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By Nicholaus J. Hilliard, MD, and Ken B. Waites, MD 

CRP and ESR measurements differ in important ways. Although ESR is the more widely used, most data suggest CRP is actually the more valuable of the two in the diagnosis and management of many inflammatory conditions. 

Physicians who are faced with managing an acute or chronic, infectious or noninfectious, inflammatory disorder have an array of laboratory tests available to help them make and confirm the diagnosis, initiate therapy, and follow the patient's response to treatment. Traditionally, the erythrocyte sedimentation rate (ESR) has been widely used to measure the acute phase response following an inflammatory stimulus—despite its comparatively low sensitivity and specificity in detecting and monitoring disease activity and despite the many factors than can influence its results. C-reactive protein (CRP) has not been as widely accepted by clinicians in the United States, even though it is superior to the ESR in most respects. 
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LEARNING OBJECTIVES

After reviewing this article the physician should be able to: 

· Compare and contrast erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) with respect to methodologies for testing and factors that influence their elevation in response to inflammatory, infectious, or other stimuli.

· Recognize clinical circumstances in which measurement of CRP is superior to ESR. 

· Understand the value of serial monitoring of CRP as opposed to single measurements as a means for excluding specific inflammatory conditions and monitoring response to therapy. 
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To make knowledgeable decisions about the use of these two laboratory tests in the diagnosis and follow-up of clinical conditions, it is important to understand the tests themselves, what they actually measure, and how variables can influence results. 

Erythrocyte sedimentation rate 

The ESR is an indirect, qualitative measure of fibrinogen concentration in plasma (Table 1). When fibrinogen levels increase, as in response to an acute inflammatory stimulus, there is greater cohesion of erythrocytes, leading to agglutination, rouleaux formation, and a faster rate of sedimentation. The ESR can be affected by many disorders associated with altered red blood cell mass, morphology, and aggregability, by conditions that cause changes in plasma proteins other than fibrinogen, and by other unrelated substances or variables such as salicylates, smoking, and temperature of the testing environment (Tables 2 and 3).1–3 
  

TABLE 1
How ESR and CRP differ

Characteristic 
ESR 
CRP 
Specimen requirement 

Fresh whole blood 

Serum or plasma

Specimen storage 

Specimen must be tested the day of collection 

Stored specimens remain stable for as long as 7 days

Method of measurement 

Indirect measurement of fibrinogen elevation 

Direct quantitation of acute phase response

Rate of rise 

Rises comparatively slowly; may not return to normal for weeks, despite clinical improvement 

Elevation begins at 4–6 hr peaks at 36–50 hr, returns to normal 3–7 days after stimulus is withdrawn.

Magnitude of rise 

Fibrinogen increases up to 600% above baseline 

CRP increases 100%–1,000% above baseline

Assay time 

60 min using Westergren method

<30 min using nephelometer

Assay reproducibility 

Low/moderate 

High

Cost* 

$14.89 

$10.57

*The cost of both tests given here is based on a calculation of the cost of reagents, materials, salary for technical personnel, and fixed overhead charges in place at the University of Alabama Hospital in 2001. The actual cost will vary by institution, although the relative costs of an ESR and CRP test should be similar across hospitals.

  

TABLE 2 
Examples of underlying diseases that can affect validity of ESR values 

May increase ESR 
Cachexia (hypoalbuminemia) 

Hypercholesterolemia 

Hypergammaglobulinemia 

Macroglobulinemia 

Monoclonal gammopathy 

Polycythemia 

May decrease ESR 
Agammaglobulinemia 

Anemia 

Disseminated intravascular coagulation 

Hypofibrinogenemia 

 

TABLE 3
Physiologic variables that affect ESR and CRP

Variable 
Effect on ESR value 
Effect on CRP value 
Age 

Increase 

Slight increase

Gender 

Males: higher in relation to females
Females: lower in relation to males

None

Plasma protein concentration 

Increase with increasing fibrinogen 

None

Pregnancy 

Increase 

Slight increase

Red blood cell factors 

Decrease with sickling, elliptocytosis, etc., due to decreased rouleaux formation

None

Salicylates 

Decrease 

None

Smoking 

Increase 

None

Temperature of testing environment

Decrease with a drop in temperature 

None

 

  

The Westergren test to measure ESR is one of the oldest laboratory tests still in common use. Whole blood is added to a tube containing sodium citrate anticoagulant; the citrate and whole blood are then added to a 30 cm pipette calibrated in millimeters from 0 to 200. The pipette is filled to the 0 mark and placed in a vertical position at room temperature. After exactly 60 minutes, the distance from the bottom of the surface meniscus to the top of the column of erythrocytes is recorded as the ESR in mm/hr. 

The modified Westergren method is similar in many respects, but uses EDTA as the anticoagulant so that the ESR can be determined from the same tube of blood that is used for other hematologic studies. Heparin cannot be used because it alters the membrane negative charge of the erythrocyte. EDTA and citrate must be used in the proper amount or results will be invalid. 

Other techniques to measure ESR are automated and faster, but many hospitals still use one of the Westergren methods because of simplicity and low cost. Micro ESR methods for use in pediatric patients can be performed on a small volume of capillary blood, eliminating the need for venipuncture.4 

When the ESR was first introduced, it was useful as an indirect means of assessing changes in fibrinogen concentration in response to inflammatory stimuli. This is no longer the case, since accurate methods to determine concentrations of fibrinogen and other circulating acute phase reactants directly are now available.1 Some would argue that direct measurement of fibrinogen has limited utility because of overlapping values in diseased and healthy persons,5 but concentration overlap does not occur in other acute phase reactants useful for monitoring progression of various diseases and response to treatment.5 The primary advantages of ESR are simplicity of measurement, lack of expensive equipment requirements, and the abundance of literature about the test compiled over seven decades.1–3 Automated ESR instruments, although they require an initial capital outlay, are less subject to technical errors in test performance and can shorten turnaround time.6 

The nonspecificity of the ESR, which is altered by normal physiologic conditions (pregnancy, for example) as well as many disorders, limits its utility as a means of initial diagnosis of defined clinical conditions. It is, therefore, inadvisable to initiate therapeutic intervention for specific disorders or rule out others based solely on an elevated ESR. Changes in fibrinogen concentration over time are reflected by changes in the ESR as shown in the figure. These changes follow disease progression rather slowly, and a steady increase can be observed for variable periods, even after the initial stimulus has long subsided. This renders the ESR less useful for assessing response to therapy in a timely manner than analytes such as the CRP. 
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C-reactive protein 

CRP, discovered in 1930 in the blood of patients with acute pneumococcal pneumonia, was so-named because it reacted with the C-polysaccharide of cell walls of pneumococci.7 Further observations showed that sera of convalescent patients lost the ability to precipitate C-polysaccharide and that the protein was undetectable in healthy persons. CRP is now known to be part of the innate immune system. Production by the liver is stimulated by interleukin-1b (IL-1b), IL-6, and tumor necrosis factor-a (TNF-a) in response to a variety of infectious and inflammatory stimuli. 

CRP binds to phosphocholine, polysaccharides, and peptidopolysaccharides found in bacteria, fungi, and parasites, functioning like an opsonin. It activates the classical complement pathway through C1q, binding directly to the Fc portion of IgG, stimulating further release of IL-1 and TNF-a in macrophages, thereby enhancing phagocytosis of foreign substances.1,5,7 The role of CRP in autoimmune diseases has been theorized as a scavenging function important in clearing damaged cell membranes and nuclear antigens.7 CRP also activates neutrophils, inhibits platelet aggregation, and may facilitate cytotoxic reactions against cells infected with microorganisms.5 

The CRP concentration in a healthy person is usually 10 mg/L or less. The presence of low-grade inflammation from chronic conditions such as coronary artery disease has led to the development for adults of high sensitivity assays to accurately characterize and quantitate CRP in lower ranges for the purpose of predicting coronary events. After onset of inflammation or tissue injury, CRP increases within four to six hours, doubling every eight hours. A peak level of 350 to 400 mg/L or more occurs after about 36 to 50 hours (see the figure). CRP remains elevated with ongoing inflammation but declines rapidly with resolution of tissue injury by virtue of its relatively short half-life (four to seven hours).5 CRP concentration and measurement are unaffected by external conditions or diseases—including those that can interfere with ESR interpretation. The rapid rise and fall of CRP in response to inflammatory stimuli, closely paralleling the degree of injury and repair, make it superior to other acute phase reactants, including ESR, for measuring disease activity.5 
The inexact qualitative laboratory procedures used initially for CRP detection may have hurt its acceptance by clinicians. More sensitive tests now exist to measure CRP quantitatively. Quantitation of CRP in body fluids other than blood—such as cerebrospinal, amniotic, synovial, and pleural fluids—is problematic to interpret because of lack of normal reference ranges and cannot be recommended for routine CRP determination. Elevated CRP has been detected in dozens of infectious as well as noninfectious diseases, such as acute myocardial infarction, rheumatic disorders, and malignancies. The common tie among these processes is inflammation and tissue injury. 5 

To appreciate the relative values of the ESR and CRP, it is important to review comparative data. A summary of the tests' usefulness in specific pediatric conditions follows. 

Infectious diseases 

The utilities of ESR and CRP in the diagnosis and follow-up of infections that occur in children have been the subject of many studies. These infections are too numerous to describe in detail, but five important ones are discussed below. Comments on the application of CRP measurements in various infectious diseases and in other, noninfectious conditions are provided in Table 4. 

  

TABLE 4
When is it useful to order a determination of the CRP concentration?

Disease category 
Comment on the strength or utility of CRP measurement 
Neonatal sepsis 

Not useful alone for primary diagnosis but can be useful as part of a screening panel or for monitoring response to therapy. Normal serial values from specimens collected >24 hr apart usually indicate absence of bacterial infection or appropriate response to therapy.

Meningitis 

A single CRP measurement cannot differentiate bacterial from viral infection, but serial CRP measurements may be useful for monitoring response to therapy. 
Bacteremia 

Useful for monitoring response to therapy but not for diagnosing the condition. 
Pneumonia 

Cannot reliably distinguish bacterial from viral respiratory infections. If the level is elevated, however, and an alveolar infiltrate is present, bacterial infection should be sought and treated accordingly.

Otitis media 

Cannot differentiate bacterial from viral infection.

Epiglottitis 

Elevated in bacteremic children with epiglottitis at the time of evaluation, but may have little additional value compared with a careful clinical evaluation and physical examination.

Tonsillitis 

Not useful in the differential diagnosis.

Gastroenteritis 

Too few data exist to make a firm recommendation about use.

Osteomyelitis and septic arthritis 

Serial determinations are useful for monitoring course of disease and identifying recrudescence. CRP and ESR both can help distinguish between osteomyelitis with or without septic arthritis, but ESR takes several days more of testing to do so.

Urinary tract infection 

Cannot differentiate upper from lower tract disease, but serial values may be useful to detect pyelonephritis unresponsive to treatment, especially in infants.

Rheumatoid arthritis 

Levels correlate better than ESR with severity of disease and radiologic findings. CRP is useful for following active inflammation and response to treatment.

Systemic lupus erythematosus 

More useful for diagnosing infectious complications and monitoring response to antibiotics than for monitoring disease activity.

Acute rheumatic fever 

Normal level is evidence against the diagnosis. CRP is better than ESR for monitoring treatment of rheumatic carditis.

Inflammatory bowel disease 

Not as good as clinical assessment, but has some value for monitoring secondary bacterial infection. CRP is better than ESR for monitoring Crohn disease and the activity of ulcerative colitis.

Surgical conditions, preoperatively and postoperatively 

Sustained elevation or secondary rise suggests infection. Not useful for differentiating infection from other inflammatory conditions and has little value for identification of children with appendicitis or discrimination of those with perforation.

Burn management 

Useful to monitor course of healing.

Malignant disease 

Limited value for differential diagnosis of secondary bacterial vs. viral infections, but may be useful to follow response to treatment.

Bone marrow transplantation 

Rises in response to both acute infection and rejection. Data differ on ability of CRP to aid in differentiating between infection and graft-versus-host disease.

Kawasaki disease 

May be useful in monitoring or predicting response to therapy. Additional data are needed to confirm value of CRP in identification of children at greatest risk of adverse cardiac sequelae.

Sickle cell anemia with fever and bone pain 

Useful in predicting a serious vaso-occlusive crisis. Additional data are needed to confirm its utility in other sickle cell sequelae such as “sickle chest” and “sickle stroke.”

Adapted from Jaye DL and Waites KB5
  

Bacterial vs. viral. In many studies, emphasis has been placed on differentiating between acute bacterial and acute viral infections of the central nervous system, bloodstream, respiratory tract, and other sites, because of the obvious differences in patient management or as a means to justify discontinuation of empiric antibiotic coverage. The availability of a simple, rapid laboratory assay that could identify potentially life-threatening conditions such as bacterial invasion of the bloodstream or CNS would have tremendous utility in the acute care setting. 

Available data suggest that CRP values are almost always higher in acute bacterial infection (usually 150 to 350 mg/L) than in viral infection. However, the overlap of CRP values in healthy and diseased persons makes it impossible to designate a single CRP cutoff value reliable enough to warrant withholding empiric antibacterial therapy. Even though most viral infections are associated with a modest CRP elevation (20 to 40 mg/L), CRP values more than 100 mg/L may occur in uncomplicated infections caused by adenovirus, cytomegalovirus, influenza, measles, mumps, varicella, and others.5 CRP elevation may also occur in varying degrees in fungal and parasitic diseases.5 
ESR cannot reliably distinguish the microbial etiology of acute inflammatory processes and may take even longer to rise after the initial stimulus than does CRP. 

Neonatal sepsis. Sepsis occurs during the neonatal period in approximately eight in 1,000 live births and is more common in the preterm newborn. CRP crosses the placenta in an exceedingly low quantity; elevation of CRP should therefore be considered as native production in the newborn in response to infection.5,8 Use of elevated CRP to identify septic newborns is limited somewhat by the tendency for CRP to become elevated in noninfectious conditions such as meconium aspiration, hypoxia during delivery, intraventricular hemorrhage, and respiratory distress syndrome that may occur simultaneously.5,8,9 A false-positive rate of 8% for CRP elevations has been reported in otherwise healthy newborns,8 perhaps due to the transient physiologic elevation of CRP that sometimes accompanies delivery.10 Sensitivity of CRP varies from 47% to 100% for early detection of neonatal sepsis, with a specificity of 6% to 97%. The wide range of values reflects different study designs, test methodologies, and reference values used for CRP determination.5 
Despite limitations in the use of CRP to identify septic newborns, serial CRP examination has been reported as the best single serologic marker for early onset of sepsis.5,11,12 Normal CRP values obtained 24 hours apart for as long as 48 hours following presentation strongly suggest the absence of bacterial infection.11,13 Bomela recently reported the use of two normal serial CRP measurements obtained 24 to 48 hours apart to determine whether empiric antibiotics can safely be discontinued in newborns suspected of being septic.13 This practice correctly identified 99 of 100 infants eventually shown by negative culture as not requiring further antibiotic therapy. Serial CRP values that decline over time may also be of value in predicting successful antibiotic treatment of neonatal sepsis.9 The positive predictive value of a single measurement of CRP for detecting neonatal sepsis is, however, low,11,13 and a single normal CRP value obtained during initial evaluation has insufficient negative predictive value to justify withholding antibacterial therapy.5,11,12 

Like CRP, the ESR should not be considered an acute marker for neonatal sepsis because of insufficient negative predictive value of single measurements.4 ESR also increases so slowly that culture data may be a faster way to detect changes in the patient's condition than monitoring ESR. 

Bacteremia. Children who are bacteremic may or may not have a higher CRP level than those who are ill but not bacteremic. Bacteremia has been detected in children whose initial CRP value was normal.5 Initial determination of CRP levels in the acute care setting has limited value in determining immediate patient management.12 Serial measurement of CRP may help determine whether an infected patient is responding adequately to antimicrobial therapy and reduce suspicion of infection when multiple normal CRP values are obtained at intervals of 24 hours or more. The same comments are valid for the ESR. 

Meningitis. Misdiagnosis of bacterial meningitis and the resulting delay in antibiotic therapy can lead to permanent neurologic deficits or death. Measurement of serum CRP values in the acute setting can, sometimes, help distinguish bacterial meningitis, viral meningitis, tuberculous meningitis, and intracranial hemorrhage.5,12,14 Serial measurement may also correspond to disease resolution after antibiotic treatment.12 Recent studies have advocated use of a single cerebrospinal fluid (CSF) CRP level to identify children with bacterial meningitis,15 and the sensitivity of CSF CRP for diagnosing this condition has been reported as high as 97% to 100%.12 However, data from numerous investigations are far too contradictory to declare a mandate for the use of single determinations of CSF CRP or serum CRP for specific diagnostic purposes in patients with meningitis. Problems of overlapping CRP values between these diverse types of microbial infections, and between patients who have no infection and those who do, effectively prevent clinicians from depending on this test alone for directing management of a patient suspected of having meningitis. 

Acute infection in HIV–positive children. One retrospective study has compared single determinations of ESR with CRP as an indicator of acute infection in HIV– positive children.16 Findings of this study support the premise that ESR baseline values tend to be higher than normal in persons with HIV because of hypergammaglobulinemia that typically occurs as a result of polyclonal B-cell activation. Among 22 cases with suspected bacterial infection with elevated immunoglobulin G (IgG), all had an elevated ESR and 20 (91%) had an elevated CRP level. Only four cases with suspected bacterial infection had a normal IgG value, and three of those patients had an elevated ESR and CRP. CRP was elevated in only one in 14 controls that had concomitant elevation of ESR and IgG. Because ESR was elevated in both controls and cases, investigators concluded that the test was not a useful indicator of acute infection in this patient population. CRP, on the other hand, was believed to be beneficial as an adjunct in the initial evaluation of acute infection. No data have been reported assessing the relative value of CRP in following recovery from infectious processes in HIV–positive children. 

Sickle cell disease 

ESR has been studied in children who have sickle cell anemia, fever, and bone pain. Robbins and colleagues discovered that the ESR was not consistently higher in sickle cell patients with documented bacterial infection. In a study of 63 children, ESR was not shown to be a definitive predictor of bacterial superinfection in pediatric patients with fever and bone pain.17 Sickle cell anemia patients have a depressed ESR level because cells are unable to form rouleaux aggregates. Vaso-occlusive crisis cannot be predicted with the ESR level; in fact, the ESR might be normal during a crisis.17 
CRP is a much better predictor of the hypoxia and cell necrosis that presents in a vaso-occlusive crisis because CRP measurement does not depend on rouleaux formation. Stuart and colleagues studied the prodromal and established phases of 14 vaso-occlusive crises in 10 patients with sickle cell anemia by measuring slower responding glycoproteins (such as fibrinogen) in parallel with CRP and serum amyloid A. They concluded that CRP was valuable in following a sickle cell crisis and differentiating a major from a minor vaso-occlusive crisis.18 

Autoimmune disorders 

Most studies of acute phase reactants used to monitor inflammatory conditions of an autoimmune nature, such as rheumatoid arthritis, temporal arteritis, and systemic lupus erythematosus, have dealt with adults. Findings, some of which are summarized in Table 4, must be interpreted with caution when extrapolating to pediatric disease, even though variants of some of these conditions occur in children. 

Rheumatic fever. Studies of CRP vs. ESR for monitoring rheumatic fever date to the 1950s, but comparatively little work was done in succeeding decades. Because of the clinical similarity of rheumatic fever to other cardiac conditions, such as endocarditis, and the fact that CRP may rise nonspecifically with heart failure of any cause, CRP has not proven useful in the diagnosis of rheumatic fever—with one exception: A normal CRP level in a patient suspected of having acute rheumatic fever provides evidence against that diagnosis. The CRP level falls in response to steroid treatment of rheumatic carditis more rapidly than the ESR does but tends to rebound after medication is withdrawn, declining again if disease activity is adequately suppressed.5 

Kawasaki disease (KD) is an acute, self-limiting condition that primarily affects infants and young children. Thought to be the result of an autoimmune reaction to some unknown bacterial toxin or superantigen, it is characterized by vascular inflammation affecting the coronary arteries, fever, conjunctivitis, oropharyngeal inflammation, erythematous induration of the hands and feet, and cervical lymphadenopathy.19 KD is now the leading cause of acquired heart disease in American children. It is treated with high dose intravenous immunoglobulin (IVIG) and aspirin, but as many as 10% of children still develop coronary artery lesions (CALs), which increase their acute risk of myocardial infarction. For severe cases unresponsive to IVIG, other therapies such as administration of steroids and plasma exchange have been recommended.19 
Children with acute KD typically have elevated ESR and CRP, and both tests are often used as part of the initial diagnostic laboratory assessment. Whether measurement of CRP can be used to identify children who may not respond to IVIG early in the course of disease and who are most likely to progress to CALs has been the subject of three recently published studies.19–21 

Fukunishi evaluated 82 children with KD to assess the correlation between clinical response to IVIG and laboratory parameters at disease presentation.21 Sixty-nine children treated with aspirin and IVIG defervesced within five days (only one developed CALs), whereas 13 remained febrile (five developed CALs). The proposed cutoff value for CRP for predicting nonresponsiveness to IVIG was >100 mg/L. The mean CRP level for the unresponsive group (162 mg/L) was significantly higher than for the responsive group (88 mg/L) (P = .006). Differences for ESR were not significant between the two groups. 

Mori performed a retrospective analysis of data obtained from 193 children hospitalized for KD before and two to three days after IVIG treatment.19 Analysis of data revealed that an elevated CRP and neutrophil count measured after treatment may be useful predictors of CALs, so that more aggressive therapy can be initiated. In contrast, Schiller found no significant differences in CRP at the time of diagnosis, after IVIG treatment, and in the convalescent phase between KD patients with CALS and those without CALs.20 Schiller did note, however, that patients' CRP levels were lower after IVIG treatment than during the acute phase of KD.20 

All three studies supported the use of CRP as a valuable serum marker in the assessment of severity of KD. CRP may have some prognostic value for early identification of children who are likely to have a poor response to IVIG treatment. It can also be used to document clinical response to IVIG therapy and, perhaps, even to predict development of CALs. However, the study designs of these reports were quite different and surveillance methods and definitions for CALs varied, as did treatment protocols. The total number of patients with poor response to IVIG and with CALs in these studies was quite small. Conclusions about the use of CRP to predict outcomes in KD must therefore be considered with caution and must be validated by additional studies with larger numbers of subjects. 

Oncology and transplantation 

Identification of laboratory markers to detect and characterize infections in persons who are immunocompromised due to transplantation or malignancies is challenging; there is a need for analytes that are regulated or released independently of the underlying malignancy and leukocyte count. CRP is a logical substance to evaluate as having a role in monitoring complications of cancer such as infection, because it is not affected by factors that may influence ESR, such as elevated or reduced cell counts, transfusion, or chemotherapy. Pancytopenia in bone marrow transplant (BMT) patients typically renders ESR unhelpful. Childhood malignancies such as leukemia do not usually cause a pronounced elevation of CRP. Measurement of CRP has, however, been recommended for monitoring the activity of myeloma and some solid tumors in adults.5,6 

Febrile neutropenia. Approximately 40% of oncology patients with fever and neutropenia have culture-proven bacterial infection.5 Fever may be the only indicator of serious infection in this population, in which the usual signs and symptoms of systemic infection may be vague or absent. Use of CRP in the evaluation of febrile neutropenia has been the subject of several studies. The process of sorting out the results has been complicated by varying definitions of fever and neutropenia, the extent to which microbiologic causes of fever were sought, overlap of CRP values between neutropenic patients with and without culture-proven bacterial and viral infections, and arbitrary interpretive cutoffs for CRP values. 

What is clear is the relative value of serial normal values of CRP in ruling out serious bacterial infection in persons who have been ill for at least 12 hours, irrespective of immune status.5 Decisions to implement antimicrobial therapy in these vulnerable patients should remain primarily clinical and should not revolve around a single laboratory test. Serial CRP determination may have some value in influencing the duration of such therapy, however.5 
Graft-versus-host disease (GVHD). Acute GVHD constitutes the main cause of mortality after BMT. Mortality is less the result of GVHD itself than of infectious complications that commonly occur.22 Several studies have evaluated CRP as a means to differentiate GVHD from infection and to predict rejection in BMT and solid-organ transplant recipients. 

Results have been mixed. CRP is elevated in most rejection episodes and may antedate other clinical and laboratory evidence of rejection.6 Some data suggest that the type of immunosuppressive agents used may affect the CRP response, making it more useful for monitoring some types of transplants than for others.5 However, CRP will also rise in acute infection in transplant recipients and thereby complicate interpretation if infection is superimposed on rejection. Lange reported that CRP elevation is a risk factor for gut GVHD, predicting a worse outcome of engraftment, although no cutoff values for CRP were recommended.22 Other studies have also demonstrated the utility of CRP for differentiating GVHD from infection, but no firm conclusion can be drawn because this finding has not been universal.5 As in other circumstances, CRP's greatest value in BMT recipients may be to monitor response to treatment of infectious complications. 

What about other measures of acute phase response? 

Acute phase reactants such as a-1-acid glycoprotein, a-1- antichymotrypsin, ceruloplasmin, the third component of complement (C3), and serum amyloid A (SAA) have been evaluated for their usefulness in detecting or monitoring acute inflammatory and infectious conditions. Their disadvantages lie in overlapping values in diseased and healthy persons, prolonged doubling time or half-life, problems with standardization of assays, and elevation in response to trivial conditions such as the common cold.5 Haptoglobin and a-1-antitrypsin can be actively catabolized in some disease states and may be deficient in some inheritable conditions. Though insufficiently studied in pediatric conditions, SAA has the advantages of an earlier and sharper rise than CRP and has comparable elevations in both viral and bacterial infections. 

Determination of plasma viscosity (PV) is another indirect means of measuring fibrinogen elevations; more than 90% of PV is due to the effect of fibrinogen, with its high molecular weight and marked molecular asymmetry. Overall, measurement of PV is less influenced by unrelated conditions and technical factors related to the assay than is the ESR, rendering it a better parameter for monitoring disease activity.6 It provides no significant advantage, however, over direct measurement of other acute phase proteins, such as CRP. 

Fleischhack reported that a relatively newly described substance, procalcitonin (PCT), along with CRP, has clinical utility for predicting severe infection in febrile neutropenic children. Fleischhack suggested that PCT was, in fact, more valuable than CRP, IL-6, or IL-8.23 Gervaix and colleagues reported that a positive PCT value was predictive of renal involvement in 87% to 92% of children with febrile urinary tract infections and was found to be superior to an initial CRP measurement in this setting.24 

Direct measurement of cytokines may eventually prove useful, to some extent, because they operate both as a cascade and a network in stimulating production of acute phase proteins.1 With their short half-life and the presence of circulating blocking factors, however, it is unclear whether direct measurement of cytokines would have any benefit beyond that obtained by measuring acute proteins such as CRP.1,5 Clinical experience with direct cytokine measurements is still limited. This testing is also costly and not widely available. 

Concentrations of other substances, such as albumin, prealbumin, and transferrin, typically decrease during the acute phase because of increased volume of distribution and decreased synthesis, leading them to be designated as "negative acute phase reactants." Interest in measuring them as a means of monitoring acute inflammatory and infectious conditions has been modest, however, and is further diminished because the contribution that peripheral catabolism may play in their decrease in a variety of clinical settings is unclear. 

How to best apply testing 

The body of literature on the assessment of ESR, CRP, and other acute phase reactants in the initial diagnosis and subsequent monitoring of a wide variety of clinical conditions that occur in children continues to grow. So far, the preponderance of data suggests that CRP is superior to ESR and to most other substances tested and should be used preferentially. In no circumstance in which ESR was compared directly with CRP was ESR found to be a more reliable indicator of disease activity. 

No laboratory test can substitute for a careful history and physical examination to initially characterize illness, and very few, if any, laboratory analytes can, alone, provide sufficient information to direct optimum management of potentially serious infectious or inflammatory conditions. CRP, therefore, should be used in conjunction with other clinical and laboratory data to make decisions about care. 

Use of isolated CRP measurements appears to have less value overall than monitoring the concentration serially, because definite interpretive cutoff values for the many diseases associated with CRP elevations and their secondary complications have not been universally accepted. Monitoring the relative change in the CRP value over time to follow patient progress—as opposed to making a definitive diagnosis based on absolute CRP values—is, perhaps, the most valuable way to use this laboratory test. Any secondary elevation of CRP during treatment of an inflammatory or infectious disorder should alert the clinician to the possibility of treatment failure, subversive or overt tissue damage and necrosis from a superinfecting pathogen, or patient nonadherence. Other variables to keep in mind when using CRP in the management of inflammatory conditions are: 

· the type of pathogen or other stimulus that is provoking release of CRP 

· whether the condition is localized or disseminated 

· whether the elevation in CRP has been demonstrated to be prognostic for the disease at hand. 
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