
Differences in susceptibility to Mannheimia
haemolytica-associated mastitis between two breeds
of dairy sheep

Ilectra A Fragkou1, John Skoufos2, Peter J Cripps3, Ilias Kyriazakis1, Nikos Papaioannou4,
Costas M Boscos4, Athina Tzora2 and George C Fthenakis1*

1 Veterinary Faculty, University of Thessaly, PO Box 199, 43100 Karditsa, Greece
2 Department of Animal Production, TEI Epirus, PO Box 110, 47100 Arta, Greece
3 Faculty of Veterinary Science, University of Liverpool, Neston, South Wirral, CH64 7TE, UK
4 School of Veterinary Medicine, Aristotle University of Thessaloniki, 54124 Thessaloniki, Macedonia, Greece

Received 5 February 2007 and accepted for publication 7 March 2007

We used a Mannheimia haemolytica isolate to study differences in susceptibility to experimental
mastitis between two breeds of dairy sheep. The isolate was deposited into the teat duct
of Karagouniko (K, n=8) or Frisarta (F, n=8) ewes. The animals were monitored by means of
clinical, bacteriological, cytological and pathological methods. K ewes did not develop any
systemic or mammary clinical signs, whilst F ewes became ill and developed acute clinical
mastitis 12 h later (P<0.001). Bacteria were isolated from 34/48 samples from K ewes and from
46/46 samples from F ewes. Positive California mastitis test (CMT) results were 17/24 samples
from K ewes and 23/23 samples from F ewes; leucocytes were seen in Giemsa-stained films.
Total pathology score summed over all group K ewes was 41 (maximum possible: 128); Man.
haemolytica was isolated from 12/24 tissue samples. Total pathology score summed over all
group F ewes was 93; Man. haemolytica was isolated from 24/24 tissue samples. Hyperplastic
lymphoid nodules consisting of lymphocytes and plasma cells with germinal activity were
characteristically present at the border between teat duct–teat cistern of group K ewes; no such
structures were observed in teats of group F ewes. The results identified differences in susceptibility/
resistance to a mastitis pathogen among animals of the two breeds. Defence mechanisms of the
teat appeared to be inadequate against the invading organisms; as lymphoid nodules have been
considered important defensive mechanisms of the ovine teat, their observed lack in Frisarta
ewes might have predisposed them to development of mastitis.
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In cattle, genetic susceptibility to mastitis has been docu-
mented in various studies around the world (see review by
Detilleux, 2002). However, as the world cattle population
is dominated by one breed (Holstein-Friesian), researchers
have been interested mostly in differences between indi-
vidual animals. It has long been known that some indi-
vidual cows within a herd can survive infections that cause
serious clinical mastitis in other animals (Detilleux, 2002).

In contrast to cattle breeding, there are many different
breeds of sheep used around the world, including dairy
ewes exploited in various parts of the world for their milk
production. Animal trade and changes in breeding goals

have resulted in improvements of local breeds; never-
theless, indigenous breeds of sheep still make up a sig-
nificant proportion of sheep population around the world
(Zygoyiannis, 2006).

In this paper we present the results of a study into the
susceptibility of two breeds of dairy sheep to mastitis. We
used an indigenous Greek sheep breed, Karagouniko,
which has been used in previous studies of experimentally
induced mastitis (Saratsis et al. 1999; Mavrogianni et al.
2005, 2006b). Animals of this breed are medium milk-
yielding (average milk production: 145 l over a 173-d
lactation period), but are considered to be resistant to
various diseases, e.g. annual incidence of respiratory in-
fections is <2% (Christodoulopoulos & Fthenakis, 2005).
We also included a sheep breed, Frisarta, which was*For correspondence; e-mail : gcf@vet.uth.gr
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established around 25 years ago, as the result of crossing
between imported Friesian sheep and the local Arta-area
sheep (Zygogiannis, 1999). These are high-yielding animals
(average milk production: 245 l over a 205-d lactation
period) but, according to our clinical experience, appear
to be particularly susceptible to respiratory infections
associated with Mannheimia haemolytica (Skoufos et al.
2006). This organism is also a mammary pathogen
(Bergonnier & Berthelot, 2003). Therefore, a hypothesis
was constructed that there may be differences in its
pathogenicity for the mammary gland of the two breeds.
This would have significant consequences, because Greek
farmers increasingly use the Frisarta sheep for genetic
improvement, with a view to increasing milk yield of
replacement stock.

Materials and Methods

Experimental procedures: animals, inoculations,
samplings and laboratory tests

In total, 16 lactating primiparous ewes were used; they
were Karagouniko breed (group K, n=8) or Frisarta breed
(group F, n=8). Animals of each breed were selected from
two different sheep farms. Both farms were commercial
enterprises with their own breeding programmes.

Immediately after lambing and every 2 d thereafter,
including the day of inoculation (22 d after lambing, D0),
a thorough clinical examination was carried out on the
ewes. Special attention was paid to their mammary glands
and teats, which were examined as described previously
(Fthenakis, 1994; Mavrogianni et al. 2005). For sampling,
a sterile plastic fine catheter 2 mm long (Abbocath�,
Abbot), was inserted into the teat and moved from left to
right, in order to obtain duct material samples (Mavrogianni
et al. 2006a). Then, mammary secretion samples were
obtained. The first two squirts of secretion were discarded
and then 10–15 ml was carefully collected into a sterile
container.

Lambs of these ewes were weaned 18 d after lambing
and subsequently the animals were hand-milked thrice
daily. All animals were challenged with a Man. haemolytica
strain (VSM08L) isolated in Greece and of known patho-
genicity for the mammary gland.

For inoculation, the strain was grown on Columbia
blood agar and checked for purity; then it was inoculated
into Soy-broth and incubated aerobically at 37 8C for 5 h.
Serial dilutions of the broth culture into phosphate-
buffered saline (PBS) were carried out; finally, 0.2 ml
of the desired dilution was withdrawn with a syringe.
Average inoculum for K ewes was 1250 c.f.u. (range:
1220–1300 c.f.u.) and for F ewes 1230 c.f.u. (range:
1200–1280 c.f.u.), as estimated by the method of Miles
& Misra (1938). To ensure sterile conditions at inoculation,
the hairs of the teats were clipped the day before, using
fine scissors, and the skin of the udder and teats was
scrubbed with chlorhexidine solution; then on the day of

inoculation iodine povidone solution was used to clean
the teat before challenge. A sterile plastic fine catheter
20 G, 2 mm long, was inserted into the teat ; the syringe
was attached to the catheter and the bacterial suspension
was deposited inside the teat. The same technique was
used to inject 0.2 ml of PBS into the respective site of the
other teat of each ewe, used as control.

Subsequent to challenge, detailed examination of the
mammary glands and teats was carried out 12 h later and
then daily. Duct material and mammary secretion samples
were collected at the same time.

All samples were cultured on Columbia blood agar;
the media were incubated aerobically at 37 8C for up to
72 h. The California Mastitis Test (CMT) was carried out
on all secretion samples with five degrees of reaction
(Fthenakis, 1995). Secretion films made by directly smear-
ing 20 ml from each sample on a microscope objective
plate, were stained by the Giemsa method; the percent-
age of leucocyte subpopulations was determined by
counting at least 200 cells therein and distinguishing
their type.

Four ewes of each group were euthanatized on D1 and
the other four on D3 (bar one F ewe, which died on D2).
Dissection of the mammary glands and the teats started
immediately and was carried out by using the aseptic
technique. The skin of the teats and the subcutaneous
tissues were incised with a sterile blade; initially the
mucosa of the teat cistern (sinus papillaris) was exposed
and subsequently the teat duct (ductus papillaris) was in-
cised 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. An
electronic cutimeter was used to measure 2 mm from the
teat orifice, in order to determine the precise site of the
teat where the inoculum had been deposited. Longitudinal
sections, involving all the structures of the teat, were
taken out for histopathological examination. Then the
mammary glands were dissected and samples were ob-
tained for bacteriological and histological examination,
as described before (El-Masannat et al. 1991). All samples
were plated onto Columbia blood agar; the media were
incubated aerobically at 37 8C for up to 72 h.

All isolated bacteria were identified by using standard
microbiological techniques (Barrow & Feltham, 1993;
Euzeby, 1997). Tissue samples were fixed in 10% neutral-
buffered formalin and embedded in paraffin wax, using
conventional techniques. Haematoxylin and eosin (HE)
standard staining procedures were performed for histo-
pathological studies.

Data management and analysis

Clinical mastitis was defined as presence of abnormal
gross findings systemically or in the mammary gland,
including changes in secretion (Schalm et al. 1971;
Fthenakis & Jones, 1990a, b; Fthenakis, 1994; Bergonier
& Berthelot, 2003; Bergonier et al. 2003).

350 IA Fragkou and others

https://doi.org/10.1017/S0022029907002518 Published online by Cambridge University Press

https://doi.org/10.1017/S0022029907002518


We used a scoring system that had been previously
developed and described (Mavrogianni et al. 2005;
Fragkou et al. 2007a); thus, numerical values were assigned
for the pathological findings in the experimental animals.
A separate score (0–4 scale) was given for macroscopic
and for histological findings in the teat and in the mammary
gland; these were then added to a 0–16 scale to produce a
pathology score for the findings in each ewe euthanatized
on a specific date. Maximum total pathology score summed
up over all ewes of a group was 8r16=128. The system is
detailed in Table 1.

The difference between the challenged and unchallenged
teats of the same animal was examined using McNemar’s
test. When all tissue samples from the same animal were
bacteriologically positive, they were defined as ‘positive’
(as opposed to ‘not all positive’). Using this definition the
Fisher Exact test was also used to compare the proportion
of each breed that developed clinical mastitis after chal-
lenge and the proportion of secretion or tissue samples that
were bacteriologically positive. Pathology scores obtained
at either 1 d or 3 d after challenge were compared by
using the Kruskal-Wallis test corrected for ties ; a separate

analysis was carried out for teat scores and parenchyma
scores.

Statistical analysis was performed in Minitab 14
(Minitab Inc., State College, PA, USA) and Stata 9 (Stata
Corp, College Station, TX, USA). Statistical significance
was defined at P<0.05.

Results

Clinical, bacteriological and cytological findings

The mammary glands and the teats of all ewes were
clinically healthy throughout the period from lambing to
inoculation. The teats were soft with no external abnor-
malities. No bacteria were isolated from any duct material
or secretion sample obtained. The CMT was always nega-
tive; in Giemsa-stained secretion films, no leucocytes
were observed.

After challenge, no ewe in group K developed clinical
mastitis. Man. haemolytica was isolated in pure cul-
ture from catheter and secretion samples; total isolation
rate was 34/48 samples. The CMT increased (>‘1’) ; positive

Table 1. Description of the scores given for pathological findings in teats and mammary parenchyma of experimental ewes

Score Description

Teat – Macroscopic 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

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 nodules in the

teat duct – teat cistern border

Parenchyma – Macroscopic findings
0 Normal
1 Enlarged and swollen glands, with presence of subcutaneous oedema
2 Presence of fibrin and clots of milk, with focally reddened parenchyma
3 Mutlifocally reddened parenchyma, with distension of veins
4 Extensive haemorrhagic appearance, with masses of exudate and demarcation from the

adjacent tissue

Parenchyma – Histopathological findings
0 Normal
1 Presence of a few, scattered leucocytes
2 Presence of increased numbers of leucocytes clustered in the intra- and inter-alveolar

area
3 Diffuse presence of leucocytes, extravasation and destruction of epithelial cells
4 Haemorrhages, destruction of alveoli and loss of the internal architecture of the

parenchyma
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results were obtained in 17/24 samples (Table 2).
Leucocytes were seen in Giemsa-stained secretion films:
their majority (>80%) were neutrophils, with fewer macro-
phages and lymphocytes also present.

After challenge, all ewes in group F became ill and
developed acute clinical mastitis ; rectal temperature up
to 41.5 8C and indifference were apparent; in 3/8 animals,
mild diarrhoea was also observed. One ewe died 2 d after
challenge. Mammary secretion was abnormal (serous or
purulent, with flakes or clots) ; abnormal mammary signs
(enlarged, hot, hard and painful mammary gland) were
seen. Man. haemolytica was consistently isolated in pure
culture from duct material and secretion samples; in total,
bacteria were isolated from 46/46 samples. The CMT
increased (>‘1’) ; positive results were obtained in 23/23
samples (Table 2). Leucocytes were seen in Giemsa-
stained secretion films: their majority (>85%) were
neutrophils, with fewer macrophages and lymphocytes
also present.

No clinical changes were recorded in the contralateral
teats and mammary glands of any ewe post-inoculation.
No bacteria were isolated from any duct material or
secretion sample collected from that side. CMT was
negative for all samples obtained.

Within ewes of both breeds, bacterial deposition into
the teat was significantly more likely to result in mastitis
than the own within-ewe control teat (P<0.01). There was
also a significant difference in the development of clinical
mastitis among ewes of the two breeds; group K 0/8, group
F 8/8 (P < 0.001).

Group K ewes had a significantly smaller proportion of
positive bacteriological results than group F animals 12 h
after challenge (P<0.001) and on D1 (P=0.026). How-
ever, there was no significant difference between the two
groups on D2 (P=0.214) or D3 (P=0.571).

Pathological findings

Measurement of the length of the internal teat structures,
after dissection of the teats of ewes, showed that the in-
oculum had always been deposited within the teat duct.

Group K: challenged side: Man. haemolytica was iso-
lated in pure culture from tissue samples; isolation rate
was 12/24. The total pathology score summed over all
ewes of the group was 41 (Table 3).

The teat duct appeared normal with an apparently
smooth internal lining; the teat duct and the teat cistern
were clearly distinguished as two different anatomical
structures. Histologically, there was leucocytic infiltration
(neutrophils, lymphocytes, plasma cells) prominent at
the border between teat duct–teat cistern and at the teat
cistern. Hyperplastic lymphoid nodules consisting of
lymphocytes and plasma cells – with germinal activity –
were observed at the border between teat duct–teat
cistern.T
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No gross pathological findings were evident in the
parenchyma. Mild neutrophilic infiltration was observed
histologically in the mammary parenchyma.

Group F: challenged side: Man. haemolytica was iso-
lated in pure culture from tissue samples; isolation rate
was 24/24. The total pathology score summed over all
ewes of the group was 93 (Table 3).

Macroscopic findings in the inoculated teat were folds,
hyperaemia and thickness of the mucosa in the duct ;
petechiae were seen; the teat duct and the teat cistern
were clearly distinguished as two different anatomical
structures. However, in the ewe that died, teat architecture
was lost. Histologically, we recorded principally subepi-
thelial neutrophilic infiltration, presence of some lympho-
cytes and some plasma cells, with exocytosis through the
epithelium and into the lumen and lysis of neutrophils; no
lymphoid nodules were observed.

Macroscopic lesions in the respective mammary par-
enchyma included marked enlargement and congestion of
the gland, subcutaneous oedema and sanguineous fluid
exuding from sections of the reddened parenchyma; the
supramammary lymph nodes were enlarged. In the ewe
that died, the mammary gland appeared extensively con-
gested and enlarged, with significant subcutaneous oedema
and discolouration of the overlaying skin. Histologically,
conspicuous neutrophilic infiltration, extravasation, intra-
alveolar live and exhausted neutrophils, destruction of
epithelial cells, alveolar destruction and haemorrhages
were evident.

Contralateral side: Man. haemolytica was isolated from
the mammary parenchyma of the contralateral side of the
ewe that died (group F). Mild neutrophilic infiltration was
evident histologically. No macroscopic or histological
lesions were seen from the contralateral side of any other
ewe.

Comparisons: On D1, group K ewes had a significantly
smaller proportion of positive bacteriological results from

tissue samples (P=0.029). However, there was no sig-
nificant difference between the two groups on D3
(P=0.071).

Furthermore, on D1 teat pathology scores were higher
for group K ewes (P=0.04). However, no significant dif-
ference was evident on D3 (P=0.278). In contrast to that,
parenchyma pathology scores were higher for group F
than for group K ewes on both occasions (P<0.02).

Discussion

We investigated the susceptibility of two breeds of dairy
sheep to deposition of Man. haemolytica into the teat.
Both breeds of sheep are exploited in Greece for their
milk. Karagouniko sheep are indigenous and although
they have been subjected to genetic selection for their
milk yield, their average milk production is still rela-
tively average. They are considered to be well adapted
to local conditions and are reputedly resistant to disease
(Zygoyiannis, 1999; Christodoulopoulos & Fthenakis,
2005). Frisarta sheep are a cross between Friesian sheep
and the local dairy breed in the Arta area (north-west
Greece). They are increasingly used for their dairy abilities
in Greece, but anecdotal evidence suggests that they are
particularly susceptible to pneumonia associated with
Man. haemolytica (Skoufos et al. 2006).

The above was our stimulus to initiate the current
project, given that the organism is also a confirmed mam-
mary pathogen (Bergonier & Berthelot, 2003). Possible
differences between the two breeds have been evaluated
under experimental conditions, by using the ‘ teat-
challenge’ model (Mavrogianni et al. 2005, 2006b). By
means of this method, we tested for the pathogenic effects
of the organism on the mammary gland of animals used in
the present study. The results provide clear evidence that
ewes of the Frisarta-breed (group F) were susceptible to
clinical mastitis after Man. haemolytica deposition into
the teat. All Frisarta animals developed clinical mastitis
and had significantly severe pathological findings in the
mammary parenchyma; this is in contrast to Karagouniko

Table 3. Recovery of Mannheimia haemolytica and total pathology scores in tissue samples from ewes inoculated with the organism

Time after challenge

1 d 3 d

Pathology score Pathology score

Group Recovery rate Teat Parenchyma Recovery rate Teat Parenchyma

K 4/12†* 17* 2* 8/12 17 5*
F 12/12†* 13* 29* 12/12‡ 21· 30·*

Group F: Frisarta-breed ewes, group K: Karagouniko-breed ewes

† n/m=positive results out of total sites sampled

‡ includes 3/3 samples from the ewe that died 2 d after challenge

· figures include pathology score 7 (teat) and 8 (parenchyma) of samples from the ewe that died 2 d after challenge

* differences between groups statistically significant (P<0.05)
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ewes which developed only subclinical mastitis, with less
severe mammary lesions.

No lymphoid nodules were observed in the teats of
Frisarta ewes. Since these structures have been identified
as defensive mechanisms (Mavrogianni et al. 2005)
located at the border between teat duct–teat cistern
(Mavrogianni et al. 2007; Fragkou et al. 2007b) it is
reasonable to postulate that their lack contributed to the
ascent of the organisms into the mammary parenchyma
and development of acute clinical mastitis. In fact, the
bacteriological findings (Table 2) indicate that although
bacteria colonized the teat duct, they invaded the
mammary parenchyma and caused mastitis only in Frisarta
ewes. These findings are in line with our clinical obser-
vation regarding susceptibility of animals of the breed to
respiratory infections, given that similar structures play a
defence role in the lungs (Moyron-Quiroz et al. 2004).

In previous studies (Mavrogianni et al. 2005; Fragkou
et al. 2007a) where Karagouniko-breed ewes have been
used as model animals, we have consistently obtained
similar results, i.e. deposition of Man. haemolytica into
the teat duct of ewes did not result in clinical mastitis,
although an inflammatory response was elicited. Direct
inoculation of the same organism into the gland cistern
resulted in acute clinical mastitis (El-Masannat et al. 1991;
Mavrogianni et al. 2005). Moreover, in ewes with viral teat
lesions where no lymphoid nodules had been observed,
deposition of the strain into the teat duct resulted in acute
clinical mastitis (Mavrogianni et al. 2006b).

Mucosa-associated lymphoid tissues are secondary
lymphoid organs and represent the first encounter of anti-
gens breaching mucosal surfaces with the immune system
(Lydyard & Rossi, 2001). There is interest in inducible
lymphoid structures developing de novo and in association
with mucosae; formation of these lymphoid aggregates
appears to be induced, and their mass expanded, in
response to lumenal or mucosal surface stimuli, including
bacterial invaders. Formation of induced bronchus associ-
ated lymphoid tissue is directly triggered by inflammatory
responses to bacterial invasion (Moyron-Quiroz et al.
2004); similarly, the lymphoid nodules observed in the
teat duct–teat cistern border are associated with bacterial
presence therein. The bronchal epithelium is the interface
between the lungs and the outside world; the teat duct
plays a similar function for the mammary gland.

In cows, there is an abundance of information regarding
genetic resistance to mastitis. Genetic differences in vari-
ous defence determinants of susceptible/resistant animals
have been reported, e.g. number of blood polymorpho-
nuclear cells after calving (Detilleux et al. 1994), lacto-
ferrin concentration (Schwerin et al. 1994), production
of immunoglobulins (Kelm et al. 1997), production of
complement fragment C5a (Shuster et al. 1997), production
and mobilization of cytokines (McShane et al. 2001).
There is also information regarding genetic control of
lymphocyte mobilization and role, e.g. heritability of T cell
proliferation ranges between h2=0–0.40 (Detilleux et al.

1994), genetic mechanisms have been identified for pro-
duction of T cell and B cell receptor phenotypes (Saini
et al. 1999). Furthermore, special emphasis has been
placed on the genetics of the Major Histocompatability
Complex (MHC) of cattle, known as the bovine leucocyte
antigen (BoLA), which has been linked to resistance to
mastitis (Takeshima & Aida, 2006). For example, preva-
lence of mastitis was higher in cows carrying the BoLA
class II haplotype ‘b’ (Arriens et al. 1994), whilst presence
of the bovine lymphocyte antigens class I allele CA42 in-
stead of EU28 increased susceptibility to Staphylococcus
aureus infection (Schukken et al. 1994).

In sheep, significantly less work has been carried out in
this area. Differences among individual ewes in MHC gene
polymorphism have recently been reported (Swiderek
et al. 2006), but other results are conflicting. For example,
Baro et al. (1994) indicate small heritability to high
somatic cell counts, whilst Barillet et al. (2001) suggest
that selection for mastitis resistance could be based
on somatic cell counting. Others (Watson et al. 1990;
Gonzalez-Rodriguez et al. 1995; Burriel, 1997) also report
differences in breed susceptibility to mastitis ; Burriel
(1997) found that Mule ewes were more susceptible to
intramammary infections and mastitis than Welsh
Mountain ewes.

Conclusion

Our findings suggest that there are differences in the sus-
ceptibility of dairy sheep to the development of mastitis. In
this case, defence mechanisms of the teat appeared to be
inadequate against the invading organisms. The results
further underline the importance of lymphoid nodules in
the teat, as a defence structure, and provide an indication
for the reduced susceptibility of Karagouniko animals.
Whether these are true breed differences rather than line
ones should be a subject of a further systematic investi-
gation. Nevertheless, the results indicate the possibility
for a genetic basis of susceptibility to mastitis in dairy
sheep. This can be exploited in the development of future
breeding strategies and resistance to mastitis may be
incorporated into future goals for dairy sheep. In sheep
husbandry systems where milk production is the primary
target, lack of mammary diseases may be considered a
trait of equal importance to high milk yield and be given
appropriate weighting in their genetic improvement.

The project is co-funded by the European Social Fund &
National Resources – EPEAEK II-ARCHIMIDIS II.
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