 SPECTRUM _

by David Whyte, Graeme Mein, Rod Claycomb & Murray Woolford

Unmasking mastitis

armers, consultants,
F veterinarians and milk

processing companies
around the world list ‘ mastitis
detection’ asthe primary need
for development of on-line
sensing technol ogy.

But when asked what exactly
they wanted to detect and what
they thought ‘ mastitis' referred to,
there was much confusion about
mastitis and mastitis detection.

The definition of ‘madtitis’ is
specific, while the term is often
used to refer to a broad and com-
plex sequence of events. Mastitis
as defined by Webster and the
International Dairy Federation
is an ‘inflammation of the . . .
udder’. If this is ‘true mastitis’,
two interesting questions become
obvious.—

1) How can you build a sensor
that detects ‘inflammation’ ?

TABLE 1: Sequence
of development of
easily detectable
events (given as the
average number of

. Risein . milkingsafter intro-

TABLE 1: Bactglr;(a Cell count electrical fCIOtS,'I'; duction of the or-
inmi x 10 conductivity | 'O ganism) in mastitis

: caused by Strepto-

Strep. UberIS 23 31 35 52 cocci and Staphy|o_
Staph. Aureus 1.1 23 2.7 4.2 cocci. It is taken
= from Eric Hiller-
nsortec ) (5-7) (9-10) (11) ton’s paper ‘ Detect-
seqguence ablechangesin milk

2) Is ‘true mastitis' really what
everyone wants to detect?

Some people define ‘ detecting
mastitis when a test of bacterial
pathogensis positive, otherswhen
SCC reaches a particular level,
otherswhen clinical signssuch as
clots or swelling occur.

All these definitions contain
sometruth, give someinformation
about udder health or milk qual-
ity and are useful in herd health
and milk quality management.

A cause-effect spectrum has
been developed in conjunction

with animal health experts from
around the world. This spectrum,
depicted Figure 1, givesaclearer
perspective about the process
commonly referred to as ‘mas-
titis'. 1t outlines biological causes
and physiological and behaviour-
al effectsthat occur as a bacterial
infection progresses.

From this information, sensors
can be devel oped which measure
components at different stages of
the spectrum, depending on the
management decision being
sought. The cause-effect spectrum
is a generalisation of a ‘typical’
bacterial infection episode. Its
intent is to paint a picture of how
various causes lead to their asso-
ciated effects and how various
cause-effect relationshipsfit along
the spectrum.

1) Bacterial infection

Thefirst step in the cause-effect
spectrum is the contamination of
the teat end with bacteria, foll-
owed by bacteria entering the
teat and gland.

2) Bacteriareplication

Asbacteriamultiply intherich
nutrient environment of the milk,
they produce many different met-
abolic by-products. One of the
most significant is lactic acid or
lactate. Aside from measurement
of bacteriathemselves, the meas-
urement of abacterial metabolite,
such aslactate, would be about the
earliest indicator that an infection
has occurred. What is done about

in the pathogenisis
of intra-mammary
infection —theinitial
response’ involving
2different bacteria,
and the average
number of milkings
after infusion of the
udder with bacteria
that the following
increased: bacteria,
SCC, conductivity
and clots, and how
they correspond to
the proposed cause-
effect spectrum.

it a this point is a management
decision.
3) Glandular response

Once there is anon-bovine cell
or aforeign substance in the sys-
tem of a healthy normal animal,
her natural defence system will
detect the cell or substance and
react. The first physiological
trigger is for the gland to release
so-called ‘acute phase proteins
(APP)’, which act asthe signal to
the immune system to do some-
thing. OnesuchAPPiscalled milk
amyloid A (MAA).

4) Initial immune system
response

Increasein MAA leadsdirectly
to the immune system, sending
white blood cells or leukocytes
to the udder. This is the first in-
stancein the cause-effect spectrum
when somatic cell count (SCC)
rises. ‘ Somatic cell’ simply means

| (il
| | | | | | |

| | | | | | | | |

CAUSE EFFECT

(bacteriological) (behavioural or physiological)

FIGURE 1: Diagram of a cause-effect spectrum.
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(From facing page)

‘body cell” and includes any cell
of bovine origin. This includes
mostly white blood cells and
mammary epithelid cells, thecells
that synthesise milk.

The initial leukocyte response
leadsto anincreasein SCC levels
but, because of high baseline
variation in SCC from cows due
to factors such as breed, parity,
stress, milking interval and other
diseases, thisinitia risein SCCis
usually too small and too variable
to be measured reliably.

5) Initial tissue damage

If the infection has not been
cured, bacterial levels eventually
rise to the stage that they begin to
damage themammary epithelium.
As this occurs, SCC continues to
rise, still due mostly to a further
influx of leukocytes, but also a
result of dying and sloughing
mammary epithelial cells. Some-
whereat thisstagein the spectrum,
SCC becomes measurable over
and above the baseline variation.
Also, at this stage, initial tissue
damage leads to release of ‘heal-
ing enzymes’, such as NAGase.

6) Internal mammary swelling
(‘inflammation’ or ‘true
sub-clinical mastitis')

If the infection progresses, the
mammary epithelium starts to
swell. This swelling is internal
and cannot be seen or felt by the
observer.

7) Increasing tissue damage
Aagain, if the infection has not

been cured, damage to the mam-
mary epithelium worsens. This
may lead to extreme SCC in-
creasesasdamaged epithdial cells
slough off into the milk, perhaps
taking SCC levelsinto millions of
cells per millilitre.

Once epithelial cells start to
become significantly damaged,
the milk yield would be affected.
Whether this trandates into a de-
clinein milk yield from the udder
probably depends on what the
major rate-limiting factor is for
the cow’s milk production, either
the milk producing capacity of
the udder or thelevel of nutrition.
Research suggeststhat if nutrition
level is rate-limiting, the equiva-
lent of 3.5 quarters can convert all
food nutrients available for milk
production equally as well as 4
healthy quarters. So, drops in
milk yield at this stage are unlike-
ly to solely identify the stage of
infection.

8) Blood-
milk
barrier
break-
down

If epithelial

swelling

worsens, the
alveoli in the
gland start to
break down,
the so-called
blood-milk
barrier is
breached,
triggering

leakage into .

the gland. N

While an |

‘effect’, this | F

key step isin . -

itelfa‘cause’ | |

that triggers

significant

effects.

9) Influx of
extra-
cellular
fluid into
the milk

Breakdown of the blood-milk

barrier permits extra-cellular

fluid to enter the gland and mix

with the milk. Extra-cellular fluid

components, such as chloride,
sodium, hydrogen, potassium and
hydroxide ions enter the milk.

If the damage to the blood-milk

barrier is bad enough, even red

blood cell levelsin milk may rise
at this stage.

10) lonic effects

Influx of ions into the milk
leads to a decrease in the com-
plex impedance of themilk and an
increase in milk pH. The most
common way of measuring the
complex impedance is by elec-
trical conductivity. There are now
systems on the market that can
dothisby inductanceaswell. Due
tobiological variationsinthecom-
plex impedance, the most effective
way to diagnose udder tissue
damageisto measure the complex
impedance of individual quarters
and then compare val ues between
the 4 quarters.

11) Clots, external swelling,

redness

Once the blood-milk barrier is
breached, visible changes in the
milk and the udder start to occur.
Thiscaninclude clotting, external
swelling and redness of the gland
and wateriness of the milk. By def-
inition, this is the start of ‘clini-
ca’ symptoms.

David Whyte,
research
engineer,

Sensortec Ltd

Rod Claycomb,
chief executive,
Sensortec Ltd

12) Milk
yield, milk
tempera-
ture, activity
Once clinical
symptoms
start occur-
ring, the cow
has progress-

ed to a stage
of visible ill-
ness. So
much of the
udder tissueis
now damaged
that there is
often a sig-
nificant drop
in milk yield.
Severity of re-
duced milk
yield and
other clinical
symptoms
variesaccord-
ing to wheth-
erinfectionis
mild, severe,
acute or per-
acute. The
cow may run
afever, sothe
body and thus milk temperature
rises. If the cow isredlly sick, her
activity level drops.

13) Death of animal

An acute or per-acute infection
may eventually reachitsfinal con-
clusion with death of the animal.

I f this spectrum doesn’'t seem

GraemeMaein,
scientific
adviser,
Sensortec Ltd

Murray
Woolford,
principal
scientist,
Dexcel Ltd

complex enough, note that the

cow can self-cureor curewith
treatment at any time along the
cause-effect spectrum.

Scientists are still debating
finer details of this cause-effect
spectrum, but many conclusions
can be drawn:—

e ‘Mastitis’ is an amazingly
complex sequence of events.

« There are many unknown vari-
ablesand reasons. Each cow has
ahighly individual response and
a specific baseline of measur-
able indicators.

« To develop a ‘mastitis sensor’
could be likened to developing
a ‘personality’ sensor. Some
objective tests are available, but
no two experts will agree on
exactly the sameclassification of
aparticular individual.

e The further along the cause-
effect spectrum away from the
cause, the higher the probability
that the physiological or behav-
ioural effect can be caused by
something other than bacterial

infection. For example, arisein
conductivity can be caused by a
longer milking interval, or adrop
in milk yield can be caused by
changing the feed.

Following from the above point,
the closer the sensor measures
towards the cause end of the
cause-effect spectrum, the quick-
er and more effective the man-
agement response can be.

The further along the cause-
effect spectrum, the more the
infection becomes established,
the sicker thecow isand theless
likely she will be to self-cure.

Items on the spectrum that
have different biological causes,
such as conductivity and SCC,
can be correlated, but will never
be direct indicators of each
other. Therewill awaysbefase
positives and negatives when
using one to predict the other.
Remembering what the true
cause is of what is being meas-
ured bringsto light thereal man-
agement value of evaluating that
particular piece of data.

‘True mastitis' would be diffi-
cult to measure and is not really
the information most farmers
require. Many technologies are
being developed to help farmers
efficiently diagnose udder health
and milk quality on-farm.

Part of the successful applic-
ation of this technology will be
educating thedairy industry about
tools such as the mastitis cause-
effect spectrum. This education
will lead to farmers, their support
team and farm consultants being
better informed and able to pur-
chase and recommend technol-
ogy best suitedtotheneeds. B
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