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Serological examinations for Corynebacterium pseudotuberculoms in-
fection were carried out in 14 known positive herds and in 1 herd
that had been recently established through purchase of animals from
different herds. Serum samples were collected sequentially on up to 4
occasions from animals during their first year of life. In most herds,
these animals were examined clinically for superficial swellings once
or twice during the same period.

The adult %oats in 8 infected herds were examined both clinically
and serologically. Age distribution was similar in each of these herds.
All serum samples were examined for antibodies against Corynebac-
terium pseudotuberculosis in both the bacterial agglutination test
(BAT) and the hemolysis inhibition test (HIT).

The proportion of kids which were seropositive in both tests de-
creased to zero at 4 months of age. At the age of 11—12 months, the
proportion of seropositive animals was about 50 % in the BAT and
30 % in the HIT.

When examined when housed for the winter at the age of about
8 months (mean age), the prevalence of animals with superficial
swellings was 7 %. At the age of about 1 ﬁear (mean age), 29 % of the
examined animals had such lesions. In the recently established herd,
only a few of the yearlings were seropositive.

Titre values in BAT and HIT increased until 6 years of age. Anti-
body titre values were m%ﬂlﬁcantly lower in yearlings than in older
goats in both tests, P < 0.005. No significant difference in the propor-
tion of goats with superflc'lal swellings was seen at the different ages.

antibodies; superficial swellings; kids; adult
animals.

Caseous lymphadenitis is a chronic disease caused by Coryne-
bacterium pseudotuberculosis. The disease seems to be rare in
kids. Ashfaq & Campbell (1979) found that superficial abscesses
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were most frequent in goats 3—4 years of age while such lesions
seldom were demonstrated in kids. Lund et al (1982) examined
animals in a naturally infected herd for antibodies against C.
pseudotuberculosis and found that most animals were positive
at the age of 10 months.

In a survey carried out in Northern Norway, caseous lymph-
adenitis was found to occur in 19 out of 36 goat herds (Holstad
1986a). Animals which were at least 1 year of age were examin-
ed, and, in infected herds, superficial swellings were demonstrated
in 26 % of these. Altogether 81 % and 84 % of the animals were
positive in the bacterial agglutination test (BAT) and the hemo-
lysis inhibition test (HIT), respectively.

Information concerning the actual age at which infection
occurs is necessary if effective immunoprophylactic measures
against caseous lymphadenitis are to be introduced. The purpose
of the present study was to investigate the relationship between
the prevalence of animals with superficial swellings and anti-
bodies against C. pseudotuberculosis on the one hand, and age
on the other.

MATERIALS AND METHODS
Animals

Kids/young animals. In 14 herds in which caseous
lymphadenitis had existed for several years, serological and
clinical examinations were undertaken of animals during their
first year of life. Table 1 gives details of the time at which the
examinations were carried out, and of the number of animals
examined. In most herds (10), altogether 4 serological examina-
tions were carried out. Clinical examinations were undertaken
twice in 9 herds and once in 2 herds, while 3 herds were not
examined clinically at all. Of the animals included, 160 individuals
were examined serologically on each and every occasion. The
kids were born during the period December-April. In all herds,
the kids were placed in separate pens until put out to pasture
in May-June. In some herds, the kids were placed in the same
room as adult goats, while in other herds, some of the kids were
placed in the same room as adult animals, and some in separate
rooms. During the summer, the kids grazed together with adult
goats in most herds. At the end of the grazing season (September-
October), they were housed for the winter, either in separate
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pens or in pens together with older animals. In 1 herd, however,
the animals were placed in single stalls during the indoor season.

Corresponding examinations were carried out in a recently
established herd. Table 4 shows when the examinations were
carried out and the number of animals examined. In addition to
kids raised on the farm, kids also originated from other infected
and non-infected herds. Serological examinations of yearlings
undertaken in March 1981 revealed 1 animal with a high positive
titre in the bacterial agglutination test (BAT) while no animal
had antibodies against the bacterium in the hemolysis inhibition
test (HIT) (Holstad 1986a).

Adult animals. During the period March-May 1981, an
investigation on the occurrence of caseous lymphadenitis was
carried out in 36 goat herds (Holstad 1986a). Material from this
investigation was used to study the prevalence of infection among-
adult goats at different ages. Eight infected herds were selected.
The disease had been present for several years in 7 of these
herds, but only for 2 years in the remaining herd. Herd size
varied from 40 to 97 animals, age distribution in each herd being
similar. Only goats with known age were included in the present
study. In all these herds, the goats were kept in pens.

Serological examinations

Blood samples were collected from each animal. Sera were
prepared according to standard procedure and stored at —20°C.
The samples were examined for antibodies to C.pseudotuber-
culosis using the bacterial agglutination test (BAT) and the
hemolysis inhibition test (HIT). Titre values were expressed as
log,, to the reciprocal value of the highest positive serum di-
lution in both tests, and positive titre (T) was stipulated as
T>2.1 in BAT and as T>>0.6 in HIT (Holstad 1986b).

Clinical examinations

The examinations were carried out in connection with col-
lection of blood samples. The animals were inspected and palpat-
ed, and superficial swellings recorded. Swellings on the shoulder
and chest were however, excluded as lesions at these sites were
considered to be granulomas arising after vaccination against
paratuberculosis.
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Statistical analysis

Statistical calculations were carried out using covariance
analysis.

RESULTS
Kids / young animals from infected herds

Results of the serological and clinical examinations are shown
in Tables 1, 2 and 3.

The prevalence of seropositive animals decreased from March/
April 1981 to May/June the same year, after which it again in-
creased at subsequent examinations (Table 1). Most kids were
positive in both BAT and HIT during the first months of life,
while all animals of 3—4 months of age were negative in both
the tests (Table 2). At the age of 11—12 months the prevalence
of positive animals was 50 % in BAT and 30 % in HIT (Table 2).

Table 1. Results of serological and clinical examinations performed
at different times on kids/young animals in herds with caseous

lymphadenitis.
Time of Number of Percentage of animals  Percentage of
examination animals positive in animals with
examined superficial
serologically/ BAT?* HIT? BAT and/ swellings
clinically or HIT
March/April 1981 282/ 0 16 23 26 —
May/June 1981 234/ 0 6 5 6 —
October 1981 235/207 25 22 30 7
February 1982 225/226 63 56 68 29

1 Bacterial agglutination test.
2 Hemolysis inhibition test.

The prevalence of animals with superficial swellings increas-
ed from 7 % to 29 % from October 1981 to February 1982 (Table
1). Out of 12 animals with such swellings in October 1981, 7
animals still had swellings in February 1982, and in 3 of these
animals lesions were located at the same sites on both oceasions.
The prevalence of seropositive animals was higher in animals
with superficial swellings than in animals without such lesions
(Table 3).
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Table 2. Results of the bacterial agglutination test (BAT) and the

hemolysis inhibition test (HIT) performed on sera from kids in herds

with caseous lymphadenitis, grouped according to age (includes ani-
mals from Table 1 with known birth date).

Age (months) Number of Percentage of animals positive in
animals
examined BAT HIT
0—1 7 71 100
1—2 115 23 33
2—3 111 8 10
3—4 39 0 0
4—5 133 5 3
5—6 29 3 7
6—7 6 17 33
7—8 12 22 13
89 117 23 21
9—10 58 16 14
10—11 6 67 67
11—12 30 50 30
12—13 117 57 53
13—14 41 63 59

Table 3. Results of serological examinations performed on sera
from kids/young animals with superficial swellings (a), and without
superficial swellings (b), in herds with caseous lymphadenitis.

Time of Animals Percentage of animals positive in
examination BAT HIT  BAT and/or HIT
October 1981 a 79 64 79

b 20 20 26
February 1982 a 89 78 92

b 53 46 58

Kids / young animals from a recently established herd

Table 4 presents the results from the serological and clinical
examinations.

Only 3 (9 %) animals were positive in HIT in March 1981,
and 2 of these kids had been obtained from infected herds. In all
examinations, the prevalence of seropositive animals was lower
than in herds in which caseous lymphadenitis had existed for
several years.
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Table 4. Results of serological and clinical examinations performed
at different times on kids/young animals in a newly established herd.

Time of Number of Percentage of animals  Percentage of

examination animals positive in animals with
examined superficial

serologically/ BAT HIT* BAT and/ swellings

clinieally or HIT

March 1981 33/ 0 0 9 9 —

June 1981 49/ 0 2 2 2 —

October 1981 47/ 0 4 2 4 —-

February 1982 47/47 15 13 17 2

Adult animals from infected herds

Mean titres in BAT and HIT and the percentage of positive
animals in relation to age are shown in Table 5. The titres in
BAT and HIT increased from 1 to 6 years of age. The titres in
both tests were significantly lower in yearlings than in older
goats, P < 0.005.

Table 5 Mean titres + standard deviation (s) for antibodies against
C. pseudotuberculosis in the bacterial agglutination test (BAT) and
the hemolysis inhibition test (HIT) for adult animals from 8 infected
herds, and the percentage of positive animals in each test, according

to age.
Age Number of BAT HIT
(year) animals Titre Percentage Titre Percentage
examined + 5 of positive + s of positive
animals animals
1 151 2.45x1.27 63 0.77+0.78 56
2 99 3.11x1.22 72 1.42+0.73 87
3 72 3.41+1.33 82 1.58£0.62 97
4 61 3.54+1.31 89 1.43+0.72 92
5 39 3.79+1.23 85 1.68+0.66 92
6 38 4.19+1.12 92 1.82+0.59 100
>17 43 3.77+1.09 98 1.76+0.58 98
* Log,, reciprocal value.

The prevalence of animals with superficial swellings is shown
in Table 6. There were no significant differences between ani-
mals of different age as regards the prevalence of such lesions,
P > 0.05.
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Table 6. Superficial swellings in adult animals from 8 infected
herds, according to age.

Age Number of Percentage of animals with
(vear) . animals superficial swellings
examined
1 152 28
2 100 30
3 73 29
4 61 18
5 39 23
6 39 : 33
=17 46 17
DISCUSSION

The present study shows that most kids in infected herds
possessed antibodies to C. pseudotuberculosis during their first
months of life and that such antibodies were absent in animals
at the age 3—4 months. The prevalence of seropositive animals
then increased, especially up to 2 years of age. However, the
titres in BAT and HIT increased until the animals were 6 years
old. The prevalence of animals with superficial swellings in-
creased up to one year of age and was from then on almost
constant.

Both BAT and HIT were employed in the serological examina-
tions in the present study. Burrell (1978) recommended the use
of antitoxin tests in immunity surveys of sera from young lambs,
because of a non-specific clumping factor in such sera. Holstad
(unpublished) examined precolostral kid sera and found that
several sera showed positive titres in BAT. In the present in-
vestigation, the youngest kid was 8 days old and only a few ani-
mals were less than 1 month of age. BAT was therefore also used
in the present study for serological examination of kid sera.

Caseous lymphadenitis is not common in young kids. Ashfaq
& Campbell (1979) found superficial abscesses in 3 out of 1031
kids 0—3 months of age. Antibodies against C. pseudotuberculosis
are transferred from goats to their kids through colostrum
(Burrell 1981, Lund et al. 1982, Anderson & Nairn 1984). Lund
et al. (1982) demonsirated no significant difference between the
hemolysin titres in colostrum of the dams and in serum from
their offspring at 3 days of age. In the same study, high correla-
tion was found between titre values in sera taken from kids at
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3 days of age and at 4 and 7 weeks of age. In the present in-
vestigation, the proportion of seropositive animals decreased
with age during the first months of life. This was due to the dis-
appearance of maternal antibodies. Lund et al. (1982) calculated
the halflife of maternal antihemolysins in kid serum to be 12
days and found that such antibodies could not be demonstrated
in kid sera at the age of 12 weeks. Maternal antibodies are re-
ported to protect the kids against caseous lymphadenitis. Ander-
son & Nairn (1984) vaccinated goats with C. pseudotuberculosis
toxoid. The offspring and offspring from non-immunized dams
were challenged with the bacterium at the age of 1, 6 and 11
weeks. Significantly more kids from non-immunized dams devel-
oped abscesses than did offspring from vaccinated goats after
challenge at 1 and 6 weeks. Nairn et al. (1977) and Nairn (1981)
report that C. pseudotuberculosis antitoxin is of importance for
protection against caseous lymphadenitis in sheep.

Moreover, environmental conditions may also be favourable
with regard to reduction of the infection risk during the first
months of life. In all infected herds, the kids were placed in
separate pens until they were put out to grass. They therefore
had little contact with adult animals during the first months of
life. Blood samples were not collected from the kids during the
grazing period. A few animals had superficial swellings when
housed for the winter at the age of 8 months (mean age). At that
time, 30 % of the animals were seropositive in one or both tests.
The animals had probably become infected during the summer
through contact with adult goats.

The prevalence of animals with superficial swellings, and of
seropositive animals, increased significantly from October in
the one year to February in the next. Placing the animals to-
gether in pens probably resulted in rapid spread of infection.
Animals may however, become infected several months before
superficial swellings are obvious. Ashfaq & Campbell (1980)
found in the goat that the period elapsing between experimental
infection and subsequent abscess formation in regional lymph
nodes varied from 41 to 147 days.

In the newly established herd, only a few animals were sero-
positive in October the one year and in February the next. Ani-
mals obtained from herds with caseous lymphadenitis had pro-
bably been infected before entering the herd. The investigation
indicates that the level of exposure to infection was lower in
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this herd than in herds in which the disease had existed for
many years.

Most superficial swellings in goats are abscesses caused by
C. pseudotuberculosis (Holstad 1986a). The present study shows
that animals may have superficial swellings at the same body
site for several months. The age of the lesions was however, not
differentiated. The swellings could therefore have been devel-
oping in October and undergoing healing in February the next
year. Moreover, the present study shows that the lesions can
disappear and that superficial swellings can be demonstrated at
other sites of the body after some months.

There was no difference between adult animals of different
ages as regards the prevalence of superficial swellings.

The increase in titre value with age is probably a result of
longstanding antigen stimulation. In the present study, the titre
values increased until the goats were 6 years old. Lund (1980)
found that titre values in BAT and HIT in naturally infected
goats increased until the animals were 3 years old, and then
decreased with age. The number of animals in the reported ma-
terial was, however, significantly lower than in the present study
and this may explain the discrepancy between the findings in
the two investigations.

The present study indicates that any immunoprophylactic
measures against caseous lymphadenitis in kids should be
carried out before the kids reach the age of 4 months. The most
suitable age at which kids should be vaccinated is, however, dif-
ficult to estimate. If maternal antibodies influence the effect of
vaccination, immunoprophylactic measures should be carried
out when the kids are between 3 and 4 months old.
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SAMMENDRAG

Corynebacterium pseudotuberculosis infeksjon hos geit III.
Relasjon til alder.

I 14 besetninger med kasegs lymfadenitt og i 1 nyetablert beset-
ning med kje innkjgpt fra ulike besetninger ble dyrene undersgkt sero-
logisk inntil 4 ganger til de var ca. ett ar gamle. Kliniske undersgkel-
ser ble foretatt av disse dyrene 1 eller 2 ganger i de fleste besetnin-
gene i samme periode.

I 8 besetninger med kasegs lymfadenitt ble det dessuten foretatt
kliniske og serologiske undersgkelser av voksne geiter av forskjellig
alder. Aldersfordelingen til dyrene i disse besetningene var tilnzer-
met lik.

Sera ble undersgkt for antistoffer mot Corynebacterium pseudo-
tuberculosis bide ved bakterieagglutinasjonstest (BAT) og antihemo-
lysintest (AHT).

Prevalensen av kje positive ved BAT og AHT avtok til null i lgpet
av de 4 fgrste levemidneder. Ved 11—12 mineders alder var andelen
positive dyr gkt til 50 % ved BAT og 30 % ved AHT. Prevalensen av
dyr med overfladiske hevelser var 7 % néir dyrene var ca. 8 mineder
gamle (gjennomsnittlig) ved innsetting om hgsten. Ved ca. 1 ars alder
(gjennomsnittlig) hadde 29 % av de undersgkte dyrene slike lesjoner.

I den nyetablerte besetningern var fi dyr serologisk positive ved
1 ars alderen.
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Titeret ved BAT og AHT gkte fra 1 til 6 irs alder. Ett ar gamle
geiter hadde signifikant lavere titer ved begge testene enn eldre geiter,
P < 0,005. Det var ingen signifikant forskjell i prevalensen av geiter
med overfladiske hevelser i de ulike aldersgrupper fra og med 1 irs
alder.
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