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Abstract. Clinical, zootechnical and industrial develop-
ments of the last decades have led to new ideas on
monitoring systems for animal production and meat
inspection. Quality assessment systems, integrated
monitoring, risk assessment concerning consumer’s
health and monitoring for infectious animal diseases,
are more relevant today than pathomorphological con-
trol of individual subjects. Published papers on investi-
gations to assess slaughtered animals by blood variables
of classical clinical pathology and by measuring acute
phase reactants, are mentioned. Most papers deal with
ruminants giving good perspectives for the acute phase
proteins in that species. Only limited literature is avail-
able regarding acute phase proteins in swine; zinc and
iron have been shown to be of little value for general
health monitoring in swine.

Preliminary studies on limited numbers of finishing
pigs showed good prospects for the development of
species specific assays for acute phase proteins for future
practical use in the slaughterhouse. Isolation pro-
cedures for porcine haptoglobin (HP), serum amyloid A
(SAA) and C reactive protein (CRP) are described. It is
suggested that for monitoring individual animals, the
signal of acute phase variable can be amplified consider-
ably by applying an acute phase index (APT) combining
positive X negative reactants”!. Calculations on the
original data from a former investigation on 233 non-
healthy and 21 control cattle gave excellent results for
an API. Similar studies are in progress for swine.
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Introduction

With the increment of zootechnical possibilities and
resulting increases in farm sizes, in most western
countries the general health status of the farmed animal
has changed and zoonotic diseases such as tuberculosis
and trichinellosis are now of minimum prevalance.
Consequently, the role of the clinical veterinary pro-
fession has changed from applied curative action on sick
animals to organised farm guidance, and the function of
governmental meat inspection is evolved from one
controlling possible carriers of zoonotic agents and
hygiene, to additionally encompass another of general
quality assurance.

The present paper reviews the developments in the
changed veterinary guidance in the meat sector and
discusses new possibilities offered by monitoring animal
health by blood variables. Our own results in the area of
acute phase reactants to assess finishing animals (cattle
and pigs at slaughter) will be mentioned and discussed.

Veterinary Guidance in the Meat Sector
Investigations on Quality Assessment Systems
As early as 1960, in the UK a group of swine producers

founded a ‘Pig Health Control Association’, as they
wished to use the superior health status of their herds as
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a basis for increased trade. The concept of this group
was followed in other countries, e.g., in the USA,
Denmark, Belgium, Switzerland and Canada (Davies
1992). Monitoring herd health in pigs at slaughter was
developed in several countries using different systems,
but all concentrating, more or less, on the same major
pathological problems: abscesses, mange, atrophic
rhinitis, pleuritis, pneumonia, ascariasis, oesophago-
gastric ulcers and porcine intestinal adenomatosis
(Nilsson 1982; Christensen and Cullinane 1990;
Gardner and Hird 1990; Mousing et al. 1990; Liuim and
Falk 1991; Elbers et al. 1992; Hurnik et al. 1993, 1994;
Mousing and Christensen 1993). Studies to monitor
lesions for impact on growth, association with micro-
biology, or clinical disease episodes during the rearing
period at the farm followed (Wertenbroek 1981;
Bernardo et al. 1990a,b; Noyes et al. 1990; Falk et al.
1991; Hoie et al. 1991; Hill et al., 1992; Lingaas, 1993;
Paisley et al., 1993a,b; Hill et al. 1994; Wallgren et al.
1994). For monitoring porcine infections which may
have an impact on growth, several serological studies
for different agents on finishing pigs have been pub-
lished (Elbers et al. 1990; Falk and Lium 1991; Bogh et
al. 1994; Ewald et al. 1994).

From 1978 onwards government-guided models were
developed throughout the industry in Denmark (Wille-
berg et al. 1984) and other countries, such as Australia
and America (Davies 1992). In The Netherlands
‘Integral Chain Control’ projects including systemic
abattoir herd surveys have been performed in order to
attain industrial, collaboratively organised, Integrated
Quality Assessment Systems (Tielen and Elbers 1988;
Harbers 1991; Harbers et al. 1992; Blocks et al. 1994).
In these systems, feed and medication data from the
farm accompany the animals when sent to slaughter,
whereas the recorded post mortem lesions are used to
monitor heard health at the farm (Elbers 1991;
Geudeke 1992). Most of these studies concerned pigs
and the pork industry. However, similar projects have
been developed for veal calves and broiler chickens.

Developments in Meat Inspection Concerning
Integrated Quality Assessment Systems

In paraliel to technical and health developments, the
conveyor speed in meat factories has increased con-
siderably. This includes a new risk, that of missed
diagnoses. In the meantime the meat inspection system
could no longer give assurance relating to hidden
zoonotic agents, toxins and residues, and the changed
zootechnical systems induced the risk of contamination
with some (new) zoonotic agents, feed additives or
prophylactic veterinary drugs. For up-to-date meat
inspection, new systems needed to be developed
(Berends et al. 1993a), and within the European Union
(EU directive 92/117/EEC) integrated quality monitor-
ing methods were proposed and optionally included in
national regulations of member states. System guidance
by applying hazard analysis of critical control points
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(HACCP) was also added to the EU directives (93/43/
EEC) (Berends and Snijders 1994; Gerigk and Eller-
broek 1994).

Integrated Monitoring and Risk Assessment

Notwithstanding quality amelioration by the integrated
assessment systems, from epidemiological-statistical
tables it is evident that in the case of slaughter, all
carcasses have to be carefully controlled by routine
pathological-anatomical survey in order to reach reli-
able figures for all recognisable lesions (Wouda et al.
1987). Considering the types of lesions presently
encountered, however, it is questionable whether this is
still necessary (Hathaway and Richards 1993). Risk
assessment and the accceptability of risks to human
health appear to represent the modern fundamental
approach, allowing for the system of inspection des-
cribed above to be performed. For some zoonotic
agents with low prevalence (such ask Trichinella spiralis
or Toxoplasma gondii in pigs), serological monitoring
might be an alternative surveillance system (Berends et
al. 1991). Van Knapen (personal communication) has
suggested monitoring wild carnivorous predators for
trichinellosis instead of surveillance of farmed meat in
the slaughterhouse. For more frequently occurring
zoonoses such as salmonellosis, serology as well as
monitoring of carcass drip fluid might be appropriate.

Infectious Animal Diseases

The risk of spread of infectious animal diseases also
became another factor in this assessment, and may
possibly be of more importance than the risks for the
consumer. International trade agreements have started
to ban most monofactorial infectious agents such as
porcine and bovine herpes viruses, swine vesicular
disease agent and the viruses causing classical and
African swine fever. For monitoring such agents, vari-
ous nationwide serological surveys are to be performed.
Assessment by serology of slaughtered animals could
give a clear retrospective view on the diseases during the
life of the animals.

Assessment of Animal Health by Haematology
and Blood Chemistry

Classical Clinical Pathology

In the last decade, there has been further industriali-
sation of meat plants. Since in robotised conveyor lines,
abscesses might infect other carcasses, various blood
studies have been performed in order to detect animals
with grossly hidden abscesses before further slaughter-
ing. In finishing pigs at the farm and in slaughtered pigs
an investigation was carried out to establish whether
some blood variables may have predictive value with



Clinical Pathology in Assessing Animal Health

regard to inflammatory processes (Odink et al. 1990;
Smeets et al. 1990; Elbers et al. 1991). The results
revealed different variables (e.g. erythrocyte sedimen-
tation rate (ESR), fibrinogen, albumin, total protein,
differentiation of white blood cells) to be valuable tools
in identifying groups of finishing pigs with lesions,
including animals with abscesses. A striking result was
the finding (after meticulous dissection) of several
subclinical lesions in groups of ‘normal healthy’ finish-
ing pigs, where the results of blood variables (including
plasma viscosity and retinol) from the same animals
appeared to further categorise the severity of these
lesions (Visser et al. 1992; Alsemgeest et al. 1992).

These results encouraged the continuation of investi-
gations on blood components as control variables for
pigs at slaughter, although the variables used at this time
were not reliable enough (as indicated by sensitivity and
specificity) to identify positively individual animals as
totally healthy or not (Smeets et al. 1990). A need
remained for reliable blood variables which could be
determined quickly and which had good specificity and
sensitivity concerning health status. For example, stress
and fatigue due to transport influence meat quality
(Maeda et al. 1989; Mori et al. 1990; Klont 1994), and
since both exhaustion and acute diseases such as pneu-
monia, can be associated with catabolism of muscles,
both these processes might influence meat quality in
terms of dark firm dry (DFD) meat. The relevance of
covering these disadvantages with the same blood
analysis is evident. In the investigation on healthy
finishing pigs (Visser et al. 1992), subjects classified as
having more serious lesions, including those with acute
fibrinous pneumonia, were found to have a higher meat
pH (Berends et al. 1993b).

Acute Phase Reactants as Sensitive Variables for Non-
healthy

During infection, inflammation and tissue damage in
general, proinflammatory cytokines (IL-1, TNFa, IL-6,
IL-8) appear in the circulation. As a result, fever and
changes in the hepatic production of blood proteins can
be recorded (Heinrich et al. 1990; Kushner 1993). A
problem with measuring body temperature is that stress
and transport also induce it to rise, and therefore, this
variable is not useful for monitoring animals at
slaughter. The cytokines are small molecules (<30 kD;
Ingenbleek and Young 1994) that disappear rather
quickly from the circulation and for that reason they do
not present practical options for measuring variables. A
better perspective was expected for the acute phase
reactants (APR), since these variables form a secondary
phenomenon related to the activity of a disease process
(Gruys et al. 1993, 1994). They react sensitively and
non-specifically to a wide variety of disorders from
exhaustion to infection and thus represent good vari-
ables for monitoring animals with regard to their health
status and the severity of any lesion. Even in longer-
lasting diseases, the acute phase reactants maintain
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their changed concentration as long as the lesions
remain active.

Some of the acute phase reactants increase in con-
centration, and are designated the positive acute phase
proteins. They include haptoglobin (HP), serum
amyloid A (SAA) and C-reactive protein (CRP).
Others decrease in concentration, and are designated
the negative acute phase reactants. Plasma zinc and iron
and some proteins (albumin, transthyretin (TTR)-
retinol-binding protein and cortisol binding globulin)
are examples of the latter. As all these proteins have
transport functions, their decrease indicates more freely
available hormones, and the reactants therefore are
called acute booster reactants (Ingenbleek and Young
1994).

Acute phase proteins (APP) mainly originate from
the liver. The hepatocytes react upon stimulation of
receptors by the cytokines, which are released by
inflammatory cells, and upon tissue destruction. They
are found to be good, reliable parameters of cellular
reactivity (Alsemgeest 1994) since they react fast and
can be found in the blood rapidly (from 4 h onwards)
after the start of an inflammation or infection, some
changing more rapidly than others. These changes in
concentration remain as long as the underlying disease
process does not heal. As a result of the total changes in
blood proteins, blood plasma viscosity increases and the
erythrocyte sedimentation rate (ESR) also changes.

In cattle, sheep, dogs and horses acute phase proteins
were found to represent sensitive tools for monitoring
animals with disease (Gruys et al. 1993, 1994; Alsem-
geest 1994; Burton et al. 1994; Horadagoda et al. 1994;
Sheffield et al. 1994; Yamamoto et al. 1994; Yamashita
et al. 1994) and physical stress (Alsemgeest et al.
1995a). For cows sent to the Internal Medicine Clinic,
haptoglobin was found to be a more powerful variable
with which to monitor disease in general as far as their
combined sensitivity and specificity was concerned than
a series of classical clinical chemistry and haematology
variables (Alsemgeest 1994). In a small abattoir survey,
haptoglobin and SAA appeared to be more related to
the severity of the lesions found than plasma zinc and
iron concentrations (Guys et al. 1993).

For pigs only a limited number of studies on acute
phase reactants have been published (Eurell et al. 1990;
Birger et al. 1992; Lampreave et al. 1994) and reactivity
of zinc and iron were also found to be of limited value
(reviewed in Gruys et al. 1994). As far as porcine CRP-
assays were performed, these were based on cross
reactivity with rabbit antihuman CRP; for haptoglobin,
a haemoglobin binding assay was used. To bypass
possible lack of specificity for the CRP-assay, and
haemolytic sera in which haptoglobin cannot be mea-
sured by binding assay, it was decided to isolate these
proteins and raise specific antisera along the lines
published for bovine haptoglobin (Sheffield et al. 1994).
Porcine acute phase sera appeared to lack useful cross
reactivity with anti-bovine SAA (Alsemgeest 1994).
Therefore, porcine acute phase high density lipoprotein
(HDL) was isolated to purify the SAA.
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Materials and Methods
Source of Blood Samples

Sera and heparin-plasma were obtained during exangui-
nation at a University pig slaughter unit. Blood samples
were centrifuged (15 min, 1000 g); sera and plasma were
taken off and stored at —20°C until use. For the
determination of blood cell differentiation, haemo-
globin and haematocrit, fresh heparinised blood was
used.

Classical Blood Analysis

Determination of classical haematological and blood
chemistry variables including iron, was performed
according to the methods described by Sloet van
Oldruitenborg-Oosterbaan (1990). Albumin (from the
plasma protein spectrum) was measured densitometri-
cally using a serum protein electrophoresis kit (Paragon
Electrophoresis system, Beckman Instruments Inc.,
Brea, CA).

Determination of HP and Ceruloplasmin

Haptoglobin (HP) serum concentrations were deter-
mined by means of a quantified haemoglobin binding
assay, modified after Skinner et al. (1991). For 10 min,
10 ul of sample, standard and a positive control serum
were continuously mixed and incubated in triplicate at
room temperature, with 90 ul of 0.534 mg/ml swine
haemoglobin (Sigma, St Louis, MO) in PBS/EDTA, pH
7.2, on a conventional microtitration plate (Greiner,
Alphen a/d Rijn, The Netherlands). Each sample was
also incubated with 90 ul PBS/EDTA only (= blank).
Then, 150 ul of 0.2 M sodium acetate buffer, pH 4 at
37°C containing the substrate 1.11 g/ml guaiacol
(Sigma, St Louis, MO), was added, immediately
followed by the addition of 50 pl of a freshly prepared
0.018% peroxidase solution (37°C) (Merck, Darm-
stadt, Germany). Absorbance was immediately read at
490 nm. Absorbance of the blank was subtracted from
the mean absorbance of the samples, standards or
positive control serum.

Ceruloplasmin in sera was determined from its
oxidase-activity by use of o-dianiside dihydrochloride,
according to Schosinsky et al. (1974).

Sodium Dodecyl Sulphate Polyacrylamid Gel
Electrophoresis and Western Blot

SDS-PAGE and Western blot were performed as des-
cribed by Niewold and Tooten (1990) and Alsemgeest
(1994).
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Purification of Porcine Haptoglobin (HP)

The purification of porcine HP was performed by a
slight modification of the method of Eurell et al. (1990).
Initially, a DEAE-Blue column (Bio-Rad Laboratory,
Richmond, CA) was used to remove the high amount of
albumin in the serum. The sample was eluted with 0.02
M sodium phosphate buffer, pH 7.1, followed by 1.4 M
NaCl in 0.02 M sodium phosphate buffer, pH 7.1, to
remove the albumin. The Vjy-peak was collected and
applied to an agarose-globin column (Sigma, St Louis,
MO). After elution with 4M NaCl in 0.01M Tris/HCI,
pH 7.0, the HP fraction was removed from the column
with 1.6 M guanidine in 0.01 M Tris/HCI, pH 7.0.
Collected peak fractions were pooled and dialysed
against 0.02 M sodium phosphate buffer, pH 7.1, and
finally lyophilised. The purification procedure was
controlled on SDS-PAGE. With the protein obtained,
rabbit antisera were induced by injecting a New
Zealand White male rabbit with the protein in complete
Freund’s adjuvant. Booster inoculations were with
incomplete Freund’s. After elution of the obtained
antiserum on a protein G column (Pharmacia, Uppsala,
Sweden), the IgG part was isolated.

Purification of Pig Serum Amyloid A (SAA)

The purification was performed using the cholesteryl
hemisuccinate (CH) affinity chromatography method
(Niewold and Tooten 1990). Approximaely 40 ml of
serum of a diseased pig was mixed with a solution
containing 10 ml CH column material (Sigma, St Louis,
MO) in 0.9% NacCl for 20 min; the non-bound material
was washed through a glass filter. The CH column
material was then mixed for 20 min with 100 ml 1 M
NaCl on a rollerbank, and the non-specifically bound
material was removed through the glassfilter. This step
was repeated, and finally the affinity bound material was
collected after washing for 20 min with maximally 100
m] 6 M guanidine/HCI, 0.55M Tris/HCl, pH 8.5. This
fraction was concentrated on a YM-3 Amicon filter to a
final volume of approximately 2 ml. The concentrate
was applied to a Superose-12 gel filtration column
(Pharmacia, Uppsala, Sweden) and the retarded SAA
peak was collected separately. After four runs, the
peaks were pooled, concentrated and rechromato-
graphed. The peak fraction collected was dialysed
against 10% acid followed by distilled water. Finally the
purified protein was lyophilised. The isolated protein
fraction was identified by means of molecular weight
determination on SDS—urea—PAGE and western blot
using anti-bovine SAA (Alsemgeest et al. 1995) and
anti-hamster AA (Hol and Gruys 1984) antisera.

Purification of Swine C-reactive Protein (CRP)

The purification of CRP was performed according to
Onishi et al. (1994). In short, 40 ml of a suitable serum
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sample (as determined with a commercial CRP Kit
using antihuman CRP (Abbott, Germany)) was eluted
over an O-phosphorylethanylamine (PEAD)-agarose
column (Sigma, St Louis, MO) with a 50 mM Tris/HCI,
150 mM NaCl, 2 mM CaCl, buffer, pH 8.0. The peak
fraction was placed on a Sephacryl-300 HR column
(Pharmacia, Uppsala, Sweden) and the CRP fraction
was eluted with a 10 mM Tris/HCl, 150 mM NaCl, 2 mM
EDTA buffer, pH 8.0. The CRP peak was divided into
four separate fractions, according to Onishi et al.
(1994), and stored (—20°C). The presence of CRP in
the different fractions was determined on SDS-PAGE,
and on dot blots using the human antiserum from the
Abbott kit.

Results
Pigs and Blood Variables

According to the gross and microscopic pathological-
anatomical diagnosis the animals were divided into
different groups. The group defined as ‘animals with
abscesses and chronical abnormalities’ had significantly
different values for the acute phase protein haptoglobin
(binding assay), ceruloplasmin and albumin as well as
for the values of iron (data to be published elsewhere).
From these animals, clearly positive examples were
chosen for the isolation of the different acute phase
proteins.

Haptoglobin Isolation

The DEAE-blue column removed a great deal of the
albumin from the serum as shown in Fig. 1. Admitting
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Fig. 1. Purification of pig haptoglobin. Elution pattern of serum on
DEAE-blue column. Fractions 1-5 represent the V,, fractions 9-12
represent albumin.
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Fig. 2. Purification of pig haptoglobin. Elution pattern of the DEAE
Vo on agarose-globin column. Fractions 9 and 10 represent purified
haptoglobin.

the V peak of this column to the agarose—globin column
resulted in isolation of a small amount of HP (Fig. 2).
The albumin peak fraction of the DEAE-column did
indeed contain almost solely albumin, whereas the
concentration of albumin in the V|, peak was drastically
diminished as controlled on SDS-PAGE.

The HP obtained was used to immunise a rabbit. The
specificity of the antiserum was controlled on Western
blot in comparison to the reactivity of rabbit anti-pig HP
kindly provided by Lampreave (Zaragoza, Spain).
From our antiserum the IgG fraction was purified using
a protein G column. The IgG fraction reacted with
porcine HP (Fig. 3). The cross-reacting, non-HP pro-
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Fig. 3. Western blot of HP-positive and HP-negative pig sera stained
with rabbit anti pig HP serum. Lanes 1 and 3: HP-positive serum, lane
2 and 4: HP-negative serum. Lanes 1 and 2 are stained with rabbit anti
pig haptoglobin (dilution 1:1000), lanes 3 and 4 are stained with the
purified IgG part of the anti pig haptoglobin (dilution 1:2000). Arrow
indicates HP.
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tein bands could be absorbed totally with commercially
available normal pig serum (DAKO A/S, Denmark).

SAA Isolation

After mixing with cholesteryl hemisuccinate and elution
on Superose 12, three peaks were obtained (Fig. 4), of
which the last one reflected SAA. This peak was
collected and rechromatographed. The purified SAA
fraction was finally collected, dialysed against 10%
acetic acid and distilled water, and lyophilised. Western
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Fig. 4. Purification of pig serum amyloid A. After mixing the serum
with cholesteryl hemisuccinate and filtration, the filtrate was eluted on
Superose 12 column. The eluent was divided into three fractions of
which the last peak represents SAA (____). Rechromatography of this
peak provided a pure SAA peak (-—-).
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Fig. 5. Western blot of purified serum amyloid A, stained with rabbit
anti-bovine SAA and rabbit anti-hamster AA. Lanes 1 and 2 are
tested against bovine SAA (dilution 1:500), lanes 3 and 4 are tested
against hamster AA (dilution 1:250). Lanes 1 and 3: purified SAA
from a pig with chronic abnormalities, lanes 2 and 4: purified SAA
from a pig with abscesses and acute pneumonia.
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blot stained with rabbit anti-bovine SAA and rabbit
anti-hamster AA revealed definite cross reactivity with
the antibovine antiserum, whilst the anti-hamster was
negative (Fig. 5).

CRP Isolation

An O-phosphorylethylamine (PEA) column was used
to select that part of whole serum containing CRP (Fig.
6). The subsequent peak pattern of the selected protein
on a Sephacryl 300 HR column is shown in Fig. 7. The

1.9 4
CRP
1.5 4
o 1.1
2]
od
]
O
0.7 4
0.3 4
0.1 T T T T T T 1
0 1 2 3 4 5 6 7

Fraction number

Fig. 6. Purification of pig C-reactive protein. Elution pattern of serum
on O-phosphorylethanylamine column. Fractions 4 and 5 represent
the CRP part.
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Fig. 7. Purification of pig C-reactive protein. Elution pattern of a
PEA-affinity selected protein on Sephacryl 300 HR gel filtration
column. Fractions 11-19 represent the V,, fractions 31-51 were
divided into four parts: I = 31-35, II = 36437, Il = 38-46, IV = 47—
51
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Fig. 8. SDS-PAGE of purified pig C-reactive protein. The V; and the
four parts of the retarded peak from the Sephacryl 300 HR gel
filtration column were analysed. CRP is found in part III. Lane 1: V,
(3 ul), lane 2: part I (3 pl), lane 3: part II (3 pl), lane 4: part I (2 ul),
lane 5; part IV (2 u), lane 6: part 111 (5 ul) lane 7: part IV (5 pl), lane 8:
low-molecular-weight marker proteins (Pharmacia, Uppsala,
Sweden; 2 ul).

CRP peak obtained was divided into four parts and
identified on SDS-PAGE. CRP was present mainly in
part I1I (Fig. 8). At control on dot blot, using sheep anti-
human CRP (Abbott kit, Germany), this part showed
cross-reactivity with the antiserum.

Discussion

As indicated above, the current main interest in animal
production and meat inspection is to develop reliable
assays. In order to monitor groups of animals as well as
individuals, a range of variables are available. The
major aim, however, is to identify a reliable variable as
a ‘stethoscope’ for monitoring the individual subject’s
health status. For ruminants, acute phase proteins
appear to represent primary variables in assessing
general animal health in groups of clinical patients and
of slaughtered animals (Skinner et al. 1991; Gruys et al.
1993; Alsemgeest 1994; Skinner and Roberts 1994).

In the pig, different blood variables (Hb, Ht, cell
counts, albumin, HP, ceruloplasmin, fibrinogen, visco-
sity) have been measured to indicate health of animals
at slaughter, as reported by others (Eurell et al. 1990;
Odink et al. 1990; Biirger et al. 1992; Visser et al. 1992;
Lampreave et al. 1994). From our preliminary data,
albumin, HP, ceruloplasmin and iron appeared to show
positive reactivity in pigs with lesions. In addition to the
literature on acute phase proteins (Gruys et al. 1994),
viscosity (Visser et al. 1992) and vitamin A (Alsemgeest
et al. 1992) in swine, good results are to be expected
when pig-specific assays for acute phase proteins are
developed. For this requirement, individual major
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acute phase proteins of the pig were isolated. For
haptoglobin, a specific antiserum was raised in a rabbit,
as is shown in Figs 1-3. The purifications for serum
amyloid A and C-reactive protein are in progress as is
shown in Figs 4-8. The purified SAA from the animal
with abscesses and acute pneumonia revealed two pro-
tein bands that reacted with the anti-bovine SAA (lane 2
in Fig. 5). Since the purified SAA from the animal with
more chronic abnormalities contained only one cross-
reacting protein band, it is presumed that more isoforms
of pig SAA exist, as is described for other species, e.g.,
bovine SAA (Alsemgeest et al. 1995b). It is probable
that the different isoforms are present during different
phases of disease. The described method for isolating
canine CRP (Onishi et al. 1994) was also useful for the
pig. As can be seen in Fig. 8, protein bands of approxi-
mately 24-28 kDa were isolated.

The purified proteins will be used to raise pig-specific
antibodies as shown for haptoglobin. These antibodies,
in turn, can then be applied to fast, specific and sensitive
tests which in the near future will need to be automated.

The best clinical results in human medicine (Ingenb-
leek and Young 1994), and the most reliable figures in
slaughtered individual animals may then be predicted
by the calculation of an acute phase index (API). This
should be based on:

rapid positive APR X slow positive APR
slow negative APR X rapid negative APR

For cattle, based on the materials of Alsemgeest (1994,
chapter 4A), we calculated an API for 233 clinical
patients and 21 healthy control animals from the faculty
farm using the formula:

Acute Phase Index =
(haptoglobin (mg/ml) + 0.1) X SAA (ug/ml)
albumin (mg/ml) X a-2-macroglobulin (U/ml)

For the 21 normal cows the calculation revealed mean
API + 2SD = 0.0018. Within the 233 clinical patients a
group of 21 animals had API values <0.002, and of
these, only nine subjects were recorded as having some
type of inflammatory process. The sensitivity and speci-
ficity combined in Youden’s index for bovine API,
accounted for the 21 of 233 diseased cattle with values of
0.91, 1 and 0.91, respectively. Therefore, the API was
shown to be a much more reliable parameter for
monitoring health in cattle than the individual variables
(Table 1).

For pigs similarly appropriate results are to be
expected, when an API formula is used such as:

CRP or SAA X haptoglobin or plasma viscosity
albumin X vitamin A

Studies are in progress concerning variables and values
of these variables and the calculation of an API for the

pig.
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Table 1. Sensitivity, specificity and Youden’s index for acute phase proteins and some other blood variables and the calculated acute phase index
(API) from the values of these variables (data from Alsemgeest, 1994)

Variable Units Mean (SD) Mean (SD) Sensitivity Specificity Youden’s
Healthy Non-healthy index
(n=21) (n=233)
API ugloa-2M-U 0.001 (0.0004) 2.9 (4.2) 0.91 1 0.91
HP mg HbBC/100 ml 0.0 (0.0) 52.3 (53.6) 1 0.70 0.70
SAA ug/ml 14.0 (5.0) 35.2(21.8) 0.95 0.65 0.60
Cp U/100 ml 1.4 (0.2) 2.1 (1.3) 0.90 0.69 0.59
a-2MG U/ml 343 (3.1) 26.8 (7.6) 0.95 0.63 0.58
Alb g/l 35.6 (2.8) 29.1 (7.8) 1 0.19 0.19
TP g/l 75.3 (3.8) 74.4 (13.5) 1 0.26 0.26
GG g/l 21.2 (3.5) 23.2 (10.9) 1 0.19 0.19

API, acute phase index; HP, haptoglobin; SAA, serum amyloid A; CP, ceruloplasmin; «-2MG, a-2 macroglobulin; Alb, albumin; TP, total

protein; GG, gamma globulin.
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