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The single intradermal cervical comparative test interferes with Johne’s disease ELISA diagnostics
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Enzyme-linked immunosorbent assays (ELISA) of milk and serum samples are a routinely used method of screening herds for Mycobacterium avium subspecies paratuberculosis (MAP). Infection with MAP causes granulomatous enteritis of ruminants known as Johne’s disease (JD). The sensitivity (Se) and specificity (Sp) of MAP ELISAs leads to difficulties in the identification of both infected and infectious animals. Interference with MAP ELISA Se and Sp has been reported in MAP seronegative cows following administration of purified protein derivative (PPD) as part of intradermal testing for bovine tuberculosis (bTB). The aim of this study is to examine the impact of the single intradermal cervical comparative test (SICCT) for bTB, on both serum and milk MAP ELISA tests, in a herd containing both seropositive and seronegative cows pre-SICCT. A secondary objective is to provide appropriate timing of JD ELISA tests in relation to the SICCT. A herd of 139 cows were serum and milk sampled pre- and post-SICCT administration. Prior to SICCT, 6% of the herd tested seropositive for MAP using milk ELISA, with 8% positive on serum. ID Screen Paratuberculosis Indirect Screening Test (ID Vet) was used to screen the herd. Within 14 days of PPD administration, a significant increase in the prevalence of seropositive cows was recorded. Identical prevalence’s were recorded with both test matrices (39%). ELISA values remained significantly higher until day 43 post-SICCT in milk (P = 0.850), and day 71 in serum (P = 0.602). If the “new” positives detected post-bTB testing are deemed false positives due to generation of cross-reacting antibodies by administration of PPD, milk would appear a more suitable sample for JD ELISA testing within 2 months of SICCT. In summary, sampling for JD utilizing milk ELISA should be avoided in the 43-day period following PPD administration, with serum ELISA sampling avoided for an additional 28 days.
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INTRODUCTION

Mycobacterium avium subspecies paratuberculosis (MAP), a member of the Mycobacteriacea family, causes chronic granulomatous enteritis known as Johne’s disease (JD) (1). Clinical JD is characterized by diarrhea and progressive cachexia, which ultimately results in death (2). Uncertainty exists regarding a potential causal link between MAP and Crohn’s disease in humans (3, 4). The potential damage to the global dairy industry, should a link between Crohn’s and MAP be fully substantiated (5), combined with impacts on animal health, has prompted the establishment of JD control programs in a number of countries (6–8).

Use of enzyme-linked immunosorbent assays (ELISA) to identify animals at risk of being infected with MAP is common in control programs internationally (8, 9), including Ireland (10). ELISA is favored as a screening test due to its relatively low cost compared to fecal culture or polymerase chain reaction (PCR) (11). ELISAs also provide timely results compared to culture methods (11). The sensitivity (Se) and specificity (Sp) of MAP ELISAs, however, leads to difficulties in the identification of both infected and infectious individuals (12).

Mycobacterium bovis, the causative agent of bovine tuberculosis (bTB), is an additional pathogenic and definitively zoonotic (13) member of the Mycobacteriaceae. To reduce the zoonotic risk posed by bTB, address public/animal health concerns, and limit trade restrictions, a compulsory national eradication program for bTB was established in Ireland in 1962 (14). This eradication program involves ante-mortem testing of all registered bovines annually using the single intradermal cervical comparative test (SICCT) and post-mortem carcass inspection. All SICCT positive animals (reactors) are slaughtered, the herd of origin is restricted, and additional bTB testing is applied to the herd. The comprehensive nature of the testing program can lead to some animals being tested up to five times in a single year (15).

The SICCT utilizes intradermal introduction of M. bovis and M. avium subsp. avium purified protein derivatives (bPPD and aPPD) at two different sites on the neck to elicit a delayed hypersensitivity response mediated by T cells (16). Comparative measurements at both injection sites, taken 72 h post-PPD administration, are used to assess infection status (16). Additional ante-mortem testing methods used internationally for detection of bTB include the single intradermal test and the caudal fold test, both less specific than SICCT (17).

Members of the Mycobacteriaceae family share several antigens, which can lead to diagnostic difficulties due to antibody cross reaction (18). MAP infection can interfere with specificity of bTB diagnostics (19), and likewise M. bovis infection can affect MAP serological tests (20). Varges et al. (21), has also shown interference by both single and comparative intradermal bTB tests on MAP sero diagnostics in bTB negative animals. The primary purpose of this current study was to investigate the impact of SICCT on the prevalence of ELISA positive results (serum and milk) in an Irish herd containing both MAP ELISA seropositive and seronegative animals over a period of 6 months. Secondary objectives included comparing milk and serum ELISA readings and investigating whether serum samples could be taken at the 72 h bTB visit without interference from PPD administration.

MATERIALS AND METHODS

STUDY HERD

A 139-cow spring-calving dairy herd (mean-calving date February 19th) was recruited. This herd was depopulated in 1997 following a confirmed case of bovine spongiform encephalopathy (BSE). The experimental herd, therefore, consisted of descendants of cows used to repopulate the farm in 1998 (22). Annual statutory bTB test results were sourced from 1998 to provide a bTB history for the herd. Veterinary records were obtained in order to record a JD history for the herd post-repopulation. Approximately 60% of the cows were Holstein Friesian (HF), the remaining 40% purebred Jersey (Je) or Je cross-breeds. The study was licensed by the Irish Department of Health and Children.

SAMPLE COLLECTION

Milk and serum samples were collected 10 and 13 days prior to administration of the compulsory annual SICCT herd test in May 2012 (pre-SICCT). The SICCT was administered by the Department of Agriculture, Food and the Marine (DAFM) approved private veterinary practitioner (PVP) responsible for the care of animals on this farm as is standard practice for the Irish national bTB eradication scheme. Milk and serum samples were collected every 14 days (approximately) for 2 months post-SICCT and on a monthly basis thereafter until the composition of the herd changed materially due to end of lactation culling (longitudinal data). Sampling dates for serum and milk samples are outlined in Table 1. A limit of a 7-day interval between serum and milk sampling was applied in order to consider samples as “matched.” Milk samples were not available for all cows at every sampling time point which is reflected as small variations in sample sizes. Additionally, milk samples were not collected in September 2012 due to an un-related health issue on farm. Fecal samples were collected on a weekly basis from consistently ELISA positive cows from 90 days post-SICCT. These cows were also subjected to a veterinary clinical exam.

Table 1 | Timetable of serum and milk samples and dates of SICCT.
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Serum and milk samples were tested using a commercial ISO17025 accredited laboratory (designated laboratory for Irish voluntary JD control program) using the ID Screen Paratuberculosis Indirect Screening Test (ID Vet, Montpellier, France). The test is an M. phlei absorbed ELISA detecting anti-MAP IgG. Status of the sample was evaluated by examining the sample to positive ratio (S/P ratio) calculated using the formula S/P Ratio = [(ODSample − ODPositive control) ÷ (ODPositive control − ODNegative control) × 100]. Fecal samples were tested by microbial culture and real-time PCR (rtRT-PCR) using “in-house” methodologies developed by Cork Institute of Technology as outlined by Douarre et al. (23). The target gene was IS900. Primer sequences for the amplification were 5’-GAAGGGTGTTCGGGGCCGTCGCTTAGG-3’ and 5’-GGCGTTGAGGTCGATCGCCC ACGTGAC-3’ (reverse primer).

DATA ANALYSIS

Descriptive analysis, dataset construction, and graphical representations were completed in Excel (MS Office 2010). Normality of datasets was examined visually using ladders of power histograms in Stata (version 12). Additional statistical analyses including chi-squared test, t-test, box plot construction, Spearman rank correlation, and generalized estimating equations (GEE) were completed using Stata (version 12).

For the purposes of reporting within-herd MAP prevalence, ELISA S/P ratio results were interpreted according to manufacture instructions, i.e., ≥70 S/P (serum) and ≥15 S/P (milk) were categorized as positive, with a single exception. Cows recording S/P ratios of 60 ≥ SP < 70 (normally classified as inconclusive), were also categorized as negative. The prevalence of positive cows within the herd was plotted vs. trial day. Box plots were constructed to highlight trends in ELISA S/P % readings pre- and post-SICCT

Longitudinal milk and serum ELISA results were used to create datasets for statistical analysis. ELISA results were recorded as both a categorical variable (positive, negative) and a continuous variable (ELISA S/P readings). Multivariable GEE was used to investigate differences between pre- and post-SICCT categorical and continuous variables (dependent variables). Independent variables included in the models were sampling time point (pre-SICCT, post-SICCT), breed (Friesian, Jersey), parity (parities 1, 2, 3, ≥4), and date of calving (January, February, March, April). Second level interactions between independent variables were examined and included in the model at P ≤ 0.05. For categorical variable analysis, a binomial distribution was assumed and a logit link function used. For continuous variable analysis, a Gaussian distribution and an identity link function was used. An exchangeable correlation was applied to both analyses. To investigate the correlation between milk and serum ELISA results, Spearman correlation (rs) was performed on categorical data sets.

RESULTS

Results of statutory bTB testing for this farm over the past 8 years indicate minimal issues with bTB in this herd. Similarly, no bTB positive reactor was identified following SICCT in 2012. From herd repopulation in 1998 to commencement of this study, no clinical case of JD had been diagnosed on the study farm.

Prior to administration of the SICCT, a total of 11 of 139 cows (7.9%) tested MAP ELISA positive in serum, with 8 of 137 (5.8%) milk samples testing positive. Following administration of SICCT, a significant increase in the prevalence of ELISA positives was recorded on both test matrices (serum P < 0.001; milk P < 0.001). The highest recorded prevalence of positive results for both serum and milk samples was 39% (Figure 1). No statistically significant difference (P = 0.668) was recorded in the prevalence of serum positive results, pre- and 72 h post-SICCT. Similarly no statistically significant difference (P = 0. 197) was recorded in S/P ratios of serum ELISA results pre- and 72 h post-SICCT. Both box plots and GEE analysis highlight an increase in both serum and milk S/P ratio readings subsequent to the 72 h sampling (Figures 2 and 3; Tables 2 and 3, respectively).
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FIGURE 1 | Percentage (%) of the herd testing positive on Johne’s disease ELISAs (milk and serum) at different trial days, both pre and post the administration of the TB test. An increased number of positives are identified post TB test administration.
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FIGURE 2 | Box plot identifying differences in serum ELISA S/P ratios at different sampling points, both pre and post the administration of the TB test. To improve visualization of interquartile ranges, only S/P values <250 are shown.
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FIGURE 3 | Box plot identifying differences in milk ELISA S/P ratios at different sampling points, both pre and post the administration of the TB test. To improve visualization of interquartile ranges, only S/P values <150 shown.



Table 2 | Multivariable GEE analysis of milk ELISA as a continuous (S/P % ELISA readings) and categorical (milk ELISA MAP positive/negative) dependent variable and independent variables.
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Table 3 | Multivariable GEE analysis of serum ELISA as a continuous (S/P % ELISA readings) and categorical (serum ELISA MAP positive/negative) dependent variable and independent variables.
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Statistically significant differences between pre- and post-SICCT milk ELISAs were recorded until 43 days post-administration of PPD, examined as both a continuous and categorical variable (Table 2). The prevalence of ELISA serum positive samples was not statistically different from pre-SICCT levels by day 58, while serum ELISA S/P ratios remained significantly elevated for 71 days post-SICCT (Table 3). It should be noted that a significant elevation in S/P ratios post-SICCT was again noted in November (trial day 143) for both milk and serum samples (Tables 2 and 3). No significant second level interactions were identified between independent variables.

Spearman correlation analysis of matched serum and milk samples generated pre SICCT values of rs 0.73. Post SICCT values ranged from rs 0.55 to 0.79 with the highest levels recorded at post SICCT test 1 (rs 0.77) and post SICCT test 6 (rs 0.79).

Weekly fecal culture of consistently ELISA positive cows yielded negative results. A total of 10 animals yielded PCR positive results, 2 of which recorded positive results at each sampling time point. Veterinary examination did not yield any clinical signs of JD in these animals.

DISCUSSION

The Irish cattle population is subjected to a comprehensive and compulsory bTB eradication program, involving administration of the SICCT on at least an annual basis (15). The purpose of the current study was to investigate the impact of SICCT (i.e., administration of bPPD and aPPD) on both the within-herd prevalence of positive cows and ELISA S/P ratios in an Irish dairy herd. The results of the current study can provide useful guidance to farmers and veterinarians on the optimum period to conduct MAP ELISA testing in regions engaging in comprehensive testing for bTB using SICCT.

Two international studies, one conducted in Brazil (21), and the second in the UK (24), have previously shown that tests for bTB interfere with MAP ELISA diagnostics. Varges et al. (21) reported ELISA interference occurring between 30 and 90 days post-PPD administration in bTB and MAP negative cattle. Of the 63 animals included in that study, 5 were classified as MAP ELISA positive post-PPD administration using both SICCT and single intradermal tuberculin test. Although the current study highlights a similar trend, the timescale over which interference is recorded differs. The increase in the number of animals detected ELISA positive post-SICCT and subsequent decrease to pre-SICCT prevalence occurred approximately 2 weeks earlier than the period of interference outlined by Varges et al. (21). The herd included in the current study had a history of recording serum MAP ELISA positive individuals (within-herd prevalence of 8%). This contrasts with the Brazilian study where cattle were confirmed MAP fecal culture negative prior to inclusion in the trial. It is possible, therefore, that cows used in the current study had been pre-sensitized to MAP or additional mycobacterial-related antigens. This being the case, it would be expected that a more rapid immune response would result, i.e., a secondary humoral memory response (25). The longer duration taken to record an IgG response and the lower proportion of ELISA positive cows identified post-PPD administration by Varges et al. (21) may be indicative of a slower primary immune response (Figure 4). As mentioned previously, Irish cattle are tested annually using SICCT from the age of 6-weeks, which may also account for the suggested memory response in Irish cattle in contrast to their Brazilian counterparts. Additionally, the studies differed in the ELISA kits used for MAP antibody detection and used limited sample populations. More extensive studies are, therefore, required to compare the performance of all commercially available MAP ELISA kits with regard to administration of both aPPD and bPPD and the need for development of more specific antigens to improve the specificity and sensitivity of currently available MAP ELISAs has been clearly highlighted. The inclusion of a greater number, and diversity, of animals and herds would also strengthen findings, as would continuation of a study over a number of years incorporating multiple TB tests.


[image: image1]

FIGURE 4 | Variation in period of influence of SICCT in present study compared to Varges et al. (21) is shown. V1–V3; Approximate S/P results of positive cows identified using “in- house” ELISA by Varges et al. (21). Current; mean ELISA S/P results from entire herd in the present study. Insert; a schematic of primary and secondary/memory immune response [adapted from Tizard (25)].



Varges et al. (21) examined both the single intradermal and comparative bTB test. Interestingly, cross-reacting antibodies were detected using both SICCT and single intradermal test, while administration of aPPD alone did not elicit cross-reacting antibodies. This would suggest that bPPD may be responsible for generation of cross-reacting antibodies in the MAP ELISA kits examined in both studies. This is supported by a study by Olsen et al. (18), which highlighted reduced MAP ELISA specificity in animals experimentally infected with bTB. Interestingly, animals with natural bTB infection did not elicit cross-reacting antibodies (18), which may again suggest that the intradermal administration of bPPD, is indeed, the stimulant for generation of cross-reacting antibodies. Commercially available MAP ELISA kits incorporate an M. pheli absorption step to increase the specificity of the assay. Again, Olsen et al. (18) showed this to be an ineffective method of improving MAP ELISA specificity with regard to bTB. It may be that while pre-absorption with M. pheli is somewhat successful in reducing binding of M. avium antibodies, repeated administration of bPPD negates its effect in preventing non-specific binding. The potential for a cumulative effect of PPD administration (either avian or bovine) from multiple bTB tests over a number of years, therefore, requires thorough investigation to fully characterize the impact of SICCT on MAP ELISA testing.

In Ireland, herds restricted due to a positive bTB diagnosis (Directive 64/432/EEC), undergo two repeat tests at a 60-day interval. For herds operating under these restrictions, the results of the current study highlight that milk samples may be a more suitable test matrix than serum ELISA to avoid test interference. Similar to the results obtained by Lombard et al. (26), there was moderate agreement between serum and milk samples. Milk samples, however, took a shorter interval to return to pre-SICCT levels than serum in the current study. This may reflect the difference in IgG sub-classes between serum and milk and a lower milk IgG response (26). The post-SICCT period of elevated milk S/P ratios, however, may reflect a period of increased IgG production or IgG secretion from plasma to the mammary gland post-SICCT. This manifests as increased test sensitivity, stronger correlations highlighted between milk and serum results post-PPD administration. May et al. (24) also recorded significantly higher milk ELISA readings 4.5 weeks post-PPD administration in a UK herd. The limited statistical analysis completed by May et al. (24) and use of only a single testing timepoint post-SICCT presents difficulties in allowing direct comparisons between both datasets. Additionally, a number of regions in the UK administer the SICCT on one occasion every 4 years (27), a much longer testing interval than experienced by Irish herds. The differences highlighted between Varges et al., (21), May et al., (24) and the current study highlight the usefulness of examining the impact of SICCT on MAP ELISA results in multiple jurisdictions in order to more fully elucidate the impact of bTB testing on MAP diagnosis by ELISA.

It has previously been reported that exposure to environmental mycobacteria may yield low level protection against M. tuberculosis (28, 29). Hope et al. (30) also reported protection against M. bovis following exposure to M. avium, and that pre-exposure to M. avium results in an imprinting of memory against avian antigens onto T-lymphocytes. An amnestic response to environmental mycobacterial infection combined with continuous boosting of T cells in response to administration of PPD may, therefore, have the potential to assist in control of MAP at the animal level. In that regard, Ireland records a relatively low prevalence of MAP compared to additional milk exporting nations (31). For example, a total of 232 clinical cases of JD were reported in Ireland from 1995 to 2002 (32), yielding an average annual rate of approximately 0.0005%, given a cattle population of six million cattle (33). Additionally, Good et al. (34) reported that 20% of Irish herds contain at least one ELISA positive animal, again a relatively low prevalence (31). Given that environmental conditions in Ireland are conducive to the growth of mycobacteria (35), and that Irish farmers engage in high risk management practices with regard to spread of JD, e.g., widespread pooling of colostrum and milk for calf-feeding (36) (Kennedy et al. unpublished data), a higher prevalence of clinical cases and MAP ELISA positives might be expected. Another Irish study (37) recorded no significant associations between MAP seropositivity and milk production parameters, again contrasting with international studies (38, 39). It is our hypothesis that repeated annual administration of aPPD and bPPD in Ireland may induce a protective effect against MAP thereby lessening the clinical manifestations of MAP infection and resultant production losses. To more thoroughly investigate this hypothesis, it is necessary to complete in depth investigations as to whether the increase in antibody levels recorded post-PPD administration in the current study equates to an increased T-cell response, which would be required to achieve such a protective effect (40).

An advantage of the current study was the use of a compact spring-calving herd. This ensures that all cows examined were at a similar stage of lactation and physiological status. This allowed trends in MAP S/P % ratios over the latter half of lactation in a homogenous population to be examined. In agreement with a previous study (26), cows in late lactation were more likely to yield a MAP ELISA positive result using milk samples. The declining milk yields in late lactation result in a lessening of the dilution effect on antibody levels thereby increasing antibody concentrations (41). Interestingly, an increase in the prevalence of serum ELISA positives was also recorded in late lactation. This finding is in agreement with a Danish study (42). The increase in prevalence of serum ELISA positives in the current study corresponds with housing, which may increase the likelihood of exposure to mycobacterial antigens by increasing the potential for fecal contact. Nielsen et al. (42) also showed parity 2 and greater to be more likely to test ELISA positive relative to parity 1 cows, which is also highlighted in the current study. Parity 3 and 4 animals, however, were in general less likely to test positive than parity 2. The majority of Irish farmers target compact calving seasons (43) and strict culling practices are often in place (33). These culling practices may lead to less ELISA positive animals remaining in the system post second lactation. Results from this study indicate that age of animal at sampling and timing of JD ELISA tests relative to stage of lactation and time of bTB testing are important considerations when interpreting ELISA results.

CONCLUSION

Administration of PPD as part of the bTB test corresponds to an increased prevalence of ELISA positives for JD. Diagnostic sampling for JD utilizing milk ELISA should be avoided in the 43-day period following the bTB test, with serum ELISA sampling not recommended for an additional 28 days. Based on the increase in antibody titers in MAP ELISA recorded post-PPD administration, it is our hypothesis that repeated annual administration of aPPD and bPPD may induce a protective effect helping to curtail the clinical manifestations of MAP infection.

ACKNOWLEDGMENTS

This Teagasc research was funded by the Irish Dairy Levy; farm personnel.

REFERENCES

1. Ayele WY, Machackova M, Pavlik I. The transmission and impact of paratuberculosis infection in domestic and wild ruminants. Vet Med (2001) 46:205–24. doi:10.1016/j.rvsc.2012.11.002

2. Clarke CJ. The pathology and pathogenesis of paratuberculosis in ruminants and other species. J Comp Pathol (1997) 116:217–61. doi:10.1016/S0021-9975(97)80001-1

3. Chamberlin W, Graham D, Hulten K, El-Zimaity H, Schwartz M, Naser S, et al. Mycobacterium avium subsp. paratuberculosis as one cause of Crohn’s disease. Aliment Pharmacol Ther (2001) 15:337–46. doi:10.1046/j.1365-2036.2001.00933.x

4. Feller M, Huwiler K, Stephan R, Altpeter E, Shang A, Furrer H, et al. Mycobacterium avium subspecies paratuberculosis and Crohn’s disease: a systematic review and meta-analysis. Lancet Infect Dis (2007) 7:607–13. doi:10.1016/S1473-3099(07)70211-6

5. Groenendaal H, Zagmutt F. Scenario analysis of changes in consumption of dairy products caused by a hypothetical causal link between Mycobacterium avium subspecies paratuberculosis and Crohn’s disease. J Dairy Sci (2008) 91:3245–58. doi:10.3168/jds.2007-0698

6. Nielsen SS. Dairy farmers’ reasons for participation in the Danish control programme on bovine paratuberculosis. Prev Vet Med (2011) 98:279–83. doi:10.1016/j.prevetmed.2010.12.005

7. Kennedy D. International efforts at paratuberculosis control. Vet Clin North Am Food Anim Pract (2011) 27:647–54. doi:10.1016/j.cvfa.2011.07.011

8. McKenna SL, Keefe GP, Tiwari A, VanLeeuwen J, Barkema HW. Johne’s disease in Canada part II: disease impacts, risk factors, and control programs for dairy producers. Can Vet J (2006) 47:1089.

9. Nielsen SS, Jepsen O, Aagaard K. Control programme for paratuberculosis in Denmark. Proceedings of the 1st ParaTB Forum – By International Dairy Federation (IDF) (2007) 410:23.

10. Voluntary Dairy Herd Pilot (2013/2014) – Overview. Available from: http://www.animalhealthireland.ie/

11. Gilardoni LR, Paolicchi FA, Mundo SL. Bovine paratuberculosis: a review of the advantages and disadvantages of different diagnostic tests. Rev Argent Microbiol (2012) 44:201–15.

12. Nielsen SS, Toft N. Ante mortem diagnosis of paratuberculosis: a review of accuracies of ELISA, interferon-γ assay and faecal culture techniques. Vet Microbiol (2008) 129:217–35. doi:10.1016/j.vetmic.2007.12.011

13. Moda G, Daborn CJ, Grange JM, Cosivi O. The zoonotic importance of Mycobacterium bovis. Tuber Lung Dis (1996) 77:103–8. doi:10.1016/S0962-8479(96)90022-2

14. Good M. Bovine tuberculosis eradication in Ireland. Ir Vet J (2006) 59:154.

15. Good M, Higgins I, Maher P. The tuberculin test – a safe means to test a cattle population for bovine tuberculosis. Ir Vet J (2007) 60:680–4.

16. Monaghan M, Doherty M, Collins J, Kazda J, Quinn P. The tuberculin test. Vet Microbiol (1994) 40:111–24. doi:10.1016/0378-1135(94)90050-7

17. de la Rua-Domenech R, Goodchild AT, Vordermeier HM, Hewinson RG, Christiansen KH, Clifton-Hadley RS. Ante mortem diagnosis of tuberculosis in cattle: a review of the tuberculin tests, γ-interferon assay and other ancillary diagnostic techniques. Res Vet Sci (2006) 81:190–210. doi:10.1016/j.rvsc.2005.11.005

18. Olsen I, Tryland M, Wiker HG, Reitan LJ. AhpC, AhpD, and a secreted 14-kilodalton antigen from Mycobacterium avium subsp. paratuberculosis distinguish between paratuberculosis and bovine tuberculosis in an enzyme-linked immunosorbent assay. Clin Diagn Lab Immunol (2001) 8:797–801. doi:10.1128/CDLI.08.4.797-801.2001

19. Aranaz A, Bezos J, Álvarez J, Romero B, Lozano F, Paramio JL, et al. Assessment of diagnostic tools for eradication of bovine tuberculosis in cattle co-infected with Mycobacterium bovis and M. avium subsp. paratuberculosis. Vet Res (2006) 37:593–606. doi:10.1051/vetres:2006021

20. Marassi C, Fráguas S, Gonzaga J, Ristow P, Ferreira R, Oelemann W, et al. Interference of anti-M. bovis antibodies in serological tests for paratuberculosis. Proceedings of the 8th International Colloquium of Paratuberculosis. Copenhagen: International Association for Paratuberculosis (2005). p. 511–5.

21. Varges R, Marassi CD, Oelemann W, Lilenbaum W. Interference of intradermal tuberculin tests on the serodiagnosis of paratuberculosis in cattle. Res Vet Sci (2009) 86:371–2. doi:10.1016/j.rvsc.2008.08.006

22. Farrell KO, Dillon P, Mee J, Crosse S, Nolan M, Byrne N, et al. Strategy for restocking of Moorepark after depopulation following bovine spongiform encephalopathy. Ir Vet J (2001) 54:70–5.

23. Douarre PE, Cashman W, Buckley J, Coffey A, O’Mahony JM. Isolation and detection of Mycobacterium avium subsp. paratuberculosis (MAP) from cattle in Ireland using both traditional culture and molecular based methods. Gut Pathog (2010) 2(1):11. doi:10.1186/1757-4749-2-11

24. Orpin PG, Pearse HL, Jones PH, Clough HE. The influence of tuberculosis testing in dairy cattle on milk ELISA tests for Johne’s disease. Available from: www.myhealthyherd.com; http://academic.research.microsoft.com/Publication/10575053

25. Tizard IR. Veterinary Immunology. 9th ed. St. Louis, MO: Elsevier Saunders (2013).

26. Lombard JE, Byrem TM, Wagner BA, McCluskey BJ. Comparison of milk and serum enzyme-linked immunosorbent assays for diagnosis of Mycobacterium avium subspecies paratuberculosis infection in dairy cattle. J Vet Diagn Invest (2006) 18:448–58. doi:10.1177/104063870601800504

27. Changes to Bovine TB Surveillance. Available from: http://www.defra.gov.uk/animal-diseases/files/tb-infornote-1204-changes-to-surveillance.pdf

28. Orme I, Roberts A, Collins F. Lack of evidence for a reduction in the efficacy of subcutaneous BCG vaccination in mice infected with nontuberculous mycobacteria. Tubercle (1986) 67:41–6. doi:10.1016/0041-3879(86)90030-9

29. Orme IM, Collins FM. Efficacy of Mycobacterium bovis BCG vaccination in mice undergoing prior pulmonary infection with atypical mycobacteria. Infect Immun (1984) 44:28–32.

30. Hope J, Thom M, Villarreal-Ramos B, Vordermeier H, Hewinson R, Howard C. Exposure to Mycobacterium avium induces low-level protection from Mycobacterium bovis infection but compromises diagnosis of disease in cattle. Clin Exp Immunol (2005) 141:432–9. doi:10.1111/j.1365-2249.2005.02882.x

31. Nielsen SS, Toft N. A review of prevalences of paratuberculosis in farmed animals in Europe. Prev Vet Med (2009) 88:1–14. doi:10.1016/j.prevetmed.2008.07.003

32. Barrett DJ, Good M, Hayes M, More SJ. The economic impact of Johne’s disease in an Irish dairy herd: a case study. Ir Vet J (2006) 59:282.

33. Maher P, Good M, More S. Trends in cow numbers and culling rate in the Irish cattle population, 2003 to 2006. Ir Vet J (2008) 61:455. doi:10.1186/2046-0481-61-7-455

34. Good M, Clegg T, Sheridan H, Yearsely D, O’Brien T, Egan J, et al. Prevalence and distribution of paratuberculosis (Johne’s disease) in cattle herds in Ireland. Ir Vet J (2009) 62:597. doi:10.1186/2046-0481-62-9-597

35. Cooney R, Kazda J, Quinn J, Cook B, Muller K, Monaghan M. Environmental mycobacteria in Ireland as a source of non-specific sensitisation to tuberculins. Ir Vet J (1997) 50:370–3.

36. Cashman W, Buckley J, Quigley T, Fanning S, More S, Egan J, et al. Risk factors for the introduction and within-herd transmission of Mycobacterium avium subspecies paratuberculosis (MAP) infection on 59 Irish dairy herds. Ir Vet J (2008) 61:464. doi:10.1186/2046-0481-61-7-464

37. Hoogendam K, Richardson E, Mee JF. Paratuberculosis sero-status and milk production, SCC and calving interval in Irish dairy herds. Ir Vet J (2009) 62:265. doi:10.1186/2046-0481-62-4-265

38. Ott SL, Wells SJ, Wagner BA. Herd-level economic losses associated with Johne’s disease on US dairy operations. Prev Vet Med (1999) 40:179–92. doi:10.1016/S0167-5877(99)00037-9

39. Hasonova L, Pavlik I. Economic impact of paratuberculosis in dairy cattle herds: a review. Vet Med (2006) 51:193–211.

40. Stabel JR. Transitions in immune responses to Mycobacterium paratuberculosis. Vet Microbiol (2000) 77:465–73. doi:10.1016/S0378-1135(00)00331-X

41. Nielsen SS, Toft N. Effect of days in milk and milk yield on testing positive in milk antibody ELISA to Mycobacterium avium subsp. paratuberculosis in dairy cattle. Vet Immunol Immunopathol (2012) 149:6–10. doi:10.1016/j.vetimm.2012.05.013

42. Nielsen SS, Enevoldsen C, Gröhn YT. The Mycobacterium avium subsp. paratuberculosis ELISA response by parity and stage of lactation. Prev Vet Med (2002) 54:1–10. doi:10.1016/S0167-5877(02)00008-9

43. ICBF. (2014). Available from: http://www.icbf.com/wp/wp-content/uploads/2013/07/Dairy-Calving-Stats.pdf

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Received: 30 July 2014; accepted: 22 October 2014; published online: 10 November 2014.

Citation: Kennedy AE, Da Silva AT, Byrne N, Govender R, MacSharry J, O’Mahony J and Sayers RG (2014) The single intradermal cervical comparative test interferes with Johne’s disease ELISA diagnostics. Front. Immunol. 5:564. doi: 10.3389/fimmu.2014.00564

This article was submitted to Molecular Innate Immunity, a section of the journal Frontiers in Immunology.

Copyright © 2014 Kennedy, Da Silva, Byrne, Govender, MacSharry, O’Mahony and Sayers. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fimmu-05-00564-g004.jpg
S/P

— lgh
— Ig6

Primary

"1,
-2
—r—V3
== Current

Day 0

Days post PPD administration Day 99





OPS/images/fimmu-05-00564-t001.jpg
Pre SICCT
SICCT test day 1 PPD
administration
SICCT day 2
SICCT day 2 — serum
sample only

Post SICCT Match 1

Post SICCT Match 2
Post SICCT Match 3
Post SICCT Match 4
Post SICCT Match 5

Post SICCT Match 6
Post SICCT Match 7

Serum Milk

sampling sampling
date date
May 29 May 31

June 11

June 14
June 14

June 20

June 25
July 1 July 1
July 24 July 24
August 8 August 8

August 21 August 21
September 5 No sample
October 1 October 1
November 1 November 1

Days post-PPD
administration

112
143





OPS/images/fimmu-05-00564-g002.jpg
Serum ELISA S/P Ratio

250

200

150

100

S0

SICCT

|

2 g

2

Pre-sicCT
May

June
14

June
20

July
11

July
24

Aug Aug
8 21

Sep
1

Oct

Nov
1





OPS/images/fimmu-05-00564-g003.jpg
Milk ELISA S/P Ratio

1s0

135

120

108

90

75

60

s

30

15

siccT

=

=

Pre-SICCT
May

June
20

July
11

July
24

Aug

Aug 21

Oct
1

Nov 1





OPS/images/fimmu-05-00564-t002.jpg
Dependent variable
milk ELISA

Independent variable
Time point

June 20 vs. May?
July 11 vs. May
July 24 vs. May
August 8 vs. May
August 21 vs. May
Oct vs. May

Nov vs. May

Parity

19 vs. 2

2vs. 3

2vs. 4

Continuous variable
(S/P % ELISA readings)

Categorical variable
(milk ELISA MAP positive/negative)

Coefficient P Value significant: 95% C.1. Odds ratio P value 95% C.I.
P<0.05

17:2 <0.001 14.3, 20.2 1.1 <0.001 5.8, 21.0
5.43 <0.001 25,84 2.7 0.004 14,51
0.29 0.850 -2.7,33 1.1 0.819 05,23
0.94 0.537 -2.1,3.9 1.1 0.831 0.5, 2.3
0.42 0.784 -26,34 1.1 0.829 05,23
1.51 0.322 —15,45 1.8 0.105 0.9, 35
5.65 <0.001 2.6,8.7 25 0.007 13,49

-11.2 <0.001 -5.4, -170 0.3 0.004 1.6, 10.3
1.2 0.001 175, 4.7 3.3 0.025 0.1,0.9
8.3 0.002 13.5, 3.1 2.5 0.014 0.2,0.8

Model
(P value <0.001)

Sampling time point
Parity
Breed
Calving date

2May is the ELISA sample taken pre SICCT.°Parity 1: 1° lactation. No significant interactions identified with other independent variables. C.I., confidence interval.
Coefficient, difference across the sample population. Statistically significant P values highlighted in bold.





OPS/images/fimmu-05-00564-t003.jpg
Dependent variable
serum ELISA

Independent variable
Time point

June 14 vs. May?
June 25 vs. May

July 11 vs. May

July 24 vs. May
August 8 vs. May
August 21 vs. May
September 5 vs. May
October 1 vs. May
November 1 vs. May
Parity

19 vs. 2

3vs. 2

4vs.2

Calving Date
February vs. January
March vs. January
April vs. January
February vs. March

Continuous variable
(S/P % ELISA readings)

Categorical variable

(serum ELISA MAP positive/negative)

Coefficient

4.4
33.8
37.9
17.0
8.7
1.8
4.0
6.0
el

—29.4
—27.6
—10.0

—4.0
—24.0
-156.9

21.7

P value significant:
P<0.05

0.197
<0.001
<0.001
<0.001

0.010

0.602

0.241

0.080

0.001

0.006
0.015
0.296

0.677
0.066
0.304
0.036

2May is the ELISA sample taken pre SICCT test.
bParity 1 — 1st lactation. No significant interactions identified between independent variables. C.I., confidence Interval. Coefficient, difference across the sample
population. Statistically significant P values highlighted in bold.

95% C.I.

-2.3, 1.0
272, 40.5
313,446
10.3, 23.7
21,154

—4.9,84
—2.7,10.6
-0.7.12.6
4.5,177

-50.4, -84
—-50.0, -56.3
—28.8,8.8

—22.9,149
—49.7. 1.6
—46.3, 14.5
14,419

Odds ratio

10.7
6.4

0.4
0.3
0.5

0.3
0.2
0.4
1.7

P value

0.668
<0.001
<0.001

0.004

0.392

0.659

0.998

0.641

0.392

0.053
0.018
0.047

0.003
0.002
0.145
0.241

95% C.I.

0.6, 2.1

6.1,

0.5,
0.5,
0.5,

0.7 2.

0:2; 1.

8.8
371
1.3, 3.
0.7 2.

W o oo wo L

0.1,0.8

02,1

0.1,0.6
0.1,05

0.1,
0.7 4

4

4

Model
(P value <0.001)

Sampling time point
Parity
Breed
Calving date





OPS/images/cover.jpg
p “o
PPAANAYN PR 1A
IronueErs oo

IMMUNOLOGY

The single intradermal cervical
comparative test interferes with
Johne’s disease ELISA diagnostics





OPS/images/logo.jpg





OPS/images/fimmu-05-00564-g001.jpg
Herd Prevalence (%)

40

35

30

25

20

15

10

=4=Blood % == Milk %

Milk - no significant difference
43 days post TB test

Blood - no significant difference
71 days post TE test

59 74 89 104 119 134 149
Trial Day





