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ABSTRACT

The serum concentrations of certain proteins are altered in various conditions such as infection, trauma, inflammatory 

arthritis, malignancy, autoimmune and systemic inflammatory diseases. These proteins are known as positive or negative acute 

phase reactants. While albumin and transferrin belong to the negative acute phase reactants, alpha-1-acid glycoprotein, alpha-

1-antitrypsin, alpha-2-macroglobulin, C-reactive protein, ceruloplasmin, haptoglobin, serum amyloid A and fibrinogen are 

known as positive acute phase reactants. This review discusses the clinical use of C-reactive protein, erythrocyte sedimentation 

rate and procalcitonin.
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INTRODUCTION
In response to infection, trauma and inflammation, changes 
(increases or decreases) occur in the blood levels of certain 
proteins in many organisms, including humans. Among these 
proteins, the levels of albumin and transferrin decrease under 
conditions such as infection, trauma and inflammation, 
whereas the levels of alpha-1-acid glycoprotein, alpha-1-
antitrypsin, alpha-2-macroglobulin, C-reactive protein 
(CRP), ceruloplasmin, haptoglobin, serum amyloid A and 
fibrinogen increase.1 Because of the association of these serum 
protein increases with inflammatory conditions, they are also 
referred to as acute phase reactants (APR).2

This review discusses the clinical use of CRP, which is 
the most commonly used APR in practice, erythrocyte 
sedimentation rate (ESR), an indirect measure of the acute 
phase response and in particular fibrinogen levels, and 
procalcitonin, which is more specific to infection.

C-REACTIVE PROTEIN (CRP)
CRP is one of the most important members of the APR 
family. CRP has been detected in every organism studied, 
including arthropods, with structural differences between 
species. Human CRP is a pentameric protein with a molecular 
weight of approximately 23 kDa, consisting of 206 amino acid 
residues and five non-covalently bound identical subunits.3 

Human C-reactive protein was first identified as a plasma 
protein that precipitates the C-polysaccharide (PnC) from the 
cell wall of Streptococcus pneumoniae.4

Synthesis
CRP gene expression occurs in hepatocytes in the liver 
in response to elevated levels of inflammatory cytokines, 
primarily interleukin-6 (IL-6). In addition to the liver, CRP 
is also synthesised by smooth muscle cells, macrophages, 
endothelial cells, lymphocytes and adipocytes. Many factors 
can alter baseline CRP levels, including age, gender, smoking, 
weight, blood lipid levels and blood pressure.5 The pentameric 
form of native CRP (nCRP) can irreversibly dissociate into 
free subunits known as monomeric CRP (mCRP) under 
certain conditions.6 The normal range of CRP can vary 
widely between laboratories. Therefore, a reported high level 
can sometimes be misleading. A CRP level of >1 mg/dL (10 
mg/L) indicates clinically significant inflammation, while 
levels between 0.3 and 1 mg/dL (3 to 10 mg/L) generally 
indicate low-grade inflammation.7 The half-life of CRP 
is approximately 19 hours under both physiological and 
pathological conditions.8

Inflammation and CRP
CRP is universally recognised as a marker of acute 
inflammation. However, it has also been shown that CRP 
is an active participant in the inflammatory process and 
not just a marker of inflammation. Therefore, CRP exhibits 
both pro-inflammatory and anti-inflammatory effects.9 CRP 
assists in the recognition and elimination of pathogens and 
enhances the clearance of necrotic and apoptotic cells.10 
Under physiological conditions, stable nCRP gains specificity 
for binding to proteins such as factor H, oxidised LDL and 
complement C3b in the acidic environment of inflamed 
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tissue. Binding of circulating nCRP to membrane lipids on 
the surface of activated platelets and apoptotic cells leads to 
subunit dissociation into the mCRP form. This form of CRP 
induces potent pro-inflammatory activities such as secretion 
of IL-8 by neutrophils and human coronary endothelial 
cells, adhesion of neutrophils to platelets and endothelial 
cells, delay of neutrophil apoptosis and release of neutrophil 
extracellular traps.11

Infection and CRP
CRP has long been used as a sensitive marker to determine 
the presence and severity of infection and to monitor the 
efficacy of treatment.1 During infection, CRP increases 
in response to the elevation of inflammatory cytokines, 
particularly IL-1 and IL-6. The interaction of CRP with 
the immune response to microorganisms is thought to be 
primarily through the classical complement pathway.5 CRP 
was originally identified as a plasma protein that precipitates 
the C-polysaccharide from the cell wall of S. pneumoniae.4 A 
study in mice showed that CRP contributes to the clearance 
of intravenously injected bacteria from the blood and reduces 
early dissemination of infection to the liver and spleen.12 
Another study reported that CRP levels are higher in systemic 
infections compared to local infections and colonisation, but 
CRP levels alone could not differentiate between different 
types of infection.13

ERYTHROCYTE SEDIMENTATION RATE 
(ESR)
The ESR is defined as the rate (mm/hour) at which erythrocytes 
settle in the plasma in a given time in anticoagulated blood.14 
Essentially, the ESR is an indirect indicator of the acute phase 
response and primarily acute phase proteins, particularly 
fibrinogen.15 This phenomenon was first observed in 1897 by 
Dr Edmund Faustyn Biernacki, who noticed that red blood 
cells sediment more quickly in the presence of high levels 
of fibrinogen.16 Many factors, including acute tissue injury, 
soft tissue infection, rheumatic disease, malignancy and 
physiological conditions such as pregnancy, can cause an 
increase in ESR.17 Because the erythrocyte sedimentation rate 
can be influenced by several factors (inflammation, trauma, 
infection, morphological changes in erythrocytes, anaemia, 
polycythemia), it is difficult to establish a normal limit or 
reference range. It is generally defined as age (years)/2 for 
males and age (years)+10 for females.18

Clinical Use
Unlike other acute phase reactants, ESR does not increase 
very rapidly at the onset of inflammation and returns to 
normal levels more slowly after the inflammation subsides. 
This should be taken into account in clinical assessment. 
ESR begins to rise approximately 24-48 hours after the 
onset of inflammation and may take weeks to return to 
normal levels as inflammation resolves.19 Although ESR has 
low sensitivity and specificity as an acute phase reactant, 
an ESR greater than 100 mm/hour indicates significant 
underlying inflammation.14 In a large study of patients with 
an ESR greater than 100 mm/hour, 40% had infections (most 
commonly pneumonia), 38% had underlying rheumatic 
disease (most commonly rheumatoid arthritis), and 36% 
had malignancy.20 In a retrospective study of 1006 patients, 
infections (33%) were the most common cause of ESR 

values above 100 mm/hour, while malignancies (17%) and 
inflammatory diseases (14%) were reported less frequently.21

PROCALCITONIN (PCT)
Procalcitonin is a prohormone composed of 116 amino acids 
that acts as a precursor to calcitonin and is synthesised during 
bacterial infections.22

Synthesis
Under normal conditions, PCT is synthesised in thyroid 
C-cells from the CALC-1 gene located on chromosome 
11. This mRNA product is subsequently cleaved into three 
different molecules: active calcitonin (32 amino acids), 
katacalcin (21 amino acids) and N-terminal procalcitonin (57 
amino acids).23 In healthy individuals, all PCT synthesised 
by thyroid C-cells is converted to calcitonin, resulting in 
very low circulating levels (≤0.1 ng/ml).22 In the presence 
of a pro-inflammatory stimulus, particularly of bacterial 
origin, PCT is secreted not only by thyroid C-cells but also by 
neuroendocrine cells in the gut and lungs.24

Infection and PCT
The relationship between procalcitonin and bacterial 
infections was first described in 1993, when a calcitonin-
like immunoreactivity was detected at higher levels in 
the blood of patients with infections compared with 
those without signs of infection. This study showed that 
procalcitonin concentrations correlate with the severity of 
infection, increasing up to 2000-fold in patients with septic 
shock and decreasing rapidly with antibiotic treatment.25 
Following this study, it was suggested that procalcitonin 
may be more specific for infection than other acute phase 
reactants, prompting numerous studies.26 According to a 
meta-analysis published in 2011, procalcitonin could reduce 
antibiotic use without increasing mortality in patients with 
respiratory infections and sepsis, and could be used to guide 
treatment.27 Another study reported that procalcitonin is 
useful in diagnosing patients presenting to the emergency 
department with pneumonia versus heart failure and serves 
as an indicator of one-year mortality.28

Procalcitonin synthesis is activated by microbial toxins, 
interleukin-1, interleukin-6 and tumour necrosis factor-α, 
whereas it is inhibited by interferon-γ released by viruses.29,30 
An in vitro study found that procalcitonin induces human 
monocyte chemotaxis at concentrations present in the 
circulation during bacterial infections.22 Because of its 
elevation during bacterial but not viral infections, the 
US Food and Drug Administration (FDA) has approved 
procalcitonin for use in initiating and determining the 
duration of antibiotic therapy for lower respiratory tract 
infections.31 However, recommendations for the use of 
procalcitonin in the diagnosis of bacterial co-infections 
vary.32 A study in influenza patients found that procalcitonin 
had a negative predictive value of 94%, making low PCT levels 
an effective biomarker for excluding bacterial co-infection, 
especially in patients without septic shock.33 However, a 
study of hospitalised COVID-19 patients suggested that 
procalcitonin is not useful for the diagnosis of bacterial 
co-infection.34 In a study of patients with Crimean-Congo 
haemorrhagic fever (CCHF), despite the viral nature of the 
infection, procalcitonin levels were higher in patients with 
severe clinical presentation, suggesting that procalcitonin 
levels in the first two days of illness may predict mortality.35
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CONCLUSION
Acute phase reactants may increase or decrease as indicators 
of inflammation due to various causes such as infections, 
rheumatic diseases, trauma and malignancy. However, 
none of these alone is sufficient to diagnose a disease. In 
particular, acute phase reactants such as ESR and CRP, 
which are influenced by physiological conditions such as age, 
gender and race, should be evaluated in conjunction with the 
patient’s clinical presentation.
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