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Tlopa A., Bowwapov X., Kapapovtowog A., Zkovgog 1.
Tunuo Teyvoldoyiag I'ewmoviag, KarevQoven Zwikngs apaywyns, TEI Hreipov, 47100 Apta

ABSTRACT. Objective of the present study was to study the outcome of inoculation of Staphylococcus aureus into the
teat duct of female goats, which simulates mammary natural infections. In total, 22 lactating goats were used in the study; 8
animals were challenged with a S. aureus strain at a depth of 2 mm into one teat duct (group A), 8 animals were challenged
with the same strain at 6 mm into one teat duct (group B) and 6 animals were challenged directly into one gland cistern
(group C). Challenge dose was always 1300 cfu. Animals were examined clinically before and after challenge; milk samples
were collected for bacteriological and cytological examination, and milk yield measurements were also performed. Goats in
group A or B developed a significantly milder response than animals in group C. It is concluded that the evidence indicates
a protective role of the normal teat of the udder of goats and that the results also underline the significance of maintaining
healthy teats for prevention of mastitis in dairy herds.

Keywords: immunity, goat, mastitis, Staphylococcus aureus

INEPIAHYH. Zxomég g peréme frav 1 ofloAdynon TV anoTelecUAToOv TOV evoeBalcpo Staphylococcus aureus
o1t ONAN Tov paeToD YOV, M®GTE VO TPOGOUOLALEL 6TN PLGIKY HOAVVET. XN peAéTn mepANeOnKav cuvolikd 22 aiyeg o€
yaAokTikn tepiodo. X 8 aiyeg £ywve evamobeon S. aureus otn OnAn tov paoctov og BaBog 2 mm amd 10 oTOUI0 VTG (Opada
A), og GAlec 8 evamdbeon S. aureus otn ONAN Tov poctov o€ faboc 6 mm amd to 6ToUo aVTHG (opdda B) kot og dAAeg 6 Eywve
evopBodcpds amevbeiog 610 yorakto@opo kOATo (opdda I'). H 660om evopbaipiopod frav 1.300 cfu. Eta {da £yive kKAvikn
e&€taon mpwv kal petd tov evoeBaipcpd. Eniong, cuAléyOnkav delypata YOAQKTOG Yo fOKTNPLOAOYIKT KOl KUTTAPOLOYIKT
e€€Toom TPV Kol LETA TOV EVOPOUAUIONO, EMTAEOV O€ TPOYIATOTOONKAY LETPNGELS TOV TOPayOHEVOL YOAakTOS. Ot aiyeg
otnv opdda A M B exkdAwcav onpovtikd mo A euprpoto 6tov evophoipcpd and ta (oo otnyv opdada I. ATd 10 cvvoro
TOV EVPNUATOV cupumepaiveTal 6Tt 1 ONAN ToV pHooTod 0oKEl TPOSTATEVTIKY dPAoT) EVOVTL EIGRAAAOVIOV UIKPOOPYOUVIGUDV,
mov OmOdEKVIEL TN oNpacio TG dlaTtnpNoNg TG Lyeiog TV ONAGV ylo TNV TPOANYN TNG LACTITIONG OE EKTPOPES OLYDV.
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INTRODUCTION

taphylococcus aureus is the most important mam-

mary pathogen in goats, although other organisms
(e.g. coagulase-negative Staphylococcus spp., Strep-
tococcus spp., Escherichia coli) are also implicated
in the aetiology of the disease. The organism causes
clinical or subclinical mastitis, which adversely affects
the welfare of animals and causes significant financial
losses (e.g., death of affected does, veterinary expenses,
reduced milk production, changes in quality of milk)
(Marogna et al., 2012). Infection takes place through
the teat, which, in cows and ewes, acts defensively to
limit invading bacteria (Mavrogianni et al., 2006b).
Potential defense role of the teat of goats had not been
adequately described, although evaluation would be
helpful in formulating strategies for control of mastitis
in goats. Objective of the present study was to study the
outcome of deposition of S. aureus into the teat duct of
female goats and to evaluate the results of infection and
production parametres; this model simulates natural
mammary infections.

MATERIALS AND METHODS

Experimental design

In total, 22 lactating goats of the Greek indige-
nous Capra prisca goat breed were allocated into one
of three groups (A, n=8; B, n=8; C, n=6) and chal-
lenged with a strain of S. aureus that had been isolated
from a case of clinical caprine mastitis. The animals
were purchased directly from small-scale farmers.
Selection at the first stage was by visual appraisal.
Only animals that were structurally sound, free from
obvious physical defects and appeared healthy were
purchased.

The breeding animals were all between 38 and
40 months old when they are kidded. Kids of these
does were taken away from their mothers at the age of
18 days and subsequently, the does were hand-milked
thrice daily. Does were also monitored at weekly inter-
vals with clinical examination and bacteriological and
cytological examination of milk samples, to confirm
that they remained free of mammary infections.

Challenge (the day of inoculation) was per-
formed on the 35" day after lambing. For inoculation,
the strain 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.

Does in group A were challenged by deposition
of 1,300 cfu of the organism into the left teat duct (2

mm deep) (Mavrogianni et al., 2006b). Does in group
B were challenged by deposition of the same dose
into the left teat cistern (6 mm deep). Does in group C
(received as «positive controlsy») were challenged by
introduction of the same dose directly into the gland
cistern. The contralateral side of the udder was used
for control purposes and a small amount of sterile PBS
(1 mL) was inoculated in the respective sites.

Pre- and post-inoculation examinations and sample
collections

Three days (D-3) and one day (D-1) before chal-
lenge, which took place on DO, a thorough clinical
examination of the experimental animals was per-
formed. Special attention was paid to their mammary
glands and teats, which were palpated to evaluate their
shape, size and consistency. Teat duct material was
collected for bacteriological examination by using a
previously described technique; in brief, an Abbocath
catheter cut at a length of 2 mm was inserted into the
teat duct, mildly swirled to collect material and then
taken out (Mavrogianni et al., 2006a). Finally, milk
samples were withdrawn and subjected to bacteriolog-
ical and cytological examinations; the first two squirts
of secretion were discarded and, then, 10 to 15 mL of
secretion were carefully collected into a sterile con-
tainer (Fthenakis, 1994). Subsequently, similar exam-
inations and sample collections were performed 12
hours, as well as 1, 2, 4, 7 and 10 days after challenge
and every 7 days thereafter.

All samples were cultured onto Columbia blood
agar; the media were incubated aerobically at 37 oC
for up to 72 h. Throughout this study, all bacteria iso-
lated were identified by using conventional microbio-
logical techniques (Barrow et al., 1993).

The Microscopic cell counting method (Mccm,
IDF reference method) was applied for measuring
cell numbers in milk samples (International-Dairy-
Federation, 1984; Raynal-Ljutovac et al., 2007).
Further, after stain of milk films by the Giemsa tech-
nique, the type of 200 cells was also identified, in
order to estimate proportion of the various leucocyte
numbers in the samples (Mavrogianni et al., 2006b).

Finally, actual milk yield measurements were
performed before challenge, as well as on D10 and
every 14 days thereafter. Measurements were per-
formed on the day of estimation of milk yield 12
h after complete emptying of the mammary gland.
Actual milk yield measurements at day: D-3, D10,
D24, D38, D52, D66 and D79, were calculated using
individual milk yields recorded at each a.m. and p.m.
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milking session by electronic milk meters and flock
management software.

Data management and analysis

The number of bacteriologically positive results
obtained by each of the three different procedures
of challenging the animals, were compared between
them.

For somatic cell counts and milk yields, repeated
measures mixed effect linear regression models were
used to determine significance of differences between
groups throughout the course of the study period.
Effect of experimental subjects (animals) was included
as random effect in the model. Models were adjusted
for repeated measures within animals. Independent
variables (fixed effects) included experimental group,
time of the study and a time of the study by experi-
mental group interaction.

Separate analyses were performed for results from
the challenged and the contralateral side of the udder.
Statistical significance was defined as P < 0.05.

RESULTS

Findings before challenge

Both mammary glands and teats of all goats
(groups A, B and C) were clinically healthy during the
period from kidding to challenge. No bacteria were
isolated from teat duct material or milk samples. Cell
counts in milk samples were always <0.4x10° cells
mL!; difference between the three groups were not sig-
nificant (P>0.65). Most (80-85%) cells present in milk
films were macrophages, with some (15-20%) neutro-
phils and scarce (<5%) lymphocytes also present.

Clinical findings after challenge

In group A, no clinical findings were observed
in any goat after bacterial deposition into the teat. In
group B, clinical signs were transiently (1 day) seen
in only one goat after challenge. In contrast, in group
C, all ewes developed clinical mastitis in the inocu-
lated side (abnormal secretion with flakes and clots,
enlarged mammary gland) for up to 38 days after
challenge. The difference in development of clinical
disease after challenge between groups A/B and C was
statistically significant (P<0.001). Duration of clinical
signs was also longer in group C goats (median value:
27.25 days) than in group A or B animals (median
value: 0 days) (P<0.001).

The contralateral side of the udder of all experi-
mental animals remained healthy throughout the study.

Bacteriological findings after challenge

In group A animals, S. aureus were isolated from
50/210 samples (34/105 teat duct material samples,
16/105 milk samples) from the challenged side of the
udder. In group B animals, S. aureus were isolated from
93/210 samples (47/105, 46/105, respectively) from
the challenged side of the udder (P<0.035 compared to
group A). In group C animals, S. aureus were isolated
from 95/168 samples (45/84, 50/84, respectively) from
the challenged glands (P<0.003 compared to group A,
P=0.016 for milk samples compared to group B).

No bacteria were isolated from milk samples
collected from the contralateral side of the udder from
any goat at any sampling.

Cytological findings after challenge

In all cases, after challenge, somatic cell counts
increased in milk from the inoculated side of the udder.
Mean (+standard error of the mean) cumulative somat-
ic cell counts were 0.625x100+£0.06x10° cells mL™! for
group A goats, 0.962x106+0.11x106 cells mL-1 for
group B goats and 1.409%106+0.22%106 cells mL-1
for group C goats (P<0.04 between groups).

Neutrophils predominated (>75% of total leu-
cocytes) in milk films up to D7. From D10 to D17,
neutrophils (35-55%) and lymphocytes (35-45%) were
seen in milk films, whilst thereafter lymphocytes pre-
dominated (>50%) in milk films. In groups A and B,
progressively (after D38), macrophages again became
the predominant cell type in the animals.

Milk yield measurement

In all cases, after challenge, milk yield decreased
from the inoculated side of the udder. Mean (+standard
error of the mean) cumulative milk yields were 232419
mL for group A, 186+13 mL for group B and 9143 mL
for group C (P<0.04 between groups). On average, milk
yield from the inoculated side of the udder was smaller
from the contralateral side by 14% to 36% for group A,
by 22.5% to 39.5% for group B and by 64.5% to 68%
for group C animals (P=0.07 for group A versus group
B, P<0.001 for group A or B versus group C).

Detailed results are in Table 1.

DISCUSSION

In previous experimental studies of caprine masti-
tis, the bacteria were deposited directly into the mam-
mary gland (Herwijnen, 2010). In our work, we inocu-
lated the staphylococci into the teat of goats, which sim-
ulates natural conditions of infection, as the teat is the
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portal of entry of mammary pathogens. The results pro-
vide interesting evidence or facts regarding a potential
protective role of the teat against mammary infections.

Animals in group C were «positive controls».
Mastitis was consistently induced in these does after
inoculation of S. aureus directly into the gland cistern.
This strain had been isolated from a case of clinical
mastitis in a goat, hence induction of the disease after
intramammary challenge and re-isolation of the strain
confirmed its pathogenicity for the caprine mamma-
ry gland. The inoculated animals showed increased
somatic cell counts (>2.0x10°¢ cells mL") and dra-
matic reduction (>60%) of milk yield, which is likely
the result of destruction of mammary epithelial cells
caused by the virulent factors of the staphylococci
(Fthenakis and Jones, 1990).

In contrast to the above, deposition of the same
dose into the teat of the udder did not result in clinical
mastitis. Goats in group A showed only a transient
excretion of the organism in the milk, whilst isolation
of the organism from the teat duct (i.e., the exact site
of deposition) also ceased some days after challenge.
Milk somatic cell counts were significantly smaller
than in goats of group C, which indicates a milder
inflammatory reaction mounted by goats in group A.
Further, reduction of milk yield was smaller (<35%),
which suggests a smaller effect of bacterial factors to
mammary cells and likely less severe damage to the
mammary cells, as the degree of mammary destruction
is related with reduction in milk yield. Similar findings
were recorded in animals of group B, in which bacteria
were deposited into the teat cistern, although the reac-
tion of the animals in that group was more severe (e.g.,
longer time required to clean bacteria from the udder,
higher somatic cell counts).

These findings support a hypothesis regarding a
protective role of the teat of ewes. Bacteria placed into
the teat duct ascended to the mammary gland (isolation
from milk), but did not cause clinical mastitis. In cows
and ewes, the protective role of the teat has been con-
firmed, but similar studies have never been reported in
goats. Knowledge from ewes cannot be applied direct-
ly to goats, as these are two different animal species
with distinct physiological differences (Agrawal et al.,
2014). The present results indicate that the potential
defence mechanisms act at the lower end of the teat, at
a distance of up to 6 mm from the teat orifice.

Various mechanisms can be responsible and may
play a defensive role at the teat of the udder (Paape
and Capuco, 1997; Fragkou et al., 2007). These
include the keratin of the teat duct, which inhibits
proximal progression of bacteria, whilst subsequent
cellular and humoral defence mechanisms occur in

the teat cistern, e.g., leucocytes and non-specific anti-
bacterial proteins (Ezzat Alnakip et al., 2014). Also,
possibly, under field conditions, bacterial flora into
the teat duct (e.g., coagulase-negative staphylococci)
can play a protective role against invading bacteria,
for example by acting in competition with invading
organisms and ultimately leading to reduction in the
number of the latter bacteria (Fragkou et al., 2007).

An interesting question is why the bacteria, although
they reached the mammary gland, did not cause clinical
mastitis in groups A or B. One may postulate that, per-
haps, the elicited influx of neutrophils (as confirmed by
results of cytological examination) after deposition of
bacteria into the teat has prepared the mammary gland to
respond better to the bacteria which arrived thereafter to
the parenchyma. Direct inoculation of bacteria into the
gland cistern elicits an inflammatory response within 6 to
12 hours, by which time the bacteria will have multiplied
massively and will have already damaged the mamma-
ry tissue. Deposition of bacteria into the teat gives the
opportunity for an initial, mild leucocytic response, which
would prepare the mammary gland to counter-act effi-
ciently the bacteria if they would reach the parenchyma.

The above evidence confirms the protective role
of the normal teat of the udder of goats. The results
also indicate that maintenance of healthy teats will
contribute to effective control of mastitis.

CONCLUDING REMARKS

Deposition of a S. aureus strain with confirmed
pathogenicity into the teat of the udder of goats leads
to a milder effects compared to the ones recorded after
direct inoculation of the strain into mammary paren-
chyma. The evidence indicates a protective role of the
normal teat of the udder of goats. Furthermore, the
results also underline the significance of maintaining
healthy teats for prevention of mastitis in dairy herds.
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Table 1. Detailed results of clinical, bacteriological and cytological findings after deposition of Staphylococcus aureus into the teat duct of goats.

Group A (bacierial deposition inte the teat dust)
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