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Horizontal transmission of Mycobacterium avium subsp. paratuberculosis in cattle in an experimental setting: calves can transmit the infection to other calves
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In September 2001 two subsequent transmission experiments both lasting 3 months were carried out to study cow-calf transmission of Mycobacterium avium subsp. paratuberculosis (Map) (Period 1), followed by calf-calf transmission of the infection (Period 2). Every two weeks, serum, heparinised blood and faecal samples were collected from all animals. After these experiments the 20 calves were housed individually for more than 3 years to be able to detect the infection status and excretion pattern of each animal. In autumn 2004 the animals were inseminated, to observe a possible increase in faecal excretion of Map shortly before expected calving. One month before the expected calving date in 2005, animals were slaughtered and several tissues per cow and unborn calf were sampled for culture.

The results indicate that horizontal cow-calf transmission is readily achieved (Period 1).

At the highest infection pressure (6 shedding cows of which 3 high shedders in Period 1) all 5 calves excreted Map in their faeces during Period 1 (shortly after infection), and 4 of these calves during Period 2 (when the shedding cows were absent). After that, excretion became less frequently. Horizontal calf-calf transmission did take place (Period 2), as the 4 donor-calves infected 2 receiver-calves. Transmission rates during the three months periods were quantified as a reproduction ratio R. The R [95% CI] of cow-calf and calf-calf transmission were estimated as 2.7 [1.1, 6.6] and 0.9 [0.1, 3.2] new infections per infectious animal during three months.

Introduction

Paratuberculosis or Johne's disease is an inflammatory bowel disease primarily affecting ruminants. The disease is caused by Mycobacterium avium subsp. paratuberculosis (Map).

Infection of calves can take place by oral ingestion of the bacterium from infected manure, colostrum or milk [START_REF] Sweeney | Transmission of paratuberculosis[END_REF]. It is generally assumed that animals start shedding the bacteria at about two years of age [START_REF] Chiodini | Ruminant paratuberculosis (Johne's disease): The current status and future prospects[END_REF], and therefore do not become infectious before that age. However, faecal shedding of the bacterium has been shown shortly examined for Map after slaughter during 10 years. By fitting the data to a transmission model, the transmission rate β of the infection was estimated. As faecal samples of animals found infected at slaughter were not taken during life time, the infectious periods of the animals had to be assumed. By default, the classical idea of paratuberculosis was adopted: animals are first latently infected and start shedding the bacteria at 2 years of age. However, when assuming that infected calves were infectious during a certain period immediately after infection, the data fitted much better to the model. Therefore, the objective of the present experimental study was to determine whether calves can infect other calves or not.

The role of calves in transmitting the infection, suggested by our statistical study to be important, was studied in detail in transmission experiments. Cow-calf transmission was studied first, followed by calf-calf transmission, and in both experiments calves were not artificially inoculated. After these experiments animals were housed individually for more than 3 years.

Heparinised blood, serum and faecal samples were regularly collected from each animal to detect the infection status and the excretion pattern of Map.

Material and Methods

The experiments described below were performed according to the Dutch law and were approved by the Institutional Ethical Committee. In September 2001 two groups of 5 naive calves were placed between two groups of 6 infected cows in a row during 3 months (Period 1: month 1 -3, i.e. Sept, Oct, Nov 2001). Calves were one week old at the start and born in certified Map-free dairy herds, i.e. herds with at least four negative annual herd tests by faecal culture. Cows were artificially infected at one week of age in January 1999 for another experiment (oral inoculation of 5 g faeces of a clinical cow, i.e. 5.10 8 cfu, per day during 3 weeks, Bakker and Zijderveld, unpubl.). Each calf was housed in an open box between two cows (to avoid injuries), and their position in the row was randomly changed every two weeks.

Calves were not artificially infected by us. Calf boxes sized 0.70 x 1.50 x 0.95 m (w, l, h). Calves were kept on saw dust and boxes were cleaned weekly with a brush.

During a second period of 3 months (Period 2: month 4 -6, i.e. Dec, Jan, Feb 2002), each group of 5 calves (now called donor-calves) was housed together with 5 new calves (now called receiver-calves; one week old at the start) in a separate group-stable of 20 m 2 . The calves were kept on straw, and the group-stable was cleaned weekly with a brush.

All calves were fed artificial milk replacer until 8 weeks of age. Calf pellets of concentrate and water were supplied from 3 weeks of age, and grass pellets from 4 weeks of age. Every two weeks in Period 1 and 2, serum, blood and faecal samples were collected from all animals. Serum and heparinised blood samples (both 10 ml) were collected by jugular vein punction using vacutainer Venoject and SST-gel tubes respectively. Faecal samples were collected rectally. After this period, the 20 calves were transferred to a farm (only crops, no other animals) and housed in a row with dividing walls to avoid direct or faecal contact (Period 3: month 7 until month 43 -48, i.e. March 2002until slaughter in March -August 2005). Animals were fed grass pellets, hay, dairy cattle pellets of concentrate and mineral pellets of concentrate, all delivered by us. Every two months serum, blood and faecal samples were collected from all 20 animals. Serum and heparinised blood samples (both 10 ml) were collected by jugular vein punction (sometimes the tail vein), again using vacutainer Venoject and SST-gel tubes, and faecal samples were collected rectally. In month 36 -41, i.e. autumn 2004 the animals were inseminated. Insemination was done to observe a possible increase in faecal excretion of Map shortly before calving.

In month 43 -48, i.e. one month before the expected calving date in April -Sept 2005, animals were euthanised and 12 tissue + 6 intestine content samples were taken per cow, and 5 samples per fetal calf, for diagnosis (macroscopic, culture). From each animal the following samples were taken: content and wall of duodenum, mid-jejunum, ileum, caecum and colon, rectum content, the ileocaecal valve, mesenterial lymph node (cranial, mid and caudal), ileal lymph node, tonsil, and retropharyngeal lymph node. From each fetal calf a sample of amnion fluid, abomasum content, small and large intestine wall and placenta were taken.

Culture of the bacterium (from faeces, tissues etc). On the day of sampling, samples were stored in the lab for one night at 4 o C. The next morning samples were processed, essentially according to a method of Jorgenson (1982), using 45 ml/L glycerol (instead of 13ml/L) in the growth medium and cycloheximide (0,75 gr/L), chloramphenicol (0,20 gr/L) and penicillin G (200.000 I.U./L) as antibiotics. Each sample was inoculated on two slopes with Lowenstein-Jensen medium, two slopes with Stonebrink medium and two slopes with Ogawa egg medium.

Map was cultured with mycobactin (2 mg/L) in the medium and checked every 4 weeks. If no growth was observed after 6 months of culture, the sample was considered negative. The presence of Map in positive cultures was confirmed by amplification of the Map specific IS900 by PCR [START_REF] Vary | Use of highly specific DNA probes and the polymerase chain reaction to detect Mycobacterium paratuberculosis in Johne's disease[END_REF].

Interferon-gamma test. To analyse the cell-mediated immune response we used a whole blood assay essentially as described by [START_REF] Jungersen | Interpretation of the gamma interferon test for diagnosis of subclinical paratuberculosis in cattle[END_REF]. Accordingly heparinised blood samples (of 8 ml) were processed and stimulated with PPDs in the lab on the day of sampling and stored the next day at -20 o C until the end of the experiment (in 2005) to be able to test all samples at once with the same batch of the diagnostic test kit. The interferon-gamma content was determined using a bovine interferon gamma test kit according to the manufacturers (BOVIGRAM™, CSL Ltd., Parkville, Australia). Absorbance values were detected at 450 nm.

Absorbance values > 0.1 when corrected for background values and > 2 times background absorbance values were regarded to show increased production of interferon-gamma. The control antigens used were PPDs (4.5 ug) derived from M. bovis strain AN5, from M. avium subsp. avium strain D4, and from M. avium subsp. paratuberculosis strain 316F (produced by CIDC-Lelystad, The Netherlands).

Serology. On the day of sampling, serum samples were stored in the lab for one night at room temperature and processed the next morning. Sera were stored at -20 o C until the end of the experiment (in 2005) to be able to test all samples at once. To analyse the IgG antibody response in serum an ELISA kit of the Pourquier Institute was used [START_REF] Couquet | Evaluation of the Sensitivity, Specificity and Ability to Detect Antibody of an ELISA for the Diagnosis of Paratuberculosis[END_REF]. Substrate absorbance was measured in a Bio-Tek Model EL312 Automated Microplate Reader (BIO-TEK Instruments, Inc.) at 450 nm (E450).

Data analysis.

To quantify the transmission during the three months periods of study, we estimated the reproduction ratio R by maximum likelihood (MLE) according to the final size method as described in [START_REF] Kroese | Design and analysis of transmission experiments[END_REF]. R is defined here as the number of new infections caused by one infectious animal during three months. The final size approach uses the number of susceptible (S), infectious (I) and 'recovered' animals (R, for paratuberculosis animals which are already infected but not infectious) at the start and at the end of the transmission experiment. The design of 5 or 6 I-animals and 5 S-animals in two replicates at the start was based on power calculations of Kroeze and de Jong ( 2001), and these numbers are sufficient to estimate R. The allocation of animals in S, I and R is based on faecal culture results, as faecal shedding of Map is thought to be the most important (or even only) route for horizontal transmission, and because the other tests (blood, post mortem) did not give additional information (see Results). More detailed data during the experiment (like negative faecal cultures in between positive ones) are ignored, because that can be caused by testsensitivity problems. It is assumed that the infectious period is equal for all I animals within the period of study (thus an exponential distribution of the infectious period is not assumed here), which is possible because of the relatively short period of 3 months.

Results

Group A:

Table 1 shows the faecal culture (FC) results of the 6 cows of group A during Period 1. All 6 cows excreted Map through their faeces, and can be considered infectious to the calves. Three of these cows were high shedders. Fifteen samples (of the 29 positives) yielded more than 100 cfu per tube (0.16 g faeces). Compared to the 6 cows of group B (see later) the cows of group A caused the highest infectious pressure.

Table 1 about here.

Table 2 shows the faecal culture results of the calves of group A. These calves acted as receiver in Period 1, and as donor in Period 2. All five calves took up Map from the cows in Period 1, and they all started shedding Map in their faeces during the same period. At day 4, all five calves were still FC-negative, but at the second sampling date (day 19) three calves were already shedding (not in Table 2). During Period 2 four of these calves were still shedding, whereas the infectious cows were not present anymore during this period of three months.

These four calves can thus be considered infectious to the receiver-calves. In Period 3 three of these calves were still shedding, thus at least 3 months after the end of Period 1. Note that Map shedding (product of colonies per g and amount of faeces) by the cows in Period 1 was much higher than that of the calves in Period 2, thus making Period 1 by far the most important period for Map uptake by these calves.

Table 2 about here.

Figure 1A shows the number of FC-positive calves of group A in time. Map uptake took place at 0-3 months (Period 1). A peek in shedding can be seen at 0-6 months of age, where after it declined to 0. At 18 months shedding started again. Only two calves of group A showed an immunological response in blood later in life (Figure 2). These were calf 5628 and 5631, the two animals with the highest number of positive faecal cultures (see Table 2). This graph emphasizes the huge variation between animals in their response to Map exposure. Calf 5628 became positive in the gamma-interferon test in According to Figure 1C a peek in shedding of the receiver-calves can be seen at 7-9 month of age (note that the receiver-calves were born at month 3), where after it declined to 0 at 12-30 months. After that, shedding started again.

None of the receiver-calves of group A showed a positive test result in the gammainterferon test or in the ELISA test in Period 1, 2 and 3. Also the post mortem cultures of the 4 animals still alive in 2005 were negative. Insemination was successful in 3 of these animals (6033, 6035 and 6036, not in 6032) and the post mortem cultures of fetal calves were negative as well.

Group B:

The faecal culture results of the six cows of group B are shown in Table 4. Only four of these cows shed Map in their faeces during Period 1, and can be considered infectious to the calves.

The other two cows did shed Map earlier and later than Period 1, so they were infected for sure, but not infectious during Period 1. Two of the infectious cows were high shedders. Seven samples (of the 20 positives) yielded more than 100 cfu per tube (0.16 g faeces), which is half of that of the cows of group A (see Table 1), so the infectious pressure caused by cows in group B can be considered half of that of group A.

Table 4 about here.

Table 5 shows the faecal culture results of the calves of group B. These calves acted as receiver in Period 1, and as donor in Period 2. Four of the five calves were infected by the cows in Period 1, as can be concluded from the shedding results of these four in Period 3, at least seven months after the end of Period 1. Only one calf started shedding in Period 1; its FC was positive at the last sampling date in this period. During Period 2 none of the calves were shedding, thus no calves can be considered infectious to the receiver-calves.

Table 5 about here.

Figure 1B shows the number of faecal culture-positive calves of group B in time.

Infection took place at 0-3 months (Period 1). A peek in shedding can be seen at 8-14 months of age, where after it declined to 0 at 15-27 months. At 27 months shedding started again.

Only one calf of group B showed an immunological response in blood later in life (Figure 3). Calf 5624 became positive in the gamma-interferon test in Period 3 (from month 12 until cull in month 43, i.e. Aug 2002-March 2005). The ELISA tests always remained negative. Also one calf of group B, calf 5625 which is not the same animal, showed positive post mortem cultures (in 2005): the content of mid-jejunum, of ileum, of caecum and of colon, the ileocaecal valve, mesenterial lymph node (cranial and caudal), and the ileal lymph node. These results again show the huge variation between animals in their response to Map exposure. Insemination of animal 5624 (in 2004) was not successful, whereas it was in the other 4 animals of group B.

These 4 fetal calves were negative in post mortem cultures, so also the one from animal 5625.

Figure 3 about here.

Table 6 shows the faecal culture results of the receiver-calves of group B, which were added in Period 2. None of the receiver-calves were infected in Period 2, as can be expected because no infectious donor-calves were present (see Table 5). Obviously, cross-infection did not occur during the 37 months of separate housing in Period 3, where all 20 animals were kept between dividing walls on the same farm.

Table 6 about here.

None of the receiver-calves of group B showed a positive test result in the gammainterferon test or in the ELISA test during Period 1, 2 and 3. All these 5 animals were post mortem culture-negative. Insemination (in 2004) was not successful in animal 6027, but was in the other 4. The 4 fetal calves were all post mortem culture-negative.

Estimation of R:

To quantify the transmission during the three months periods of study, we estimated the reproduction ratio R by maximum likelihood (MLE) according to the final size method as described in [START_REF] Kroese | Design and analysis of transmission experiments[END_REF]. R is defined here as the number of new infections caused by one infectious animal during three months. The final size approach uses the number of susceptible (S), infectious (I) and 'recovered' animals (R, for paratuberculosis animals which are already infected but not infectious) at the start and at the end of the transmission experiment.

For paratuberculosis it is difficult to differentiate between (1) infection possibly followed by recovery and (2) 'pass through' of Map or passive Map shedding. If the latter exists under farming conditions without artificial inoculation (as simulated in these experiments) is unknown.

We observed shedding of Map in calves during Period 2, thus making them all (in principle) infectious to others, whether active or passive shedding is involved. So for transmission from animal to animal this does not play a role.

For the cow-calf transmission experiment (Period 1) we summarize:

Group A: At the start: 6 infectious animals (6 I) + 5 susceptible animals (5 S).

At the end: 5 animals infected, 0 susceptibles left (0 S) Group B: At the start: 4 infectious animals (4 I) + 5 susceptible animals (5 S) + 2 animals already infected but not infectious (2 R).

At the end: 4 animals infected, 1 susceptible left (1 S)

Using the above data, the MLE estimator for R (during three month) is 2.7 with a 95% CI of [1.1, 6.6]. The p-value for the one sided test H 0 : R<1 is 0.019 so H 0 can be rejected. The pvalue for H 0 : R>1 is 0.99 so this H 0 cannot be rejected.

For the calf-calf transmission experiment (Period 2) we summarize:

Group A: At the start: 4 infectious animals (4 I) + 5 susceptible animals (5 S) + 1 animal already infected but not infectious (1 R).

At the end: 2 animals infected, 3 susceptibles left (3 S).

Group B:

At the start: 0 infectious animals (0 I) + 5 susceptible animals (5 S).

At the end: 0 animals infected, 5 susceptibles left (5 S)

Using the data of group A, the MLE estimator of R (during three months) is 0.9 with a 95% CI of [0.1, 3.2]. The p-value for the one sided test H 0 : R<1 is 0.64 so H 0 cannot be rejected. The pvalue for H0: R>1 is 0.61 so this H0 cannot be rejected as well.

Discussion and Conclusion

Immunological responses in blood were rarely observed in the 20 animals of this experiment, of which 11 were faecal culture-positive. Only 3 animals, all faecal culture-positive, showed a response: two positive gamma-interferon (animal 5628, 5624) and one positive humoral response (5631). Also the post mortem culture of Map from tissues and intestine content yielded poor results: only 2 animals were found positive, which both were faecal culture-positive before.

These two animals (5625 and 5631) were the only animals positive at the last faecal culture, sampled about a week before cull in month 43, i.e. March 2005. Two other animals (5627 and 6032) being faecal culture-negative at the last two samplings, but positive before (i.e. up to 4.5 months before cull), were negative at the post mortem cultures. Thus, post mortem culture is not the golden standard we had hoped for. These results emphasize the huge variation between animals in reaction to exposure with Map, and the mismatch between positive faecal cultures, humoral response in blood and the cellular response, as clearly shown in Figs. 2 and3.

It is possible that the poor results of the immunological tests and of the post mortem cultures are caused by a low Map intake of the calves, combined with absence of physical stress like under normal dairy farming conditions. The animals were well fed and were never milked. No severe break-through of the infection may then be well possible, and this can have caused test sensitivity problems. Because of this, the allocation of 11 animals as being infected in this study is based on positive faecal culture results only. We realize that for paratuberculosis it is difficult to differentiate between (1) infection possibly followed by recovery and (2) 'pass through' of Map or passive Map shedding. If the latter exists under farming conditions without artificial inoculation (as simulated in these experiments) is unknown. We observed shedding of Map in 11 calves/animals, thus making them all (in principle) infectious to others, whether active or passive shedding is involved. So for transmission from animal to animal this does not play a role.

Based on stomach and intestine content and on food, milk and water uptake of a calf of less than 3 months of age, we estimate that passive Map shedding (if it exists under these circumstances) can theoretically take place during the first weeks after exposure. Eight of the 11 calves/animals excreted Map in the period 0.5 -3.5 year after being exposed. In two cases, this was three months after being exposed (animal 5630 and 5632), and in one case (5629) excretion took place only during the period of exposure to Map. Because an absolute threshold can not be given, all 11 shedding calves/animals were allocated as being infected, even animal 5629 because many faecal cultures (with two-week intervals) were positive during the period of three months. The 11 animals were all faecal culture-positive in more than one faecal sample with a relatively long time in between (see Tables 2, 3 and5).

The conclusion that the 3 calves 5624, 5626 and 5627 of group B were infected by the cows during Period 1, and not by calf 5625 in Period 2 when they stayed together, is based on (a) the much higher infection pressure caused by the cows (compare Table 4 with Table 5), (b) calf 5625 was not faecal culture-positive during the 5 tests in Period 2, and (c) non of the 5 new receiver-calves of group B were infected in Period 2. So it is concluded that the 4 calves 5624, 5625, 5626 and 5627 were infected in Period 1 by the cows, and non of them were infectious during Period 2, so transmission of Map to the receiver-calves was impossible in this group B.

It seems that the number of animals used in these transmission experiments is rather low, but this is not the case. Design and power of transmission experiments are described in Kroeze and de Jong (2001). To be able to quantify transmission properly, a design like 5 infectious animals plus 5 susceptible animals in 2 replicates (as aimed for here ) is sufficient.

The relative low number of animals is a strong advantage of transmission experiments, compared to observatory studies on farms where animals are lost by cull or trade. Other advantages are the controlled conditions like no change in farm management practices as on farms during long studies on paratuberculosis transmission.

Infection of calves by shedding cows seems to be relatively easy when housed together. Only one calf (out of 10) escaped from infection, and the reproduction ratio R for the period of three months is 2.7 and significantly above 1. No artificial inoculation of calves was done here, and calves must have been infected by oral uptake of faecal sputters of the infectious cows. Other contacts like via infectious milk or direct physical contact can be excluded here. The estimated R of 2.7 is based on an infectious period of cows of three months only. If cows are infectious for a longer period during their lifetime, the reproduction ratio R 0 (number of new infections during the whole infectious period) has to be adapted likewise. The estimated R of 2.7 is also based on mixed housing of calves and cows, leading to many (faecaloral) contacts per day. For dairy herds where cows and calves are separated much earlier, the estimated R has to be taken as a worst case estimate.

A common pattern in shedding of Map by infected calves can be observed in this study: a peek shortly after Map intake or infection, after which it declines to zero for a relatively long time, and then increases again. The first peek seems to be closer to the moment of Map intake or infection at higher infectious pressures (compare donor-calves A with donor-calves B or receiver-calves A in Figure 1). [START_REF] Weber | Evidence for Mycobacterium avium subsp. paratuberculosis shedding in young stock[END_REF] also recently found that a substantial proportion of cattle started shedding Map before 2 years of age.

Even more important than shedding Map, it has been shown now that calves can infect other calves shortly after infection, most probable by the faecal-oral route although direct physical contact transmission (if it exists) was possible here. [START_REF] Roermund | Within-herd transmission of paratuberculosis and the possible role of infectious calves[END_REF] found that the data fitted much better to their transmission model of paratuberculosis when assuming that infected calves were infectious during a certain period immediately after infection. That assumption has now been strengthened by the result of this transmission experiment.

Two out of five receiver-calves were infected by the faecal culture-positive donor-calves in Period 2, resulting in an R of 0.9, which is not significantly below or above 1. Again, this estimate is based on an infectious period of three months only. According to the shedding pattern of the donor-calves of Figure 1, the total infectious period of calves during their first year of life (when they are housed together in practice) is about twice as long, thus R 0 has to be adapted likewise. However, due to the small lower estimate of the confidence interval of R, it remains unlikely that R0 then becomes significantly above 1 from the data of this experiment.

The long confidence interval is caused by the loss of one replicate in the calf-calf transmission experiment (no infectious donor-calves in group B), which was not aimed for. This replicate now serves as a control treatment: no receiver-calves of group B became faecal culture-positive in Period 3, so no cross-infection occurred during the housing period of 3.5 years (in Period 3) when the transmission experiments were finished.

As a best case estimate let us assume that R 0 for transmission among calves is indeed 0.9 and significantly below 1. A chain of new infections will then always die out and a large outbreak among calves is not possible. However, one infectious calf housed together in a large group of other calves will still cause a number of new infections, which can be estimated by (1-R 0 ) -1 [START_REF] Diekmann | Mathematical Epidemiology of Infectious Diseases. Model Building, Analysis and Interpretation[END_REF]. This means that with R 0 =0.9, still 10 new calves will be infected on average in a large group of calves. So the group size of calves during housing in practice can play a role in the number of new infections on a farm. 

Figure 1

 1 Figure 1 about here.

  Period 3 (from month 7 until cull in month 43, i.e. March 2002 -March 2005), whereas the ELISA test always remained negative. Calf 5631 became ELISA positive in Period 3 (from Month 37 until cull in month 43, i.e. Sept 2004 -March 2005), whereas the gamma-interferon test always remained negative.

Figure 2

 2 Figure 2 about here. Only calf 5631 of group A showed positive post mortem cultures (in month 44, i.e. April 2005): duodenum wall and content of mid-jejunum, ileum and colon. Insemination of this animal (in month 36, i.e. August 2004) was not successful. The other 4 animals of group A were post mortem culture-negative, and so were their fetal calves.

Figure 1 .

 1 Figure 1. Number of faecal culture (FC) positive calves in time since the beginning of the first experiment (1 Sep 2001). Donor-calves were born at month 0 and infected in Period 1 (0-3 months on X-axis); receiver-calves were born at month 3 and infected in Period 2 (3-6 months on X-axis).

Figure 2 .

 2 Figure 2. Humoral and cellular response in blood (in absorbence at 450 nm) and faecal culture results of the two calves 5628 and 5631 of group A during their life time.

Figure 3 .

 3 Figure 3. Humoral and cellular response in blood (in absorbence at 450 nm) and faecal culture results of calf 5624 of group B during its life time.

  

  

  

Table 3

 3 shows the faecal culture results of the receiver-calves of group A, which were added in Period 2. Two receiver-calves were infected (by the four donor-calves) in Period 2, as can be concluded by the Map shedding of these two in Period 3, at least six months after the end of Period 2. None of the receiver-calves shed Map during Period 2.

Table 3 about here.

 3 

Table 1 .

 1 Faecal culture (FC) test results of cows of group A during the cow-calf transmission experiment in Period 1 (7 tests at 2 week intervals). Cows were infected ca 2.5 years before.FC+ is 1-10 colonies per tube (0.16 g faeces), FC++ is 10-100 colonies per tube; FC+++ is more than 100 colonies per tube.

	Cow number	# FC positive	# FC+++	# FC++	# FC+
	1362 1364	6 / 7 7 / 7	1 7	4 0	1 0
	1363	7 / 7	7	0	0
	1359	5 / 7	0	2	3
	1360	2 / 7	0	0	2
	1356	2 / 7	0	0	2
	Totals	6 infectious cows	15 FC+++ 6 FC++	8 FC+
		in Period 1			

Table 3 .

 3 Positive faecal culture test results of the receiver-calves of group A during the calf-calf transmission experiment in Period 2 (5 tests at 2 week intervals); and during individual housing in Period 3 (19 tests at 2 months intervals). Positive results were always FC+, i.e. 1-10 colonies per tube (0.16 g faeces).

	Calf number	cow-calf transmission	calf-calf transmission	individual housing
		(Period 1)	(Period 2)	(Period 3)
	6032	-	0 / 5	3 / 19
	6033 6034	--	0 / 5 0 / 5	0 / 19 2 / 6 2)
	6035	-	0 / 5	0 / 19
	6036	-	0 / 5	0 / 19
	Totals			2 calves infected	1)
				in Period 2
	1): see Discussion			
	2): animal culled in month 16 (December 2002) because of lameness.	

Table 4 .

 4 Faecal culture (FC) test results of cows of group B during the cow-calf transmission experiment in Period 1 (7 tests at 2 week intervals). Cows were infected ca 2.5 years before.FC+ is 1-10 colonies per tube (0.16 g faeces), FC++ is 10-100 colonies per tube; FC+++ is more than 100 colonies per tube.

	Cow number # FC positive	# FC+++	# FC++	# FC+
	1349 1350	7 / 7 4 / 7	0 0	6 0	1 4
	1357	0 / 7	0	0	0
	1355	0 / 7	0	0	0
	1367	2 / 7	0	0	2
	1351	7 / 7	7	0	0
	Totals	4 infectious cows	7 FC+++	6 FC++	7 FC+
		in Period 1			
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