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ABSTRACT

A large 7-year vaccination trial was conducted in 15 flocks of goats and 7 flocks of sheep, known to be infected with
Mycobacterium avium subsp. paratuberculosis (MAP), in Northern Greece. A total of 3665 kids and 1685 lambs, 7 - 30
days old, were vaccinated during 1995-1999. Seven hundred and seventy-five kids and 413 lambs were kept as unvac-
cinated controls. For each trial, the Incidence Rate Ratio (IRR), with respective exact 95% confidence intervals, was
calculated. All IRR point estimates for young animals were very large (from 5.68 to 11.78 for kids and from 4.28 to
10.08 for lambs), while none of the 95% confidence intervals included 1. The protective effect of vaccination was large
and the difference in mortality among vaccinated and unvaccinated animals was more pronounced in young animals.
The effect in adult animals was smaller than in young animals; it was, however, still considerable. Upon visual inspec-
tion of the K-M curves, it seems that for the young animal trials the vaccinated and control-group curves were diverging
increasingly over time, which indicates that the gain from the vaccination (or the loss from non-vaccination) might in-

crease over time during the trial.
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1. Introduction

Paratuberculosis or Johne’s disease, is a chronic infec-
tious disease of ruminants, caused by infection with My-
cobacterium avium subsp. paratuberculosis (MAP). It is
probably one of the most widespread infectious diseases
of domestic animals and causes important economic
losses in ruminants [1]. Paratuberculosis is characterized
by chronic, granulomatous, degenerative enteritis that
causes intermittent but persistent diarrhea, chronic wei-
ght loss and, eventually, death. The disease is untreatable
and slowly progressive. Paratuberculosis is notifiable to
the World Organization for Animal Health (OIE—Of-
fice Internationale des Epizooties), but it is not classed as
zoonotic or as an emergency disease [2].

MAP is suspected of playing a role in the etiology of
Crohn’s disease of humans. Milk has received attention
as a potential vehicle of transmission of MAP from ani-
mals to humans. Milk destined for human consumption
can become contaminated by fecal contamination as well
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as direct shedding with clinically ill and asymptomatic
animals [3-5]. It is important to decrease the risk of MAP
for consumers by introducing MAP-free milk and dairy
products. MAP is resistant to high temperatures and
chlorination. Scientific papers report survival of MAP
under pasteurization conditions [6,7].

Control of paratuberculosis is difficult and very com-
plex, because there is a very long interval between the
infection and the onset of clinical disease, and because
the diagnostics tests available are not sensitive or specific
enough for straightforward eradication programmes.
Control programs are based on the improvement of ma-
nagement procedures or on the management and vac-
cination. Management is considered to be the most useful
tool for controlling it. But the control is facing many pro-
blems as inadequate tests, improper implementation of
management procedures, persistence of the infection in
populations without causing clinical disease. Appropriate
management, especially good sanitary practices, may re-
duce losses and eliminate the infection from a herd [8].

After its first description [9], vaccination is used as a
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measure of controlling paratuberculosis depends on the
policy of each country. Vaccination induces both cellular
and humoral peripheral immune responses, as evidenced
by diagnostic assays [10-12]. The subcutaneous inocula-
tion of either killed or live vaccines, has been demon-
strated to reduce the number of animals that develop
clinical disease and the excretion of MAP [1]. Experi-
ments showed that vaccination against paratuberculosis
could reduce mortality in sheep by 94% [13].

Vaccination of replacer lambs and kids has been rec-
ommended as the method of choice for the control of
small ruminants paratuberculosis. Vaccination of young
animals with a single injection during their first month of
life greatly reduces the number of shedders in the herd in
subsequent years. Moreover, additional measures such as
the early removal of any suspect animal and the disposal
of their progeny are also recommended [14]. The reduc-
tion of the number of MAP excretors and the reduction
of morbidity and mortality, increase the importance of
vaccination and justify its role as an integral part of many
control programs against the disease [15].

Paratuberculosis of small ruminants is a serious prob-
lem and causes considerable economic losses in Greece.
Paratuberculosis in sheep and goats first appeared in
Greece in 1965. Since then, the number of infected herds
as well as the within-herd prevalence in infected herds
grew rapidly, while the disease has spread to most parts
of the country via movement of infected stock or flock-
to-flock transmission. Goats are more susceptible than
sheep [16,17].

Several studies have assessed the efficacy of vaccina-
tion in cattle [18,19] or small ruminants [15,20,21] by
evaluating changes in the number of clinical cases, mor-
tality, or the level of fecal excretion. Vaccination of
sheep with an inactivated vaccine reduced the average
annual paratuberculosis specific mortality by about
93.3% [22]. In Norway, the 1983 infection prevalence in
goats was reduced from 53 to 1 percent in a vaccination
trial using the 316f live vaccine [20]. In the current study,
we investigated the efficacy of the 316f live vaccine in
sheep and goats in a large 7-year vaccination trial that
was conducted in 22 flocks of small ruminants in North-
ern Greece to prevent mortality from paratuberculosis.
Althouth 316f live vaccine has been evaluated [14,20,23],
it was decided to demonstrate the efficacy of this vaccine
in our country. During the period of 1987-2003, 41.4%
goat herds and 21.1% sheep flocks were found to be in-
fected by MAP in Northern Greece [24]. Greece raises
8.5 millions sheep and 5.1 millions goats that represent
the 45% of total number of goats of European Commu-
nity. In the EU, the stockfarming of sheep and goats be-
comes for their meat, while in our country it becomes for
their milk. Characteristically, it is reported that the 95%
of animals in Greece are milked. It is known that the
prevalence of paratuberculosis is higher in dairy herds
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than in beef herds [25]. The volume of Greek breeding of
sheep and goats emanates from genetically non-homo-
genous flocks, which are composed mainly from animals
of crossed unknown genotypic composition, presenting
differences regarding morphological, physiological and
productive characteristics.

2. Materials and Methods
2.1. Animals

The vaccination trials were conducted in 15 flocks of
goats and 7 flocks of sheep, known to be infected with
MAP, in Northern Greece. The animals were housed in
yards covered with plywood and iron-sheets, the animals
graze on mountainous terrain most of the day and eat a
portion of concentrates in the afternoon when they return
in the goat yard. The animals start kidding from October
to the end of March. The background level of infection in
all flocks was high. The trial was conducted in these
flocks because of the difficulty in reliably detecting MAP
infection in lower prevalence flocks, where few or no
paratuberculosis mortalities are recognized. Paratuber-
culosis had been previously diagnosed in animals from
those herds, by ZN, tissue/faecal culture or PCR. The
flock size varied from 170 to 650 for goats and 145 to
380 for sheep, at the start of each experiment. The crite-
ria that were used to select flocks for vaccination were
the similar level of paratuberculosis infection, similar
management and similar breeds. The flocks were not pre-
senting problems of other diseases such as, brucellosis,
maedi—visna and infectious agalactia. They only pre-
sented sporadic cases of mastitis that were controlled
with treatment and use of autovaccines. The producers
reported to us sporadic deaths that were owed in pneu-
monia from pasteurella multocida and abortions owed in
chlamydia. Animals were not brought to slaughterhouse.

A total of 3665 kids and 1685 lambs, 7 - 30 days old,
were vaccinated between 1995-1999. Seven hundred and
seventy-five kids and 413 lambs were kept as unvacci-
nated controls (Table 1). Briefly, every year from 1995
to 1999 a number of the newborn replacer animals in 15
herds of goats and 7 flocks of sheep were vaccinated
while the rest of them left unvaccinated as controls. Vac-
cinated and unvaccinated groups were kept together un-
der identical conditions. Vaccinated animals and controls
were observed for paratuberculosis-related mortality until
the end of 2001. Therefore, animals vaccinated in 1995
were observed for 6 years, while animals vaccinated in
1999 were observed for 2 years.

The vaccination trial was also carried out in the adult
goats and sheep of the 10 goat flocks and the 5 sheep
flocks out of the 15 goat flocks and 7 sheep flocks. A
total of 2360 goats and 1260 sheep were vaccinated,
while 1910 goats and 950 sheep were kept as unvacci-
nated controls (Table 2). Adult sheep and goats of the
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Table 1. Vaccinated and control groups of lambs and kids.

Year of Kids Lambs
Vaccination No Vaccination Controls . \©. Vaccination Controls
flocks Flocks
1995 15 780 165 7 350 85
1996 15 800 180 7 360 85
1997 15 655 140 7 330 80
1998 15 680 140 7 295 78
1999 15 750 150 7 350 85
Total 3665 775  Total 1685 413

rest flocks (5 goat flocks and 2 sheep flocks) were vac-
cinated during 1994.

2.2. Vaccination

Animals were vaccinated subcutaneously at the fold of
the tail with 1 ml of a live vaccine. The live vaccine was
prepared from the Weybridge MAP bovine strain 316f.
The bacteria were cultivated on the surface of the semi-
synthetic liquid medium Reids-Watson. The medium was
distributed in 250 ml Erlemeyer flasks, 100 ml in each,
and autoclaved at 121 for 7 minutes. When the cultures
were fully grown, usually after 21 days, they were har-
vested. Then the bacteria were weighed and put into Tis-
sue grinder-homogenisers. Finally the bacteria were sus-
pended in equal parts of olive oil and paraffin oil and
added 2500 U/ml of penicillin. The concentration was so
adjusted that each milliliter of vaccine contained 2.5 mg
of bacteria. This vaccine was injected once at an age of
less than 30 days.

The farmers collected information on age and clinical
symptoms for all sheep and goats which died in the ex-
perimental (vaccinated and unvaccinated) groups, during
the trials. Specimens from the intestines and lymph nodes
of each dead animal were examined for presence of MAP
using bacterioscopy, bacterial culture and PCR. Only
animals that were found positive for MAP were counted
among the mortalities of the present study.

2.3. Bacterioscopy

Scrapings of intestines and lymph nodes were fixed on
glass slides and stained by the Ziehl-Nielsen method.

Groups of small acid fast bacilli were considered positive.

According to different surveys, microscopy has a sensi-
tivity varying from 38% to 70% in clinical paratubercu-
losis [25]. The specificity can be high. It depends on the
expertise of the operator.

2.4. Culture Methods

Pieces of intestine and lymph nodes were cut, homoge-
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Table 2. Vaccinated and non vaccinated groups of adult
goats and sheep.

Goats Sheep
Year of

N o o
Vaccination NO v, cination Controls ., \°.  Vaccination Controls
flocks Flocks

1995 10 2360 1910 5 1260 950

nized and cultured on Herrold’s egg yolk medium, with
and without mycobactin J. Growth of mycobactin-de-
pendent acid fast bacilli, was deemed a positive test re-
sult. The cultures were examined monthly and were con-
sidered negative when no growth was detected after six
months. Culture of intestinal samples at post morten is
capable of identifying 92% of infected animals. In 158
confirmed infected New South Wales goats examined by
tissue culture at slaughter, culture identified 100% [26].

2.5. PCR

PCR was performed on tissue samples from dead animals,
for the detection of the specific insertion sequence IS900
for MAP [27]. Briefly, the mycobacteria were extracted
with xylene, were pelleted and washed to remove traces
of xylene and then were lysed by shaking them with zir-
conium beads on a mini-bead beater three times at high
speed for 90 seconds. DNA was extracted with chloro-
form/octanol and precipitated with ice-cold isopropanol.
Oligonucleotide primers 90 and 91 [28] were selected to
amplify a 388 base-pair product from the 5’ region of
I1S900 from MAP. PCR amplifications were performed
with 30 cycles of denaturation at 94°C for 30 seconds,
annealing at 55°C for 30 seconds and extension at 72°C
for one minute with a final extension at 72°C for two
minutes in a Techne PHC-3 thermocycler. PCR products
were analyzed by polyacrylamide and agarose gel elec-
trophoresis and the DNA fragments were visualized by
silver staining and ethidium bromide respectively. The
sensitivity of PCR was 76% of samples examined from
cases of paratuberculosis with various grades of lesions
showing rare or few to abundant acid-fast bacteria.

2.6. Statistical Analysis

For each animal group that participated in the trials the
Incidence Rate (IR) of death from paratuberculosis was
calculated for the duration of the study, as (# of dead
animals)/(total time at risk for death from paratuberculo-
sis, for all animals in the group for the entire study). It
was assumed that all animals were at risk from the be-
ginning of the study because paratuberculosis was enzo-
otic in the participating flocks, so all animals were get-
ting infected during the first year of their lives. Since
data were compiled at yearly intervals, IR calculations
were done using animal-year at risk denominators, while
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all the animals that died during the course of each year
were assumed to have died at the end of the year (pro-
viding a full animal-year at risk for that year). Therefore,
animals that did not die during the observation period
contributed the entire time at risk to the denominator,
while animals that died during the trial contributed time
at risk to the denominator up to the end of the year dur-
ing which they died.

For each trial, the Incidence Rate Ratio (IRR), with re-
spective exact 95% confidence intervals, was calculated.
Lack of vaccination was considered to be the exposure of
interest; therefore, the IRR shows the ratio of IR of death
from paratuberculosis in controls over the IR of death
from paratuberculosis in vaccinated animals. An IRR
over 1 indicates that lack of vaccination increases mor-
tality due to paratuberculosis, while an IRR less than 1
shows the opposite. An IRR equal to 1 would indicate
that the vaccination had no effect on paratuberculosis-
specific mortality.

Additionally, for each trial, the survivor functions for
the vaccinated and the control groups were estimated
using the Kaplan-Meier (K-M) method [29]. The survi-
vor function S(t) yields, for any given time t, the prob-

ability of an animal surviving at least to this point in time.

The null hypothesis that the real population survival
curves (or survivor functions) are the same in the vacci-
nated and the control groups was tested for each trial
using the log-rank test [30].

All statistical analyses were conducted using STATA
6.0 (StataCorp. 1999. Stata Statistical Software: Release
6.0, College Station, TX: Stata Corporation)

3. Results

A nodule, that did not affect the animals overall health,
appeared on all animals at the injection site at 20 days
post-vaccination. All nodules were oval or semi-spherical
and felt hard and cool on touch. No ulceration or other
adverse reactions were observed at the inoculation site at
any time during the study.

The losses due to paratuberculosis in kids and lambs
vaccinated in 1995-1999 as well as in control animals are

shown in Table 3. All vaccinated and control animals
that died due to paratuberculosis had multibacillary dis-
ease. ZN stained smears of intestinal samples were ex-
amined microscopically. Clumps of abundant (10 - 150
organisms) strongly acid—fast bacilli were found.
Among kids vaccinated in 1995, 8.21% died of paratu-
berculosis, while among the unvaccinated kids, 41.21%
died of paratuberculosis. For lambs that entered the study
in the same year, the respective percentages of death
from paratuberculosis were 9.43% for the vaccinated and
36.47% for the controls. The percentages of death from
paratuberculosis for the remaining trials were: 1996 vac-
cination: vaccinated Kids: 4.12%, unvaccinated Kids:
32.22%, vaccinated lambs: 5%, unvaccinated lambs
33.33%.

1997 vaccination: vaccinated Kkids: 3.21%, unvacci-
nated kids: 24.29%, vaccinated lambs: 3.33%, unvacci-
nated lambs 23.75%. 1998 vaccination: vaccinated Kids:
1.91%, unvaccinated Kids 16.43% vaccinated lambs:
2.03%, unvaccinated lambs 19.23%.

1999 vaccination: vaccinated kids: 0.80%, unvacci-
nated kids: 9.33%, vaccinated lambs: 0.86%, unvacci-
nated lambs: 8.24%. For kids vaccinated in 1995 the IRR
was 5.68 with an exact 95% CI: (3.98, 8.12). For the
lambs vaccinated in 1995 the IRR was 4.28 and the exact
95% CI was (2.53, 7.22). This means that for the unvac-
cinated Kids the incidence rate of death from paratuber-
culosis was more than 5 times higher than for vaccinated
kids, while for the lambs it was 4.28 times higher for the
unvaccinated. The respective IRR’s and exact 95% CI’s
for kids in the remaining trials were: 1996 vaccination:
IRR = 8.51 (5.46, 13.48), 1997 vaccination: IRR = 8.07
(4.55, 14.63), 1998 vaccination: IRR = 8.99 (4.37, 19.34),
1999 vaccination: IRR = 11.78 (4.25, 37.42). For lambs,
the IRR estimates were: 1996 vaccination: IRR = 7.29
(3.89, 13.99), 1997 vaccination: IRR = 7.58 (3.43, 17.65),
1998 vaccination: IRR = 10.08 (3.70, 31.71), 1999 vac-
cination: IRR =9.72 (2.22, 58.26).

Tables 4 and 5 show that the losses due to paratuber-
culosis in sheep and goats, in vaccinated and unvacci-
nated flocks, which are participated in the study (starting
in 1995). Among goats vaccinated in 1995, 51.14% died

Table 3. Losses due to Paratuberculosis in kids and lambs vaccinated in 1995-1999. Yearly mortalities (percentages) are calcu-
lated over the remaining animals alive at the beginning of the year.

Years of vaccination Deaths % Years Kids

Lambs

Vaccinated Deaths %

Controls Deaths %

Vaccinated Deaths %  Controls Deaths %

1995 1996-2001 64/4071 1.57 68/750 9.06 33/1837 1.79 31/380 8.15
1996 1997-2001 33/3609 0.91 58/734 7.90 18/1630 1.10 28/340 8.23
1997 1998-2001 21/2462 0.85 34/497 6.84 11/1201 0.91 19/268 7.08
1998 1999-2001 13/1995 0.65 23/394 5.83 6/854 0.70 15/205 7.31
1999 2000-2001 6/1465 0.40 14/289 4.84 3/685 0.43 7/163 4.29
Copyright © 2013 SciRes. JIBTVA
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Table 4. Losses due to Paratuberculosis in sheep and goats in
flocks vaccinated in 1995. Yearly mortalities (percentages)
are calculated over the remaining animals alive at the begin-
ning of the year.

Goats Sheep
Years
Deaths % Deaths %
1996-2001 1207/10384 11.62 579/5780 10

Table 5. Losses due to Paratuberculosis in sheep and goats in
non vaccinated flocks. Yearly mortalities (percentages) are
calculated over the remaining animals alive at the beginning
of the year.

Goats Sheep
Years
Deaths % Deaths %
1996-2001 1305/7393 17.65 615/3858 15.94

of paratuberculosis up to the end of 2001, while 68.32%
of the respective controls died of paratuberculosis during
the same period of time. The IRR of death from paratu-
berculosis was 1.51 (95% CI: 1.40, 1.64). For sheep that
participated in the 1995 trial, the proportion of animals
that died from paratuberculosis was 45.95% and 64.74%
among vaccinated and controls, respectively. The IRR of
death from paratuberculosis in these sheep was 1.59
(95% CI: 1.42, 1.79).

The K-M curves for vaccinated and control animals
for each trial are shown in Figures 1-6. In all figures, the
K-M curve for the vaccinated animals is above the curve
for the non-vaccinated animals, and the curves never
cross each other. The log-rank tests were on all occasions
highly statistically significant (p < 0.00001) indicating
that the null hypothesis of the equality of survivor func-
tions in vaccinated and control groups could be rejected
in all trials.

4. Discussion

A large vaccination trial for small-ruminant paratubercu-
losis is presented. The study lasted for about seven years
and involved 8970 vaccinated and 4048 unvaccinated
animals. The size and duration of the study make it the

biggest trial of its kind that has been conducted in Greece.

The breeding of sheep and goats constitutes traditionally
one from the more dynamic sectors in our country.
Greece raises 8.5 millions sheep and 5.1 millions goats
that represent the 45% of total number of goats of Euro-
pean Community. In the EC, the stock farming of sheep
and goats becomes mainly for their meat, while in our
country it becomes for their milk. Characteristically, it is
reported that the 95% of animals in Greece are milked.
Dairy goats are more sensitive.

In our study, paratuberculosis-specific mortality in the
study groups was heavy, especially early in the study.

Copyright © 2013 SciRes.
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Figure 1. K-M curves for vaccinated and control groups for
trial conducted in 1995. (a) kids; (b) lambs.

However, the protective effect of vaccination was large,
and the difference in mortality among vaccinated and
unvaccinated animals was more pronounced in young
animals. For example, among Kids vaccinated in 1995,
8.21% died of paratuberculosis, while among the unvac-
cinated 41.21% died of paratuberculosis. The respective
percentages of death from paratuberculosis for lambs
were 9.43% for the vaccinated and 36.47% for the con-
trols. All IRR point estimates for young animals were
very large (from 5.68 to 11.78 for kids and from 4.28 to
10.08 for lambs), while none of the 95% confidence in-
tervals included 1. In fact, for most confidence intervals,
even the lowest confidence limit was quite far from 1.
The effect in adult animals was smaller than in young
animals; it was, however, still considerable. Among vac-
cinated goats, 51.14% died of paratuberculosis between
1995 and 2001, while 68.32% of the respective controls
died of paratuberculosis during the same period of time.
For sheep that participated in the 1995 trial, the propor-
tion of animals that died from paratuberculosis was
45.95% and 64.74% among vaccinated animals and con-
trols, respectively. The IRR of death from paratuberculo-
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Figure 2. K-M curves for vaccinated and control groups for trial conducted in 1996. (a) kids; (b) Lambs.
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Figure 3. K-M curves for vaccinated and control groups for trial conducted in 1997. (a) kids; (b) Lambs.
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Figure 4. K-M curves for vaccinated and control groups for trial conducted in 1998. (a) kids; (b) Lambs.

sis in unvaccinated compared to vaccinated goats was
1.51 while the respective IRR for sheep was 1.59. Again,
the 95% CI’s for IRR did not include the null value (IRR
= 1). Even though the mortality differences were smaller

Copyright © 2013 SciRes.

in adult vaccinated and control animals, the economic

gains associated with the reduced mortality and number

of clinical cases in vaccinated animals can be important.
Upon visual inspection of the K-M curves, it seems
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Figure 5. K-M curves for vaccinated and control groups for trial conducted in 1999. (a) kids; (b) Lambs.

1.004 vaccinated |-
controls
0.75 L
0.50 1 r
0.251 r
0.00 1 n
T T T T T
0 0.5 1. 15 2
analysis time
(a)
Kaplan-Meier survival estimates, by status
1 1 1
1.00| ——— r
0.75 r
vaccinated
050 —‘—l—\ -
controls
0.25 r
0.00 L
T T T T
0 L 4 6
analysis time
(a)

Kaplan-Meier survival estimates, by status
1 1

1.00| — r
0.75 vaccinated -
0.50 -
controls

0.25 L
0.00 r

T T T T

0 2 6

analysis time
(®)

Figure 6. K-M curves for vaccinated and control groups for adult animals trial, conducted in 1995. (a) goats; (b) sheep.

that for the young animal trials the vaccinated and con-
trol-group curves were diverging increasingly over time,
which indicates that the gain from the vaccination (or the
loss from non-vaccination) might increase over time dur-
ing the trial. This is especially obvious in the earlier trials,
since in the later trials there were not enough datapoints
to safely observe such trends. Additionally, this diver-
gence of the K-M survivor curve estimates was not very
pronounced in the adult animal trial, suggesting that the
effect of vaccination might be more stable over time, in
adult animals compared to vaccination of young animals.

Since paratuberculosis infection is usually initiated
very soon after birth, vaccination has been commonly
practiced during the first week of the life of the animal,
on the basis that protection would be conferred for the
first contact with the mycobacteria [31,20]. However,
other studies dealing with paratuberculosis vaccination of
adult sheep have shown very good result in controlling
the disease [23,32,33].

Young animals have generally been regarded as highly
susceptible to MAP infection, with susceptibility declin-

Copyright © 2013 SciRes.

ing with age [34]. It is estimated that about 40% of the
lambs and kids exposed to MAP become chronically
infected [25] and can subsequently spread the infection.
In our study, the disease was endemic in all farms and
the background level of infection on all 15 farms was
high. It is believed that all participating young animals
were exposed to the Mycobacterium early in their lives
and, therefore, had a chance to become infected early in
the trial.

All animals in our study that died due to paratubercu-
losis had multibacillary disease. Sheep and goats with
multibacillary lesions can excrete sufficient organisms to
infect many thousands of susceptible animals [36]. The
prevalence of shedders among vaccinates is reduced by
about 90% when compared with controls [15,37]. An
infected vaccinated animal, compared with an infected
non-vaccinated animal, may shed the agent for a shorter
period or in a lower amount. With this change in the
susceptible population, all remaining susceptible animals,
vaccinated or not, are at a reduced risk of infection [37].

The animals in the 1995 experimental groups acquired
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infection mainly from goats and sheep born in 1993 and
1994, none of which had been protected by vaccination.
The 1996 experimental groups acquired infection mainly
from goats and sheep born in 1994 and 1995. Half of the
population born in 1995 was, however, protected by vac-
cination and thus did not excrete MAP bacteria in large
quantities. According to this reasoning, the amount of
infective material in the environment, therefore, should
have been lower in 1996, leading to decreased severity of
the resulting infections.

In fact, our results show a marked decrease in paratu-
berculosis-related mortality in both groups (vaccinated
and controls) every year of the study, compared to the
previous year. This should be a result of the decrease of
the proportion of severely infected animals in the flock
population every year and, therefore, of the mycobacte-
rial load in the environment of the animals because of the
yearly vaccination. This demonstrates the beneficial ef-
fect of yearly vaccinations of all young animals in a flock
in which paratuberculosis is endemic. In such a control
program the amount of MAP exposure would be ex-
pected to be successively reduced, with a reduction in the
opportunity for transmission of the disease to future gen-
erations [37]. Moreover, in our study, the IRRs increase
for the later vaccination trials (1998, 1999) which may
mean that the vaccination was more effective when the
environmental mycobacterial load was lower, as it would
be at the later stages of such control programs using vac-
cination.

Vaccination seems to be one of the easiest and most
practical ways to reduce the number of clinical cases in a
herd or a flock and, therefore, control the disease, espe-
cially in small ruminants. An advantage is that farmers
understand and believe in the value of vaccination. They
can adapt to it easily in their management-system. On the
other hand, vaccination can achieve control but not eradi-
cation of the disease. While vaccination may not result in
eradication of the disease, it does help control it in en-
demic areas where there are few other realistic options
[38].

Along with vaccination, appropriate management pra-
ctices must be implemented, in order to prevent trans-
mission and control the spread of paratuberculosis. It is
important to block the spread of the infection by pre-
venting exposure of kids and lambs to potentially con-
taminated manure. Following general rules of disease
prevention and sanitation (for example, preventing fecal
pellets from contaminating feeders and waterers, segre-
gation of animals with weight loss or diarrhea) is helpful
in reducing transmission of the infection. However, some
are concerned that farmers using vaccination may de-
velop a false sense of security and relax their sanitation
standards [39].

In the current trial, the inclusion of the unvaccinated

Copyright © 2013 SciRes.
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control lambs and kids was essential to assess the effect
of vaccination against controls that had exactly the same
MAP exposure under the same management conditions.
Our study population was not housed entirely in one farm,
but spread over 15 farms each time. We believe that the
decision to consider all results together did not introduce
considerable bias since the conditions; management and
care of the experimental populations in all farms were
made very similar. On the other hand, not accounting for
the correlation structure within each farm might have
reduced our variability estimates, as reflected in the
width of our confidence intervals; however, it would not
have affected the point estimates of the IRR’s on which
our major inferences are based.

Our findings are consistent with past studies. In Nor-
way, a vaccination trial was started in 1967 and vaccina-
tion became compulsory in 1978 in order to control
paratuberculosis in goats. The 1983 infection rate was
reduced from 53 (1978) to 1 percent [20]. Vaccination
proved to be an effective control measure to reduce mor-
tality due to ovine Johne’s disease (OJD) in Australian
merinos sheep by about 90% [37]. Vaccination of sheep
in endemic areas has been compulsory in Iceland since
1966 and as a result, losses have been reduced consid-
erably [13].
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