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Editorial

C-Reactive Protein: An Overview

C-reactive protein (CRP) was first identified in 1930 by William S. Tillet and Thomas Francis [1] at the Rockfeller
Institute for Medical Research in the sera of patients acutely infected with pneumococcal pneumonia. It was so
named because it reacted with the C-polysaccharide of Pneumococcus. It is a pentameric protein with an overall
molecular weight of 118 kDa, which has five non-covalently bonded and non-glycosylated identical subunits of 206
amino acids each (Figure 1). CRP is a member of the pentraxin family of proteins and belongs to the class of acute-
phase reactants that mediates innate and adaptive immunity. It plays an important physiological role in host defense
by binding to phosphocholine and related molecules expressed on the surface of dead or dying cells and
microorganisms, which activates the complement system via the C1Q complex [2]. Therefore, it aids in the
clearance of necrotic and apoptopic cells by enhancing the phagocytosis by macrophages. CRP is an early
indicator of infectious or inflammatory conditions [3, 4] and is usually elevated in patients with neonatal sepsis,
meningitis and occult bacteremia [5, 6]. CRP may also be elevated in urinary tract infections, pancreatitis,
pneumonia and pelvic inflammatory disease. It is produced by hepatocytes in response to a variety of inflammatory
cytokines, such as interleukin (IL)-6, IL-1 and tumor necrosis factor alpha (TNFa), which are released by
macrophages during infection or tissue inflammation, in addition to other factors released by adipocytes.
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Figure 1: Structure of C-reactive protein [39]. Reproduced with permission from Elsevier Science B.V.

The American Heart Association/Center for Disease Control (AHA/CDC) identified CRP as the best inflammatory
marker for use in clinical practice [7]. It has been demonstrated to be an independent strongest predictor of
cardiovascular events [8-10], such as heart attacks, ischemic stroke, coronary artery disease, and acute myocardial
infarction. The low, average and high risk groups, as defined by AHA/CDC, have CRP levels of <1 mg/L, 1-3 mg/L
and >3 mg/mL, respectively. Recently, it has also been demonstrated to be an independent predictor for the
development of diabetes in men [11]. CRP is also a marker for atherosclerotic cardiovascular risk [12]. CRP levels
are important indicators of cardiac tolerance and are thus associated with cardiorespiratory fitness [13]. CRP and
IL-6 play important roles in the growth and progression of malignant tumors such as esophageal cancer [14]. The
reactive oxygen species in the whole blood have been shown to correlate strongly with high-sensitivity (hs) CRP
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[15]. The persistently high CRP level indicates the risk for continued joint deterioration [16]. Moreover, the
significantly elevated CRP levels in serum are directly associated with very high 30-day mortality rates in
hospitalized medical patients [17]. The serum CRP is also a marker for wellness assessment [18].

The presence of increased adipose tissue in obesity is associated with elevated inflammatory cytokines that
leads to higher hsCRP levels [19, 20]. The higher hsCRP levels correlate with the presence of insulin resistance
and type 2 diabetes mellitus [21], and are further associated with many features of metabolic syndrome [22]. The
hsCRP levels and other markers may predict the development of dementia, including that in the Alzheimer's
disease [23]. CRP increases the clearance of apoptotic cells and binds to nuclear antigens. It may prevent
autoimmunity by masking the autoantigens from the immune system or increasing their clearance [24]. It can predict
long-term cardiovascular risk in individuals without any prior evidence of cardiovascular disease. The serum hsCRP
levels correlates better to the metabolic syndrome [22]. The significantly elevated serum CRP levels are associated
with malignant diseases, bacterial infections and very high 30-day mortality rates in hospitalized medical patients. It
has been demonstrated that CRP is directly related to plasminogen activator inhibitor type 1 (PAI-1) levels in
diabetics with the 4G allele at position 675 of the PAI-1 gene [25].

The serial measurements of CRP, serum amyloid A and procalcitonin (PCT) have also been proved to be
accurate and reliable markers in the diagnosis of necrotizing enterocolitis in premature infants [26]. In middle-aged
subjects, the CRP levels decrease continuously with increasing levels of physical fithess [27]. The repeated CRP
measurements in an acute setting provide clinicians valuable information to establish the correct disease diagnosis
and to refrain the unnecessary use of antibiotics. The determination of CRP is also important in renal colic patients
as it is critical in deciding the placement of urinary stent [28].

The CRP levels are very important for the diagnosis of neonatal sepsis [29]. In fact, it is the best indicator of
neonatal sepsis in comparison to IL-6, soluble TNF receptors (p55 and p75) and soluble adhesion molecules
(Intercellular Adhesion Molecule 1 (ICAM-1) and E-selectin). Bacterial sepsis is one of the major causes of neonatal
morbidity and mortality that affects 1-10 per 1000 live births. The neonatal sepsis is probably caused by bacterial
exposure during intrauterine life or at delivery. The precise and early diagnosis of infected neonates, which is
hindered at the moment due to unreliable clinical signs and absence of good diagnostic tests, is critical. The serial
measurements on 2™ and 3™ days are more informative in comparison to a single CRP measurement as there are
physiological changes in CRP levels in neonates during the initial days.

In case of acute inflammation, such as infection, the CRP levels rises up to 50,000-fold. It rises above the
physiological level within 6 h, reaches the peak at 48 h and has a constant half-life thereafter. The CRP levels in the
normal human serum are usually less than 10 mg/L. The median physiological serum concentration of CRP in
humans is 0.8 mg/L. However, they can reach up to 350-400 mg/L in disease states. The CRP levels increase in
the first 6-8 h with peak at ~48 h. Thereafter, it falls when the inflammatory stimulus is removed with a half-life of 18
h. The CRP levels are between 10-40 mg/L in mild inflammation and viral infections; 40-200 mg/L in active
inflammation and bacterial infections; and, > 200 mg/L in severe bacterial infections and burns [30]. The CRP levels
greater than the cut-off point of 3 mg/L are associated with an increased risk of occlusive arterial disease, especially
acute coronary syndrome.

The two different CRP concentration ranges, normal (0.2-480 mg/L) and high sensitivity (0.08-80 mg/L), need to
be detected in neonatal sepsis. The CRP levels greater than the cut-off point of 5 mg/L are indicative of neonatal
sepsis. Initially, the high sensitivity CRP assay is performed. But if the CRP levels are >80 mg/L, the normal CRP
assay is also performed. Although enzyme-linked immunosorbent assay (ELISA) [31], latex agglutination [32], and
immunoturbidimetry [33] have been the most widely used assay formats for the precise determination of CRP, a
wide range of bioanalytical techniques and assay formats [34-38] have also been devised.
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