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Focused review

Review of inflammatory biomarkers in hospitalized  
adults with suspected infection

Mark D Lacy MD, FIDSA

AbstrAct

Quantitative measurement of inflammatory biomarkers is frequently obtained in evaluating 
hospitalized patients with suspected or confirmed infections and other inflammatory disorders. 
These markers may be used to establish a diagnosis or assess response to therapy. Consensus 
on which marker to use and when to use them is not settled nor to what extent these indicators 
improve outcomes or quality of care. The following is a brief review of the common inflammatory 
biomarkers and a suggested approach for their utilization.
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Medical decision making integrates a composite of 
clinical factors and corroborative laboratory investiga-
tions. In cases presenting with features suspicious for 
infection or other inflammatory disorders, the diagnos-
tic interpretation of clinical findings may be improved by 
the detection of an increase in acute phase reactants. 
These findings may impact decisions about antibiotics 
in febrile critically ill patients. Acute phase reactants are 
serum proteins that increase with inflammation and tis-
sue injury and include C-reactive protein (CRP), amyloid, 
ferritin, fibrinogen, complement alpha-2 macroglobulin, 
procalcitonin (PCT), and others. Interleukin-6 and tumor 
necrosis factor are examples of cytokines that trigger the 
synthesis and release of acute phase reactants (Figure). 
The following discussion provides a brief review of com-
monly available indicators of acute phase reactions and 
some of the syndromes in which they may be clinically 
useful. 

One of the oldest of these tests is the erythro-
cyte sedimentation rate (ESR), which is an indirect 

indicator of inflammation. The ESR is affected by 
increasing concentrations proteins such as alpha 
globulins and fibrinogen. Erythrocytes are negatively 
charged and in the presence of acute phase reac-
tants, these positively charged proteins increase the 
rate at which red blood cells settle in the plasma. The 
reported value reflects the distance in millimeters red 
blood cells descend in a tube over 1 hour. The ESR 
increases with age in healthy people. The test may 
be confounded by factors unrelated to inflammation, 
such as plasma albumin concentrations and the size, 
shape, and number of red blood cells. Elevations of 
ESR may occur in the presence of abnormal immu-
noglobulins, anemia, end-stage renal disease, obe-
sity, and pregnancy. The inflammation associated 
with malignancy, diabetes, ischemia, and collagen 
vascular diseases tends to increase fibrinogen lev-
els and, thereby, increase the ESR. The long half-life 
of fibrinogen may be one reason the ESR is slow 
to increase and slow to decrease to normal levels 
compared to other acute phase reactants, such as 
the CRP. While ESR is typically elevated in serious 
infectious, rheumatic, and neoplastic diseases, it 
can be normal in critically ill patients.1 The expected 
value can be estimated roughly by dividing the age 
in years by 2 in men; add 10 to age in years for 
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women and divide by 2. Factors that affect the ESR 
are summarized in the Table. 

C-reactive protein is a component of the innate 
immune response produced by the hepatocytes. It 
binds to damaged tissue and microbes by phospho-
choline, present on the cell wall of bacterial and some 
fungal pathogens, eliciting complement fixation and 
phagocytosis. Unlike ESR, CRP responds quickly to 
an inflammatory process whether triggered by infec-
tion, tissue necrosis, or autoimmunity. Maximum lev-
els may be reached in less than 2 days; normalization 
occurs within hours or days after inflammation sub-
sides. C-reactive protein levels trend higher in obese 
patients.2 Patients with liver disease and overwhelming 

sepsis may have blunted CRP responses.3 Similar 
to the ESR, normal CRP levels appear to vary with 
age and sex. Analysis of nearly 9000 Americans over 
age 20 reported a mean level of 3.4 mg/liter in men 
(median 1.6) and a mean of 5.1 mg/liter in women 
(median 2.7).4 Other sources have reported the 95th 
percentile value of CRP in the overall population is 
0.95 mg/dl for males and 1.39 mg/dl for females. 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.5

There are a couple caveats related to CRP val-
ues to consider. Occasionally, one encounters high- 
sensitivity CRP nomenclature as if this parame-
ter differs from standard CRP measurement. In 
fact, there is no difference between the two, and 
high-sensitivity merely reflects CRP measurement 
using an assay that can detect very low levels of the 
protein. The CRP that is measured by this method 
differs in no structural or physiologic way from that 
measured by less sensitive methods. Second, diag-
nosticians need to be aware there is variation in the 
units by which CRP levels are reported (evident in 
the comments above) with some laboratories meas-
uring CRP concentrations in mg/dL, others using 
mg/L, with high-sensitivity and cardiology-oriented 
assays typically reporting the latter units.

Sometimes discrepant results are found between 
ESR and CRP measurements, and CPR is generally 
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Figure. Pathways for the production of acute phase 
reactants.

Table.

Factors increasing ESR Factors decreasing ESR

Renal failure Leukocytosis

Pregnancy Low fibrinogen

Female gender Malnutrition

Hypercholesterolemia Polycythemia

B cell tumors, 
macroglobulinemia

Sickle cell disease, 
abnormal RBCs

Aging Congestive heart failure

Anemia 
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considered a more sensitive marker of acute phase 
reactions.6 Patients with high CRP but normal ESR typ-
ically have infection, ischemia, or thromboembolism.7 
Patients with high ESR but normal CRP may have sys-
temic inflammatory or autoimmune processes, includ-
ing those associated with malignancy.8 For example, 
patients with very active systemic lupus erythematosus 
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.

Procalcitonin is a pre-hormone produced by thy-
roid C cells but in sepsis can be produced in extra- 
thyroidal tissues. Its role in inflammation, including 
that stimulated by bacterial and some fungal infec-
tions, is not completely understood. Serum con-
centrations wax and wane with the severity of the 
infectious process. The substance is down regulated 
with viral infections. Levels increase within 6-12 hours 
of bacterial infection when triggered by release of pro- 
inflammatory mediators. Procalcitonin appears to be 
more specific for bacterial infections than C-reactive 
protein or white blood cell counts.9 Further, PCT con-
centrations decline quickly during resolution of infec-
tion and may be useful for following responses to 
therapy. However, PCT can be elevated in many syn-
dromes associated with marked inflammation, such 
as severe burns, extensive trauma, or acute pancre-
atitis. Although PCT is a potentially useful diagnostic 
test, the use of PCT levels varies widely among hos-
pitals probably because clinicians are not universally 
convinced that it is reliable.10

Ferritin is a ubiquitous protein known for its role in 
iron storage and is present in intra-cellular compart-
ments, such as macrophages, and to a lesser extent in 
serum. Regulation of this protein is controlled by both 
iron stores and various cytokines and hormones. Low 
serum ferritin is often used to corroborate iron defi-
ciency. Hyperferritinemia is recognized in the same  
inflammatory states that trigger elevations of other 
acute phase reactants, but levels usually don’t 
increase over 2 to 3 times normal in these disorders. 
Liver disease due to viral hepatitis, alcoholic hepatitis, 
or nonalcoholic steatohepatitis can elevate serum fer-
ritin despite normal body iron stores. Hyperferritinemia 

may occur in iron overload states, such hemochro-
matosis, hemophagocytic lymphohistiocytosis, and 
hemolytic disorders. 

clinicAl utility And ApplicAtions

Mild or moderate increases in acute phase reac-
tants are rarely helpful in establishing a differential 
diagnosis. Greater utility may be found with multifold 
increases in these parameters. On occasion, mod-
erate increases in acute phase reactants can rein-
force a clinical impression or can be used to assess 
response to therapy. The following discussion high-
lights some clinical scenarios in which the meas-
urement of acute phase reactions can be helpful in 
hospitalized patients.

sepsis

Management of patients who present with sepsis or 
sepsis-like illness is commonly a dilemma. Physicians 
know that a million patients are affected by bacterial 
sepsis every year in the United States and appro-
priate, rapid initiation of antibiotics correlates with 
enhanced survival. Conversely, delayed or inappro- 
priate empiric therapy correlates with worse out-
comes11 including those related to indiscriminate and 
prolonged use of antimicrobials, drug resistance and 
increasing the risk of adverse drug events. Tools to 
facilitate this decision making are desirable, but ESR 
and CRP measurements are too non-specific to eluci-
date sepsis syndromes with confidence. 

Randomized controlled studies evaluating PCT 
performance in the ICU are sparse, and those which 
exist are not robust. Many studies evaluating PCT at 
the bedside of the septic patient have been difficult 
to compare because different PCT cutoff concentra-
tions have been used in randomized trials. Layios 
et al compared over 251 ICU patients in a control 
group and 258 patients in a PCT-guided therapy 
group. Patients in the latter group had no reduction 
in antibiotic exposure, and PCT measurements were 
not highly accurate in differentiating infected/proba-
bly infected patients from unlikely infected patients. 
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This was determined following a posteriori review 
of cases by infectious disease specialists blinded 
to the PCT levels.12 A meta-analysis assessing PCT 
obtained early in the ICU admission of systemic 
inflammatory response syndrome patients who were 
not immunocompromised was published in 2006. The 
PCT sensitivities and specificities in sepsis from 25 
studies varied widely. Procalcitonin was more accu-
rate in detecting sepsis cases than CRP with odds 
ratio of an elevated PCT in infected patients >15 
compared to uninfected patients.13 Based on this, 
elevated PCT may be a helpful correlate in the diag-
nosis of sepsis and a prediction of organ dysfunction. 

Hemophagocytic lymphohistiocytosis (HLH) is a 
rare sepsis mimic, affecting perhaps 1 in 800,000 per-
sons yearly. It usually presents as a febrile syndrome 
with multiorgan dysfunction. Its pathophysiology is 
rooted in activated macrophages, which fail to respond 
to down-regulation by natural killer (NK) cells and cyto-
toxic T lymphocytes. Cytokine storm and hemophago-
cytosis by macrophages follow. While primary HLH is a 
rare disease of childhood, secondary HLH can occur in 
adults. The most common triggers include various path-
ogens, such as HIV, herpes viruses, influenza, hepati-
tis C virus, rickettsia, Mycobacterium tuberculosis, and 
possibly Gram-negative aerobes. Other associated trig-
gers include lymphomas and other malignancies, rheu-
matologic disorders, and immunodeficiency states. A 
sine qua non of this diagnosis is extreme hyperferritine-
mia with levels frequently exceeding 10,000 ng/mL.14  

There are few disorders other than HLH which result in 
extreme hyperferritinemia.

pneumoniA

Acute respiratory tract infections are a major indi-
cator for adult hospitalization and death worldwide 
and comprise a primary cause of antibiotics overuse. 
While more than 40% of respiratory infections have 
a viral and not a bacterial cause, current diagnos-
tic platforms lack the precision to guide therapy, at 
least initially. Several meta-analyses in the last dec-
ade have suggested that the PCT may be a tool to 
reduce antibiotic exposure, but its effect on clinical 
outcomes as mentioned above with sepsis has not 

been conclusive. A meta-analysis published in 2017 
of patients with community-acquired pneumonia, hos-
pital-acquired pneumonia, ventilator-associate pneu-
monia, and exacerbation of COPD explored whether 
PCT measurements affected all-cause mortality at 
30 days and antibiotic use. There was a significant 
decrease in adverse effects from antibiotics, a 2.4-day  
reduction in antibiotic exposure in PCT guided 
patients, and a 18% reduction in mortality compared 
to controls in whom PCT did not guide therapy. The 
length of stay was the same in both groups.15 The 
Procalcitonin Antibiotic Consensus Trial (ProACT) 
studied 1,656 emergency department patients from 
14 hospitals with suspected lower respiratory tract 
infection randomized to a PCT guided intervention 
compared to usual care. Primary outcome was anti-
biotic utilization and adverse events attributable to 
withholding antibiotics. The provision of PCT levels 
during the clinical encounter did not reduce antibiotic 
utilization nor did it lead to worse outcomes. Thus 
a PCT-guided algorithm did not result in increased 
adverse events in patients.16 Part of this may be 
related to the lower acuity of patients with lower PCT 
levels, the latter providing only modest additional 
data to guide decision making at the bedside. 

musculoskeletAl infection

Elevated ESR and CRP are non-specific and do 
not increase pre-test likelihood of septic arthritis.17 A 
retrospective chart review of over 160 patients with 
acute arthritis, 44 of whom had septic joints, indi-
cated that the ESR was not predictive of septic joints 
and that a normal CRP could not be used to exclude 
infection.18 Procalcitonin is more sensitive and spe-
cific than ESR and CRP based on meta-analysis of 
patients with fever and joint symptoms and signs 
and can support a suspected diagnosis. However, 
a normal PCT does not exclude a septic joint and 
can be elevated after trauma or immediately after 
surgery.19

In patients with acute osteomyelitis, the ESR 
can be used to assess response to therapy provided 
co-morbidities and other factors (see above) don’t 
confuse its interpretation. In chronic osteomyelitis, by 
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definition no longer an “acute phase” infection, ESR 
and CPR can be normal and do not reliably exclude 
the diagnosis and are rarely helpful in management. If 
spinal infection or discitis is suspected, the same cau-
tions apply due to lack of high sensitivity and specific-
ity though measurements can help guide the duration 
of therapy for these conditions. 

Acute bActeriAl skin infections 

Cellulitis, fasciitis, and other acute bacterial skin 
infections are among the most common infectious 
disease syndromes resulting in hospitalization, occa-
sionally requiring critical care resources. Acute phase 
reactants might serve as an adjunct in the clinical 
evaluation, but there are few studies in patients with 
these infections. Most patients with significant acute 
bacterial skin infections will have elevated CRP, PCT, 
and white blood counts. One recent small study 
demonstrated acute phase reactants levels tended to 
be higher in patients requiring hospitalization, were 
generally higher in patients with abscesses, and 
tended to decline by day 3 to 5 of successful therapy. 
Acute phase reactants measurements may help in 
decision making related to duration of antibiotic ther-
apy in these cases.20

summAry

Acute phase reactants have a supplementary 
role in the management of hospitalized patients with 
fever. The ESR and CRP, while not specific enough 
to establish a diagnosis, can be helpful in guiding the 
intensity and duration of anti-infective therapy. With a 
compatible clinical scenario, extremely elevated ferri-
tin levels may suggest HLH. Procalcitonin may have 
some utility in determining whether a febrile illness 
is due to bacterial or non-bacterial pathogens, par-
ticularly in patients with pneumonia. Procalcitonin 
may have a role in the de-escalation of antibiotic and 
reducing antibiotic overuse. While not perfect tools, 
acute phase reactants have some role in formulating 
a diagnostic and therapeutic plan and may improve 
antimicrobial stewardship.
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