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Acute Phase Proteins — APP’s:

e Proteins whose plasma concentrations increase (positive
acute phase proteins) or decrease (nhegative acute phase
proteins) in response to inflammation.

e Altered plasma concentration varies with the type of
infection that causes inflammation, with the time passed
since infection happened, and among animals.

e Inflammations may not always be discovered, but APP
levels found in routine blod samples etc. may reveal an
Inflammation and thus an infection of some, unknown,
kind.
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When APP levels indicate inflammation:

e We don’t know which kind of inflammation we are dealing
with;

e We don’t know where in the corresponding disease
progression we are;

 Response depend on the specific APP; some react better
under specific infections but not so well under other types;
but they still react;

e We thus cannot pair inflammation types with
corresponding APP’s.
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Working hypothesis:

APP levels can be established for a range of infection
types and a disease progression length, such that:

e Critical levels of APP indicate inflammation irrespectively
of the type of infection;

e and irrespectively of the length of the disease
progression.
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Experimental design

i

e A number of pigs were infected with one of a different

number of very different agents;

e Actinobacillus pleuropneumoniae, European Mycoplasma

hyosynoviae, Porcine Reproductive and Respiratory
Syndrome Virus (PRRSV), Streptococcus suis, Toxoplasma
gondii, Turpentine.

Different bacteria, virus, parasites and turpentine to mimic
aseptic inflammation.

PRRSV was disregarded because too few pigs had
recorded data.

e 4 APP’s were measured in a period before and after

infection:

e Apolipoprotein A-1 (APOA1), C-reactive protein (CRP),

5

Haptoglobin (HP) and pigMAP.
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Results — Mycoplasma

APOAL1 - Infection with

Mycoplasma
Lr) &
g
- \
v
X —X +
R A % @\
% \X/‘Q //& i
N *\A §<§/§E
m— A 0L
. /@ A é/
o
-10 0 10 20
Time since infection
HP - Infection with
Mycoplasma
§ 1 \7/' \
<
o
O 7
_ 8 N
g \V
28 v
N
O
o
§ $<+
N\
X r \X
) /\@ \K‘ﬂ X
10 0 10 20

Time since infection

DTU Informatics, Technical University of Denmark

png/mi

png/mi

20

15

10

CRP - Infection with

{f—————

Mycoplasma

*
|
gé Lo

=¥

-10 0 10 20

Time since infection

PigMAP - Infection with

Mycoplasma

o)
+ V
X X+
k//‘éém,ﬁ“ é Sx
: faiy
| X
10 0 10 20

Time since infection

Optimal APP combinations

16/01/2012

WE



ug/ml
00 05 10 15 2.0 25 3.0

png/ml
1000 2000 3000 4000 5000

0

Results — Streptococcus suis
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Results — Toxoplasma
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Results — Turpentine
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When is the APP level high enough to

Indikate presence of inflammation?
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When is the APP level high enough to

HE

Indikate presence of inflammation?
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When is the APP level high enough to

HE

Indikate presence of inflammation?
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Detection probabilities, Streptococcus
suis infection.
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Detection probabilities, Toxoplasma
Infection
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Detection probabilities, Mycoplasma
Infection
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Other problems

e Detection probabilities are too low, and starts to decline
too rapidly.

e The same APP cannot be used for all infections.
Solution:

» Utilize all the information from data, by looking at the
APPs simultaneously. They may complement each other
and combine power to detect infections.
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Multivariate analysis

[ _ x(APOAL) \
X(C-"RP)
Y (HP)

\ X(pigﬂfﬂp)/

i

X not from infected animal = X ~ Na(u, >)
where J and 2 are determined from pre-
Infection data.
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Infection with Streptococcus suis: =

>
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Correlated data
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Univariate versus multivariate data

e Post-infection data have higher values for some but not
necessarily all APP.

e Obvious choice of a decision rule: Maximum of the 4 APP
levels is 'high’.

e Problematic definition; APP levels for different pathogens
do not have the same distribution, and they are correlated
so that one level being high implies other levels likely to
be high.

e Correct for both, while keeping the decision rule.
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Removing correlations and creating
Independence for a given infection type:

i

Y1 =X,
Yo =X — 351/ 1(Xy —p1)
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Streptococcus suils
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Construction of multivariate cut-off values:
Decision rule: Max of the Y;’s are big.

«Construct c; such that

P( L c;) = 0.95'/4
V V(Y;)

* As the Y’s are independent, it follows that

e Cut-off for Yi: & = ci/VI(Vi)+
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Complications

« We DON’T know 2! Thus, formally, we can’t
calculate the Y’s!

« However, we can estimate 2 and use the estimated
value.

 Consequence: The Y’s are only approximately
independent.

 Their distribution iIs nhon-standard, and we obtained
results through simulation.
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Corresponding technigue for combinations ofes
less than 4 APP’s.

* 4 single APP’s;
e 6 pairs of APP’s;
* 4 three-combinations off APP’s;

« 1 combination of all 4 APS’s.

Which combination should be chosen, as the best to
detect imflammations from all the infections in the
design, relative to resources at hand?
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Creating a Detection Index
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Detection Index
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Maximum value for the index: 0.935.
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Detection probability
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Detection probabilities, Toxoplasma
Toxoplasma with increasing number of APP's
o _
F' Best single APP 0-0-0
Best 2 APP's A--A--A
Best 3 APP's +-+—-+
All 4 APP's X—=X—X
© _|
o !
A
© li
o ] I \
II.’ \
Ii \
[N vy
< [N \
. _ ['- kY
© li: \
1 v
I:' A
. i
o | I,'
....... Ali
............... I1
= o
| | | | |
-5 0 5 10 15 20
DTU Informatics, Technical University of Denmark Days Optimal APP combinations 16/01/2012



0.8 1.0

0.6

Detection probability
0.4

0.2

0.0

Detection probabilities, AP4

AP4 with increasing number of APP's

‘Wg;- '-"_': ‘‘‘‘‘ 6
--------------- +
Best single APP 229
Best 2 APP's aoas
Best 3 APP's NIV
All4 APP's XXX
‘
[ | l |
0 : 10 15
Days

29 DTU Informatics, Technical University of Denmark Optimal APP combinations 16/01/2012

i



Conclusion

e We have developed a method that apparently allows
detection of inflammation over a wide range of causes and
a considerable part of the disease progression period.

e Cut-off values may be subject to local conditions and the
number of animals included in the study and thus cannot
be generalized.

e An obvious step is to apply the method to different
animals, to assess the sensitivity of local conditions.

e Heegaard et al. Veterinary Research 2011, 42:50
e http://www.veterinaryresearch.org/content/42/1/50
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Further work

e Expanding and validating a health index concept on a larger set of herds
and a wider range of APP’s;

» Defining a global set of APPs that is not limited to the data set which it is
based on;

e Explore possibilities in herd welfare classification systems, as well as the
use in efficient health surveillance in pig herds;

e Business partners a necessity.
e Current project group:
— Anders Stockmarr, DTU Informatics, DTU Data Analysis

— Peter Heegaard, DTU National Veterinary Institute
— Jens Peter Nielsen, KU LIFE
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