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ABSTRACT: Acute phase reactants have a supplementary role in the management of hospitalized patients with fever. While not
perfect tools, they have some role in formulating a diagnostic and therapeutic plan and may improve antimicrobial stewardship. The
Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), while not specific enough to establish a diagnosis, can be
helpful in guiding the intensity and duration of anti-infective therapy. However, they have different dynamics during inflammations
and infections.
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INTRODUCTION

Clinical decision making often depends on laboratory data, especially if the patient suspected to infection or other inflammatory
disorders. Lab findings may influence decisions about antibiotic therapy in critically ill patients.

Inflammatory processes are followed by release of a sub-class of proteins known as acute phase reactants (APRs). They are a
heterogeneous group of plasma proteins that either increase, means positive acute phase reactants (CRP, serum amyloid A,
Ceruloplasmin and complement proteins, fibrinogen) or decrease, means negative acute phase reactants (Albumin, transferrin,
transthyretin, retinol binding proteins) (1) in response to inflammatory stimuli such as infections, trauma, autoimmune disorders,
and malignancy. (2)

The emerging response is usually correlated to the intensity of the inflammatory stimulus which is mediated by proinflammatory
cytokines such as interleukin (IL)-6, IL-1, tumor necrosis factor-alpha, and interferon gamma. These cytokines, which are produced
by macrophages, monocytes, and other cells participating in the inflammatory response, then triggered production of APRs. Most
APRs are mainly produced by the liver, although other cell types such as macrophages, endothelial cells, fibroblasts, and adipocytes
have been implicated in the synthesis. (1) ESR is an indirect measure of APR proteins mostly fibrinogen, so, is an “indirect” APR.
(3) Despite their name, acute phase reactants increase in both acute and chronic inflammation and that is why the interpreting APRs
results could be difficult in some situations.

ERYTHROCYTE SEDIMENTATION RATE

One of the oldest of tests for APRs, is the erythrocyte sedimentation rate (ESR). ESR was first reported by Dr. Edmund Faustyn
Biernacki in 1897. (4) He reported this index reflects the distance in millimeters red blood cells descend in a tube over 1 hour. He
observed that the rate at which blood settled varied among different individuals, that blood with smaller amounts of erythrocytes
settled faster, and the rate of settling depended on plasma fibrinogen levels. He also noted that ESR was high in patients with febrile
diseases associated with high fibrinogen levels (eg, rheumatic fever), whereas it was low in defibrinated blood. ESR value can be
estimated nearly by dividing the age in years by 2 in men; add 10 to age in years for women and divide by 2. Normal ESR value for
men is 0-15 mm/h, and for women 0-20 mm/h.

ESR is a non-specific test that indirectly measure acute phase reaction as a positive inflammatory marker. The ESR rises within 24—
48 hours of the onset of inflammation and falls back slowly with resolution of inflammation. (5) The inflammation associated with
infection, malignancy, ischemia, and collagen vascular diseases tends to increase fibrinogen levels and, thereby, increase the ESR,
however, it can be normal in critically ill patients. (6)
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The ESR is influenced by increasing concentrations of some proteins such as immunoglobulins (especially 1gG) and fibrinogen.
Erythrocytes are negatively charged and in the presence of these positively charged proteins increase the rate at which red blood
cells settle in the plasma. (7,8) Because fibrinogen and immunoglobulins are two of the major proteins affecting ESR, and because
both have relatively long half-lives (100 hours and more than one week, respectively), ESR remains elevated for days to weeks after
resolution of inflammation. (9,10) ESR also may be confounded by other factors unrelated to inflammation. (Table 1)

Marked ESR increases (>100 mm/hr) are associated most often with infection (33%) and malignancy (17%), however end stage
renal disease (ESRD) is also a significant cause. (11) In a large retrospective study of 1006 patients, an ESR of 100 mm/hour or
more had low sensitivity of 0.36 among patients with infection, 0.25 among those with malignant neoplasms, and 0.21 among
patients with noninfectious inflammatory disorders. However, specificity was high: 0.96 for malignant neoplasms, 0.97 for
infections, and 0.99 as a “sickness” index. The positive predictive value (PPV) for an identifiable cause of marked ESR elevation
was 90%. (12)

Table 1: Confounding factors influence ESR

Factors related to false decreased ESR Factors related to false elevated ESR

*Polycythemia (13-15) *Anemia with normal RBC morphology or macrocytosis (16)
*Hypo- or fibrinogenemia (411) *High serum concentrations of macroglobulin proteins (25)
*Hypo- or agammaglobulinemia (16) *Renal failure (26-28)

*Extremely elevated WBC count (e.g.CLL) (17) *Nephrotic syndrome (5)

*Diffuse intravascular coagulation (13) *Heparin (29)

*High serum bile salt levels (13,14) *Hypercholesterolemia (24)

*Congestive heart failure (13) *Qbesity due to elevated fibrinogen levels (23,30,31)
*Valproic acid (18) *Pregnancy (32)

*Severe liver disease (19) *Female sex (compare to male) (33,23)
*Low-molecular-weight dextran (20) *Advanced age (23,34,35)

*Malnutrition (13) *IVIG therapy (36-38)

* RBCs Morphological abnormalities (e.g.Sickle cells, | *Technical factors (39)

Spherocytes, Anisocytosis, Poikilocytosis)

(21,22,14,9,10)

*Smoking (23)

*Alcohol consumption (23)

*High regular physical exercises (23)

*Technical factors (24)

C-REACTIVE PROTEIN

CRP was first discovered in 1930 by Tillet and Francis during their serologic studies of patients with pneumococcal pneumonia.
(40) They observed precipitation in the serum of sick patients, noting that precipitation decreased as patients recovered. They
concluded that precipitation occurred due to a protein in the serum that reacted with the C-polysaccharide of pneumococcal cell
walls, so, they named it “C-reactive protein.” (41,42)

C-reactive protein is a component of the innate immune response and positive direct inflammatory marker. In the presence of
inflammation, cytokines, particularly interleukin (IL)-1 beta, IL-6, and tumor necrosis factor (TNF) trigger hepatocytes to produce
CRP. CRP binds to pathogens as an opsonin and activates complement by the classical C1q pathway. (43)

The main determinant of CRP level is the synthesis rate, which increases according to the intensity of the inflammatory process.
(44) CRP begins to rise within 4-6 hours after the onset of inflammation and peaks within 36-50 hours. CRP level drops fast after
inflammation resolves. (45). Also, considering its short half-life, it could be used for both diagnosis and response to treatment. (46)
Of note, CRP is not specific test and there are some confounders that influence its level. (47) (Tab 2)

In healthy individuals, the CRP level is generally below 2 mg/L but can be up to 10 mg/L. A proposed calculation for CRP is the
upper limit of the reference range (mg/dL) equals (age in years)/50 for men and (age in years/50) + 0.6 for women. (48)
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In non-severe infections such as uncomplicated skin infection and cystitis, CRP can rise to 50-100 mg/L within 6 hours. (44) little
elevated CRP, with values between 2 mg/L and 10 mg/L, may be seen with “metabolic inflammatory” states such as smoking,
uremia, cardiac ischemia, and other low level noninfectious inflammatory conditions. However, extremely high CRP elevation of
more than 500 mg/L, in 1 study, was associated with more than 80% likelihood of bacterial infections. (49,50)

Clinicians should be aware about variations in the units by which CRP levels are reported with some laboratories measuring CRP
concentrations in mg/dL, others using mg/L.

Table 2: Confounding factors influence CRP

Factors related to false decreased CRP Factors related to false elevated CRP
Overwhelming sepsis (52) Obesity (40)
liver failure (51-53) Smoking (54)

Diabetes (55)
hypertension (56)
fatigue (57)
depression (58)
advanced age (59)

DIFFERENCES BETWEEN ESR AND CRP

CRP and the ESR are popular and inexpensive tests that use to measure acute phase reactions. They are usually ordered together.
Both of them are known to lack specificity and sensitivity, and neither should be used per se for diagnosing any infectious or
inflammatory disorder. However, if used in appropriate settings besides perfect clinical history and physical exam, they have
important role in clinical practice.

C-reactive protein has some advantages over ESR because it seems to be a better measure of an acute-phase response and is also
more sensitive than ESR to subtle changes in the acute-phase response. (2) Conversely, measurement of ESR is beneficial in the
monitoring of chronic inflammatory conditions such as systemic lupus erythematosus (SLE) or inflammatory bowel diseases (IBD).
As discussed above, many factors can falsely increase or decrease ESR, whereas CRP is less likely to be affected (Table 2) There
are only two circumstances where the ESR is superior to CRP- detecting low-grade bone and joint infections, and monitoring
disease activity in SLE. (60) CRP changes minimally with age, whereas ESR rises with age and is generally higher in females. (45)
Osei-Bimpong et al. measured CRP and ESR in 295 healthy subjects. The results showed a mean ESR of 10 mm/1 h (range 0-25)
in both males and females below the age of 40 years; this increased with age, to a mean of 18 mm (range 0-35) by 60 years in both
men and women. In the CRP test, 95% of the samples in the >40 years group had CRP range of 0-18 mg/l compared with 0-10 mg/I
in the younger subjects. The distribution plot of CRP results showed a left skew with mode at about 2 mg/l, whereas the equivalent
ESR distribution shows a broad plateau with less skew. there was more overlapping of the numerical values for ESR and CRP in
subjects younger than 40 years, as compared with those over 40 years old in whom the two sets of measurements were well separated.
(61)

CRP levels drop faster than ESR, normalizing 3 to 7 days after resolution of tissue injury, whereas ESR can take up to weeks to
normalize. Thus, it is appropriate to use CRP for monitoring “acute” disease activity such as acute infection (e.g, pneumonia, orbital
cellulitis). (62) However, this resulting in transient test disagreements, either on initial testing or during the course of the illness or
recovery from it. This timing issue in relation to test result interpretation is clinically important and should be taken into account in
follow-up visits. Shong et al. analyzed simultaneously ordered CRP and ESR results in 70 adult patients who had been tested on
three separate occasions a median of 4 weeks apart. Initial CRP/ESR disagreements occurred in 14 of the 70 patients (20%; 95%
Cl, 12-31). Only four of these 14 patients had stable CRP/ESR disagreements throughout the study. The other 10 patients with
initial CRP/ESR disagreements later exhibited CRP/ESR agreements. Of the 56 patients with initial CRP/ESR agreements, only 10
developed a CRP/ESR disagreement (or disagreements) on subsequent testing. (63) In another large French cohort of hospitalized
patients, the two tests disagreed (one high and one normal) in 33% of cases. (64)
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Generally, acute bacterial infections tend to elevate CRP to levels of 150 to 350 mg/L, whereas acute viral infections are usually
associated with lower levels. However, sometimes viral infections caused by adenovirus, influenza, and cytomegalovirus could be
associated with CRP levels of up to 100 mg/L. (45)

Patients with high CRP but normal ESR typically have infection, ischemia, or thromboembolism. (65) On the other hand, patients
with high ESR but normal CRP may have systemic inflammatory or autoimmune processes, including those associated with
malignancy. For example, patients with active SLE may have normal CRP even with an elevated ESR; this could be related to high
levels of type 1 interferon that can inhibit hepatic production of CRP. (66)

Buess et al. in a prospective study evaluated the diagnostic relevance of CRP as a screening parameter for inflammatory diseases
was compared to the ESR. After taking history and clinical examination, the responsible physician had to answer a first questionnaire
and a second at the time of patient discharge. At the time of admission, elevation of CRP was expected by the treating physician in
40.3% of patients, and elevation of ESR in 43.2%. An unexpected elevation of CRP or ESR was found in 38/303 cases (12.5%). In
22/38 patients only CRP was elevated, but ESR only was elevated in 13/38 cases. In summary, measurement of CRP and/or ESR
was felt by the treating physician to have been helpful in 25.1% of all patients. Due to the fast rise of CRP, all patients with bacterial
pneumonia showed increased CRP at the time of hospitalization (23/23), but the ESR was still in normal range in some of these
patients (normal ESR in 5/23). (67)

Finally, CRP is unique because it can be used in cardiovascular risk assessment for patients. It has been shown in patients with acute
coronary syndromes that increased CRP levels measured by the high sensitivity (hsCRP) assay are indicative of poor cardiovascular
prognosis. (68)

In Conclusion, ESR and CRP both play an important role in clinical practice. In certain disease states, one may be a more favorable
tool to use over the other. It is important to take note of the situations during which it is advised to obtain both, and those during
which it would be redundant to do so. CRP It is not a screening test for wellness and should only be used in the diagnosis and
monitoring of a patient who appears to have an inflammatory process. Compared to the ESR, CRP is a more sensitive and specific
marker of the acute phase reaction and is more responsive to changes in the patient’s condition.
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