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Diagnostic utility of acute phase proteins
and their ability to guide antibiotic usage
in pigs, horses, and cattle: a mapping review
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Abstract

To mitigate the use of antibiotics for many of the multifactorial diseases seen in pigs, horses and cattle, new diagnos-
tic tools are needed. Acute phase protein (APP) measurements can, in humans, be used to guide antibiotic treatment
initiation, evaluate treatment efficacy, and make a prognosis. The aim of this review is to collect evidence on the clini-

cal functionality of APP measurements as a tool to guide antibiotic treatment in pigs, horses, and cattle. Literature
was retrieved using Medline, CAB Abstracts and Google Scholar. The acute phase response has been investigated
for a plethora of diseases and clinical signs and the major acute phase proteins are elevated in diseased compared
to healthy animals. Few studies correlated acute phase response with aetiology, antibiotic treatment efficacy, prog-
nosis, or severity of disease. The existing research does not support that APP can be used to guide antibiotic treat-
ment, but the reported studies indicate that C-reactive protein (CRP) might be able to differentiate between bacte-
rial and non-bacterial causes of disease in pigs. Serum amyloid A (SAA) might reflect underlying aetiology in horses

and infectious or non-infectious cases of mastitis in cows.
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Background

One challenge in large animal medicine regarding pru-
dent use of antibiotics is that clinical signs alone cannot
be used to determine underlying aetiology. Examples
are respiratory disease with both bacterial and viral aeti-
ologies [1], mastitis where some cases will self-resolve
[2] and lameness with both infectious and traumatic
causes [3]. Among the diagnostic tools are post-mortem
examinations and laboratory testing e.g. PCR, bacterial
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cultivation and somatic cell count [1, 2, 4], which can
be laboursome and expensive. Further, these procedures
may not be compatible with the need to promptly decide
if antibiotic treatment is necessary when confronted with
one or more sick animals [5, 6]. Consequently, veterinar-
ians are at risk of using and prescribing antibiotics based
on empirical diagnosis and without identifying the causa-
tive agent [5], which can lead to overuse of antibiotics
and further increase the risk of antimicrobial resistance
[7,8].

Acute phase proteins (APPs) are key elements of the
innate immune system and are a part of the acute phase
response (APR). The acute phase proteins are mainly syn-
thesized by hepatocytes and the production is cytokine
dependent. Interleukin-6 (IL-6), interleukin 1 (IL-1) and
tumor necrosis factor-alpha (TNF-a) are major induc-
ers [9, 10]. Generally, the response is unspecific and con-
nected to both infection, trauma or inflammation [11].
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However, other conditions such as heat stress [12], par-
turition [13, 14] and intensive training [15, 16] have been
associated with altered APP levels in animals.

C-reactive protein (CRP) and serum amyloid A (SAA)
are used in humans to differentiate between bacterial
and non-bacterial causes of disease, and to guide ini-
tiation of antibiotic treatment, thus potentially reduc-
ing unnecessary antibiotic use [17, 18]. Additionally,
CRP could reduce antibiotic treatment duration in chil-
dren and treatment initiation in adults without adverse
negative effects [19, 20]. C-reactive protein differentiate
infectious from non-infectious aetiologies which could
prevent unnecessary antibiotic initiation in diseases such
as systemic inflammatory response syndrome [20], res-
piratory disease [19, 21], diagnosis of septic arthritis and
osteomyelitis [22] and unspecific fever [23, 24]. The wide-
spread use of APPs to optimize antibiotic use in humans,
as well as a recently published review on biomarkers and
sepsis in animals [25], suggests that APPs could be a valu-
able tool in veterinary medicine.

The acute phase response is species and disease
dependent. This means that the magnitude of the
response and which APPs are affected differ between spe-
cies and conditions [10, 11]. Therefore, knowledge of the
APR in specific species and diseases is needed to estab-
lish the clinical utility of APPs for guiding antibiotic use
in veterinary medicine. The aim of this mapping review
was therefore to investigate existing knowledge on APPs
in pigs, horses and cattle and the potential to optimize
antibiotic treatment for diseases in these animals.

Search strategy

Relevant literature on APPs and diagnostic use of APPs
was retrieved by searching Medline (1946 to March
2023), Google scholar and CAB Abstracts (1973—March
2023). Literature published up until March 2023 was
considered. Abstracts were read, and relevant literature
retrieved. Duplicates and studies that were not peer-
reviewed or in English were excluded. Search terms used
were: “Acute phase’, “Antimicrobial*’} “Antibiotic*’; “Cow’,
“Pig” and “Horse”.

Review

Pigs

The porcine APR has been studied in experimentally
and naturally infected pigs and in pigs with clinical signs
of disease or injury. In growing pigs, the APR has been
studied for a plethora of experimentally induced bacte-
rial and viral diseases either alone or as co-infections.
Examples are Streptococcus suis [26], porcine reproduc-
tive and respiratory syndrome (PRRS) [27, 28], Actinoba-
cillus pleuropneumoniae (AP) [29], swine influenza and
Pasteurella multocida [30, 31], Bordetella bronchiseptica
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[32], Pasteurella multocida [33], swine influenza and Bor-
detella bronchiseptica [34, 35] and swine influenza and
Actinobacillus pleuropneumoniae [36]. In finishing pigs,
the studies have focused on Actinobacillus pleuropneu-
moniae [37-39], Streptococcus suis [40], osteomyelitis
[41], African swine fever (ASF) and Aujeszky’s disease
(AD) [42]. In sows, experimentally induced infection
of the mammary gland with E. coli has also been inves-
tigated [43]. Information regarding induced diseases,
affected APPs and age groups has been summarized in
Table 1.

The experimental inoculations revealed that all moder-
ate and major APPs are indeed elevated in most diseases
in the week post-infection. Exceptions are osteomyeli-
tis (S. suis), intramammary inoculation of E. coli and
swine influenza (H1N1), where SAA [41], haptoglobin
(HP) [43] and CRP, pig major acute phase protein (Pig-
MAP) and SAA [36] remained unchanged respectively.
Regarding the elevation of HP in AP infection the results
are equivocal with two studies finding no effect [36, 38]
and two studies finding an effect [37, 39]. This difference
could be affected by inoculation method: A viral infec-
tion comparing an aerosol to an intranasal inoculation
showed that aerosol inoculation lead to a more severe
pathology in the lower respiratory tract [44, 45] and
induced a higher immune and cytokine response [45].
Furthermore, one of the studies with no effect followed
the pigs for 18-24 h post infection [38] which might be
too short a time period to detect a HP response, since HP
have been shown to have a delayed response in pigs [46].
In pigherds several infections can occur simoultaneosly
and evidence on the APP response in bacterial and co-
infections suggests that being co-infected with viral and
bacterial pathogens should not mask a bacterial infection
[30-35]. However, in order to distinguish bacterial from
viral infections a significant difference between APP lev-
els is needed so that a cut-off level with high sensitivity
and specificity can be established. The studies inducing
PRRS, ASF and AD did not provide the magnitude of the
increase or the mean APP levels pre- and post-infection.
Therefore, approximations were made based on the illus-
trations provided. The ranges are included in Table 2.
Minding the decreased reliability, CRP levels seemed
lower in viral infections compared to bacterial infections.
Additionally, CRP but not HP, followed the reversion of
clinical signs in pigs treated with danofloxacin and hence
CRP might be used as a clinical evaluation of treatment
efficacy [39].

In experimentally induced infections the exact time of
inoculation is known, and blood samples can be taken
repeatedly to study the kinetics and establish maximum
APP levels. However, in practice most infections are
continously circulating in the herds and pigs might be
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Table 1 Overview of studies on acute phase protein (APP) levels in pigs for experimentally induced diseases'

Reference Agegroup? Disease® Investigated APPs*
[36] GP Swine influenza (HINT1) SAA*, MAP, HP, CRP
AP SAA¥*, MAP*, HP, CRP*
HIN1T+AP SAA*, MAP*, HP, CRP*
[35] GP Swine influenza (H1N1) +B. bronchiseptica  SAA* (40-fold increase), MAP* (Threefold increase), HP* (Fivefold increase), CRP*
(Eightfold increase)
[31] GP Swine influenza (H1N1) + P multocida SAA* (40-fold increase), MAP* (Fourfold increase), HP* (Fourfold increase), CRP*
(Eightfold increase)
[30] GP Swine influenza (H3N2) + P multocida SAA* (50-fold increase), MAP* (Threefold increase), HP* (Sixfold increase), CRP*
(Fivefold increase)
[34] GP Swine influenza (H3N2) + 8. bronchiseptica  SAA* (30-fold increase), MAP* (Threefold increase), HP* (Sevenfold increase),
CRP* (Eightfold increase)
[33] GP P.multocida SAA* (30-fold increase), MAP* (Fourfold increase), HP* (Fivefold increase), CRP*
(Eightfold increase)
[32] GP B. bronchiseptica SAA* (30-fold increase), MAP* (Threefold increase), HP* (Fivefold increase), CRP*
(Eightfold increase), AGP
[28] GP PRRS CRP*, HP* (both saliva and serum)
[27] GP PRRS AGP, HP*
[26] GP S. suis SAA* (40-fold increase), Pig-MAP* (Sevenfold increase), HP* (Tenfold increase),
CRP* (Tenfold increase), Apo A-I* (40% reduction), Alb
[39] FP AP CRP*, HP*
[37] FP AP CRP* (Sevenfold increase), HP* (40-fold increase), MAP* (12—fold increase)
[38] FP AP CRP* (13-fold increase), HP. SAA* (89-fold increase),
[42] FP ASF MAP*, CRP*, HP*, Alb
ADV MAP*, CRP*, HP*, Alb
[40] FP S. suis HP* (12-fold increase)
[41] FP Osteomyelitis (S. aureus) HP*, CRP*, SAA
[43] S Intramammary inoculation of E. coli SAA* (Tenfold increase), HP

T Acute phase proteins marked with * differ significantly pre and post infection (P < 0.05)
2 GP Growing pigs (weaning to 10 weeks of age), FP Finishing pigs (10 weeks—slaughter), S=Sows (1 + parities)
3 AP Actinobacillus pleuropneumoniae, PRRS Porcine respiratory and respiratory syndrome, ASF African swine fever, ADV Aujeszky's disease

4 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), HP Haptoglobin (mg/mL), MAP Pig major acute phase protein (mg/mL), Alb Albumin (g/dL), Apo A-I
Apo lipoprotein A-l (mg/mL)

Table 2 Increase in acute phase proteins in experimentally not performed within the first days post-infection, the
induced bacterial and viral infections in pigs CRP and SAA levels migth already have decreased below
HP CRP MAP physiological levels. In addition, the pigs might suffer

from a mixture of infections and injuries, which might

Viral' 3-12fold 3-Fivefold Sixfold blur the response. Hence in order to conclude if APPs
Bacterial 5-40fold 7-13fold 3-12fold  can be used for antibiotic guidance on farm, trials with
"The magnitude of the increase in viral infections was approximated based on naturally occurring diseases and clinical signs are needed.
i[lzlgitrations from Asai et al.,, [27] Carpintero et al., [42], and Gomez-Laguna et al. One such study investigated the correlation between HP
2 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), HP Haptoglobin levels and different clinical Signs of disease in seven Spe-
(mg/mL), MAP Pig major acute phase protein (mg/mL) cific pathogen free (SPF) herds and four non-declared

herds [47]. Specific pathogen free is a Danish health sys-
tem which is used to declare the health status of a herd
regarding seven specific pathogens. The targeted diseases
are enzootic pneumonia, porcine pleuropneumonia, por-
cine reproductive and respiratory syndrome, swine dys-
entery, atrophic rhinitis, mange and lice [48]. The study
focused on respiratory disease, atrophic rhinitis, lame-
ness, tail or ear bite, diarrhoea, umbilical hernia and
neurological disease in finishing pigs. The study found

chronically infected or several days into the acute phase
before diagnostics are performed. The half-life of CRP is
47 h with elevations seen 6 h post-stimulus, for SAA the
half-life is 35 h and for HP it is 3—5 days [25]. In addition,
studies have shown that Pig-MAP increases 2 days post-
infection and reaches normal levels within 5 to 10 days
post-infection [32, 36]. Therefore, if blood samples are
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significantly increased HP levels in pigs with clinical
signs of lameness and tail or ear bite (P <0.001). However,
no difference was seen in pigs with respiratory signs or
umbilical hernias. Diarrhoea, acute rhinitis and neuro-
logical signs were excluded due to low prevalence. Addi-
tionally, the study found a herd effect and an interaction
between the herd health status (SPF vs. non-declared)
and the age of the finishing pigs (P <0.05) [47]. An effect
of herd health status on acute phase protein levels has
been shown in another study [49] indicating that baseline
APP levels can differ between herds with differing health
status, which should be considered when interpreting the
magnitude of the APR.

As can be seen from Table 3, significant increases in
one or more APPs were found for all diseases. C-reactive
protein and SAA were elevated in all diseases but AD, HP
in all diseases, Pig-M AP was elevated in Porcine circovi-
rus type 2 (PCV2), M. hyopneumoniae and inflammation
and albumin (Alb) was significantly decreased in PRRS,
PCV2 and inflammation. Interestingly, and in line with
findings from experimentally induced infections, CRP
was the only APP where a larger response was apparent
in bacterial disease (71-fold increase), compared to viral
(9 and 26-fold increase) and inflammation (38-fold). Indi-
cating that CRP might, as seen in humans [18, 50], be a
candidate for antibiotic guidance in pigs.

The mean APP levels of three other studies performed
on suckling, growing and finishing pigs has been sum-
marized in Table 3. In accordance with the other stud-
ies, significant differences between pigs with and without
clinical signs were discovered [46, 50] although few dis-
crepancies exist e.g. in respiratory disease which altered a
non-significant [47] and a significant increase in HP [51].
This could be due to differences in aetiology or subclini-
cal disease, which would also explain the high HP levels
in the control group [47]. The third study, which inves-
tigated the correlation between swine inflammation and
necrosis syndrome (SINS) score and APP levels, found
that for suckling pigs HP and CRP correlated with SINS
score, and for fattening pigs CRP and fibrinogen (Fb) cor-
related with SINS score [52]. Studies investigating the
same porcine diseases are lacking, hence more research
is needed to conclude which APPs can be used diagnos-
tically for which diseases. However, Receiver-operating-
characteristic curve (ROC-curve) analysis was used to
establish the accuracy of using HP as an objective marker
of clinical disease and an accuracy of 76-78% was found
for lameness, diarrhoea and tail or ear bites and an accu-
racy of 67% was found for respiratory disease [51].

In sows, the majority of studies on APP investigated
postpartum dysgalactia syndrome (PDS), a multifactorial
syndrome causing decreased growth and increased mor-
tality in piglets due to dysgalactia, fever, mastitis and/or
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metritis in affected sows [53]. However, one study inves-
tigated the CRP and HP response in vulvar discharge
syndrome (VDS) and found no significant differences
in sows with and without VDS [54]. The effect of repro-
ductive disease on APP levels has been summarized in
Table 4. The table contains data from sows with PDS and
VDS, but only days where significant differences between
groups were found, were included. Around parturition
an APP dependent increase in levels occurs, with healthy
sows showing lower rises than PDS sows [13, 14, 43].
For instance, a study found that HP, presented with two
peaks around parturition in both healthy and PDS sows
and that the HP levels were significantly elevated from
day —14 to+ 14 days postpartum [14]. For CRP, Pig-MAP
and SAA a peak was seen postpartum in healthy and
PDS sows, with levels elevated from farrowing and until
7-14 days postpartum [14]. The elevations seen in appar-
ently healthy sows indicate that interpreting APP levels
on sows * 14 days of farrowing should be done with care,
since rises are not necessarily indicative of underlying
inflammation or disease. Three out of four studies on
PDS showed significant differences between healthy and
PDS sows [13, 14, 55]. The test period and investigated
APPs vary considerably between studies, but rises in
CRP, HP, SAA and alpha 1-acid glycoprotein (AGP) could
be indicative of PDS. However, to be clinically relevant,
the alterations need to be apparent either before farrow-
ing or within the first days after farrowing and be corre-
lated to clinical signs of PDS. Serum amyloid A levels has
been shown to be correlated (R-spearman—0.76) with
PDS before farrowing. The study found sensitivity, speci-
ficity and kappa-value of 0.91, 0.99 and 0.92, respectively,
using a threshhold of 0.63 [14]. However, no explanation
of the clinical exam used as a gold standard for PDS sows,
the inclusion and exclusion criteria in all groups and the
sampling procedure was provided in the paper, making it
difficult to interpret if the sows included were representa-
tive of parturating sows in general.

Summary—opigs

The moderate to major APPs in pigs are CRP, SAA, HP,
and Pig-MAP, which all show a large response in most
of the diseases or syndromes studied. An acute phase
response was elicited by all experimental and naturally
occurring bacterial and viral diseases that are common
in intensive pig production. No studies compared APP
levels for viral or bacterial causes of the same clinical
sign, so approximations were made based on the lim-
ited literature investigating diseases with different aeti-
ologies. C-reactive protein appears to alter a larger APR
in bacterial disease than in viral disease and as a result,
CRP may be a candidate for guiding antibiotic initiation
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Table 3 Overview of acute phase protein (APP) levels in pigs for common diseases and clinical signs'

Reference Age group? Disease® APP levels diseased pigs* APP levels
healthy
pigs*

[47] FP Lameness HP: 8.13° HP: 1.48°

Tail or ear bite HP: 25.7 HP: 0.47°

[49] GP/FP PRRS CRP: 47.967 CRP: 5.32°

SAA: 7.36% SAA: 3.10°
HP: 1412 HP: 0.21°
MAP: 1.05° MAP: 0.76°
Alb: 2.79° Alb: 3212
AD CRP: 12.19° CRP: 5.32°
SAA:0.272 SAA:3.107
HP: 1.81° HP:0.21°
MAP: 1.08 MAP: 0.76%
Alb:3.35° Alb:3.212
PCV2 CRP: 139.04° CRP: 5.32°
SAA: 724 SAA: 3.10°
HP: 5.03° HP:0.21°
MAP: 3.32° MAP: 0.76°
Alb: 2.48° Alb: 3212
M. hyopneumoniae CRP: 380.95° CRP: 5.32°
SAA: 16.24° SAA: 3.10°
HP: 3.5 HP:0.21°
MAP: 2.16° MAP: 0.76°
Alb: 3.24° Alb:3.212
Inflammation CRP:203.15? CRP:5.32°
SAA: 26.05° SAA: 3.10°
HP: 4.06° HP:0.21°
MAP: 2.55° MAP: 0.76°
Alb: 2.82° Alb:3.212
[51) FP Diarrhoea HP: 1.42° HP: 0.76"
Lameness HP: 2.19° HP: 0.74°
Respiratory signs HP: 1.41° HP: 0.90°
Tail or ear bites HP: 1.99° HP: 0.91°
114] GP Culled pigs HP: 2.23? HP: 1.42°
CRP: 252.9° CRP: 84.88°
[52] SP SINS HP: 82.8/69.7/51.9°

CRP: 1.39/2,21/3.16
Fb: 105/113/112

GP HP: 88.6/107.0/125.5
CRP:10.99/11.48/11.85
Fb: 166/171/177

FP HP: 416.0/370.4/491.8
CRP:11.15/14.24/15.75
Fb: 187,293, 333

! Means (medians in [49])—columns with different superscripts differ significantly (P <0.05)
2 P Suckling Pigs (Farrowing to weaning), GP Growing pigs (weaning to 10 weeks of age), FP Finishing pigs (10 weeks to slaughter)
3 PRRS Porcine respiratory and respiratory syndrome, AD Aujeszky’s disease, PCV2 Porcine circovirus type 2, SINS swine inflammation and necrosis syndrome

4 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), HP Haptoglobin (mg/mL), MAP Pig Major acute phase protein (mg/mL), Alb Albumin (g/dL), Fb
Fibrinogen (mg/dL)

® Comparison in APP between SINS scores (Low/medium/high)—values in bold are significantly correlated to score of SINS

in pigs and evaluate treatment efficacy, though addi- the increase and thus it should be noted that parturi-
tional research is required to confirm this. Further- tion, age, and general health status influence baseline
more, the interpretation depends on the magnitude of levels.
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Table 4 Overview of acute phase protein (APP) levels in sows and gil
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ts for naturally occurring diseases’

Reference Age group? Disease? Test period APP levels diseased pigs* APP levels healthy pigs*
[14] S PDS Day -28 to 28" CRPd 7:155% CRPd 7: 60°
HPd7:2.1° HPd 7:0.9°
SAAd-7: 100 SAAd -7: 20°
SAAd -3:40° SAAd-3:10°
SAAd-1:35° SAAd-1:5P
SAAd 0: 35 SAAd 0: 5°
SAAd 3:290° SAAd 3:20°
SAAd 7: 907 SAAd 7:5°
MAP d -7: 2.2 MAP d -7:1.2°
MAP d -3:2.2? MAP d -3: 1.05°
MAP d 7:3.1° MAPd 7:1.7°
MAP d 14:2.2° MAP d 14: 1.0°
[13] S PDS Day - 3t0 2 HPd 1:2.73? HP d 1:2.46°
(every 24 h) HP d 2:2.92° HP d 2: 256"
[55] S MMA Day 1 t0 20 AGP d 10:628.5° AGP d 10: 869.1°
(every 5th day) AGP d 20:519.4° AGP d 20: 429.3
HPd 1:0212 HP d 1:0.02°
HP d 5:0.212 HP d 5:0.04°
HP d 10: 0.40° HPd 10:0.28°
[54] S VDS - HP: 2.5 HP: 2.3°
CRP:30.3? CRP: 25.9°

! Means—columns with different superscripts differ significantly (P <0.05)
2 G Gilts (First parity), S Sows (1 + parities)
3 PDS postpartum dysgalactica syndrome, MMA Mastitis, metritis and agalactica

4 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), HP Haptoglobin (mg/mL), MAP Pig Major acute phase protein (mg/mL), AGP Alpha 1-acid

glycoprotein (ug/mL)
"Test performed on day —28, —14, -7, -3,-1,0,1,3,7, 14and 28

Table 5 Overview of acute phase protein (APP) levels in mares
for experimentally induced diseases'

Reference Type Agegroup? Disease Investigated
APPs®
[56] Exp H Ascending pla- SAA*, HP* Fb

centitis

! Acute phase proteins marked with * differ significantly pre and post infection
(P<0.05)

2 H Adult horses

3 SAA Serum Amyloid A (pg/mL), HP Haptoglobin (mg/mL), Fb Fibrinogen (mg/
dL)

Horses

Compared to pigs, not many studies were found investi-
gating experimentally induced diseases in horses. How-
ever, one study induced ascending placentitis in mares by
intracervical inoculation with Streptococcus equi [56]. As
can be seen from Table 5, both SAA and HP were signifi-
cantly increased whereas Fb was not.

Several naturally occurring diseases were investigated
e.g. joint disease [57, 58], respiratory disease [59, 60],
intestinal disease [59, 61], infection with L. interrogans
[62] and parasitic disease [63—65]. The investigated APPs
and obtained levels in diseased and non-diseased horses
have been summarized in Table 6. All studies investigated

SAA, which is the major acute phase protein in horses,
but data on alterations in Alb, Fb, HP and CRP was also
found. Several of the studies determined aetiology and
APP responses in infectious and non-infectious causes
of disease. For septic arthritis, significantly higher SAA
levels were found in horses with bacterial infections
compared to culture negative horses, and levels in fun-
gal infections were in between [58]. In a study on joint
diseases e.g. osteoarthritis, osteochondrosis, infectious
arthritis and infectious tenovaginitis, significant differ-
ences were found between healthy and infectious aetiol-
ogies. No difference was shown between infectious and
non-infectious causes of disease although large numeri-
cal differences were seen [66], perhaps due to low sample
sizes in the infectious and non-infectious group respec-
tively (n=7 and 9) [66]. In foals presented with weakness,
pneumonia or diarrhoea, significant differences in SAA
and Fb were seen between bacterial and non-bacterial
infections, indicating that SAA might for some disease
complexes be suitable to monitor antibiotic usage in
horses although more research is needed to cooperate
the findings.

The clinical relevance of APPs was investigated in two
studies [60, 63]. Combining surfactant protein D and
SAA and a cut-off of 0.80 (Log) for the sum, inflamma-
tory airway disease (IAD) and control horses could be
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Table 6 Overview of acute phase protein (APP) levels in horses for common diseases and clinical signs'

Reference Age group? Disease APP levels diseased APP levels healthy horses®
horses®
[58] H Septic arthritis Gram positive: Culture negative:
SAA: 3200° SAA: 1100°
Fb: 410° Fb: 4852
CRP: 177° CRP: 94°
Gram negative:
SAA: 3800°
Fb: 5352
CRP: 972
Fungi:
SAA: 25007
Fb: 620°
CRP: 94°
[66] H Joint disease Infectious: Healthy:
SAA: NAP SAA:NA?
Non-infectious:
SAA: NAP
[59] F Pneumonia, weakness and diarrhoea Bacterial:
SAA: 65°
Fb: 660°
Non-bacterial:
SAA: 1.6°
Fb: 350°
[64] H Theileria equi Pasture: Pasture:
SAA:0.48° SAA:0.48°
HP:20.41° HP:21.28°
CRP: 36.3° CRP: 25.8°
Fb: 400° Fb: 300°
Stabled: Stabled:
SAA: 0.48° SAA: 0.48°
HP: 18.3% HP:13.1°
CRP:33.8% CRP: 25.4°
Fb: 300° Fb: 300°
[60] H Inflammatory airway diseases SAA: NA? SAA: NAP
HP: NA® HP: NA®
[63] H Habronemosis SAA: 16.36° SAA: 1045°
HP: 1.3 HP: 0.73°
[65] H Protozoal myeloencephalitis SAA:<0.1° SAA:<0.1°
CRP:<0.12 CRP:<0.1°
[62] H L. interrogans SAA: 14.1° SAA: 5.85°
HP: 5.3° HP: 1.26°
Alb: 0.298° Alb: 0.305°
[61] F Proliferative enteropathy SAA: 466° SAA: 192°

" medians—columns with different superscripts differ significantly (P <0.05)
2 F Foals, H Adult horses

3 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), HP Haptoglobin (mg/mL), Fb Fibrinogen (mg/dL), Alb Albumin (g/dL)

distinguished with a sensitivity and specificity of 100%
and 90%, respectively. Furthermore, surfactant pro-
tein D and HP rendered a sensitivity and a specifictiy
of 100%, when using a cut-off of 7.70 (Log) [60]. The
diagnostic potential of HP and SAA in the parasitic dis-
ease habronemosis has been studied. The study found
that using a threshold of 0.85 and 11.66 for HP and
SAA provided a sensitivity, specificity, and accuracy
of 87%/90%, 81%/86% and 87%/94%, respectively [63].

Using HP would correctly classify 84.3% of the horses
and for SAA, this would be true for 88.2%. That APP
levels can be used to find parasitic infections is ambigu-
ous since no difference in APP levels was found in pro-
tozoal myeloencephalitis and Theileria equi infections
[64, 65]. Emphasizing that a one-size-fits-all solution,
is not possible regarding the diagnostic and prognostic
value of APP levels and that more research is needed
before APP levels can be used to guide antimicrobial
treatment.
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Summary—horses

The major acute phase protein in horses is SAA, but CRP,
HP and Fb are frequently studied concurrently. In most
of the investigated diseases or syndromes SAA, CRP and
HP were significantly elevated in diseased versus non-
diseased horses, except in parasitic disease where evi-
dence suggests a lack of response. Regarding the use of
APP levels to differentiate between infectious and non-
infectious causes of disease, more studies have been car-
ried out for horses than pigs, and although solid evidence
is still lacking, SAA could be a candidate.

Cattle

For cattle, the most investigated disease is mastitis,
both in its clinical and subclinical form as well as when
experimentally induced. Studies involving experimentally
induced mastitis focused mainly on E. coli mastitis, and
the relevant APPs have been summarized in Table 7. As
with naturally occurring mastitis, the main APPs in focus
were serum and milk HP and amyloid A. However, albu-
min was also studied [67]. In serum, both SAA and HP
were found to be increased significantly in E. coli and
S. aureus infections [68-70]. Milk HP was not signifi-
cantly increased after inoculation with S. aureus [69]. The
increase in SAA and HP peaked around 2-5 days after
inoculation [67-70] and the pattern was comparable in
milk and serum samples [69].

Calves experimentally induced with bovine besnoitiosis
experienced significant alterations in HP and Alb from
8 days post-infection [71]. The parasite was inoculated
using three different routes and the HP response was
highly method dependent with subcutaneous inoculation
giving a faster response than intradermal and intrave-
nous inoculation [71]. The kinetics of SAA, milk amyloid
A (MAA) and HP seem comparable to what was found in
porcine HP and SAA although HP is classified as a major
APP in cows and hence a faster increase and decline

Table 7 Overview of acute phase protein (APP) levels in cows for
experimentally induced diseases'

Reference Agegroup’ Disease Investigated APPs?

[67] C Mastitis (E. coli) Alb*

[68] C Mastitis (E. coli) SAA*

[69] C Mastitis (S. aureus) Serum: HP*, SAA*
Milk: HP, MAA*

[70] C Mastitis (E. coli) SAA¥, HP*

[71] C Bovine besnoitiosis  HP* Alb*

! Acute phase proteins marked with * differ significantly pre and post infection
(P<0.05)

2Ccow

3 SAA Serum Amyloid A (pg/mL), MAA Milk Amyloid A (ug/mL), HP Haptoglobin
(mg/mL), Alb Albumin (g/dL)
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would be expected [72]. Suggesting that the kinetics and
half-life of the APP response might be both disease and
species dependent and should be considered when inter-
preting APP levels in all three species.

Data on naturally occurring mastitis has been summa-
rized in Table 8, where 10 studies investigated the associ-
ation between APP levels and subclinical mastitis [73—82]
and four investigated the association with clinical masti-
tis [78, 80, 83, 84]. In subclinical mastitis the serum and
MAA, HP and Fb levels were in most studies significantly
increased and albumin decreased compared to healthy
cows. Furthermore, if more udder quarters were affected,
a higher APP level response was seen in MAA, SAA and
HP [75]. These findings suggest that APP levels can be
useful in identifying cows with subclinical mastitis. The
diagnostic potential of Alb, MAA, SAA serum and milk
HP based on ROC-curve analysis has been summarized
in Table 9. In short, the sensitivity for all APPs except
Albumin was>90% and the specificity ranged from 56.66
to 100% [73, 76, 77, 82]. The large differences in specific-
ity could be due to variations in cut-off values and case
definitions, since the studies diagnosed subclinical mas-
titis based on different parameters. For clinical cases, all
investigated APPs were significantly altered in both milk
and serum. The sensitivity and specificity based on ROC-
curves are summarized in Table 9. In short, the sensitivi-
ties were between 79 and 93% and the specificities ranged
from 80 to 100%. In mastitis, the APP response seems to
be dependent on aetiology [85-87] with Gram-negative
bacteria yielding a higher response than Gram-positive
ones [85, 86]. A few exceptions exists e.g. in MAA where
A. pyogenes, environmental Streptococcus and Entero-
coccus spp. yielded a high response [86, 87]. One study
looked at non-infectious and infectious causes of subclin-
ical mastitis. The data showed that cows with subclini-
cal mastitis and positive bacteriology had higher SAA
compared to cows with subclinical mastitis but nega-
tive bacteriology [82]. Additionally, cows with subclini-
cal mastitis which resolved spontaneously had lower HP
levels compared to non-self-resolving cases. Hence, HP
analysis could potentially be used to identify S. aureus
subclinical mastitis incidences not requiring antibiotic
treatment [81].

Literature on APP levels in endometritis [88—90], uri-
nary tract infections [83], hoof and leg disorders [91-93],
foot and mouth disease [94, 95], paratuberculosis [96,
97], bovine viral disease [98], infections with L. inter-
rogans [62], bovine besnoitiosis [71], Babesia bigemina
[99], respiratory disease [100], subclinical and clinical
ketosis [101], traumatic reticuloperitonitis [102], perito-
nitis [103] and calf diarrhoea [104] was found and sum-
marized in Table 10. As seen in sows, SAA levels and
HP levels increase after parturition, but stay elevated for
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Table 8 An overview of acute phase protein (APP) levels in cattle for naturally occurring mastitis'

Reference Age group? Disease APP levels diseased cows? APP levels
healthy
cows®

[73] C Subclinical mastitis Serum: Serum:

SAA: 50.57° SAA: 10.99°
HP: 0.142 HP: 0.02°
Milk: Milk:

MAA: 10.99% MAA: 0.09°
HP: 0.17° HP: 0.03°

[74] C Subclinical mastitis Milk: Milk:

Fb: 28.01° Fb:10.71°

[75] C Subclinical mastitis Milk: Milk:

MAA: 24.4° (1Q%/ 103% (2Q% MAA: 1.7¢
Serum: Serum:
SAA: 25 (1Q)/ 88° (2Q) SAA: 17°
HP: 0.02° (1Q)/ 0.42% 2Q) HP: 0.03°
Alb: 3.13% (1Q)/ 2.98% (2Q) Alb: 3.02°

[76] C Subclinical mastitis Milk: Milk:

MAA: 67° MAA: 9°
HP: 0.039° HP: 0.007°
Serum: Serum:
SAA:198 SAA126°
HP: 0.17° HP: 0.09°
771 C Subclinical mastitis MAA: 12.83° MAA: 0.61P
Alb: 0.068 Alb: 0.024°
[78] C Subclinical mastitis Serum: Serum:
Alb: 3.2° Alb: 4.3
HP: 1.89° HP: 0.79°
SAA:151.61° SAA: 34.6°
Fb: 1769 Fb: 780°
Milk: Milk:
HP: 0.53° HP: 0.061°
MAA: 22.41° MAA: 13.6°
Fb: 789° Fb: 220°
[79] C Subclinical mastitis Serum: Serum:
SAA: 2,68 SAA: 2.72°
Milk: Milk:
MAA: 0.790° MAA: 0.361°

[80] C Subclinical mastitis SAA: 47332 SAA:5.13P

HP: 0.59° HP: 0.09

[81] C Subclinical mastitis MAA: 4.79° MAA: 3.93°

HP: 0.248° HP: 0.023°

[82] C Subclinical mastitis Serum: Serum:

(3 different disease groups) SAA: 23.10/56.60/88.00° SAA: 10.80°
Milk: Milk:
MAA: 9.20/12.90/13.19° MAA: 2.30°

83] C mastitis SAA:NA® SAA: NA®

HP: NA® HP: NA®

[78] C mastitis Serum: Serum:

Alb: 2.7° Alb: 4.3%
HP: 2.71° HP: 0.79°
SAA: 189.7° SAA: 34.6°
Fb: 1980° Fb: 780°
Milk: Milk:

HP: 0.99° HP: 0.061°
MAA: 36.19% MAA: 13.6°
Fb: 8732 Fb: 220°

[84] C mastitis Milk: Milk:

MAA: 10.10% MAA: 0.022°
HP: 216.0° HP: 16.20°
Serum: Serum:
SAA: 11849 SAA: 0.69°

HP: 0.724° HP: 0.063°
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Table 8 (continued)

Reference Age group? Disease APP levels diseased cows? APP levels
healthy
cows?

[80] C mastitis SAA: 129.08° SAA: 5.13°

HP: 0.96° HP: 0.09P

! means—columns with different superscripts differ significantly (P <0.05)

2 Ca Calves, H Heifers, C Cow

3 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), MAA Milk Amyloid A (ug/mL), HP Haptoglobin (mg/mL), Fb Fibrinogen (mg/dL), Alb Albumin (g/dL),

AGP Alpha 1-acid glycoprotein (ug/mL)

4 1Q mastitis in 1 quarter of the udder, 2Q mastitis in 2 quarters of the udder

Table 9 Receiver operating curve data calculated for mastitis using different acute-phase proteins (APPs)’

Reference APP? Cut-off Sen (%) Spec (%) AUC
Subclinical mastitis [77] Alb 0.038 885 86.8 093
[77] MAA 16 923 92.1 0.98
[76] MAA 16.4 90.6 983 0.99
[73] MAA 0317 100 100 -
[82] MAA 10.0 90 56.66 0.85
[76] SAA 159.1 90.0 72.1 084
[73] SAA 1.99 100 100 -
[82] SAA 74.0 100 9333 1.0
[76] Milk HP 0.004 90.6 68.6 0.89
[73] Milk HP 0.056 100 100 -
[76] Serum HP 0.05 90.0 64.43 0.78
[73] Serum HP 0.03 90.0 100 -
Clinical mastitis [115] SAA 9.6 83.0 90.0 -
[116] SAA 2641 79.2 95.0 0.95
[115] Serum HP 0.05 82.0 94.0 -
[116] Serum HP 0.09 86.8 80.0 093
[115] MAA 0.55 93.0 100 -
[115] Milk HP 0.02 86.0 100 -

' Sen Sensitivity (%), Spec specificity (%), AUC area under the curve

2 Alb Albumin (g/dL), SAA Serum Amyloid A (ug/mL), MAA Milk Amyloid A (ug/mL), HP Haptoglobin (mg/mL)

a prolonged period in cows suffering from endometritis
and metritis [90]. The exact period in which SAA and HP
levels are significantly increased is equivocal since some
discrepancy occurs in results and time period studied
[88-90]. Regardless, it is concluded that SAA and HP
could be reliable indicators of clinical endometritis and
metritis [88—90], used to monitor treatment [89] and HP
to evaluate reproductive performance [90]. Additionally,
using a cut-off of 0.085 mg/mL for HP gave a sensitivity
and specificity of 95% and 57.5%, respectively, between
healthy cows and those with moderate endometritis [88].
For SAA a cut-off of 16.25 pg/mL gave a sensitivity and
specificity of 95% and 55% between healthy cows and
cows with moderate endometritis [88].

One or two studies per disease were found for urinary
tract infections (UTIs), foot and mouth disease (FMD),
traumatic reticuloperitonitis and bovine viral disease
(BVD) and the studies suggest a significant increase in
HP and SAA for all four diseases [83, 94, 95, 98, 102], a
significant increase in fibrinogen in traumatic reticulop-
eritonitis, FMD and UTIs [83, 94, 102] and a significant
increase in AGP in UTIs [83]. Furthermore, a study sug-
gests a high diagnostic accuracy of Fb, AGP, HP and SAA
in UTIs, with AUC being between 0.93 and 0.98 for all
APPs and a high prognostic accuracy of SAA and HP
(AUC>0.95) [83]. The association being that a higher HP
or SAA level corresponded to poor treatment response
after treatment with antibiotics.
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Table 10 Overview of acute phase protein (APP) levels in cows for other common diseases than mastitis

Reference Agegroup? Disease® APP levels diseased cows* APP levels healthy cows*
[90] C Metritis 4 weeks pp: 4 weeks pp:
SAA: 37° SAA: 26°
HP:0.212 HP: 0.02°
2 months pp: 2 months pp:
SAA: 397 SAA: 27°
HP: 0.23? HP: 0.06°
[89] C Endometritis 40-90 days pp: 40-90 days pp:
SAA: 34.0-35.40° SAA: 16.8°
HP: 0.08-0.082° HP: 0.022°
[88] C Endometritis 28-32 days pp: 28-32 days pp:
SAA: 28.172 SAA: 14.24°
HP:0.183% HP: 0.072°
[83] C uTl SAA: 90.48° SAA: 22510
HP: 4.32° HP:0.12°
Fb: 1135 Fb: 354°
AGP: 3135 AGP: 237.0°
Alb: 2.68° Alb: 2.71°
[93] @ Interdigital dermatitis Bacterial: SAA:5.10°
SAA: 40.85° HP: 0.09°
HP: 0.46°
Non-bacterial:
SAA: 23.62°
HP: 0.30°
[92] C Lameness CRP: 4412 CRP: 0.61°
SAA: 22.19° SAA: 8.89°
HP: 0.22° HP: 0.12°
Fb: 3972 Fb: 140°
[91] Heel erosion (HE), acute laminitis (AL), sole ulcer (SU), HE: HE:
digital dermatitis (DD), white line separation (WLS) SAA: 195.32 SAA: 111.352
HP: 0.29% HP: 0.22°
AL: AL:
SAA: 4428 SAA:111.35°
HP: 0.59% HP: 0.22°
SU: SU:
SAA: 590.0° SAA: 111.35°
HP: 0.59° HP: 0.22°
DD: DD:
SAA: 28132 SAA:111.35°
HP:0.37° HP: 0.22°
WLS: WLS:
SAA: 95.6° SAA: 111.35°
HP: 0.25° HP: 0.22°
[105] C Digital dermatitis (DD), DD: DD:
White line disease (WLD) and sole ulcers (SU) SAA: 28.8° SAA: 22.4°
HP: 0.243% HP: 0.148°
WLD: WLD:
SAA: 49.9° SAA: 2242
HP:0.239° HP: 0.148°
SU: SU:
SAA: 54.9° SAA: 22.4°
HP.0.277° HP: 0.148°
[94] C FMD SAA:37.1° SAA:4.5°
HP: 0.41° HP: 0.09
Fb: 464° Fb: 280°
[95] C FMD SAA: 8.79° SAA: 6.86°
HP: 05072 HP: 0.229°
[97] C Paratuberculosis SAA:12.54° SAA:6.91°
HP: 0.72° HP: 033
[96] C Paratuberculosis SAA: 27.44° SAA: 15.69°
HP.0.238° HP: 0.080°

CRP: 45.45° CRP: 150.1°
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Table 10 (continued)

Page 12 of 17

Reference Agegroup? Disease® APP levels diseased cows* APP levels healthy cows*
[98] C BVD SAA: 49.98° SAA: 13.64°
HP:0.357° HP: 0.176°
[101] C Subclinical (SCK) and clinical ketosis (CK) SCK: SAAINAP
SAA: NA® HP: NAP
HP: NA?
CK:
SAA: NA?
HP: NA®
[102] C Traumatic reticuloperitonitis SAA:179.45°2 SAA: 4.49P
HP:1.31° HP: 0.08°
Fb: 518.86° Fb: 206°
[103] C Peritonitis HP: 1.882 HP: 0.03°
Fb: 379.7° Fb: 293.7°
Alb: 3.6 Alb: 3,512
[62] C L. interrogans SAA:32.38° SAA: 20.1°
HP:3.772 HP: 1.37°
Alb: 0.291° Alb: 0.297°
[71] C Bovine besnoitiosis HP: NA? HP: NA?
Alb: NAP Alb: NA?
[99] C Babesia bigemina SAA: 1.834° SAA: 0.0479°
HP: 0.41° HP: 0.15P
Fb: 820.6° Fb: 639.15%
[117] C Lumpy skin disease SAA:1.27° SAA: 0.85°
HP: 0.100° HP: 0.079°
Alb: 3.08° Alb: 3.6°
[100] C Respiratory disease Upper respiratory/ lower respiratory: ~ HP: 0.34°
HP: 0.50/0.48° Fb: 580°
Fb: 922/976°
[112] Ca SIRS HP: 0.29° HP: 0.22°
[104] Ca Diarrhoea SAA: SAA: 0.95°
bacterial: 2.77°
viral: 3,575

" means—columns with different superscripts differ significantly (P <0.05)
2 Ca Calves, C Cow

3 UTI Urinary tract infections, FMD Foot and mouth disease, BVD Bovine viral disease, SIRS systemic inflammatory response syndrome
4 CRP C-reactive protein (ug/mL), SAA Serum Amyloid A (ug/mL), MAA Milk Amyloid A (ug/mL), HP Haptoglobin (mg/mL), Fb Fibrinogen (mg/dL), Alb Albumin (g/dL),

AGP Alpha 1-acid glycoprotein (ug/mL)

Generally speaking, lameness and claw disorders lead
to significant increases in HP, SAA [91-93], Fb and CRP
[92] compared to healthy controls. However, when study-
ing the aetiology behind claw lesions, heel erosions and
white line separation seem to provide a lower and non-
significant increase in HP and SAA compared to acute
laminitis, sole ulcers and digital dermatitis [91]. A find-
ing partly supported by an Estonian study which found
that sole ulcers led to increased SAA levels but not HP
levels and that digital dermatitis had no significant effect
on HP or SAA level [105]. Additionally, when looking at
interdigital laminitis, lameness associated with E necro-
phorum provided a quantitatively higher level of HP and
SAA compared to lameness not associated with E necro-
phorum. Due to low sample size in the FE necrophorum
positive group (n=4) a statistical comparison was not
computed [93].

Paratuberculosis in cattle is a non-curable enteric dis-
ease caused by M. avium spp. paratuberculosis (MAP).
The disease is associated with chronic diarrhoea, and
compared to healthy controls, MAP-seropositive ani-
mals with chronic diarrhoea had significant alterations in
albumin levels but not in HP and SAA [96]. The lack of
a response in SAA and HP could be due to lower total
protein levels in serum caused by the protein-losing
enteropathy associated with paratuberculosis [106, 107].
However, when looking at different pathological forms of
paratuberculosis in cattle, multifocal and diffuse pauci-
bacillary lesions but not focal and diffuse multibacillary
lesions, lead to significantly increased SAA and Hp levels
[97]. This suggests a difference in APP pattern between
lesion types. Another explanation to a lack of response
in HP and SAA in paratuberculosis could be the chronic
nature of the disease, since chronic disease has been
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shown to relate to lower APP levels compared to acute
disease in cattle [108].

Investigations on the relationship between APP levels
and health status in calves discovered that inflammatory
disorders such as respiratory and gastrointestinal disease
was connected to elevated APP responses [104, 109—
113], and fibrinogen and HP levels mirrored the faecal
score with Fb and HP increasing with increased loose-
ness of the faeces, a pattern not seen in SAA [112]. Fur-
thermore, E. coli diarrhoea gave a higher SAA response
than coronavirus based diarrhoea [104]. The effect of
sepsis on acute phase proteins was reviewed recently,
and it concludes that acute phase proteins are unspecific
for sepsis in both pigs, horses and cows, but can provide
information on disease development and prognosis [25].
The review includes a study on eight calves with signifi-
cant HP increases in calves with experimentally induced
endotoxemia [25], whereas a study on naturally occurring
systemic inflammatory response syndrome in 102 calves
showed no increase in HP compared to non-SIRS calves
[113].

Summary—cattle

The major acute phase proteins in cattle are serum or
milk amyloid A and HP, and the majority of literature
reports oncases of clinical and subclinical mastitis. Fb
is, as for horses, commonly studied and is significantly
lower in diseases such as subclinical and clinical masti-
tis, urinary tract infections and lameness, which could be
valuable for the purposes of diagnostics and treatment.
Mastitis, both experimentally induced and field cases,
resulted in significant changes in serum and milk amy-
loid A and HP, and Gram-negative bacteria appeared to
produce a higher APP response than Gram-positive bac-
teria, with few exceptions. Significant increases in serum
and milk amyloid A and HP are seen in subclinical mas-
titis, and the level corresponds to the number of udder
quarters affected. Using serum and milk HP and amyloid
A as a diagnostic marker of subclinical mastitis yielded
a sensitivity of more than 90% and a specificity ranging
from 56.66 to 100% depending on the cut-off used. Fur-
thermore, one study suggested that SAA could be used to
differentiate between subclinical cases with and without
positive bacteriology, and HP could be used to differenti-
ate S. aureus cases that will self-resolve. For some other
diseases than mastitis, HP and SAA are elevated, except
for besnoitiosis, some claw lesions and paratuberculosis
where evidence is equivocal. Furthermore, studies sug-
gested that SAA and HP could be used to monitor and
predict treatment response in uterine tract infections and
endometritis and that lameness associated with E necro-
phorum infections causes higher HP and SAA responses
than non-E necrophorum interdigital laminitis. In calves,
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diarrhoea of bacterial origin yielded a higher SAA
response than viral diarrhoea.

Conclusions

Much research has been put into identifying which APPs
are elevated or decreased in diseases affecting, pigs,
horses and cows and correlating clinical signs with the
APR. Generally, most diseases and clinical signs of dis-
ease initiate an APR in the moderate to major APPs for
all species. Few studies, however, evaluated the diag-
nostic and prognostic potential. Research on the APR in
humans has shown that APPs can be used diagnostically
e.g., to comprehend the seriousness of a condition, to dis-
tinguish infectious from non-infectious causes of disease,
or bacterial from viral causes or guide antibiotic treat-
ment initiation and efficacy. This review found limited
evidence within pigs, horses, and cattle on either of these
subjects.

Eleven studies used ROC-curve analysis to establish
the diagnostic performance of an APP in differentiating
diseased from non-diseased animals. Six of the eleven
studies targeted clinical or subclinical mastitis. Using
APP levels to distinguish between healthy and sick ani-
mals is valuable in conditions where welfare or produc-
tion outcomes are affected before clinical signs arise as is
the case with subclinical mastitis. However, the value is
limited in diseases such as lumpy skin disease where the
diagnosis can be determined from clinical signs alone or
in multifactorial disease where both bacterial, viral and
non-infectious causes lead to similar clinical signs e.g.,
diarrhoea or lameness. In the latter cases quantification
of the acute phase level is valuable for the veterinarian or
the farmer if it can be correlated to seriousness of the dis-
ease, prognosis, aetiology, or treatment.

This review identified 10 studies relating acute phase
protein levels to aetiology, three to antibiotic treatment
efficacy, one to prognosis and two to seriousness of dis-
ease. However, these studies concern different species
and diseases, hence it is difficult to definitively infer upon
the usefulness of APPs to mitigate unnecessary antibiotic
use. Nevertheless, with the limited amount of evidence
in mind, CRP might have the potential to differentiate
between bacterial and non-bacterial causes of disease in
pigs. SAA could reflect underlying aetiology in horses,
and in mastitis and neonatal diarrhoea in cattle.

Since reducing antibiotic usage is of high priority, tools
to guide initiation and termination would be of great
interest. Identification of APPs could aid in separating
bacterial from viral or non-infectious causes of disease,
predict prognosis and be used to evaluate antibiotic
treatment efficacy. More evidence should be collected for
each disease within a species where mitigation of anti-
biotic usage is relevant and underlying aetiology cannot
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be determined by the clinical signs alone or where pre-
treatment diagnostics are not viable. It is the authors’
belief that to determine the viability of using APPs to
mitigate unnecessary antibiotic use, more efforts should
be put into correlating APP levels and underlying aetiol-
ogy, establishing cut-off values for infectious and non-
infectious cases, evaluate the diagnostic performance of
APPs and evaluate any adverse effects of using APPs to
determine treatment strategy.
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