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Acute phase proteins (APP) are blood proteins primarily 
synthesized by hepatocytes as part of the acute phase response 
(APR). The APR is part of the early-defense or innate immune 
system, which is triggered by different stimuli including trauma, 
infection, stress, neoplasia, and inflammation. The APR results 
in a complex systemic reaction with the goal of reestablishing 
homeostasis and promoting healing. The APR has been referred 
to as the ‘molecular thermometer’ whereby quantitation of in-
dividual APP can provide an assessment of the response to the 
triggering event.10,82,93

APP have been well recognized for their application to hu-
man diagnostic medicine and have been described to have value 
in the diagnosis and prognosis of cardiovascular disease, auto-
immunity, organ transplant, and cancer treatment.15,16,24,36,50,57,73,

102 C-reactive protein (CRP) was the first APP described (in the 
early 1930s), and its presence early during pneumococcal infec-
tion of monkeys and humans thereby led to the coinage of ‘acute 
phase’ term.1,123 Today, CRP remains an APP of primary interest 
in humans, where it is a major marker of infection, autoimmune 
disease, trauma, malignancy, and necrosis including myocardial 
infarction.92 Furthermore, CRP has been proposed as a marker for 
wellness assessments, which is a common role proposed in many 
studies of human and animal APP.73

Although the study of serum proteins in animals was com-
monly conducted in research investigations in the mid-1900s, 
the wider application of APP in veterinary medicine was not 
reported until the early 1990s. Several review papers with de-
scriptions of APP and APR in companion animals and rodents 
are available.10,39,82,93 Like human APP, animal APP have been well 
documented to be sensitive to similar triggering events. In large 
animals, APP have been further proposed as markers of ‘herd 
health.’40,82,93 In companion animals, APP have especially been 
identified for prognostic applications.10 The use of APP in labora-
tory animals has essentially been limited to research based inves-
tigations, but APP have been proposed as an objective marker 

for humane experimental endpoints.39,89 The following sections 
summarize the biologic effects of the APR, current issues and op-
tions in the quantitation of APP and APR, applications of APP 
in the diagnosis and prognosis of disease in animal species, and 
proposed applications of APP in laboratory animals.

The Acute Phase Response
Innate immunity fulfills an important role in the body’s early 

defense mechanism and serves to initiate the acquired immune 
response. The innate immune system is very diverse and includes 
physical barriers, phagocytes, complement, and toll-like receptors 
which serve to prevent infection, eliminate potential pathogens, 
and initiate the inflammatory process.64 Later aspects of induced 
innate responses are dependent on cytokines and chemokines, 
which are generated by activated cells including monocytes, mac-
rophages, fibroblasts, endothelium, platelets, keratinocytes, and 
T cells.64 These proinflammatory signals, including IL1, TNFα, 
and IL6, have numerous effects throughout the body including 
inducing the APR (Figure 1). The APR is a core part of the in-
nate immune response and is observed across all animal species. 
In fact, counterparts of mammalian APP have been identified in 
invertebrates and fish, in which the APR is proposed to be more 
robust than that in mammals to compensate for a less-evolved 
adaptive immune response.4,100

The APR may result in changes in more than 200 proteins 
grouped as either positive APP or negative APP.72 In nearly all an-
imal species, albumin represents the major negative APP which, 
during the APR, decreases in blood concentration and may rep-
resent either selective loss of albumin due to renal or gastrointes-
tinal changes or a decrease in hepatic synthesis.72 The decrease 
in albumin synthesis is postulated to allow for the unused pool 
of amino acids to instead be used to generate positive APP and 
other important mediators of inflammation.90 Positive APP are 
those that increase during the APR. They are further classified 
as major, moderate, or minor, depending on the magnitude of 
increase during the APR. Traditionally, major proteins represent 
those that increase 10- to 100-fold, moderate proteins represent 
those that increase 2- to 10-fold, and minor proteins represent 
those with only a slight increase.10 These classifications may vary 
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in porcine species and inhibits trypsin. Ceruloplasmin scavenges 
free radicals. Fibrinogen provides a substrate for fibrin formation 
and thus is important in tissue repair. Transferrin is proposed to 
be a positive APP in avian species, although in most mammals, it 
is considered a negative APP. In summary, positive APP all have 
multiple functions including modulating the immune system, 
protein transport, and tissue protection from damage by the in-
flammatory process.

Assays of Acute Phase Proteins
In basic health assessments, total protein and albumin can be 

measured on is commonly measured on automated chemistry 
analyzers, and globulin is a value calculated from these mea-
surements. In human and veterinary medicine, protein electro-
phoresis is a diagnostic tool that has widely been applied to the 
study of the APR for more than 40 y.2,17,72,107 Although rarely solely 
diagnostic of a particular disease, protein electrophoresis is an 
excellent method for the detection of acute and chronic inflamma-
tory processes and stimulation of humoral immunity. Veterinary 
applications include its ancillary use in the diagnosis of feline 
infectious peritonitis, ehrlichiosis, and myeloma and, more re-
cently, in the diagnosis and prognosis of infectious diseases in 
avian species.19,20,72

The general technical principle of protein electrophoresis in-
volves overlaying plasma or serum on a thin agarose gel. An 
electric current is applied to the gel, which causes the proteins 
to migrate according to their charge and size. The movement of 
the proteins creates bands in the gel, which can be quantitated 
by densitometry. Protein electrophoresis can be performed by 
using commercially available systems, which allow for on-de-
mand performance, are relatively inexpensive, require only a few 
microliters of serum, and provide results within a few hours. In 
addition, multiple samples can be analyzed simultaneously, and 
overall changes in the APR can be quantitated. The proteins that 
are resolved by protein electrophoresis are albumin and the 4 
fractions of globulins referred to as α1, α2, β, and γ. Each globu-
lin fraction is composed of APP or immunoglobulins (or both). 
Protein electrophoresis provides a more accurate reflection of the 
albumin:globulin ratio, given that as albumin methodologies in 
chemistry analyzers are optimized for human albumin and that 
bromocresol green can bind animal globulins with extended re-
action times.41,115 Therefore, protein electrophoresis can provide 
more accurate albumin quantitation and visualization of globulin 
fractions to monitor the overall progression of the APR. Protein 
electrophoresis does not enable quantitation of single proteins 
but rather of groups of proteins that are mediators of acute in-
flammatory processes. More than 200 blood proteins have been 
defined and are likely present in protein electrophoresis frac-
tions.72 Changes in proteins with low concentrations may not be 
detected by this technique. Protein electrophoresis electrophore-
tograms from commercial systems are thought to reveal changes 
in approximately 30 major serum proteins. α1 globulins include 
α1-antitrypsin and α1-acid glycoprotein, α2 globulins include α2-
macroglobulin and haptoglobin; β globulins include transferrin, 
SAA, fibrinogen, and CRP; and γ globulins primarily comprise 
IgG.72 Although reference intervals are available for most com-
mon mammalian species, these ranges often are derived from 
nonlaboratory animals and thus should be evaluated critically be-
fore their application. We recently published normal reference in-
tervals for common inbred strains of mice, including age-relative 

slightly within different APR publications, although the implied 
changes by category remain the same.90 Major proteins often are 
observed to increase markedly within the first 48 h after the trig-
gering event and often have a rapid decline due their very short 
halflife.70 Moderate and minor proteins follow in magnitude of 
response and may both increase more slowly and be more pro-
longed in duration, depending on the status of the triggering 
event. Moderate and minor APP may be observed more often 
during chronic inflammatory processes.10,93 Species differences are 
readily apparent in the classification of positive APP (Figure 2).

The biologic functions of APP are vast and have been 
reviewed.10,70,82,93,116 A summary of these key observations follows. 
For example, CRP can act as an opsonin by binding residues 
and polysaccharides on bacteria, fungi, and parasites to activate 
complement and phagocytosis. In addition, CRP can both up-
regulate and downregulate cytokine production and chemotaxis. 
Serum amyloid P is thought to be an analog to CRP in some spe-
cies. Serum amyloid A (SAA), another APP often classified as a 
major protein, has been demonstrated to result in chemotaxis of 
monocytes, polymorphonuclear cells, and T cells. In addition, 
SAA has marked inhibitory effects and is assumed to be impor-
tant in the down regulation of the inflammatory process. Hap-
toglobin reduces oxidative damage associated with hemolysis 
by binding free hemoglobin. In addition, it has been observed 
to have bacteriostatic and immunomodulatory effects. The APP 
α1-acid glycoprotein binds LPS and inhibits its activity; α1-acid 
glycoprotein also can bind to numerous drugs and may sustain 
drug transport levels even with a decrease in albumin, the nega-
tive acute phase protein. Whereas α1-acid glycoprotein can also 
downregulate neutrophils and complement, α2-macroglobulin 
is 1 of several APP that have protease inhibitory activity and are 
important in removing enzymes released during injury. Major 
acute phase protein (porcine) (or pig-MAP) has been identified 

Figure 1. The acute phase response. The figure reflects information 
drawn from references 10, 82, and 93.
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und adjuvant, haptoglobin increased within 12 h.43 This increase, 
nearly 700% of normal values, occurred concurrently with a sig-
nificant decrease in albumin and increases in α2 and β globulins 
as quantitated by protein electrophoresis. Alterations in globulin, 
albumin, and haptoglobin concentration continued to be present 
until day 21, when normal levels were observed in all param-
eters. Therefore, although they are different methodologies, pro-
tein electrophoresis and APP ELISA could provide views of APR 
that reflect the same time course. The relative sensitivity of these 
methods may be better gauged by using less aggressive inflam-
matory stimuli or a more diverse inflammatory trigger, such as a 
chronically progressive disease condition.

Applications of Acute Phase Proteins in 
Diagnosis and Prognosis

Before the advent of specific APP assays, monitoring the 
albumin:globulin ratio had been a standard in human and vet-
erinary medicine to monitor inflammatory processes. Technology 
has expanded from protein electrophoresis to species-specific as-
says, which offer a more detailed examination of APP and their 
changes with disease progression. Triggering events of inflam-
mation, infection, trauma, neoplasia, and stress alter APP levels 
in animal species; an extensive review of these publications is 
presented in Figure 3, which highlights APP changes in both ex-
perimental conditions and naturally occurring disease. For most 
species, traditional inflammatory agents such as croton oil and 
turpentine have been used to assess the types of APP produced 
and their magnitude and kinetics of expression. Changes in APP 
in experimental models of infection and naturally occurring in-
flammatory and infectious disease also have been assessed. Fur-
thermore, several studies have demonstrated the utility of APP 
quantitation in monitoring neoplasia and stress.

reference intervals, by using a commercially available agarose-
based electrophoresis system.137 Investigators planning to imple-
ment protein electrophoresis or APP as tools in laboratory animal 
medicine should consider establishing a baseline for species and 
strains, given that the variation present in normal resting values 
likely is unknown.

Individual APP have been documented in many species by 
using ELISA, radioimmunoassay, nephelometry, and immuno-
turbidimetry; Western blot; and mRNA analyses.10,29,39,90,108 Unfor-
tunately, due to wide species variation in APP, few cross-reactive 
reagents are available. Assays for human APP have variable 
cross-reactivity.31,38 Ideally, species-specific assays should be used. 
Although some commercially available ELISA kits are available 
to measure specific APP including CRP, SAA, and haptoglobin, 
most of these assays lack automation and are expensive. The ELI-
SA methodology is best suited for batch analysis of many samples 
to make best use of technical labor and reagents. Some automated 
assays marketed for human APP have been validated for animal 
use, and few have been implemented for species-specific veteri-
nary use.29,60,61,122 Serum amyloid A appears to be conserved within 
mammalian species, and haptoglobin can be quantitated based on 
its universal reactivity with hemoglobin.52,61,122 Standardization of 
APP assays has been a focus of international veterinary meetings 
and publications.32,111 Species-specific controls should be consid-
ered when possible to allow for standardization of such assays 
between laboratories.32,111 Other technical issues with APP testing 
include the variations in APP concentrations observed with dif-
ferent anticoagulants and interfering sample conditions such as 
hemolysis and lipemia.10 Although APP are reported to be stable 
at –20 °C, for prolonged storage, –70 °C is recommended.10

Few studies in animals directly compare protein electropho-
resis and APP ELISA assays in their ability to gauge the APR. In 
a study following rats for 21 d after dosing with complete Fre-

Figure 2. Major and moderate acute phase proteins in different animal species. The figure reflects information drawn from references 10, 13, 39, 59, 82, 
93, and 108.
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on the basis of signs, diagnostic testing, and postmortem find-
ings.53 The animals were categorized as experiencing either acute 
or chronic inflammatory processes. Serum amyloid A levels had 
100% sensitivity and haptoglobin had 76% specificity in distin-

The dichotomy of both rapid- and slow-responding APP pro-
vides an added dimension in clinical interpretation that is not 
readily seen with changes in other blood analytes and complete 
blood counts. In a large study, clinically ill cattle were assessed 

Figure 3. Summary of acute phase responses by triggering event.
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idiopathic polyarthritis showed a positive response to treatment 
(decreased symptoms) as well as significant decreases in CRP 
whereas total WBC count remained unchanged.88 In a review of 
more than 900 cases of inflammation in dogs with various diseas-
es, CRP concentrations were significantly correlated with disease, 
whereas only slight or no correlation was found with total WBC 
and band neutrophil counts.85 In a cat with pancreatitis, SAA was 
increased with onset of symptoms whereas the WBC count was 

guishing the groups. In comparison, neutrophil counts had much 
lower sensitivity and specificity (30% to 70%). In sheep, increases 
in haptoglobin had 85% sensitivity and specificity compared with 
52% sensitivity and 75% specificity of WBC counts in those ani-
mals with naturally occurring bacterial infection.112 In a retrospec-
tive evaluation of inflammatory conditions in dogs, APP showed 
significant changes in the absence of changes in the total or differ-
ential WBC count.114 In response to steroid treatment, dogs with 

Figure 3. Continued
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hunched posture, lethargy, decreased consumption of food or 
water, weight loss, diarrhea, bleeding, respiratory difficulty, im-
paired mobility, and unconsciousness.86,125 In many cases, such 
clinical signs do not appear in all of the experimental animals, 
and some of these clinical signs may be transient and precede 
eventual recovery of the animal.86 Another prevailing problem 
is that many of the variables monitored are subjective, and the 
accuracy of these assessments can vary among laboratory per-
sonnel and veterinary staff members. Moreover, investigators 
working with new models or newly created transgenic mice may 
not be able to rely on scoring systems determined previously on 
other models.25,26 With the increasing use of animals in research, 
including the advent of transgenic mice and the increased need 
for models for translational studies, guidelines that are more ob-
jective are essential. APP have been proposed to be biochemi-
cal markers of stress, infection, and pain in laboratory animals.89 
Although no APP study has assessed this particular application 
specifically, a role for quantitating APP can be envisioned, given 
the broad increases that follow with triggering events including 
infection, inflammation, trauma, stress, and neoplasia, many of 
which are common conditions in experimental protocols involv-
ing the use of laboratory animals.

APP have been used to gauge stress with regard to animal well 
being. One investigator proposed a link among catecholamines, 
glucocorticoids, and production of APP in animals.81 APP can 
indicate stress in pigs and calves. Pigs shipped under typical con-
ditions had higher major acute phase protein (porcine), hapto-
globin, SAA, and CRP than did pigs that were shipped under 
conditions that included the provision of sawdust, water, and 
feed.96 Similar studies also demonstrated changes in APP in pigs, 
newly weaned calves, and cattle exposed to with new housing 
situations,5,49,76,106 and in pigs that were unaccustomed to various 
handling procedures.106 These results indicate the possible use of 
APR to monitor stress in laboratory animals and thus provide 
another marker of animal well being. Stressors that could be as-
sessed in future studies of laboratory animals include physical 
environment (lighting, temperature, and noise), housing type, 
husbandry and handling, and shipping.

Another potential use of APP in laboratory animals is assess-
ment of the general health of a colony. As indicated in Figure 3, 
APP are sensitive markers of inflammation and infection in ani-
mal species. In large animals, APP have been proposed as mark-
ers of herd health, through which a large group of animals may 
be assessed for food safety and herd management.40,126 In 1 study, 
2 groups of calves were examined over an extended time period. 
The group that had a higher incidence of disease also demon-
strated significantly higher levels of APP.40 Dogs maintained as 
laboratory animals had significantly lower CRP levels than did 
those kept as companion animals.134,135 The authors hypothesized 
that the husbandry conditions and isolation of the laboratory ani-
mals minimized contact with potential inflammatory triggers.10

The use of APP to monitor rodent colony health may have lim-
ited value. Monitoring of APP levels would not be expected to 
be a primary tool used preferentially over traditional serologic 
and PCR screening methods; rather, APP assessment potentially 
would be an ancillary test. Additional studies should be per-
formed before the implementation of APP monitoring in rodent 
colonies. For example, APP may be more suited to monitoring 
the health of individual animals. We have previously reported 
increased levels of α and β globulins in transgenic mice with der-

normal.119 With rapid resolution of the symptoms in this cat, SAA 
returned to normal levels, whereas the WBC count was just be-
ginning to increase. In total, these findings are consistent with 
the expected delay in marked WBC changes due to the need to 
generate cells in the bone marrow, whereas APP concentrations 
can increase within hours.

Several studies have shown an association between APP lev-
els and the severity of disease. In a study of naturally occurring 
babesiosis, CRP levels were significantly higher in dogs with se-
vere or complicated disease.127 In canine leishmaniasis, CRP was 
increased in symptomatic but not asymptomatic animals.79 One 
group of investigators proposed a canine inflammatory bowel 
disease activity index, which was based on a panel of clinical 
symptoms relative to disease activity in canine inflammatory 
bowel disease.65 Increased levels of CRP and α1-acid glycoprotein 
were associated with increasing activity indices of disease.

In these aforementioned studies as well as many others, APP 
have been demonstrated to change with a positive prognosis. Of 
note, the halflife of most APP is only 24 to 48 h. Thus, changes in 
APP may be more sensitive indicators of healing and resolution 
than other clinical tests. After surgery in dogs, CRP levels were 
found to decline and mirror the disappearance of clinical signs 
when the total WBC count continued to be elevated.21,85 As men-
tioned earlier, CRP levels were decreased with a positive response 
to steroid treatment in dogs with polyarthritis.88 In addition, af-
ter chemotherapy for multicentric lymphoma in dogs, CRP was 
within normal reference intervals in cases with complete remis-
sion.87 In the study of canine inflammatory bowel disease, levels 
of CRP decreased with a positive response to therapy.65 Hapto-
globin, CRP, and SAA were monitored in dogs with pyometra 
before and after surgical sterilization.21 Compared with those of 
normal dogs before surgery, CRP and SAA values in dogs with 
pyometra peaked within 24 h after surgery and then declined 
slowly in dogs that recovered without complications.

Several authors have suggested that a single APP should not 
be used exclusively to monitor a disease process. Instead, an APP 
index has been used in both human and veterinary medicine.47 
This index includes both positive and negative APP, as well as 
APP that increase both rapidly and slowly, thereby forming a 
comprehensive index that would correlate with the severity of the 
inflammatory process. A recent editorial on APP interpretation in 
companion animals summarized several integral points, includ-
ing the need for an APP profile (for example, multiple positive 
APP).11,126

Potential Novel Applications of Acute Phase 
Proteins in Laboratory Animal Medicine

Defining humane endpoints to experimental protocols remains 
a difficult task. Refinement of animal protocols is a primary goal 
of both investigators and institutional animal care and use com-
mittees, not only to gain valuable experimental information from 
animals prior to morbidity and mortality but also to meet the 
important obligation of minimizing pain and stress. Definition 
of humane endpoints often is driven by subjective measures of 
clinical condition, frequently in combination with weight loss. In 
many animal protocols, a moribund condition is used as a point 
of experiment termination. In some cases, a scoring of clinical 
and behavioral signs can be used to indicate that euthanasia is 
warranted. Such signs can include ruffling of the hair or coat, 
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matitis.137 In addition, APP might be used to screen animals (cat, 
dog, nonhuman primate, pig, and rabbit) during quarantine or 
before entry into experimental protocols. The nonspecificity of the 
APR has been proposed to offer a possible ‘snapshot’ of animal 
health and thus may reflect the presence of subclinical disease or 
other management issues.30,105 APP may help to further character-
ize similar issues in laboratory animal colonies.

Conclusions
The advantages and uses of APP assays are well supported 

in the human and veterinary medical literature. Unfortunately, 
because of the practical limitations of current technology, clinical 
application of APP analysis is not widespread. Continuing chal-
lenges include the need for automated assays and standardiza-
tion of tests across laboratories. However, many potential uses 
are possible for APP and APR in laboratory animal medicine. 
Exceptionally sensitive yet advantageously nonspecific markers 
of diverse inflammatory etiologies, APP are excellent candidates 
through which to better study animal models of disease, monitor 
animal health, and objectively assess animal wellbeing.
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