction was considered positive if the optical density (OD) value of avian PPD subtracted from bovine PPD is ≥0.1.



Cost Estimation

The costs incurred for implementation of the test-and-slaughter program at the Alage dairy farm was calculated in order to gain some insights into the overall expenses should such a program be implemented at national level in Ethiopia. This included the expenses associated with repeated testing of the animals for five rounds, reagents and relevant consumables, loss to the farm associated with culling (price of culled animals estimated per market price), personnel per diem and staff transportation costs. The meat of carcasses was officially inspected and those approved for consumption were sold at a price of 40 ETB (US$0.9) / kg and hence the income gained from selling the meat was considered as salvage value and deducted from the total cost.



Data Analysis

All statistical analyses were performed using Prism 7 (GraphPad Software, La Jolla, CA) and Statistical Product and Service Solutions (SPSS) version 20. The chi-square (χ2) test was used for comparing prevalence estimates and P < 0.05 was considered for significance.




RESULTS


Repeated Testing of the Alage Dairy Farm

The first round of testing (n = 134; all HF-Zebu cross breeds) was carried out in October of 2015 and the bTB within-herd prevalence was 23.1% (31/134) per the CCT test (skin thickness > 4 mm). All thirty-one reactor animals were culled, while animals presenting as inconclusive (1–4 mm; n = 30) were segregated in a different barn located 1 km away from the main Alage herd. Twenty-six (of the thirty) animals with inconclusive results were retested after 42-days of the first test, while the remaining four animals with inconclusive test results were exempted from the retesting as they were either under medical care or at late stages of pregnancy (Table 1).


Table 1. Summary of all skin tests conducted in the Alage dairy farm between 2015 and 2021.
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The second-round test (n = 173: 109 HF-Zebu cross and 64 Boran breed cattle) was conducted in March of 2017. The 64 local Boran cattle were not tested in the previous round and a decision was made to include them in this round of testing as they were managed in close proximity from the main Alage herd and to avoid any resulting spillover of infection. The prevalence of bTB in this round was found to be 4.6% (8/173), which was significantly lower than the prevalence observed in the first round (χ2 = 23.3; P < 0.0001). It is important to note that all the skin test-positive animals were among the newly included local Boran cattle. Seventeen animals (10 HF cross and 7 local Boran breed) showed inconclusive test results; 15 of them were retested and one (local Boran breed) showed positive skin reaction to the CCT test (Table 1). The reactor animal was culled, while the other animals were returned to the main Alage farm.

During the third-round test conducted in December 2017 (n = 169), there were no reactor animals per the CCT test (>4 mm) but 7 (4.1%) animals were inconclusive (1–4 mm). When severe mode of interpretation (>2 mm) was employed, one (HF cross breed) animal tested positive to the CCT test and it was slaughtered. The inconclusive animals were segregated from the main herd until the next round of testing. Compared to the prevalence in the second round of testing, the prevalence in the third round decreased significantly (χ2 = 7.936; P = 0.0048) as well.

The fourth-round test was carried out in June of 2018 (n = 181) and the CCT test result showed no bTB reactor animal in the herd per the > 4 mm interpretation. There were, however, 16 (8.8%) animals (5 HF cross and 11 local Boran cattle) that were classified as inconclusive per the CCT test (Table 1), of which four animals were slaughtered as they were positive by the severe mode of interpretation.

In order to evaluate the success of the control program implemented on the Alage farm from 2015 to 2018, the National Animal Health Diagnostic and Investigation Center (NAHDIC) team returned to the farm 3 years later in May of 2021 to conduct a fifth round of testing (n = 169). Both skin test and IGRA were performed. Encouragingly, there were no reactors identified per the CCT test interpretation of > 4 mm. However, 8 (4.7%) animals (7HF and 1 local Boran breed cattle) were inconclusive (1–4 mm). Moreover, 2 animals were categorized as reactors by the severe mode of interpretation (>2 mm). Per the SCT test, 16 animals were test-positive (≥ 4 mm).

In the IGRA, three animals had crossed the cut-off (optical density ≥0.1) (Figure 1). One of these three IGRA-positive animals was also positive per the severe mode of interpretation of CCT, while the other two are either positive or inconclusive per the SCT test. All animals that were inconclusive on CCT (1–4 mm), reactor on CCT per severe interpretation (>2 mm), reactor per SCT (≥ 4 mm) test and IGRA (optical density ≥ 0.1) were segregated from the herd (n = 21).


[image: Figure 1]
FIGURE 1. IGRA result during fifth-round test. Samples are positive if the OD value of PPD-A deducted from PPD-B is ≥0.1. The horizontal line at 0.1 denotes the cut-off. The red data points on B-A cross the cut-off of 0.1 and hence are reactors by IGRA.


Overall, following the repeated test-and-slaughter approach, the number of CCT positives (>4 mm) in the farm dropped from 23.1% (31/134) in October 2015 to 0% in December 2017 and remained 0% until May 2021. From Table 1, one can note that at all time points the number of test-positive animals per SCT (≥4 mm) was greater than that of CCT test, per both standard and severe interpretations (>4 mm and >2 mm). At the first testing round, the number of SCT test positives was 40.3%, which then dropped to 10.4% during the second round of testing. The lowest prevalence per SCT test was recorded during the third round (1.8%), after which it increased to 2.2% during the fourth round and then to 9.5% at the fifth-round test (Table 1 and Figure 2).


[image: Figure 2]
FIGURE 2. CCT and SCT test responses in every round of testing. Results are expressed as the difference in skin thickness (in millimeters) between the pre- and post-skin test readings, with the horizontal line providing the median (shown in blue). Black, orange and red data points represent animals that tested negative, inconclusive and positive, respectively. Retests in round 1 and 2 were conducted only on the animals in the doubtful range (orange).




Cost Analysis

The total cost of this program was conservatively estimated at ~US$ 48,000; the breakdown of each included expense item is provided in Table 2. The cost associated with skin testing alone, which includes cost of reagents and logistics for personnel was estimated to contribute ~18% to the total cost, while the major cost of the program (~82%) was associated with culling/slaughtering of reactor animals, i.e., estimated selling price of the culled/slaughtered animals. In total, 46 bTB reactor animals were slaughtered, of which 39 were conditionally approved for human consumption, and the salvage value of these animals was deducted from the total costs. However, the carcasses of the remaining seven animals were totally condemned with no salvage value (Table 2). All the expenditure of the fifth-round skin and IGRA test is also summarized and included to estimate the total cost.


Table 2. Conservative estimates of the cost associated with the bTB control efforts at Alage dairy farm.
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DISCUSSION

Despite being a disease of economic and zoonotic importance, control measures for bTB are non-existent in Ethiopia and most other LMICs (4, 7). Earlier efforts to control bTB in a government farm in Ethiopia showed that upon repeated skin testing and segregation of skin test positive animals, the prevalence of bTB could be dramatically reduced from 48 to 1% in a dairy cattle herd (15). In the current study, NAHDIC in collaboration with Alage ATVET College implemented a bTB control strategy in the dairy farm affiliated with the college. The approach involved repeated tuberculin testing of the dairy herd with subsequent segregation and slaughter of test-positive animals from the farm. Accordingly, the entire cattle herd was tested four times between the years 2015 and 2018, with the exception of animals <3 months of age, animals >8 months pregnant, and those that were sick but not suggestive of bTB. All test-positive animals to the CCT test were removed, while animals categorized as inconclusive in the first and second rounds of testing were segregated and retested after 42 days. All positive animals in the retest were slaughtered. This test and segregate followed by retesting and slaughter approach over a 3-year period drastically decreased the within-herd prevalence of bTB from 23.1 to 0%, although a few animals that were identified as inconclusive per the CCT remained in the herd.

In order to check the status of the farm, the NAHDIC team returned to Alage 3 years later in May 2021. This time both skin test and IGRA were performed. Encouragingly, no animal was positive per the > 4 mm interpretation of CCT. However, there were a total of twenty-one animals that were reactors per SCT test and IGRA, and inconclusive per CCT test, that were segregated from the main herd. This is not surprising given the fact that the Alage farm was never made completely free of bTB as inconclusive animals identified in June 2018 continued to be a part of the farm. Starting from the third round (December 2017) to the fifth-round test (May 2021) all the animals were negative per the CCT > 4 mm interpretation, however the number of PPD-B reactors (SCT > 2 mm and ≥ 4 mm) did increase in the last testing rounds. This may indicate that CCT > 4 mm or even the severe interpretation CCT > 2 mm may not be sufficient in certifying previously bTB infected herds as bTB-free herds. Hence, further attention should be given to the development of alternative diagnostic reagents to reduce the number of false positives, uncertainties associated with the PPD skin test, and limit conflicts with herd owners. It is important to acknowledge here that bacteriological culture and confirmation of reactor animals could not be performed and is a limitation of the study. While the number of animals positive per SCT was high, it is also important to note the relative low specificity of this test, in particular in the context of regions with high environmental bacteria such as Ethiopia, further stressing the need for more accurate and specific defined diagnostic reagents (8, 10, 16). The increase in the number of reactor animals due to the interruption in routine testing between June 2018 and May 2021 indicates that expenses involved in the control of bTB are anything but short-term in nature. Despite having culled a total of 46 cattle, there were still some inconclusive animals in the final round, suggesting that extant tuberculin-based tests may not be sufficient tools for accomplishing disease eradication in endemic settings and new defined antigen tests are an urgent need (16).

As has been proven time and again, test-and-cull-based programs can be hugely successful in efficiently controlling bTB (17). The rigorous application of tuberculin testing and culling of reactors has significantly reduced the prevalence and even eliminated bTB infection from farmed bovine populations in many high-income countries in the past (3, 18–20). For example, in the Unites States (US), a test-and-cull-based control program was initiated over a century ago in 1917, and together with introduction of milk pasteurization, this control program has been regarded as one of the most successful campaigns ever waged against a bacterial disease. Between 1917 and 1940, ~232 million cattle were screened, of which, ~3.8 million were culled. Documented reports show a 10-fold return on investment in lives saved and economic benefits to farmers in the US (21). However, can such a test and cull approach be practically implemented at a national level in Ethiopia and other LMICs? While the results of this study in terms of reduction in disease prevalence are encouraging, conservative cost estimates suggest that the total expenditure during the 3-year effort and the final fifth round test in a farm holding <200 cattle was ~US$48,000. It is important to note that this cost estimate does not include the milk losses associated with culling of lactating cows, possible meat productivity loss, additional housing and management costs to segregate test-inconclusive animals, and the cost of social and zoonotic impacts. The national priorities for intensification of dairy production in countries like Ethiopia will only worsen the disease burden resulting in further increase in economic losses due to bTB. Ethiopia has the largest cattle population in Africa of ~61.5 million heads (22) and applying a conservative pooled prevalence estimate of 5.8% (95% CI: 4.5 to 7.5%) as reported in a recent meta-analysis, there may be ~3.5 million bTB-infected cattle in the country. While we acknowledge that additional studies are required to accurately predict the costs and benefits of implementing a national level test and cull-based control strategy, it is quite apparent that a program of such a scale is far from feasible in Ethiopia and other LMICs for both economic and social reasons. Moreover, there are multiple complications in adapting this approach in non-dairy herds and pastoral production systems given extensive management styles and cultural reasons.

In this context, it is important to highlight the need for a vaccine that can reduce the burden of infection and transmission. Recent reports including natural transmission studies conducted in endemic settings have shown that Bacillus Calmette-Guérin (BCG) vaccination may have considerable utility in this regard (23). While BCG has been used for experimental vaccination of cattle against bTB since 1913, it is not yet licensed for field use as it sensitizes animals to the tuberculin-based skin tests (3, 24). This compromises the specificity of the skin test and results in an inability to differentiate infected from vaccinated animals (DIVA). Therefore, bTB control programs that use the OIE-prescribed tuberculin skin test also prohibit the use of BCG vaccination. However, safety and BCG-induced protection (although partial) of cattle against experimental challenge with M. bovis has been known since the promising early reports published by Calmette and Guérin. A recent meta-analysis that attempted to synthesize data from published studies across the globe estimated a direct BCG vaccine efficacy of 25% (95% CI: 18, 32) (25). While no study has yet rigorously assessed indirect vaccine efficacy, a significant reduction in lesion severity observed following BCG vaccination likely contributes to reduction in risk of transmission from vaccinates to susceptible cattle (indirect efficacy). It was also emphasized through scenario analyses with transmission dynamic models incorporating direct and indirect vaccinal effects (“herd-immunity”), that BCG vaccination alongside a DIVA diagnostic test appears to be the most promising option in endemic settings in the near future. However, this warrants detailed cost-benefit analyses prior to rolling out BCG vaccination in endemic settings. In this context, progress has been made in the field of bTB diagnosis in the development and validation of peptide-based skin test reagents comprising of antigens that are present in pathogenic strains of MTBC and absent in the vaccine strain, BCG (16, 26). The DIVA capability of these antigens has also been successfully demonstrated in both experimental and naturally infected animals, hence enabling the use of BCG vaccination as part of future bTB control programs (27, 28). It is important to note here the ease of chemical synthesis, quality control and cost-effectiveness of these peptide-based reagents.

Taken together, while the repeated test and cull approach is now being implemented at some voluntary government and private dairy farms in Ethiopia, it may not be a viable option at the national level for reasons discussed here. Hence, feasible alternatives need to be sought urgently to control bTB, an important step towards the WHO goal of ending the global tuberculosis epidemic by 2035 (29). Vaccination against bTB with BCG has been researched for over a century and provides strong evidence for the consideration of implementation of vaccine-based bTB control strategies, particularly in LMICs and other high burden settings. While the reported direct efficacy estimates are modest, it is important to note that indirect efficacy of BCG remains largely unexplored and that further investigations are needed to address this critical knowledge gap. Given the predicted intensification of cattle herds in endemic settings, these observations will have major implications for informing and implementing practical disease control policies in Ethiopia and other LMICs.



CONCLUSION

This study showed that the test and cull program significantly reduced the prevalence of bTB from Alage ATVET dairy farm within 3 years. However, the cost estimation indicates that it may not be practical to scale-up and implement nationwide in Ethiopia and other LMICs. Hence, exploring feasible and economically affordable alternative bTB control options such as test-and-segregate approaches, and vaccination need priority.
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Category Items Details Unit price (ETB) Cost (ETB) Cost (USD)

Skin testing Reagents PPDs for 698 animals 100 69,800 2,004
Tuberoulin syringe 140 1,960 58
Gloves, alcohol, blade and other 246 3,400 102
consumables
Personnel cost 4 people / 7 days for each test 600/ day 100,800 3024
round
Fuel and travel (600 k per trip) 20/ ter 20,000 600
Total 195,960 5878
Handling of infected HF cross breed cow 33 culled 40,000 1,320,000 39,600
animals
Local breed cow 13 culled 15,000 195,000 5,850
Cost to manage segregated No new barn constructed; no -
animals new animal attendant employed
Total 1,615,000 45,450
Total cost of the program (testing + culling of reactor animals) 1,710,960 51,328
Salvage value Meat recovered from 89 animals ~ ~131.5kg / animal 40 ETB/ kg meat 205,140 6,154
Total cost of fifth round skin and IGRA test 122,740 2,860
Grand total 1,628,560 48,034

Exchange rate used for estimating the cost of skin test from first to fourth round was 33.33 Ethiopian Birr (ETB) for one USS, based on the exchange rate dated April 27, 2020. Exchange
rate used for estimating the cost of the fifth-round test was 42.9243 Ethiopian Birr (ETB) for one US$, based on the exchange rate dated May 21, 2021.
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