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Summary: Acute phase proteins (APPs) are proteins that form part of the non-specific innate immune system and are increasingly being used 
in veterinary medicine as a non-specific diagnostic tool. This review is intended to help veterinarians obtain an overview of the data published 
to date on the diagnostic value of the most important APP in foals. In addition to the current analytical laboratory methods, the various in-
flammations and infections in which the various APPs can be helpful as inflammation parameters will be discussed. Serum amyloid A (SAA) is 
regarded as the only “major” APP in horses and is also playing an increasingly important role in the diagnosis of inflammation in foals. Studies 
show that SAA, due to its rapid rise (100–1000-fold) and higher sensitivity, should be preferred as an early indicator of inflammation, especially 
in comparison to fibrinogen. For example, increased SAA values were described for non-specific bacterial infections as well as for specific 
diseases such as enteritis (SAA: 178.7 ± 99.1 mg/l) or diarrhoea (SAA: 132 ± 143 mg/l). The average SAA concentration of the healthy foals 
in this study was 19.37 ± 9.41 mg/l. Fibrinogen is the most frequently measured positive APP in equine medicine, as there are simple and quick 
methods for its determination. In contrast to SAA, fibrinogen is a „moderate “APP and therefore a fibrinogen concentration of 2–4 g/l is fre-
quent in healthy horses, whereas SAA is extremely low (<0.5–20 mg/l) in healthy horses. Furthermore, fibrinogen concentration only increases 
two- to four-fold in response to an inflammatory stimulus. Fibrinogen concentrations are significantly higher in foals with bacterial infections 
(fibrinogen: 6.6 g/l; 0.8–12.2 g/l) than in those with an uncertain or non-bacterial issue (fibrinogen: 3.5 g/l; 1.8–7.5 g/l). C-reactive protein, 
haptoglobin and ceruloplasmin show small increases after inflammation or infection in the studies available and, based on the current study 
situation, only appear to be of limited use as inflammation parameter in foals.
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Introduction

Monitoring an inflammatory response in animals can be chal-
lenging as classic signs of inflammation are not always clini-
cally manifest. The early detection of an inflammatory event, 
particularly in foals, can increase the chance of recovery and 
reduce the duration of treatment and mortality.

Acute phase reaction (APR) is a non-specific and complex re-
sponse of the organism following infection, inflammation and 
trauma and is triggered by tissue-damaging processes, such as 
bacterial and viral infections. The cytokines produced locally in 
the focus of inflammation initiate the APR cascades by stimulat-
ing multiple cells, leading to the production and circulation of 
the acute-phase proteins (APPs) in the bloodstream [1].

The APPs are a group of blood proteins in all mammals that 
are part of the non-specific innate immune system. The con-
centration depends on the severity of the disease and the ex-
tent of tissue damage in the animal affected [2]. 

Depending on the protein and the species, the positive APP 
(their plasma concentration increases during the APR) are clas-
sified as “major”, “moderate”, and “minor” according to their 
response to stimulation. Major APPs have very low or unde-

tectable serum concentrations (< 1 µg/L) in healthy individuals 
and increase dramatically after stimulation (100–1000-fold). 
Generally, their concentration peaks after 24–48 hours and 
then declines rapidly during the recovery period. Moderate and 
minor responders are already present in the plasma of healthy 
animals and increase only about 1–10-fold during the APR. 
They peak at two to three days and decline more slowly than 
major responders. Negative APPs (e.g. albumin, transferrin) de-
crease in concentration during the inflammatory response [3,4].

There are many studies on APPs as an unspecific diagnostic 
tool in veterinary medicine and their diagnostic usefulness is 
well validated for species other than the horse or particularly 
the foal. To the best of the authors knowledge, there are no 
reviews on APPs exclusively in foals, and information on APPs 
other than fibrinogen and serum amyloid A (SAA) in foals is 
lacking. This review focuses on published information about 
the most important APPs in foals.

C-reactive Protein (CRP)

C-reactive protein belongs to the positive APPs. It is mainly 
produced by hepatocytes and regulated by pro-inflammatory 
cytokines, such as interleukin 6.
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The CRP is considered to be a sensitive biomarker of infection 
and inflammation in many species, where the serum concen-
tration increases dramatically after stimulation. It has been re-
ported that the concentration of CRP varies by approximately 
25 % during inflammatory disease [5].

The current laboratory methods for testing CRP in horses are 
commercially available equine-specific enzyme-linked im-
munosorbent assays (ELISA) and single radial immunodiffu-
sion [1,6].

It has been suggested that CRP in horses is a minor responder, 
as studies show that the concentration does not increase as 
dramatically as is seen in humans, where CRP is considered 
to be a major APP. However, CRP serum concentrations have 
been shown to be higher in horses with clinical signs of inflam-
mation, for example, shipping fever (18.3 ± 9.2 mg/l), cellu-
litis (19.8 ± 11.9 mg/l) and pneumonia (32.6 ± 15.8 mg/l ), 
than in healthy horses (7.4–8.7 mg/l) [7].

There is a lack of information on the change in serum CRP 
concentration in foals following an inflammatory event. It has 
been shown that there is an age-dependent change in the 
concentration in healthy growing foals, as the concentra-
tion of serum CRP appears to be very low at birth (≤ 1 mg/l) 
and increases within three days (6.1 ± 4.4 µg/ml), has the 
maximum in 12-month-old foals (12.7 ± 2.7 mg/l) and de-
creases gradually between 18 months (9.4 ± 2.8 mg/l) and 
4 years (6 ± 1.2 mg/l) [7]. In addition, it can be assumed that 
the serum concentration of CRP increases with non-specific 
inflammation as it is elevated in foals with toxic neutrophils 
(n = 35; p < 0.0001), enterocolitis (n = 14; p = 0.003), col-
ic (n = 8; p = 0.004), rib fractures (n = 10; p = 0.008) and 
septic arthritis (n = 2; p = 0.004). However, this study on 40 
foals with sepsis also shows that CRP does not indicate the 
presence of sepsis in neonate foals, as the serum concen-
tration of CRP does not differ between septic, sick nonseptic 
and healthy foals (septic foals (n = 40):15 mg/ml (0–336 mg/
ml); sick foals (n = 40): 6 mg/ml (0–260 mg/ml); healthy foals 
(n = 39): 39 mg/ml (0–240 mg/ml)) [6].

Serum amyloid A

Serum amyloid A (SAA) proteins belong to the apolipoprotein 
family. They are produced in the liver and adipocytes and play 
an important role in the organism of animals [8]. The SAA synthe-
sis becomes stimulated by inflammation-related cytokines, such 
as interleukin 1, interleukin 6 and tumour necrosis factor α [9]. 

Several methods have been developed for measuring SAA in 
horses. The immunoturbidimetric assay is currently considered 
to be the most accurate, but ELISA assays are also used to 
measure SAA concentrations [1,10,11].

The SAA in horses is considered to be the only major respond-
er and the most sensitive reflector of a horse’s inflammatory 
status. The concentration of this protein is very low in healthy 
horses (< 0.5–20 mg/l) but increases rapidly (100–1000-
fold) within a few hours during an acute phase. When the 
inflammation has resolved, the SAA values drop again within 
12 hours [4]. Exemplarily, in adult horses with experimentally 

induced non-infectious arthritis (n = 24), SAA increased at 16 
hours (46–286 mg/l) and peaked 227-fold higher than the 
baseline 36–48 hours after intra-articular injection [12,13]. It 
has been reported that SAA may be a more sensitive mark-
er of inflammatory disease in horses than traditional mark-
ers, such as blood leucocytes or serum fibrinogen. [4] It also 
appears to be a useful aid in the detection of postoperative 
inflammatory or infectious complications, such as after castra-
tion or emergency laparotomy [14–16].

In contrast to the other APPs, there are several studies on the 
change in SAA concentration in foals during an inflammatory 
event. It has been reported that SAA levels are higher in foals 
with verified bacterial infections than in those with non-bac-
terial or uncertain diagnosis [17]. On the other hand, elevat-
ed SAA values have been described in specific inflammatory 
disorders in foals (≤ 12 months old) showing clinical signs of 
inflammation due to enteritis (n = 6; SAA: 178.7 ± 99.1 mg/l) 
or diarrhoea (n = 30; SAA: 132 ± 143 mg/l), in comparison 
to healthy foals (n = 108; SAA: 19.37 ± 9.41 mg/l) [18].

Serum levels appeared to be higher in septic foals 
(1079.7 ± 1254.5 mg/l) than in sick non-septic foals 
(312.1 ± 685.4 mg/l), and also correlate with the sepsis 
score, in a retrospective study of SAA concentration in sep-
tic neonatal foals (n = 590). The diagnostic and prognostic 
sensitivities of SAA were low, while the specificities were high. 
Therefore, since high sensitivity of a biomarker is more im-
portant for the early detection of sepsis, the authors conclude 
that SAA was most useful for ruling out sepsis but not for early 
diagnosis [19].

It is shown in the study by Passamonti et al. (2014) on the use 
of SAA for the early detection of Rhodococcus equi (R.equi) 
infected foals (n = 15) that the SAA concentration does not 
change significantly with the development of sonographic 
evidence of preclinical/subclinical R. equi pneumonia. The 
authors conclude that measurement of the SAA concentra-
tion is not suitable for the early diagnosis or screening of 
rhodococcosis in foals when testing is conducted at one-week 
intervals [20]. Similarly, the study by Thomé et al. (2018) on 
thirty-three foals monitored weekly from two weeks to five 
months of age also showed a significant increase in the SAA 
concentration in most of the foals with severe pneumonia 
(SAA: 80.2 mg/l; 0.6–167 mg/l) but not in those with a sub-
clinical pneumonia (SAA: 5.6 mg/l; 0.2–92.2 mg/l). The SAA 
concentration of the healthy foals in this study ranged from 
0.1–161 mg/l (median: 18 mg/l). The authors concluded that 
the SAA concentration does not seem to be a reliable detector 
for foals with moderate pulmonary changes due to broncho-
pneumonia. Nevertheless, it appears to be an appropriate 
parameter to use in the process of treatment decision [21].

Furthermore, measuring SAA seems to be useful for ‘real-time’ 
monitoring of the clinical course of foals with R. equi pneumo-
nia and their response to treatment when clinical manifesta-
tions are present [17,20]. This is also shown in the study by Lan-
kenfeld et al. (2021), on the SAA concentration in foals with 
severe or moderate pneumonia (n = 52) at the time point of 
diagnosis and during the treatment period. The study showed 
that SAA concentrations were higher in those foals with severe 
pneumonia and lower in foals in which the bronchopneumo-
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nia was no longer in the clinical phase. However, it is also 
apparent that a rapid decrease in SAA during the treatment 
does not always appear to coincide with the healing of the 
lesions in the lung tissue [22]. 

The SAA levels were measured with a point-of-care assay 
in another study. Foals with pneumonia caused by R. equi 
(n = 31; 212 mg/l; 7–781 mg/l) and foals with pneumonia 
caused by other bacteria (n = 23; 27 mg/l; 0–604 mg/l) had 
a significantly higher SAA concentration (p < 0.001) than 
clinically healthy foals (n = 44; 0 mg/l; 0–5 mg/l). There was 
no significant difference in SAA concentrations between foals 
with pneumonia caused by R. equi and those with pneumonia 
caused by other bacteria. However, the authors also conclud-
ed that a high level of SAA alone is not necessarily an indica-
tion for antimicrobial therapy in foals, as a small group of the 
clinically healthy foals also had high SAA levels (> 200 mg/l ) 
without any apparent signs of disease [23]. 

Haptoglobin

Haptoglobin (Hp) is a glycoprotein that is mainly produced in 
the liver and mediated by cytokines such as IL-6. It is a major 
APP in many species, such as ruminants, where Hp levels can 
increase up to 100-fold after a stimulation [24]. It is reported to 
have an intermediate response in horses and increases mod-
erately within four to six days after an inflammatory event. 
Exemplarily, the Hp increased significantly (12.9 ± 2.6 g/l) 
in foals with enteritis (n = 6) compared to the healthy foals 
(5.2 ± 2.4 g/l) [6,25] Serum Hp in horses is reported to be a 
sensitive and early indicator of haemolysis as it decreases in 
horses with intravascular and extravascular haemolytic anae-
mia [1]. Haptoglobin is also considered to be a superior mark-
er of chronic inflammation in horses. The Hp concentrations 
in sick horses (e.g. with pneumonia, bacterial cholangiohep-
atitis, gastric ulcers), were significantly (p < 0.05) elevated in 
those with clinical signs lasting more than seven days, com-
pared to patients with clinical signs of four days or less [26]. It 
was suggested that Hp be considered as a valuable diagnos-
tic tool for monitoring inflammation and treatment efficacy in 
chronic diseases such as laminitis or placentitis. Four adult 
horses in the study had clinical signs associated with laminitis, 
placentitis, pyometra and renal failure for more than five days 
and showed elevated Hp concentrations (> 0.7 g/l) at normal 
SAA levels. [27] 

Similar to SAA, Hp is thought to be increased in foals with in-
flammation due to pneumonia caused by Rhodococcus equi, 
as the sick foal group (n = 19) in one study had a higher Hp 
level (13.2 ± 2.0 g/l) than the healthy group (6.84 ± 1.5 g/l) 
(n = 18) [28].

Equine-specific ELISA assays are used to measure Hp [6,28].

Fibrinogen

Fibrinogen is a glycoprotein that is mainly synthesized by he-
patocytes and mediated by IL-6 and glucocorticoids [29]. It is 
considered to be the most commonly measured positive APP 
in equine practice as there are simple and rapid methods for 

its determination. The standard measurement used for fibrin-
ogen is considered to be the heat precipitation method. How-
ever, it is considered to be insensitive to small changes as this 
method can only detect changes of more than 1 g/l [30]. The 
heat precipitation method is increasingly being replaced by 
the modified Clauss method in veterinary medicine [31].

Fibrinogen as a moderate APP has an intermediate response 
in horses and is also present in high concentrations in the 
blood of healthy horses (2–4 g/l). The fibrinogen concentra-
tion increases only two to four times in response to an inflam-
matory stimulus (3–11 g/l), has a response time of approxi-
mately 24 to 72 hours and peaks at 72 to 144 hours [4]. This 
is also shown in the study of Belgrave et al. (2013) on 111 
clinically normal and 101 clinically sick horses. In contrast to 
SAA values, which increased up to 20.5-fold in median SAA 
concentration, fibrinogen levels only increased less than two-
fold in sick horses (e.g. with pneumonia, enterocolitis, menin-
gitis) compared to healthy horses [32].

Concentrations of 4 g/l are considered to be the upper phys-
iological limit of plasma fibrinogen concentration in adult 
horses. By contrast, physiological concentrations of plasma 
fibrinogen in foals seem to vary dramatically in the first weeks 
of life (2.77–5.04 g/l) [20]. 

Fibrinogen is not considered a good indicator of sepsis in new-
born foals, as described in the study by Borba et al. (2020) on 
46 foals. Placentitis was experimentally induced in 38 mares 
to identify early blood markers as indicators of sepsis in the 
foal. In contrast to SAA levels, which increased significantly 
in septic foals, fibrinogen levels did not differ between septic, 
non-septic and control groups at birth. However, septic foals 
had higher fibrinogen levels (> 7 g/l) at 12 and 24 hours, 
which could be considered as an inflammatory indicator of 
intrauterine sepsis in late gestation [33].

In addition, it is reported that high fibrinogen levels (≥ 9 g/l) 
are considered to be a predictor of physical or epiphyseal 
osteomyelitis in the neonatal foal (n = 76). The study also 
showed that plasma fibrinogen concentrations in the range of 
5–8 g/l were associated with septic arthritis alone or systemic 
infection (pneumonia), but should not be used as a definitive 
diagnostic test because of the low positive predictive value in 
these groups [34]. 

Fibrinogen levels in foals appear to change during an inflam-
matory event, as reported in a study by Hultén et al. (2002) 
on 25 foals with clinical signs of infectious disease. The main 
presenting signs were neonatal weakness (n = 9), pneumonia 
(n = 6) and diarrhoea (n = 10). The foals with verified bacte-
rial infections (n = 8) had significantly higher fibrinogen levels 
(mean concentration: 6.6 g/l; 0.8–12.2 g/l) than those with 
uncertain or nonbacterial diagnoses (n = 17; mean concen-
tration: 3.5 g/l; 1.8–7.5 g/l). However, the study also showed 
that SAA responded more rapidly to an equid Herpesvirus 1 
infection in one foal than fibrinogen [17].

It is also reported that the fibrinogen concentration may be useful 
for the early identification of foals infected with R. equi, although 
this study on 165 foals also shows that the measurement of 
white blood cell concentrations was significantly more sensitive 
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and more specific. However, fibrinogen concentrations > 6 g/l 
were described to have a positive predictive value of 86.1 % on 
a farm with a prevalence of R. equi disease of 40 % [35].

Ceruloplasmin

Ceruloplasmin (Cp) is a copper-containing glycoprotein 
synthesized in the liver and is one of the major plasma pro-
teins [36,37]. It is considered to be an APP in horses with a re-
sponse in the intermediate or late phase of acute inflamma-
tion. It seems to peak seven to ten days after an inflammatory 
stimulus and may remain elevated for several weeks [1,38].

Among other methods, the immunoturbidimetric and enzy-
matic assays are currently the most commonly methods for 
the measurement of Cp [39].

As an APP, it increases dramatically in response to inflamma-
tory processes, such as in the study of Smith and Cipriano 
(1987) on eleven Shetland ponies. The ponies were treated 
with turpentine oil intramuscularly in the pectoral region to 
induce acute local inflammation. Serum Cp increased sig-
nificantly in the ponies treated (n = 7) in contrast to healthy 
ponies (n = 4) and remained elevated for one to three weeks 
after the initial insult [40].

Ceruloplasmin shows significant age-dependent changes in 
foals. The mean Cp concentration in the serum of healthy 
newborn foals was 21.41 ± 2.98 µmol/l, increasing to the 
adult value of 35.44 ± 4.70 µmol/l in 1-year-old horses 
and peaking at 45.22 ± 5.52 µmol/l in two-year-old horses. 
Thereafter, it decreases slightly with age [38].

Ceruloplasmin also plays an important role as a ferroxidase 
in the distribution of iron in the blood. Inflammatory reactions 
are thought to redistribute the iron available in the serum and 
the rapidly available iron is stored in ferritin [34]. The enzyme 
Cp is required for the storage of iron in ferritin. It is thought 
that the increased storage of iron in ferritin also increases the 
Cp levels and, thus, also the copper levels in the blood [40,41].

The possibility that the serum iron level in foals changes in 
response to an acute systemic reaction and, thus, also the 
Cp level, is shown in a study by Klöpping et al. (2023). The 
study on foals with bronchopneumonia (n = 150) showed 
that the sick group (n = 84) had significantly lower serum 
iron concentrations (mean concentration: 9.84 µmol/l; 6.44–
13.78 µmol/l) than the healthy group (mean concentration: 
28.11 µmol/l; 21.66–32.05 µmol/l). In addition, the sick foals 
also showed an increase in serum ferritin levels (mean con-
centration: 10.33 pmol/l; 5.57–14.38 pmol/l) compared to 
the healthy group (mean concentration: 8.53 pmol/l; 4.49–
8.98 pmol/l). This also shows that acute systemic inflamma-
tion does not necessarily lead to an absolute iron deficiency 
but initially only to a redistribution of iron in the body [41].

Conclusion

In conclusion, it can be said that APPs play an important role 
in foals as a non-specific diagnostic tool for the early detec-

tion of inflammation. Although fibrinogen is also a widely 
used diagnostic tool in horses, SAA particularly appears to be 
a more sensitive and earlier indicator of inflammation in foals 
and especially in the monitoring of a treatment. Furthermore, 
SAA and fibrinogen, as non-specific inflammation parame-
ters, should not be used as the sole indicator of infection and 
inflammation in the foal, but are very helpful in combination 
with other diagnostic tools.
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