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Abstract

Acute-phase proteins (APP) are a group of blood proteins that the synthesis
happens quickly and intensely in response to external or internal challenges,
such as infection, inflammation, surgical trauma, or stress. These proteins
have been used as biomarkers of inflammation, infection, and trauma in
human medicine, but have been relatively under-utilized in the context of
veterinary medicine due to the unknown diagnostic possibilities. The
purpose of this paper is to update the knowledge about APPs in veterinary
medicine, reviewing results from different studies suggesting possible
clinical applicability of APPs measurement as a valuable tool for veterinary
diagnostic and prognostic.
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Introduction

Acute-phase proteins (APP) have been used as biomarkers of
inflammation, infection, and trauma for decades in human medicine, but have
been relatively under-utilized in the context of veterinary medicine due to the
unknown diagnostic possibilities.

The APP is the group of blood proteins that the synthesis happens
quickly and intensely as a systemic reaction to local or systemic disturbances
caused by trauma, infection, stress, surgery, neoplasia, or inflammation the

goal of which is re-establishment of homeostasis and healing. The systemic
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acute-phase response occurs in the first few hours of an acute phase response,
protein synthesis within the liver and hepatocyte secretion is drastically
altered, and there are measurable changes in the plasma concentration of
several plasma proteins referred to as APP (O’Reilly et al., 2018).

The circulating concentrations of APP are related to the severity of the
disorder and the extent of tissue damage in the affected animal.

Significant progress has been made in the detection, measurement, and
application of APP as biomarkers in companion and farm animal medicine
over recent years. Quantification of their concentration can, therefore,
provide diagnostic and prognostic information, if proper timing sampling is
assured, as well as useful in the follow up of tissue resolution of traumas or
inflammation, as well as in the evaluation of the organic response of the
treatment.

Many advances in monitoring the APP response in animals for clinical
and experimental purposes have been done (RECZYNSKA et al., 2018; DARA
GONZALEZ et al., 2019). Researchers have established many quantitative
APP assays, thereby recognizing the species-related difference of the APP
behaviour on some key proteins, and the mechanisms involved (MURATA et
al., 2004).

The purpose of this manuscript is to update the knowledge about APPs
in veterinary medicine, reviewing results from different studies suggesting
possible clinical applicability of APP measurement as a valuable tool for both

veterinary diagnostic and prognostic.
Acute Phase Protein response

In response to a challenge, during the acute phase of inflammation,
some proteins increase in their serum concentration, they are denominated
positive APP and some proteins decrease in their serum concentration, they

are called negative APP. Positive APP are further classified as minor,
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moderate, or major APP according to the magnitude and duration of increase
during the APR. Major APP increase 10 to 1,000-fold, moderate APP increase
4 to 10-fold, and minor APP represent those with only slight 2 to 3- fold
increases (Eckersall et al., 2018).

The negative APP includes albumin, the most abundant constitutive
plasma protein, and transferrin. Positive APPs are glycoproteins mainly
synthesized by hepatocytes and released into the bloodstream upon their
stimulation by pro-inflammatory cytokines. The positive APP is an important
set of proteins, including haptoglobin, C-reactive protein, serum amyloid A,
ceruloplasmin, fibrinogen, and alpha 1-acid glycoprotein.

Pro-inflammatory cytokines, interleukin-6 (IL-6), tumour necrosis
factor-alpha (TNF-alpha) and interleukin 1-beta (IL-1-beta) are the major
mediators of APP synthesis in the liver (YOSHIOKA et al., 2002).

Mainly Acute Phase Proteins in veterinary medicine and biological

functions

Haptoglobin (Hp) is an a2 —globulin with a molecular weight of about
125 kDa, and have the ability to increase the stability of the peroxidise
activity of haemoglobin to low pH. Dogs have only one subtype of Hp as
compared with humans, who have three Hp, subtypes (Hp 1-1, Hp 2-1, and
Hp 2-2), and these structural particularities may be responsible for the
divergence of findings in the recognition of canine and feline Hp by antibodies
directed against human Hp (CERON; ECKERSALL; MARTINEZ-SUBIELA,
2005).

The glycosylation pattern of Hp can vary in dogs with various
inflammatory, autoimmune, and neoplastic diseases. The main function of
haptoglobin is linked to the bacteriostatic effect, due to the haptoglobin binds
free haemoglobin and the haemoglobin binding property has a bacteriostatic

effect as it limits free iron available for bacteria. Moreover, haptoglobin has
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functions related to the host defense response in infection and inflammation,
as the stimulation of angiogenesis and granulocyte activity (ALSAAD, 2011).

C-reactive protein (CRP) is a 115 kDa protein, consisting in five
subunits. Originally named for its ability to bind the C-polysaccharide of
Pneumococcus pneumoniae. CRP functions are dependent on its binding to
bacteria and promote the binding of complement, which facilitates bacterial
uptake by phagocytes. Other biological CRP functions include the induction
of cytokines by monocytes and macrophages, inhibition of chemotaxis, and
modulation of neutrophil functions MURATA et al., 2004).

Free native Serum amyloid A (SAA) is a 180-kDa protein, which is
normally found in a complexed form with lipoproteins. It is thought to be the
precursor of amyloid protein A, the major protein source of alpha-amyloid, so
it is potentially involved in the pathogenesis of amyloidosis and other chronic
inflammatory diseases. One of the biological activities is its chemotactic effect
on monocytes, polymorphonuclear, and T cells (PETERSEN; NIELSEN;
HEEGAARD, 2004).

Alpha 1 acid glycoprotein (AGP) is mainly synthesized and secreted by
hepatocytes. Local AGP may contribute to the maintenance of homeostasis by
reducing the tissue damage associated with the inflammatory process.
Systemic AGP has been reported to bind drugs and to participate in
immunomodulation. For example, serum albumin, the most important drug-
binding protein, AGP binds with and carries substances of endogenous or
exogenous origin such as heparin, histamine, serotonin, and steroids. This
capacity might help to keep total drug binding levels unaffected in acute
phase responses in which serum albumin, a negative APP, decreases in
concentration (MURATA et al., 2004).

Ceruloplasmin (CP) is a cooper-containing ferroxidase that oxidizes
toxic ferrous iron to its non-toxic ferric form. Cp is synthesized primarily in
the liver, but is also induced at extra-hepatic sites and may act as an anti-

inflammatory agent by reducing the number of neutrophils attaching to the
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endothelium and by acting as an extracellular scavenger of peroxide
(MURATA et al., 2004).

Fibrinogen is a B-globulin present in the plasma of all vertebrates. It
1s involved in homeostasis, providing a substrate for fibrin formation and
tissue repair, and a matrix for the migration of activated cells (LEBRETON,
CASINI 2016).

Albumin is the most abundant protein in the blood, constituting 35-50%
of the protein in the plasma of healthy animals. It is the major band observed
in serum protein electrophoretograms. Albumin is responsible for about 75%
of the osmotic pressure of plasma and is a major source of amino acids that
can be utilized by the animal’s body (CERON; ECKERSALL; MARTINEZ-
SUBIELA, 2005).

Transferrin is a plasma glycoprotein responsible for the transport of
iron in the circulation; it has a single polypeptide chain of about 700 amino
acids. It is a negative APP and involved in innate immunity, probably by
sequestering ferric ions to prevent pathogens and parasites from using

nutrients (LAW, 2002).

Acute phase protein response and clinical application in veterinary

medicine

Researches have been focused on a description of the APP in response
to numerous situations, in order to better understanding of the profile levels
changes and mechanisms involved providing the knowledge of the APP as a
useful tool for diagnostic in veterinary medicine helping to improve prognostic
(HILLSTROM et al., 2014).

The stress response to surgery involves an array of physiological events
in the body, including endocrinological, immunological, and hematological
alterations leading to a catabolic state. Even though these functions are

beneficial in the acute survival situation, this response may, in fact, have
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negative effects on homeostasis and tissue healing. The surgical stress
response is believed to be proportional to the degree of tissue injury caused
by the procedure. It is therefore important to choose surgical procedures that
minimize the negative impact of surgery on the body. Complications after
elective surgery in dogs and cats are not uncommon and have been reported
to include hemorrhage, surgical site inflammation or infection, and increased
attention to the surgical site (Moldal et al., 2018).

A study was performed by Alves et al.,, (2010) in queens after
ovariectomy by laparoscopy and conventional technique in order to verify the
intensity of the inflammatory response by assessing acute phase protein and
leukocyte levels. Analyses of collected blood samples were done before and
until 144 hours after the surgical procedures. Ceruloplasmin, hemopexin,
haptoglobin, and acid glycoprotein were significantly increased 24 h after
conventional ovariectomy at the respective rates of 69.85%, 103.49%, 117.31%,
and 199.06%. After the same post-operatory period, the animals submitted to
laparoscopic ovariectomy showed 22.31%, 46.09%, 79.77%, and 74.56%,
respectively to the same proteins cited previously (Table 1). During the
postoperative period, the group of queens submitted to laparoscopy presented
the lowest values as compared with the control group. In this group, there a
peak followed by a decrease in white blood cell count was observed within 24

h, while in the laparoscopy group the peak was observed 12 h after surgery.

Table 1: Serum concentration (mg/dl) increase of ceruloplasmin, hemopexin, haptoglobin and
acid glycoprotein (alpha -acid Glycoprotein) after ovariectomy in queens by either
conventional technique or laparoscopy as compared with values before surgery (0 h).
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Table 1: Serum concentration (mg/dl) increase of ceruloplasmin, hemopexin, haptoglobin and
acid glycoprotein (alpha -acid Glycoprotein) after ovariectomy in queens by either
conventional technique or laparoscopy as compared with values before surgery (0 h).

Proteins
Oh 12h 24h 48h 72h 96h 120h 144h
Ceruloplasmin
G1 42.294a 48.80Aa 69.854b 58.804b 27.524a 27.5242 24,9242 21.704
G2 35.47Aa 37.41Ba 22.31Bb 13.53B¢ 10.83A¢ 05.368d 02.188Bd 0.18Bd
Hemopexin
G1 35.314a 60.86CP 103.49¢ 72.99Bb 65.988Bb 49.98Cb 33.704>  20.614
b
G2 32.894a 46.248b 46.094b 38.27Aa 23.984a 21.13% 05.50B¢  04.49E8¢
Haptoglobin
G1 28.24a 82.0¢h 117.31¢  103.80C¢ 88.23Bb 87.40¢b 85.824b 19.444
G2 12.142 14.92Bb 79.77Ac 92.80¢¢ 59.35B¢ 58.42Cc 53.994c 44 25Cc
Acid glicop
G1 28.35%a 41.608b 199.06C%  138.64Cc¢ 85.068¢ 58.55Ch 34.994a 19.444
G2 12.8682 13.560b 74.56Ac 73.89Bb 68.678b 54.74Cb 53.054b  45.18C

(G1) group of queens submitted to ovariectomy by conventional technique; (G2) group of
queens submitted to laparoscopic technique. Values with different small letters in a row and
with different capital letters in a column are statistically significant at p<0.05 (ALVES et al.,
2010).

The number of leucocytes was higher in animals submitted to
conventional ovariectomy than in animals submitted to laparoscopy. Possibly
due to the action of cortisol released in animals under stress, pain and
immediate post-operative situation that are observed in both operative
procedures but probably more severe when the conventional technique is

applied (Table 2).
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Table 2. Leukocytes concentrations in Queens submitted to conventional
ovariectomy (G1) or laparoscopic ovariectomy (G2) at different times (hr) after

surgery.
Periods G1 in total G2 in total Reference values*
leucocytes leucocytes
(hours) (x103/uly) (x103/uly)
0 11.142.3 Aa 10.1+3.84a 9.5+2.34b
12 16.3+5.1Ba 15.6+5.78a 8.7+2.84b
24 16.9+3.98a 13.246.1Ba 9.1+1.94b
48 16.0+4.58a 12.3+5.78b 9.0+2.84b
72 16.1+5.38Ba 11.0+2.4Ba 8.7+3.14b
96 14.2+5.8Ba 10.3+1.98a 8.243.54b
120 12.6+4.1Ba 9.0+1.84 8.5+2.64P
144 13.34+3.98a 8.6+2.04b 9.0+1.94b

Values with different small letters in a row and with different capital letters in a
column are statistically significant at p<0.05; (ALVES et al., 2010).

These results indicate that increase or decrease of acute-phase proteins,
as well as white blood cell count, may be a useful indicator to evaluate the
inflammatory response induced by these surgical procedures. It is possible
that the analysis of these parameters in the post-operative period may be
useful 1n the detection of undesirable alterations, such as
inflammation/infection and consequently, in defining a prognosis (ALVES et
al., 2010).

Cranial cruciate ligament rupture is a prevalent injury in dogs, and
tibial plateau leveling osteotomy (TPLO) is one of the preferred surgical
techniques. Surgical site infection is a possible complication following TPLO
and measurement of serum acute-phase proteins is suggested to be a way to
early recognize and distinguish postoperative infectious complications from

normal postoperative inflammatory conditions.
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In a study Lofqvist et al., (2018) investigated the changes in
concentrations of the systemic inflammatory markers C-reactive protein
(CRP) and serum amyloid A (SAA) following tibial plateau leveling osteotomy
(TPLO) in dogs and evaluate if deviations from the changes expectedly
induced by the surgical procedure are useful in early detection of post-surgical
infections. A characteristic pattern of changes in concentrations of CRP and
SAA were observed following TPLO with a significant increase 24 h post-
surgery in all dogs and baseline-concentrations re-established at day 12,
these results confirm the alterations on the APP levels after surgical injury
and the utility of measurement as a tool on the prognostic of dogs submitted
to TPLO.

In bitches, the APP serum level assessment has been used to early
pregnancy diagnosis for appropriate medical assistance insuring normal
gestation and indicating abortion of embryonic resorption or interruption of
undesirable pregnancy. The APP profile on early pregnancy vary as a
consequence of generalized inflammatory reaction due to embryonic
endometrial invasion and use alterations as a method for early pregnancy
diagnosis. The relationship between hormonal status and acute-phase
proteins concentrations has been assessed. In one study weekly serum
samples were collected from 20 non-pregnant (NP) and 20 pregnant (P)
bitches to determine levels of fibrinogen, haptoglobin, ceruloplasmin,
seromucoid, glycoprotein, a2 globulin, progesterone, and estradiol-17b. No
correlation was found between the implantation sites formed (number of pups
born) and the hepatic stimulus for the APP production. Authors conclude that
in bitches, APP can be used as an early pregnancy test from the 3rd week of
gestation using the haptoglobin assay (values above 112.42 mg/dl), from the
4th to the 6th week using the ceruloplasmin test (values above 12:76_ 5:29
U/l), from the 4th week for using the alpha-acid glycoprotein test (values
above 13.67%) and from the 4th week of gestation using the a2-globulin test

(values above 0.61 g/dl). Fibrinogen and seromucoid increased in the pregnant
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group from the 5th to the 6th week, respectively, thus not being suitable as
parameters for an early pregnancy diagnosis (VANNUCCHI; MIRANDOLA;
OLIVEIRA, 2002).

According to Rota et al., (2019), an increase in CRP concentration has
been detected in the first or second trimester of pregnancy in the bitch,
followed by a decrease before parturition. A second increase after parturition
has been occasionally observed. Implantation of the developing embryo in the
endometrium and placental development were suggested as the likely cause
of acute phase response and it has also been ascribed as ‘the influence of
endocrine hormones during pregnancy. In the past, the analysis of CRP and
other APP concentrations was proposed as an approach for early pregnancy
diagnosis in the bitch. Although the exact mechanisms responsible for
parturition are still to be elucidated. A precise prediction of impending
parturition could be very useful to avoid long observation periods and is very
important when planning a cesarean section. Serum progesterone
concentration decreases before parturition and other easily measurable
variables that could allow for determination of the onset of parturition would
be very useful in clinical practice. C-reactive protein (CRP) is one of the major
acute-phase proteins in dogs and the concentrations of this protein was
measured around parturition and to verify whether this protein could be
useful, together with progesterone (P) to detect the onset of parturition in
bitches. It was possible to notice that the increase in CRP very near the time
of parturition and the low magnitude of the increase does not allow for it to
be useful in clinical practice to assess the onset of parturition in the bitch.

Dynamic change of APP-serum concentrations in pregnant bitches was
also correlated to ultrasound features of concepts as well as gestational age.
Serum concentrations of Haptoglobin, AGP, and C-reactive protein were
statistically more elevated in pregnant than in unpregnant bitches, from the
4th week of gestation until parturition. The APP did not present correlation

with gestational age, as ultrasound measurements did, however, it is possible
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to affirm that their concentrations reached maximum values (Hp=11.11 £1.7
mg/dl; AGP=449.44 +£146.41 mg/dl, CRP=58.30 +14.69 mg/dl ) on the 5th week
(ALMEIDA, 2006).

The APP, Serum C-reactive protein (CRP), serum amyloid A (SAA),
haptoglobin, ceruloplasmin and fibrinogen profiles in pregnant dogs as well
as in bitches at various stages of the estrus cycle was analyzed to verify the
possible relationship(s) among the APPs profile and hormonal status.
Ultrasound scanner (concept M/C) was used for pregnancy diagnosis,
involving the first and second halves of pregnancy. Proestrus, estrus, diestrus
and anestrus stages of sexual cycles were differentiated by use of vaginal
cytology and blood progesterone and estradiol 17-b levels. No statistically
significant differences were observed between the groups with regard to the
serum SAA and CRP concentrations. Haptoglobin, ceruloplasmin and
fibrinogen concentrations were elevated in pregnant dogs compared to non-
pregnant groups, independently from the pregnancy stage. No statistically
significant differences in acute phase protein concentrations in dogs at
various stages of oestrus could be detected. Results of this study indicated
that ceruloplasmin and fibrinogen levels, in addiction of haptoglobin
previously demonstrated may have potential importance in the diagnosis of
pregnancy, and acute phase proteins may be used for monitoring the health
status of the pregnant dogs (ULUTAS et al., 2008).

An evaluation of the APP is recommended as a helperexamination for
diagnosis of inflammatory situation in bitches with pyometra. In order to
analyse the profile of blood fibrinogen, serum C-reactive protein (CRP) and
leukogram, besides checking the possible correlations among these laboratory
indicators in bitches clinically healthy and with pyometra, two groups were
studied, one without pyometra and other with pyometra. It was observed that
the total number of leukocytes, fibrinogen and CRP were higher for the group
of animals with pyometra. High positive correlation was observed between

CRP and fibrinogen and the latter with parameters of leukogram. It can be
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concluded that leukocytes, fibrinogen and CRP analysis may be recommended
as coadjutants examination in the diagnosis of the inflammatory process of
bitches with pyometra (CARVALHO et al., 2008).

A study reported the evolution of serum levels of insulin-like growth
factor-1 (IGF-1) and C-reactive protein (CRP) in bitches with
ovariohysterectomy after diagnostic of pyometra in comparison with the
control group of healthy bitches submitted to the surgery and the results
showed that these markers could be useful for assessment of the
postoperative period due the serum level of IGF-1 is decreased, whereas CRP
is increased during severe inflammation. When inflammation caused by
pyometra and surgery was performed, the level of IGF-1 was increased and
CRP decreased (DABROWSKI et al., 2015).

In dogs with haemorrhagic gastroenteritis, clinically suspected of
canine parvovirus infection, the APP dosage can allow the evaluation of the
inflammatory state and also could help to diagnostic establishment
(MCCLURE et al., 2013; KOGIKA et al., 2003.) Those proteins allowing a
diagnosis of inflammatory process in animals with bone marrow depression
and, also, they could be useful in the follow up of tissue trauma repair or
inflammation, as well as in the evaluation of the response to treatment. As
leukopenia is observed in the initial stage of the canine parvovirus infection,
the dosage of APP allows the evaluation of the inflammatory state of infected
animals. According to these hypotheses, serum APP (haptoglobin,
ceruloplasmin and a—acid glycoprotein) levels were measured in 11 healthy
and 11 leukopenic dogs with hemorrhagic gastroenteritis, clinically suspected
of canine parvovirus infection.

There was a significant difference, with confidence interval of 99% (P
<0.01) for haptoglobin (p <0.0064) and a-acid glycoprotein (p <0.0042) and 95%
(P <0.05) of confidence for the ceruloplasmin (p <0.0478) as compared with

the control group.
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In dogs, C-reactive protein, haptoglobin and serum amyloid A have
been identified as valuable diagnostic markers of steroid-responsive
meningitis-arteritis, while in cats and cattle alpha-acid glycoprotein,
haptoglobin and serum amyloid A have been valuable biomarkers of disease
(ECKERSALL; BELL, 2010).

Evaluation of electrophoretic profile and albumin in the cerebrospinal
fluid of dogs were performed in order to discover variations could contribute
to the diagnostic of neurological diseases. Results were similar in healthy
dogs and dogs with distemper and no nervous signs, but were significantly
increased in the group of dogs with distemper showing nervous signs. The
study of CSF protein profile proved useful and contributed significantly on
the detection of central nervous system disorders and damages to the blood-
brain barrier during the nervous phase of distemper (GAMA et al., 2007).

Perez (2019) performed the measurement of APP levels can be valuable
to determine the efficacy of antiviral therapies and vaccines. From the
practical point of view, the ability of APP to reduce viral infectivity has been
observed in several virus-host models. The response to invading viruses, and
the presence of APP in blood and other specific tissues may be altered after
viral infection, in association with an enhancement of the host innate immune
response. Changes in APP expression after the administration of antiviral
drugs and vaccines have been observed, suggesting the possible use of APP
as reporters of the efficacy of antiviral treatments.

In a study using APP to check the inflammatory response in dogs after
vaccination with an attenuated E. canis and subsequently challenged with a
wild E. canis strain. Positive APP levels correlated favourableness with the
rickettsial load, body temperature and negatively with the thrombocyte
counts. Vaccination with an attenuated E. canis strain in an experimental
erlichiosis infection resulted in considerably muted APP responses compared
to those found in challenged unvaccinated dogs, reflecting a milder innate

inflammatory response conferred by protection of the vaccine. These milder
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responses correlated well with the absence of clinical disease and diminished
rickettsial load found in the vaccinated dogs post-challenge (RUDOLER,
2015).

Moreover, Escribano et al., (2017) concluded that there are significant
changes in the serum proteome of dogs with ehrlichiosis with modifications
in proteins related with the acute phase response such as Hp, albumin and
acid glycoprotein.

The measurement of APPs as a diagnostic tool to differentiate between
feline infectious peritonitis (FIP) and other diseases in cats with body cavity
effusions was performed by Hazuchova et al., (2017), and concentrations of
the APPs in serum and effusion were significantly different in cats with and
without FIP. The best APP to distinguish between cats with and without FIP
was acid glicoprotein in the effusion; being particularly if measured useful in
differentiating between FIP and other diseases, while Serum amyloid A and
Haptoglobin were not. The concentration of all three APPs in some diseases
as septic processes, disseminated neoplasia was as high as in cats with FIP;
therefore, none of these can be recommended as a single diagnostic test for
FIP.

APPs are sensitive markers of inflammation of lungs, and serum C-
reactive protein (CRP), serum amyloid A (SAA), and haptoglobin
concentrations recently has been shown to be a useful diagnostic marker in
dogs with bacterial pneumonia. All measured APPs initially were
significantly increased, but the magnitude of increase was not correlated to
disease severity. C-reactive protein and SAA concentrations decreased
rapidly after initiation of antimicrobial treatment. According to the results,
the normalization of serum CRP may be used to guide the duration of
antibiotic treatment in dogs with BP according to Viitanen et al. (2017).

Parasitic diseases also revealed alterations in APP levels and an

increase Serum C-reactive protein (CRP), haptoglobin, serum-amyloid A
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(SAA) of in dogs with malignant esophageal spirocercosis has been reported
when compared to benign ones (NIVY, 2014).

Venco et al. (2014) studied if CRP may be a diagnostic and/or prognostic
marker in canine heartworm, whether it may be used for staging and
monitoring canine heartworm, and whether its concentration depends on
worm burden or on pulmonary arterial damage and concluded that the CRP
can be used as a marker of endothelial arteritis and pulmonary hypertension
in dogs with heartworm.

Acute phase proteins (APPs) have been proposed as useful associated
markers for the diagnosis and monitoring of treatment of dogs infected by
Leishmania infantum (DAZA GONZALEZ et al., 2019). Levels of serum
haptoglobin, serum amyloid A (SSA) and C-reactive protein (CRP) from 6
infected beagles, positive by both PCR and parasite culture, were monitored
for 7 months post-infection. Dogs were then treated for 3 months with
allopurinol (20 mg/kg/day PO). Their response to therapy was followed-up for
11 additional months. Levels of IgG and IgM were monitored during 21
months and compared. Two months after experimental infections of dogs with
L. infantum amastigotes a significant increase of all studied APPs was
observed. One month after the beginning of treatment dog’s clinical recovery
was associated with a significant decrease of all APPs. CRP concentrations
decreased more than 75% in five dogs and SAA concentrations decreased
more than 85% in all dogs. Hp showed a significant decrease on months 1, 2
and 4 after the beginning of the treatment and its concentrations decreased
more than 50% in four dogs by month 1 after treatment initiation.
Concentrations measured at 5, 7 and 11 months after initiation of therapy
appeared lower than those at 7 months post-infection although the decrease
was not statistically significant.

Increase in total IgG and IgM was delayed as compared with APPs and

in contrast, these Igs did not decrease with treatment. These studies
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suggested that the increased APP levels can be used as biomarkers of
Leishmaniasis severity in dogs (MARTINEZ-SUBIELA et al., 2011).

In a retrospective study was evaluate and compare the serum
concentration of CRP and ferritin between three possible situations that dogs
which undergo leishmaniosis treatment could have: responsive with total
recovery, responsive with only clinical recovery but persistent abnormalities
in biochemical analytes, and unresponsive with clinical and biochemical
changes. All dogs which totally recovered after treatment showed CRP and
ferritin values within reference ranges and these values are usually
associated with the absence of clinical signs and adequate response to
treatment and increased CRP and/or ferritin values could reflect a lack of
appropriate response to treatment. All dogs which totally recovered after
treatment showed CRP and ferritin values within reference ranges. Most of
dogs classified as having only partial clinical remission had CRP and ferritin
within the reference range values despite the presence of other biochemical
abnormalities such as hyperglobulinemia, hyperproteinemia, or proteinuria.
On the other hand, most of dogs in the unresponsive group had increased CRP
and ferritin. It can be concluded that CRP and ferritin concentrations within
the reference ranges are usually associated with the absence of clinical signs
and adequate response to treatment and increased CRP and/or ferritin values
could reflect a lack of appropriate response to treatment (MARTTNEZ-
SUBIELA et al., 2016).

A study in rat liver in vivo an in-depth functional analysis was
performed using rich pharmacodynamic proteomic data measured over 66h
following a single dose of methylprednisolone (MPL). As a result, proteins
related to the inflammatory acute-phase response were up-regulated in
response to MPL. Functionally-similar proteins showed large diversity in
their temporal profiles, indicating complex mechanisms of regulation by

corticosteroids which needs further studies (AYYAR et al., 2017).
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Possible applications of the APPs assessing in farm animal clinical
assessment have been comprehensively reviewed (FAGLIARI et al., 1998). In
cattle, increased serum or plasma haptoglobin concentration was found after
experimentally induced inflammation, trauma and also after experimental
and natural inflammatory diseases. Bovine Hp was correlated to the severity
of experimental infections with bovine respiratory syncytial virus and
spontaneous natural infections with foot-and-mouth disease virus. In a field
study, the bovine metabolic disorders, hypocalcemia and ketosis were not
associated with increased Hp serum concentrations (SKINNER; BROW;
ROBERTS, 1991).

Hp has also been associated with bacterial infection of the uterus and
delayed uterine involution (SHELDON et al., 2001). However, it has been
reported that Hp concentrations remain low in acute postpartum metritis, in
contrast high concentrations were only seen in cases of severe metritis
(HIRVONEN et al., 1999). In dairy cows with toxic puerperal metritis,
antimicrobial therapy was associated with a decrease of serum Hp
concentrations. Following surgical castration of 14-month old bulls, a higher
plasma Hp concentration has been observed when compared to banded and
entire bulls (FISCHER et al., 2001). A higher Hp serum concentration has
also been reported following ruminotomy (MORIMATSU et al., 1992). Hp
serum concentration increased in experimentally-induced mastitis
(HIRVONEN et al., 1999) and in field infections of different etiologies.

In horses, increased Hp serum or plasma concentration has been
observed following surgery (KENT; GOODALL, 1991), experimental
inflammations as well as during natural diseases. Non-infectious arthritis
(HULTEN; DEMMERS, 2002) and carbohydrate induced laminitis
(FAGLIARI et al.,, 1998) has also been shown to induce increased
concentrations of Hp. In addition, in horses suffering from grass sickness
(Equine dysautonomia), an increased serum Hp concentration has been

reported. Following castration complicated by post-operative scrotal infection,
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serum levels of Hp showed peak between three and five days post surgery,
these alterations were observed by Kent and Goodall (1991). Hp increase was
also observed in horses with colic (DI FILIPPO et al., 2010).

In cattle and humans the magnitude and duration of the APP response
have been shown to reflect the severity of infection correlating with the amount
of underlying tissue damage and inflammation (JACOBSEN et al.,, 2004).
Therefore, APP levels may serve as indicators of prognosis.

In horses, it has been shown that intra-articular injection of 3 ug of
lipopolysaccharide (LPS) from Gram- bacteria elicits a larger SAA response
than an injection of 1 pg, suggesting that APP concentrations reflect the
extent of the underlying inflammation horses (JACOBSEN; HALLING-
THOMSEN; NANNTI, 2006).

In sheep with dystocia, high Hp levels have been shown to indicate dead
lambs in uterus and consequently, increased surgical risk and a poor
prognosis.

A study in horses with colic had higher APPs levels in non-survivors than
in survivors (DI FILIPPO et al., 2010). In critically ill and septic foals, high
fibrinogen concentration was among the most significant predictors of mortality
(PEEK et al., 2006). Increased plasma concentration has been observed in
carbohydrate-induced laminitis (FAGLIARI et al., 1998). Acute phase proteins
could also indicate subclinical infections as well as a severity of infection. Thus,
APP could be a valuable tool, for example to assess individual convalescence
periods for horses recovering from respiratory infections.

Increased serum concentration of SAA has been found in foals during
infection with Rhodococcus equi (HULTEN; DEMMERS, 2002), Equine
influenza serotype A2 (H3NS8) (HULTEN et al., 1999), Equine herpes virus
serotype 1 and Streptococcus equi. In horses as well as other species, SAA
synthesis has been shown to take place in several cell types other than
hepatocytes during acute-phase states. This extra-hepatic synthesis occurs

particularly in endothelial and epithelial cells of organs communicating with
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the external environment (e.g., the gastro-intestinal tract, mammary glands,
and respiratory system), which may suggest that SAA plays a role in host-
defense mechanisms and local protection against invading microorganisms.
In horses, APPs are synthesized locally in the mammary gland, in joints and
in abdominal cavity (JACOBSEN; HALLING-THOMSEN; NANNI, 2006; DI
FILIPPO et al., 2010). Measuring local APP levels improves quality of
diagnosis, because it provides information on inflammatory/ infectious status
of the particular organ of interest, due to the local APP levels allows and
recognition of alterations on the respective organs or tissue. However, this
potential has been explored only to a very limited degree, and much more
research is needed in this field.

Obesity and metabolic disorders are associated with systemic low-grade
chronic inflammation, both in humans and animals. Zak et al., (2020),
evaluated the effects of obesity and hyperinsulinemia on individual
components of the acute-phase reaction in equine metabolic syndrome (EMS)
horses. However there were no differences in cytokine gene expression,
circulating cytokine concentrations, or concentrations of acute-phase proteins
between the EMS and the control groups. Activin A was positively correlated
with post-OST insulin concentrations indicating that this marker of
inflammation could warrant further investigation in horses with EMS.

In study with parasite resistance and acute phase protein (APP)
response to Haemonchus contortus infection in lambs it was concluded that
quantitative measurements of APP responses to H. contortus infection
provide valuable diagnostic information for monitoring infection progression
and treatment responses in lambs (ZHONG, 2014).

In cattle, an increased SAA serum and plasma concentration has been
found following experimentally-induced and naturally occurring
inflammation as well as experimental and natural infections. The SAA
response during viral respiratory diseases is well described (HEEGAARD et

al., 2000). As for Hp, SAA responsiveness is of longer duration in virus-
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bacteria co-infections as compared with viral infection alone. The magnitude
and lasting of the response were well correlated with the severity of the
clinical signs (HEEGAARD et al., 2000; GANHEIM et al., 2003).

All viruses are common causes of farm animal diseases. APPs are
among the first agents of immunity, and their concentrations could be
diagnostically relevant. It was verified in the most common ruminant viral
diseases, elevated serum amyloid A (SAA) and haptoglobin (Hp) levels in
blood serum have been observed. However, since these proteins are the main
APPs in many viral infections, it is impossible to use their levels for
diagnosing particular infections. Decreased Cp and albumin expression could
help differentiate the bluetongue virus infection from other diseases. Lastly,
analysis of SAA levels in blood serum and milk could be helpful in diagnosing
small ruminant lentivirus infection (RECZYNSKA et al., 2018).

In pigs infected with swine influenza, the concentrations of CRP, Hp
and SAA were significantly increased after infection. The concentrations of
CRP, Hp and SAA were higher in pigs with clinical disease. Although not
specific, strategic APP measurements may reveal ongoing clinical and
subclinical infection. A close relationship between the magnitude of serum
APP response with the severity of disease, providing an objective tool for
validation the severity of infection. The maximum concentration of SAA in
serum was closely correlated with lung score and makes this APP potential
indicator for disease progress or estimation of treatment strategy
(POMORSKA-MOL, 2014).

A study in commercial crossbred piglets was performed to compare the
APR induced by different vaccination protocols used against Porcine
Circovirus (PCV) type-2 and Mycoplasma hyopneumoniae (M.hyo). The
vaccines that produced greater increases in RT also produced higher APPs
increases. The results found indicate serum APPs concentrations differed

according to the vaccine used, which may be useful, along with RT, for
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choosing the vaccine or protocol that produces APR of lower magnitude

(HERNANDEZ-CARAVACA et al., 2017).
Conclusion

According to literature data, it is possible to suggest that changes in
serum APP concentration could be used as important biomarkers associated
to animal diseases. APPs have proven to be very useful tool to help early
detection of subclinical animal diseases or alterations of their health status,
providing predictive information of diseases as illustrated by the manuscripts
presented. According to this, it should be expected in a near future, APPs

could be more widely used as a diagnostic tool in veterinary medicine.

*kk

Resposta das proteinas de fase aguda e sua aplicacao clinica em
medicina veterinaria

Resumo

As proteinas da fase aguda (PFA) sdo um grupo de proteinas presentes no
sangue, as quais a sintese ocorre de forma rapida e intensamente em
resposta a desafios externos ou internos, como infecg¢éo, inflamacéo, trauma
cirargico ou estresse. Essas proteinas tém sido usadas como biomarcadores
de inflamagdo, infec¢do e trauma na medicina humana, mas tem sido
relativamente subutilizadas no contexto da medicina veterinaria devido as
possibilidades de diagnodstico desconhecidas. O objetivo deste artigo é
atualizar o conhecimento sobre PFAs em medicina veterinaria, revisando
resultados de diferentes estudos que sugerem uma possivel aplicabilidade
clinica da mensuracdo de PFAs como uma valiosa ferramenta para o
diagnéstico e prognostico veterinario.

Palavras-chave: inflamacgéio, biomarcadores, trauma
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