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Acute Phase Proteins

The last decade has seen growing interest in monitoring the acute phase response in horses for clinical and
experimental purposes.

Investigations have shown that quantitative determination of acute phase proteins in plasma or serum can
give useful diagnostic information in relation to establish prognoses and monitor disease.

The acute phase response is the organisms reaction to processes causing tissue damage, including:

Infections

e Bacterial (Heegaard 2000,Hultén et al 1999b,Pepys et al 1989)
e Viral (Hultén et al 1999b,Hultén et al 1999a,Pepys et al 1989)
e Parasitic (Heegaard 2000,Kent 1992)

Aseptical inflammation

Arthritis (Hultén et al 1999b,Hultén et al 2002)
Burns (Heegaard 2000)

Chemical influence (Heegaard 2000)

Trauma (Heegaard 2000)

Surgery (Hultén et al 1999b,Pepys et al 1989)

Some types of neoplasia (Heegaard 2000)

Some types of immunologically mediated illnesses (Gabay & Kushner, 1999)

Processes, taking place locally and possibly hidden, causing no clinical symptoms and/or antibody
development, may as well cause an acute phase response (Suffredini et al 1999).

It is important to know, that an acute phase response is not specific, but occur at any form of tissue damage
(Heegard, 2000).

The acute phase response causes changes in the serum concentration of acute phase proteins plus
physiological, biochemical and nutritional changes within the individual (Gabay & Kushner, 1999).

The acute phase response is induced by cytokines (especially Interleukin-1 (IL-1)), Tumor Necrose Factor
alpha (TNF-alpha) and Interleukin-6 (11-6), which act as messenger between the tissue damage and the
acute phase protein producing hepatocytes (Petersen et al, 2004).

Cytokines are activated by tissue macrophages and monocytes at the inflammation spot (Gabay & Kushner,
1999).

In the veterinary area several acute phase proteins have been described including C-reactive protein (CRP),
Serum Amyloid A (SAA), Haptoglobin (HP), al-acid glycoprotein (AGP) and Fibrinogen (FB), but there is a
large difference between their response and significance among different species.
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During an acute phase response the serum concentration of acute phase proteins changes dramatically.
The SAA- and CRP- (however not horse) response are markedly stronger then the HP- and FB-response
(Gabay & Kushner, 1999). See table 1.

All acute phase proteins is normal serum proteins and characterized by a usually not measurable base-line
level in serum in healthy individuals (Petersen et al. 2004).
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Serum Amyloid A (SAA)

SAA reacts as the most powerful acute phase protein and is characterized by (Pepys and Baltz 1983):

1. A very low normal concentration in serum plasma (often not measurable).
2. An extreme fast and marked change in concentration (x 100/200-1000) as a response to tissue
damage

By experiments it has been established that the SAA response develops from 6-8 hours after damaging
stimuli and peaks after 24-48 hours, decreasing a little slower to its normal level, typically within 1 — 2
weeks unless new stimuli appear (Heegaard 2000).

In clinically healthy foals < 1-2 weeks, positive SAA concentrations can be measured just like mares have
positive concentrations from day 3 post partum up to 1 month post partum (Nunokawa et al. 1993).

Haptoglobin (HP)

Primary function is to form stable complexes of free hemoglobin (in blood) and with that prevent the loss of
iron to bacteria (bacteriostatic effect) (Petersen, 2004).

HP is a sensitive and efficient marker towards inflammation (Allen & Kold, 1988).

Fibrinogen (FB)
Up till now FB has been the most used acute phase protein in the veterinary horse practice. In clinically
healthy horses FB is present in significant concentrations. Compared with the SAA response upon stimuli, the
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FB response is smaller and delayed with maximum conc. 2-4 x normal concentration 4-6 days after stimuli
(Hultén et al., 1999b).

Raised FB response is most often observed at inflammation (non specific) of chronic character. Low FB
response is observed at DIC (Disseminated intravascular coagulation), liver insufficiency and extensive
surgical operation (Eades & Bounous).

Table 1:
Acute phase proteins in horse and their response upon different tissue damages - an overview.

Response (General) Bacterial Viral Infect. Trauma Aseptic
Infection Experiment (Castration) arthritis>2
Experiment.
SAA 100-1000’er x NC Response Response Response *1 Response
< 2. day Influenza A2 (Hultén et al
(Pepys et al 1989) (Hultén et al 2002)
1999b).
EHV1
(Pepys et al.
1989)
Haptoglobin 1,5-9 x NC Response Response Response Response
on 4.-5. day (Taira et al. Influenza type 2 (Taira et al. (Hultén et al
(Taira et al. 1992a) 1992a) (Kent & Goodall, 1992a) 2002)
1991)
Fibrinogen 1,7-2 x NC on 4.-6.day Response Response Response Response
(Allen and Kold 1988). (Allen & Kold, (Hultén et al
1988) 2002)

NC: Normal Concentration

*1:

Max concentration in SAA 2-3 days after operation.

Decrease to normal concentration after 7 to 14 days.

Anaesthesia alone, without operation, had no effect on SAA level.

Experiment with castration showed max. SAA max. concentration on day 2 in 6/7 horses. The seventh horse
peaked on day 4 post op. The SAA concentration returned to normal within 8 day post op. (Pepys et al
1989).

*2:

Experimentally induced aseptical inflammation (amphetericin B carpalled):
SAA max conc.: 36-48 hours post injection

Gapt. Max. conc. 48-96 hours post injection

Fibrinogen max. conc. 36-72 hours post injection (Hultén et al 2002).

In addition to the above conditions, raised SAA concentrations can be observed at:

Equin dysautonomia
Colic

Diarré

Pyrexi (Pepys et al 1989)
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Raised HP concentration can in addition be observed at:

e Equin dysautonomia
e Carbohydrate induced laminitis

Indicator of treatment effect

If the pathology, given the raised acute phase protein, is treated correctly or cleared the SAA concentration
will decrease immediately and return to normal concentration.

If the state is chronic or the medical treatment have no effect, the SAA concentration stays high (Tridelta
Equine Pages 2002).

A series of tests for acute phase proteins performed with regular intervals can indicate if the problem is
solved due to treatment (medical) or by itself.

In addition a combined analysis for SAA, HP and FB offers an insight into the severity of a chronic state.

SAA can in that way be used as an indicator of treatment effect. Unpublished data (Pepys et al 1989)
indicates, that an efficient antibiotic therapy (bacterial infection) involve a quick decrease in SAA
concentration to normal concentration.

This can be used to confirm diagnose and the effect of the treatment. Cases where SAA don’t decrease to it's
normal level, indicate that:

e The primary diagnose is incorrect
e The treatment is insufficient or in other ways ineffective

A helpful tool for check of health

Acute phase serology combines the advantages of blood sampling with the level of details obtainable by
clinical observations (body temperature, level of disease), offering the possibility of further differentiation
based on determination of patterns from several different acute phase proteins over time (Heegard, 2000).
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