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Abstract – The objectives of the work described in this paper were: (i) to study the outcome of
challenging ewes with Mannheimia haemolytica, at different sites of their teats, (ii) to compare the
effects of two different isolates of the organism and (iii) to describe the features of the resulting
lesions. Thirty-two ewes were used in the study and allocated into one of two groups (A or B, n =
16); they were challenged with one of two isolates of M. haemolytica, respectively, strain ES26L of
known pathogenicity or strain VSM08L from the teat duct of a healthy ewe. Each group was further
divided into four equal subgroups: the ewes in the A1/B1 subgroups were intramammarily
challenged; one teat of the ewes in the A2/B2 subgroups was immersed into a broth-culture of the
organisms; one teat of the ewes in the A3/B3 subgroups was inoculated 2 mm-deep, whilst one teat
of the ewes in the A4/B4 subgroups was inoculated 6 mm-deep. The animals were monitored
clinically, bacteriologically and cytologically before and after challenge; one animal in each
subgroup was euthanised 2, 4, 7 and 11 days after challenge. All ewes in the A1/B1 subgroups
developed clinical mastitis, whilst of the other animals, only one ewe in each of the A4/B4
subgroups did. Neither of the two strains used was associated with more positive bacteriological or
CMT results; the A2/B2 subgroups were associated with less positive results than the A3/B3 and
A4/B4 subgroups. In some ewes of the A2/B2 subgroups, mild leucocytic infiltration in the teat was
evident; in the ewes of the A3/B3 subgroups, leucocytic infiltration (neutrophils, lymphocytes,
plasma cells) was seen, as well as a lymphoid hyperplasia at the border between the teat duct and
teat cistern; in ewes of the A4/B4 subgroups, intense subepithelial leucocytic infiltration was the
salient feature. No differences were found in the severity of lesions between the two strains used or
the three treatments carried out. Although strain VSM08L had been isolated from the teat duct of a
healthy ewe, it caused mastitis when inoculated intramammarily; although strain ES26L is of known
pathogenicity for the mammary gland, it did not cause clinical mastitis when deposited 2 mm-deep
into the teat. These findings point to a protective role of the teat of ewes, which appear to limit
bacterial penetration from the teat duct or cistern to the mammary gland. The lymphoid tissue, at the
border between the teat duct – teat cistern, may play a significant protective role.
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1. INTRODUCTION

Mannheimia haemolytica is an impor-
tant causative agent of ovine mastitis in
ewes sucking lambs [4, 5, 19, 22], but of
lesser importance when ewes are milked
[5]. Scott and Jones [34] isolated the organ-
ism from the teat skin of suckling ewes, but
not from that of pregnant ewes or ewes after
weaning of lambs. Subsequently, Jones and
Watkins [19] suggested that the organism
might originate from the nares, mouth and
tonsils of lambs sucking the affected ewe.
The teat orifice is the portal of entry of the
bacteria, which subsequently ascend to the
mammary gland through the teat [4].

Although in cows it is now well estab-
lished that the teat provides a barrier to infec-
tion and the first line of defence against
invading organisms [24, 29], in ewes simi-
lar studies have not been published. In pre-
vious studies of the pathogenesis of ovine
mastitis [10, 11, 15, 16], the bacteria were
directly inoculated into the cistern of the
mammary gland. These findings provide
valuable information regarding the patho-
genicity of the organisms, but since the teat
had been by-passed, its possible protective
role was not studied.

The objectives of the work described in
this paper were the following: (i) to study
the outcome of challenging ewes with
M. haemolytica at different sites of their
teats, (ii) to compare the effects of two dif-
ferent isolates of the organism and (iii) to
describe the features of the resulting lesions.

2. MATERIALS AND METHODS

2.1. Experimental design and bacterial 
isolates

Thirty-two lactating primiparous Kara-
gouniko-breed ewes were used in the study.
The lambs of these ewes were weaned
18 days after lambing and subsequently,
the animals were hand-milked thrice daily.
They were allocated into one of two groups
(A or B, n = 16) and challenged with one of
two isolates of M. haemolytica. Strain ES26L
[10] had been isolated from a case of clin-
ical ovine mastitis in England and is of
known pathogenicity for the mammary
gland of ewes; we used it by kind permis-
sion of Professor J.E.T. Jones of The Royal
Veterinary College. Strain VSM08L had
been isolated in three consecutive samplings,
from the teat duct of a clinically healthy ewe
in Greece; no abnormal clinical findings
were present in the mammary gland of this
animal, the California Mastitis Test (CMT)
was negative and no bacteria were isolated
from the mammary secretion; the organism
was recovered from the tip of a fine catheter
2 mm-long, which had been inserted into
the teat for sampling.

In each of the two groups, the ewes were
divided into four equal subgroups (n = 4)
and challenged at different sites of one of
their mammary glands or teats (Tab. I). The
experiment was carried out under a licence
for experimental procedures obtained from
the Greek Ministry of Agriculture.

Table I. Summary of experimental design.

Subgroup (n = 4) M. haemolytica isolate used Inoculation procedure

A1 ES26L 1220 c.f.u. into the gland cistern

A2 ES26L Immersion into broth-culture (2 × 108 c.f.u.)

A3 ES26L 1220 c.f.u. 2 mm-deep into the teat

A4 ES26L 1220 c.f.u. 6 mm-deep into the teat

B1 VSM08L 1220 c.f.u. into the gland cistern

B2 VSM08L Immersion into broth-culture (2 × 108 c.f.u.)

B3 VSM08L 1220 c.f.u. 2 mm-deep into the teat

B4 VSM08L 1220 c.f.u. 6 mm-deep into the teat
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2.2. Preparation of inocu+la 
and the inoculation technique

For inoculation, each isolate was grown
on Columbia blood agar and checked for
purity; then it was inoculated into Soy-broth
(BioMerieux) and incubated aerobically at
37 °C for 5 h.

For ewes in the A2/B2 subgroups, the
whole broth culture was used. The ewes
were completely milked out; three hours
later, the lower 3 cm of the teat were
immersed into 40 mL of the broth for 60 s;
after a 30 min break, they were re-immersed
into the same broth culture. The procedure
was repeated on the following day. The
other teat of each ewe was immersed into
40 mL of sterile phosphate-buffer-saline
(PBS), pH 7.3 using the same procedure.

For ewes in the other subgroups, serial
dilutions of the broth culture into PBS were
carried out; finally, 0.2 mL of the desired
dilution was withdrawn with a syringe. The
inoculum contained 1220 c.f.u., as esti-
mated by the method of Miles and Misra
[23]. To ensure sterile conditions, on the
day before inoculation the hairs of the teats
were clipped using fine scissors and the skin
of the udder and teats was scrubbed using
chlorhexidine; then on the day of inocula-
tion iodine povidone solution was used for
animals of the A1/B1, A3/B3 and A4/B4
subgroups. The ewes in the A1/B1 subgroups
were inoculated directly into the mammary
gland cistern, as described before [11, 16].
The ewes in the A3/B3 and A4/B4 sub-
groups were challenged as follows; a sterile
plastic fine catheter (Abbocath, Abbot)
20 G, 2 mm- or 6 mm-long respectively,
was inserted into the teat; the syringe was
attached to the catheter and the bacterial
suspension was deposited inside the teat
(Tab. I). The same technique was used to
inject 0.2 mL of PBS into the other mam-
mary gland or at the respective site of the
other teat of each ewe and to be used as a
control.

2.3. Pre- and post-inoculation 
examinations

Immediately after lambing and every
two days thereafter, as well as on the day of
inoculation (20th day after lambing), a thor-
ough clinical examination was carried out
in the ewes. Special attention was paid to
their mammary glands, which were exam-
ined as described before [13], and teats.
Each teat was held between the thumb and
the index finger of the examiner (VSM) and
palpated throughout its length; its shape,
size and consistency were evaluated. The
teats of the same ewe were compared to
each other. Subsequently, the skin around
the teat orifice and in the lower lateral part
(approx. 1 cm) of the teat was swabbed by
means of a sterile cotton-swab moistened in
Soy-broth. A sterile plastic fine 2 mm-long
catheter was inserted into the teat and
moved from the left to right, in order to sam-
ple the mucosa. Then, mammary secretion
samples were obtained. The first two squirts
of secretion were discarded and then, 10 to
15 mL of secretion were carefully collected
into a sterile container.

All samples were cultured onto Colum-
bia blood agar; the media were incubated
aerobically at 37 °C for up to 72 h. The CMT
was carried out in secretion samples, as
described before [14]; secretion films were
made and stained by the Giemsa method.

After challenge, detailed examinations
of the mammary glands and teats were car-
ried out daily. In ewes of the A2/B2 sub-
groups, sterile cotton-swabs moistened in
Soy-broth were used to sample the skin
around the teat orifice and the lower lateral
part (approx. 1 cm) of the teat before disin-
fection. In one of the four ewes of each of
the A2/B2, A3/B3 and A4/B4 subgroups, a
sterile plastic fine 2 mm-long catheter was
inserted into the teat to sample the mucosa.
Mammary secretion samples were collected
from all experimental animals. All samples
were cultured onto Columbia blood agar;
the media were incubated aerobically at
37 °C for up to 72 h. The CMT was carried
out in all secretion samples. Secretion films
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were made and stained by the Giemsa
method; the percentage of leucocyte sub-
populations was determined by counting at
least 200 cells therein and determining their
type.

One of the ewes in each of the eight sub-
groups was euthanised on each of D2, D4,
D7 and D11. Dissection of the mammary
glands and the teats started immediately
and was carried out using the aseptic tech-
nique. The skin of the teats and the subcu-
taneous tissues were incised with a sterile
blade; initially the mucosa of the teat cistern
(sinus papillaris) was exposed and subse-
quently the teat duct (ductus papillaris) was
incised and its mucosa was exposed. A new
blade was used for scraping the mucosa of
the teat cistern, whilst another one was used
to scrape the mucosa of the teat duct. In
ewes of the A3/B3 and A4/B4 subgroups,
an electronic cutimeter was used to measure
2 mm or 6 mm respectively, from the teat
orifice, in order to determine the precise site
of the teat, where the inoculum had been
deposited. Then, the mammary glands were
dissected and samples were obtained for
bacteriological and histological examina-
tion, as described before [11]. All tissue
samples obtained were plated onto Colum-
bia blood agar; the media were incubated
aerobically at 37 °C for up to 72 h. Through-
out this study, all isolated bacteria were iden-
tified using conventional techniques [3].

Longitudinal sections, involving all the
structures of the teat, were carried out for
histopathological examination. Tissue sam-
ples were fixed in 10% neutral-buffered for-
malin and embedded in paraffin wax. Hae-
matoxylin and eosin (HE) standard staining
procedures were performed for histopatho-
logical studies.

2.4. Data management and analysis

The number of bacteriologically positive
and CMT positive results obtained by each
of the two strains used, as well as by each
of the three different procedures of chal-

lenging the teats, were compared between
them.

A scoring system was devised and numer-
ical values were assigned for the patholog-
ical findings in the teats of the experimental
animals. A separate score (0–4 scale) was
given for macroscopic and for histological
findings; these were then added to a 0–
8 scale to produce a pathology score for
findings in the teats. The system is detailed
in Table II.

The number of bacteriologically positive
results from teat scrapings obtained by each
of the two strains used, as well as by each
of the three different procedures of chal-
lenging the teats, was compared between
them. The sum of all teat pathology scores
for animals challenged with strain ES26L

Table II. Description of scores given for patho-
logical findings in the teats of ewes inoculated
with M. haemolytica.

Score Description

Macroscopic pathological findings

0 Normal

1 Presence of folds on the mucosa 
of the teat

2 Hyperaemia of the mucosa of the teat

3 Thickening of the mucosa of the teat, 
with increased number of folds 

and presence of petechiae

4 Extreme thickening of the mucosa 
of the teat, with loss of the separation 

of the compartments of the teat

Histopathological findings

0 Normal

1 Presence of a few, scattered leucocytes

2 Presence of increased numbers 
of leucocytes clustered under 

the epithelium of the teat

3 Presence of high numbers of leucocytes 
evenly distributed under the epithelium 

of the teat

4 Presence of high numbers of leucocytes, 
plus hyperplasia of lymphoid tissue 
in the teat duct – teat cistern border
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was compared to that of animals challenged
with isolate VSM08L. The Wilcoxon 1-sam-
ple test for the median was employed to test
for differences between each pathology
score and zero, as well as between differ-
ences in medians among macroscopic, his-
tological and total pathology scores. The
Friedman non-parametric test was used
to test for differences in pathology score
medians among the three different chal-
lenging procedures, as well as among the
days post-infection when the ewes were euth-
anised. Statistical significance was defined
as P < 0.05.

3. RESULTS

3.1. Pre-inoculation examinations

The mammary glands and the teats of all
ewes were found to be clinically healthy
during the period from lambing to inocula-
tion. The teats were soft with no external
abnormalities. A variety of bacteria was
isolated from all teat skin swabs; the major-
ity of the organisms was coagulase-negative
Staphylococcus spp., but other bacteria (e.g.
Bacillus spp., Acinetobacter spp.) were also
isolated. M. haemolytica was also recov-
ered sporadically after the 12th day after
lambing (1 A1 ewe, 2 B2 ewes, 2 A3 ewes,
1 A4 ewe, 1 B4 ewe). No bacteria were iso-
lated from any catheter or milk samples
obtained. The CMT was always negative; in
Giemsa-stained secretion films, no leuco-
cytes were observed.

3.2. Clinical, bacteriological 
and cytological findings

All the ewes in the A1/B1 subgroups
developed clinical mastitis within 24 h after
challenge. There were changes in the mam-
mary secretion (serous or sero-haemorrhagic
appearance, with flakes) and the inoculated
glands (enlarged, hot, with a red-coloured
skin). M. haemolytica was consistently iso-
lated from the mammary secretion. The CMT

increased (> “2”) and leucocytes were present
in Giemsa-stained secretion films.

None of the ewes in the A2/B2 sub-
groups developed clinical mastitis; how-
ever, three ewes (two of those challenged
with ES26L and one of those challenged
with VSM08L) developed subclinical mas-
titis. M. haemolytica was isolated in pure or
mixed culture from the teat skin swabs until
D8. It was also isolated in pure culture from
catheter samples from D1 until D11 and
from secretion samples from D7 until D11.
The CMT increased (> “1”) already on D1
in some ewes and by D4 in most ewes. Leu-
cocytes were seen in Giemsa-stained secre-
tion films; up to the 4th–5th day after chal-
lenge, the great majority (≥ 95%) of leucocytes
consisted of neutrophils with a few macro-
phages and lymphocytes also present; sub-
sequently, the percentage of neutrophils
decreased (20–70%), whilst those of mac-
rophages and lymphocytes increased (20–
40% and 20–50%, respectively).

None of the ewes in the A3/B3 subgroups
developed clinical mastitis. M. haemolytica
was isolated in pure culture from catheter
and secretion samples from D1 until D11.
The CMT increased (> “1”) already on D1
in most ewes. Leucocytes were seen in
Giemsa-stained secretion films; up to the
2nd day after challenge, the great majority
(≥ 85%) of leucocytes consisted of neu-
trophils with a few macrophages and lym-
phocytes (5–10%) also present; subsequently,
the percentage of neutrophils decreased
(40–60%), whilst that of macrophages and
lymphocytes increased (5–30% and 10–
40%, respectively).

Two of the ewes in the A4/B4 subgroups
(one in either subgroup) developed clinical
mastitis; the secretion was thick and con-
tained flakes, the teats were hot and red-
dened and the mammary glands were
enlarged. M. haemolytica was isolated in
pure culture from catheter and secretion
samples from D1 until D11. The CMT
increased (> “1”) already on D1 in all ewes.
Leucocytes were seen in Giemsa-stained
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secretion films; up to the 2nd day after chal-
lenge, the great majority (≥ 80%) of leuco-
cytes consisted of neutrophils with a few
macrophages and lymphocytes (5–15%)
also present; subsequently, the percentage
of neutrophils decreased (10–70%), whilst
that of macrophages and lymphocytes
increased (0–20% and 10–60%, respec-
tively).

Detailed bacteriological and CMT results
in samples from animals in the A2/B2, A3/B3
and A4/B4 subgroups are in Table III. Nei-
ther of the two strains used (ES26L or
VSM08L) was associated with more posi-
tive results (positive bacteriological – CMT
results: 64%–78%, 64%–60%, for the two
strains respectively). The A2/B2 subgroups
were associated with less positive results

than the A3/B3 and A4/B4 subgroups (pos-
itive bacteriological – CMT results: 37%–
52%, 74%–85%, 79%–75%, for the three
procedures respectively).

No clinical signs were observed in any of
the control glands and teats, injected with or
immersed into PBS. No bacteria were iso-
lated from any catheter of secretion sample
obtained from these animals. A variety of
bacteria was isolated from the teat skin
swabs; the majority of the organisms was
again coagulase-negative Staphylococcus
spp., but other bacteria (e.g. Staphylococ-
cus aureus, Bacillus spp., Acinetobacter
spp.) were also isolated; no M. haemolytica
was recovered. The CMT was always neg-
ative; in Giemsa-stained secretion films, no
leucocytes were observed.

Table III. Sequential M. haemolytica isolation (bacteriological findings) and results of CMT in sam-
ples from ewes with teats inoculated with the organism.

Subgroup

D1a D2a D3a D4a D5a D6a

2b 3b 4b 2 3 4 2 3 4 2 3 4 2 3 4 2 3 4

Bacterial isolation

Teat skin 8/8c – – 8/8 – – 6/6 – – 6d/6 – – 2d/4 – – 1d/4 – –

Teat duct 2/2 2/2 2/2 2/2 2/2 2/2 1/2 2/2 2/2 2/2 1/2 2/2 2/2 1/2 2/2 1/2 0/2 2/2

Secretion 0/8 3/8 4/8 0/8 5/8 5/8 0/6 4/6 5/6 0/6 5/6 4/6 0/4 4/4 3/4 0/4 3/4 2/4

CMT results

Positive* 2/8 6/8 8/8 3/8 8/8 7/8 3/6 5/6 5/6 4/6 5/6 5/6 3/4 4/4 1/4 3/4 4/4 1/4

D7a D8a D9a D10a D11a

2b 3b 4b 2 3 4 2 3 4 2 3 4 2 3 4

Bacterial isolation

Teat skin 1d/4  – – 1d/2 – – 0d/2 – – 0d/2 – – 0d/2 – –

Teat duct 2/2 1/2 2/2 2/2 2/2 2/2 2/2 2/2 2/2 1/2 2/2 1/2 2/2 2/2 2/2

Secretion 2/4 3/4 3/4 1/2 2/2 2/2 2/2 2/2 2/2 1/2 2/2 2/2 1/2 2/2 2/2

CMT results

Positive 3/4 4/4 3/4 1/2 1/2 2/2 2/2 2/2 0/2 0/2 1/2 2/2 1/2 1/2 2/2

a D1, D2, etc. = days after challenge.
b 2 = A2 and B2 subgroups, 3 = A3 and B3 subgroups, 4 = A4 and B4 subgroups.
c n/m = positive results out of total animals sampled.
d Bacteria other than M. haemolytica, isolated as well.
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3.3. Pathological findings

In ewes of the A1/B1 subgroups, gross
and histological lesions were those of M.
haemolytica mastitis. The glands were
markedly swollen and the affected paren-
chyma was reddened; the red areas were
multifocal and sharply demarcated from
adjacent tissue; there was marked disten-
sion of veins and an occasional presence of
firm, grey clots adhering to the intima. The
ducts were plugged by threads of fibrin and
clots of milk; the milk ducts and cistern
were filled with brown masses of exudates
with threads of fibrin and debris. There
were widespread neutrophilic infiltration,
intramammary haemorrhages, lysis of neu-
trophils, destruction of epithelial cells and
alveoli. No abnormal features were seen in
the teats of these ewes.

In the ewes of the A2/B2 subgroups
euthanised on D2, D4 or D7, the teat duct
appeared normal with an apparently smooth
internal lining, clearly distinguished from
the teat cistern; in the teat of ewes eutha-
nised on D11, the salient feature was the
thickening of the mucosa of the teat duct.
Histologically, there was leucocytic infil-
tration prominent at the end of the teat duct
in the ewes euthanised on D2, at the border
between the teat duct and teat cistern in the
ewes euthanised on D4 (neutrophils, lym-
phocytes, plasma cells), and at the teat cis-
tern in the ewes euthanised on D7 or D11
(lymphocytes, plasma cells); all leucocytes
were observed under the epithelium of the
teat. No gross pathological findings were
evident in the mammary parenchyma or the
supra-mammary lymph nodes; histologi-
cally, leucocytic infiltration was evident in
ewes euthanised on D7 or D11, whilst no
lesions were seen in ewes euthanised on D2
or D4. The organism was recovered from
the teat duct and the teat cistern, but not
from the mammary parenchyma or the supra-
mammary lymph nodes of the inoculated
ewes (Tab. IV).

The measurement of the length of the
internal teat structures after dissection of
the teats of ewes of the A3/B3 subgroups

showed that the inoculum had always been
deposited within the teat duct. Macroscop-
ically, the teat duct of ewes euthanised on
D2 or D4 appeared normal with an appar-
ently smooth internal lining; the teat duct
and the teat cistern were clearly distin-
guished as two different anatomical struc-
tures. In the teats of the ewes euthanised on
D7, the internal lining of the teat appeared
rough, whilst petechiae were seen in the
mucosa of the teat cistern. In the teats of
the ewes euthanised on D11, thickening of
the mucosa of the teat duct resulting in par-
tial stenosis was seen. Histologically, there
was leucocytic infiltration prominent at the
border between the teat duct and teat cistern
in the ewes euthanised on D2 (neutrophils,
lymphocytes, plasma cells) and at the teat
cistern in the ewes euthanised on D4, D7 or
D11 (lymphocytes, plasma cells); the leu-
cocytes were observed under the epithelium
of the teat. An area of hyperplastic lym-
phoid tissue consisting of lymphocytes and
plasma cells was observed at the border
between the teat duct and teat cistern (Fig. 1).
No gross pathological findings were evi-
dent in the mammary parenchyma or the
supra-mammary lymph nodes; no histolog-
ical lesions were seen in ewes euthanised
on D2 or D4; in ewes euthanised on D7 or
D11, leucocytic infiltration (neutrophils and
lymphocytes), lysis of neutrophils, extrava-
sation and destruction of epithelial cells
were evident. The organism was recovered
from the teat duct, the teat cistern and the
mammary parenchyma, but not from the
supra-mammary lymph nodes of the inoc-
ulated ewes (Tab. IV).

The measurement of the length of the
internal teat structures after dissection of
the teats of ewes of the A4/B4 subgroups
showed that the inoculum had been depos-
ited within the teat cistern. Macroscopi-
cally, the mucosa of the teat duct and the
teat cistern of ewes euthanised on D2 and
D4 appeared rough and no clear distinction
between the teat duct and the teat cistern
was evident. In the teat of the ewes eutha-
nised on D7, the internal lining of the teat
appeared rough and petechiae were seen in
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Table IV. Post-mortem isolation of M. haemolytica from ewes whose teats were inoculated with the
organism.

Site where isolated

Day when ewe was euthanised

D2a D4a D7a D11a

2b 3b 4b 2 3 4 2 3 4 2 3 4

Teat duct 1/2 2/2 2/2 2/2 2/2 2/2 1/2 2/2 2/2 2/2 2/2 2/2

Teat cistern 0/2 1/2 2/2 1/2 2/2 1/2 1/2 1/2 1/2 0/2 2/2 2/2

Mammary parenchyma 0/2 1/2 1/2 0/2 1/2 0/2 0/2 0/2 0/2 0/2 2/2 1/2

a D2, D4, etc. = days after challenge.
b 2 = A2 and B2 subgroups, 3 = A3 and B3 subgroups, 4 = A4 and B4 subgroups.

Figure 1. Hyperplastic lymphoid tissue consisting of lymphocytes and plasma cells at the border
between the teat duct and teat cistern (low magnification 10× objective, photograph taken on a Zeiss
photomicroscope III) (ewe challenged into the teat duct with isolate VSM08L and euthanised on
D11).
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the mucosa of the teat cistern. In the teat
of the ewes euthanised on D11, thickening
of the mucosa of the teat duct and cistern was
seen. Histologically, there was leucocytic
infiltration in the teat cistern (neutrophils,
lymphocytes, plasma cells); the leucocytes
were observed under the epithelium of the
teat (Fig. 2). No area of hyperplastic lym-
phoid tissue was observed at the border
between the teat duct and teat cistern. No
gross pathological findings were evident in
the mammary parenchyma or the supra-
mammary lymph nodes, but massive leuco-
cytic infiltration was seen histologically;
furthermore, lysis of neutrophils, extrava-
sation and destruction of epithelial cells and
alveoli were evident. The organism was
recovered from the teat duct, the teat cistern
and the mammary parenchyma, but not from

the supra-mammary lymph nodes of the
inoculated ewes (Tab. IV).

No macroscopic or histological patholog-
ical findings were observed in the control
teats and mammary glands of the experimen-
tal animals. All pathology scores were 0.
M. haemolytica was not isolated from the
control teats and mammary glands.

Neither of the two strains used (ES26L
or VSM08L) was associated with more pos-
itive results (positive bacteriological results:
56%, 61%, for the two strains respectively).
The A2/B2 subgroups were associated with
less positive results than the A3/B3 and
A4/B4 subgroups (positive bacteriological
results: 33%, 75%, 67%, for the three pro-
cedures respectively).

Details of the pathology scores are in
Table V. No clear pattern of differences

Figure 2. Subepithelial leucocytic infiltration in the teat cistern (lymphocytes, plasma cells) (medium
magnification 40× objective, photograph taken on a Zeiss photomicroscope III) (ewe challenged into
the teat cistern with isolate ES26L and euthanised on D11).
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between the scores obtained from teats
inoculated with either isolate was evident;
the sum of all pathology scores for animals
challenged with ES26L (= 53) was close to
that for experimental animals challenged
with VSM08L (= 54). A tendency for scores
to increase with day post-infection was evi-
dent, but this was not statistically corrobo-
rated. However, scores for each day and
treatment were statistically significant from
zero, i.e. the control teats (P = 0.036). Fur-
thermore, no significant differences were
found either among the three treatments, i.e.
the A2/B3, A3/B3, A4/B4 subgroups (P =
0.180), or among the macroscopic, histo-
logical and total pathology score (P =
0.058).

4. DISCUSSION

In previous experimental studies of
ovine mastitis associated with M. haemo-
lytica, the bacteria were deposited directly
into the gland cistern; that way, the teat had
been by-passed. In our work, we inoculated
two M. haemolytica strains around or into
the teat of ewes; the results are interesting
for the assessment of the protective role of
the teat of ewes.

Animals in the A1/B1 subgroups were
used as positive controls; the organisms
were inoculated directly into the cistern of

their mammary gland and clinical mastitis
was consistently induced. For isolate ES26L,
this confirmed its pathogenicity for the
mammary gland [10, 11]; for VSM08L, it
showed that the strain was pathogenic for
the mammary gland.

The latter strain had been isolated from
the teat duct of a healthy ewe, but was found
to be pathogenic for the mammary gland
when inoculated directly into the gland cis-
tern. One may thus suggest that in the ewe,
from which this strain had originally been
isolated, there was an equilibrium between
host defences and bacterial virulence fac-
tors; this was changed in the experimental
animals, where we inoculated the organism
directly into the gland cistern, resulting in
mastitis. This finding suggests that the
healthy teat of the original animal provided
protection for the mammary gland. It also
indicates that teats harbouring bacteria can
be a source of infection for the mammary
gland; any impediment of the defence mech-
anisms may shift the balance and allow the
bacteria to multiply, invade the mammary
gland and cause mastitis.

The survival of the organism and its con-
tinuous isolation from the skin of teats after
immersion (A2/B2 subgroups) underlines
the risks for infection of the mammary
glands of ewes. The organism colonizes the
teat skin of ewes during the suckling period,
as found in the study of Scott and Jones
[34]. Lambs may suck up to 32 times daily
[2] and thus, the risks of infection are per-
ennial. Sucking itself could contribute
towards the ascent of the organisms, which
may possibly be “pushed” into the mam-
mary gland. On the contrary, one may sug-
gest that sucking would contribute to remov-
ing the invading bacteria; in an attempt to
simulate these conditions, ewes were milked
thrice a day and their mammary glands were
completely emptied. Nevertheless, the bac-
teria successfully ascended to the mammary
parenchyma, as established by the results of
bacteriological and cytological tests.

Clinical mastitis was induced in two
ewes, in which bacteria were deposited into

Table V. Total pathology scores for findings in
the teats of ewes challenged with M. haemolyt-
ica.

Subgroup
Day when ewe was euthanised

D2a D4a D7a D11a

A2 4 1 5 7

A3 4 1 7 6

A4 6 3 4 5

B2 3 4 3 6

B3 5 4 6 8

B4 2 3 5 5

a D2, D4, etc. = days after challenge.
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their teat cistern, but in none of the ewes of
the other experimental subgroups. Further-
more, although El-Masannat [10] was able
to induce clinical mastitis after intramam-
mary inoculation of as few as 7 c.f.u. of iso-
late ES26L, no clinical mastitis was induced
in the ewes of the A3/B3 subgroups, although
a hundred-seventy fold higher dose was
deposited into their teat duct.

These findings further point out to a pro-
tective role of the teat of ewes. Bacteria
deposited into the teat duct were able to
ascend to the mammary gland, but did not
cause clinical mastitis. In cows, the teat pro-
vides important protection for the mam-
mary gland [29]. The keratin of the teat duct
inhibits proximal progression of bacteria
[6, 17, 33], subsequent cellular and humoral
defence mechanisms occur in the teat cis-
tern, e.g. leucocytes and non-specific anti-
bacterial proteins [1, 8, 9, 28, 30–32].

Although our animals had been sampled
and no bacteria were isolated from the teat
duct before challenge, under field condi-
tions one may also postulate that the bacte-
rial flora residing in the teat duct of healthy
ewes [16] acts competitively to the invad-
ing bacteria, slowing down their growth and
rendering them more susceptible to the
defence mechanisms of the mammary gland.
In fact, Linde [20] found that in cases of the
presence of coagulase-negative staphylo-
cocci inside the mammary gland of cows, it
is difficult to experimentally induce masti-
tis. These organisms are the most frequently
isolated bacteria from the teats of ewes [16],
and therefore, one may postulate that they
may also afford a protection against invad-
ing bacteria at the teat duct.

Similar studies have not been previously
reported in ewes. Furthermore, knowledge
from cows cannot be applied directly to
ewes. Husbandry systems applied in sheep
expose the teats to stress factors differing to
those in cows’ teats. In mutton breeds, ewes
suckle their lambs for three to four months,
whilst in dairy breeds, ewes are initially
sucked and then -in the majority of cases-
hand-milked.

One interesting question is why the bac-
teria, although they reached the mammary
gland, did not cause clinical mastitis. We
believe that the neutrophilic response elic-
ited after bacterial deposition into the teat
(Colditz and Presson [7] found that in cows’
leucocytes invaded the teat within two
hours after challenge) prepared the mam-
mary gland to counter-act the invading bac-
teria when these reached the mammary
parenchyma. When inoculation had been
carried out directly into the gland cistern,
neutrophils were found to enter into the
mammary gland 12 h after challenge [10,
15], by which time multiplication of bacte-
ria had taken place and the bacterial num-
bers involved could not be destroyed by
the neutrophils. One may also suggest that
some bacteria would die within the teat duct
and teat cistern during their ascent and ulti-
mately, smaller numbers of bacteria entered
the mammary parenchyma.

In a previous paper [21], we described
that a pathogenic strain of Staphylococcus
chromogenes causes mild transient clinical
mastitis four days after its deposition into
the teat duct of ewes; however, when it had
been inoculated directly into the gland cis-
tern, it caused severe, fatal clinical mastitis
within 24 h [16]. Furthermore, in a field
study and using ultrasonography to meas-
ure the dimensions of teat ducts of ewes,
Franz et al. [12], found that in ewes with
longer teat ducts, mastitis is less prevalent,
whilst in ewes with wider teat ducts mastitis
is more frequent. These findings lend fur-
ther support to our hypothesis, confirming
that the teat duct appears to play an impor-
tant protective role in the mammary gland
of ewes.

All the above evidence, points to a pro-
tective role of the normal teat of ewes. The
lymphoid tissue observed at the border
between the teat duct-teat cistern, may play
a protective role, as in histological sections
from teats inoculated 2 mm-deep, we
recorded that it was hyperplastic and pro-
ducing lymphocytes. No such findings have
been previously reported in ewes. In cows
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the lymphoepithelial structure previously
termed “Furstenberg’s rosette”, is consid-
ered to be important for the elimination of
invading microorganisms [18]. Nickerson
and Pankey [25, 26] and Nickerson et al.
[27] found evidence of an immunological
potential in teat tissues around that area,
likely as a consequence of the presence of
germinal centres and accumulation of plasma
cells. This appears to be an interesting area
for further research and points out that ana-
tomical differences between cows and ewes
further emphasise the point raised above,
that evidence from cows cannot be applied
directly to ewes.

ACKNOWLEDGEMENTS

Work described in this paper has been sup-
ported by a grant from the Greek Ministry of
Education (EPEAEK – HRAKLEITOS project).

REFERENCES

[1] Adams D.O., Hamilton T.A., Phagocytic
cells: cytotoxic activities of macrophages, in:
Galin J.J., Goldstein I.M., Snyderman R.
(Eds.), Inflammation: basic principles and
clinical correlates, Raven Press, New York,
1988, pp. 471–492.

[2] Bareham J.R., The behaviour of lambs on the
first day after lambing, Br. Vet. J. 132 (1976)
152–162.

[3] Barrow G.I., Feltham R.K.A., Manual for the
identification of medical bacteria, 3rd ed.,
Cambridge University Press, Cambridge,
1993, 331 p.

[4] Bergonier D., Berthelot X., New advances in
epizootiology and control of ewe mastitis,
Livest. Prod. Sci. 79 (2003) 1–16.

[5] Bergonier D., De Cremoux R., Rupp R.,
Lagriffoul G., Berthelot X., Mastitis of dairy
small ruminants, Vet. Res. 34 (2003) 689–
716.

[6] Capucco A.V., Bright S.A., Pankey J.W.,
Wood D.L., Miller R.H., Bitman J., Increased
susceptibility to intramammary infection fol-
lowing removal of teat canal keratin, J. Dairy
Sci. 75 (1992) 2126–2130.

[7] Colditz I.G., Presson B.L., Kinetics of endo-
toxin-induced inflammation in ovine mam-
mary gland, Inflammation 12 (1988) 491–
501.

[8] Collins R.A., Parsons K.R., Field T.R., Bramley
A.J., Histochemical localization and possible
antibacterial role of xanthine oxidase in the
bovine mammary gland, J. Dairy Res. 55
(1988) 25–32.

[9] Craven N., Williams M.R., Defences of the
bovine mammary gland against infection and
prospects for their enhancement, Vet. Immu-
nol. Immunopathol. 10 (1985) 71–127.

[10] El-Masannat E.T.S., Ovine mastitis with spe-
cial reference to mastitis caused by Pas-
teurella haemolytica, Ph.D. thesis, The Royal
Veterinary College, University of London,
1987, 332 p.

[11] El-Masannat E.T.S., Jones J.E.T., Scott M.J.,
The experimental production of mastitis in
sheep by intramammary inoculation of Pas-
teurella haemolytica, J. Comp. Pathol. 105
(1991) 455–465.

[12] Franz S., Hofmann-Parisot M., Gutler S.,
Baumgartner W., Clinical and ultrasono-
graphic findings in the mammary gland of
sheep, N. Z. Vet. J. 51 (2003) 238–243.

[13] Fthenakis G.C., Prevalence and aetiology of
subclinical mastitis in ewes of Southern
Greece, Small Rumin. Res. 13 (1994) 293–
300.

[14] Fthenakis G.C., California Mastitis Test and
Whiteside Test in diagnosis of subclinical
mastitis of dairy ewes, Small Rumin. Res. 16
(1995) 271–276.

[15] Fthenakis G.C., Jones J.E.T., The effect of
inoculation of coagulase-negative staphylo-
cocci into the ovine mammary gland, J. Comp.
Pathol. 102 (1990) 211–219.

[16] Fthenakis G.C., Marples R.R., Richardson
J.F., Jones J.E.T., Some properties of coagu-
lase-negative staphylococci isolated from
cases of ovine mastitis, Epidemiol. Infect. 112
(1994) 171–176.

[17] Hibbitt K.G., Cole C.B., Reiter B., Antimicro-
bial proteins isolated from the teat canal of the
cow, J. Gen. Microbiol. 53 (1969) 365–371.

[18] Hibbitt K.G., Craven N., Batten E.H., Anat-
omy, physiology and immunology of the
udder, in: Andrews A.H., Blowey R.H., Boyd
H., Eddy R.G. (Eds.), Bovine medicine: dis-
eases and husbandry of cattle, Blackwell,
Oxford, 1996, pp. 273–278.



Inoculation of ovine teats with Mannheimia haemolytica 25

To access this journal online: 
www.edpsciences.org

[19] Jones J.E.T., Watkins G.H., Mastitis and con-
tagious agalactia, in: Martin W.B., Aitken I.D.
(Eds.), Diseases of sheep, 3rd ed., Blackwell,
Oxford, 2000, pp. 75–80.

[20] Linde K., Holmberg O., Astrom G., The inter-
ference between coagulase negative staphylo-
cocci and Corynebacterium bovis and the
common udder pathogens in the lactating
cow, Nord. Vet. Med. 32 (1980) 552–558.

[21] Mavrogianni V.S., Fthenakis G.C., Burriel
A.R., Gouletsou P., Papaioannou N., Tait-
zoglou I.A., Experimentally induced teat ste-
nosis in dairy ewes: clinical, pathological and
ultrasonographic features, J. Comp. Pathol.
130 (2004) 70–74.

[22] Menzies P.I., Ramanoon S.Z., Mastitis of
sheep and goats, Vet. Clin. North Am. Food
Anim. Pract. 17 (2001) 333–358.

[23] Miles A.A., Misra J.S., The estimation of the
bactericidal power of the blood, J. Hyg. Cam-
bridge 38 (1938) 732–749.

[24] Nickerson S.C., Defense mechanisms of
bovine teat end tissues, Kiel. Milchwirtsch.
Forschungsber. 37 (1985) 462–465.

[25] Nickerson S.C., Pankey J.W., Cytologic
observations of the bovine teat end, Am. J.
Vet. Res. 44 (1983) 1433–1441.

[26] Nickerson S.C., Pankey J.W., Neutrophil
migration through teat end tissues of bovine
mammary quarters experimentally challenged
with Staphylococcus aureus, J. Dairy Sci. 67
(1984) 826–834.

[27] Nickerson S.C., Watts J.L., Pankey J.W.,
Enhancement of the cellular immune response
of the bovine udder by local and systemic
immunization against staphylococcal masti-
tis, Agri-Practice 6 (1985) 34–38.

[28] Norcross N.L., Specific defence mechanisms
of the udder, Flemish Vet. J. 62 Suppl. 1 (1991)
129–139.

[29] Paape M.J., Schultze W.D., Guidry A.J.,
Development of natural defense mechanisms,
Kiel. Milchwirtsch. Forschungsber. 37 (1985)
447–457.

[30] Persson K., Inflammatory reactions in the teat
and udder of the dry cow, Zentralbl. Veteri-
narmed. B 37 (1990) 599–610.

[31] Persson K., Colditz I.G., Flapper P., Franklin
N.A.F., Seow H.F., Cytokine-induced inflam-
mation in the ovine teat and udder, Vet. Immu-
nol. Immunopathol. 53 (1996) 73–85.

[32] Reiter B., Protective proteins in milk – Bio-
logical significance and exploitation, Bull.
Int. Dairy Fed. 191 (1985).

[33] Schultze W.D., Bright S.A., Brasso W.B.,
Establishment of Streptococcus agalactiae
infection in mammary glands: effect of partial
removal of ductal keratin; relation to endo-
toxin penetrability, J. Dairy Sci. 68 (1985)
195.

[34] Scott M.J., Jones J.E.T., The carriage of Pas-
teurella haemolytica in sheep and its transfer
between ewes and lambs in relation to masti-
tis, J. Comp. Pathol. 118 (1998) 359–363.


