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Imagine for a moment you are counseling a patient with a sus-
picious mass and symptoms that are concerning but nonspe-
cific. Although there are several possible diagnoses, one hangs
unspoken between you and the patient—a diagnosis that car-

ries significant morbidity and
mortality. You propose an im-
mediate biopsy. After all, a tis-

sue diagnosis is the criterion standard, and this matter is ur-
gent. The patient agrees, and as the patient begins to stand, you
raise a hand and mention another test you would like to order.
The patient is curious. “What are the benefits of this test?” You
explain that the test involves sending a portion of the biopsied
tissue to a separate part of the laboratory, where the pathology
department will look for other markers of disease. Of course,
the patient nods; that makes sense. “If this extra test result is
negative, I will be okay, right?” “No,” you answer, “a negative
test result does not mean the biopsy result will be negative.” The
patient frowns. “Well, is it a bad sign if the test result is posi-
tive?” “Not necessarily,” you explain. “Many things can make
the other test results abnormal, so we’ll still have to wait on the
biopsy results. The biopsy is the key.” The patient sits down
again, looking confused. “If the biopsy is so important, why are
we wasting tissue on this other test?” “Well,” you glance help-
lessly toward the window then look back to your frowning pa-
tient. “It’s just what we’ve always done in these cases.”

This exchange is hypothetical, but in the case of C-
reactive protein (CRP) for neonatal sepsis, it is all too real. The
nonspecific signs of late-onset infection in infants, particu-
larly those born preterm, combined with the high risk of mor-
bidity and mortality have underscored the need for accurate
diagnosis of neonatal sepsis.1 Culture of blood and other ster-
ile sites is the criterion standard for neonatal sepsis. How-
ever, myriad ancillary laboratory tests have been suggested as
potential biomarkers for neonatal sepsis; these include CRP,
complete blood counts with differential, procalcitonin, a va-
riety of interleukins, and presepsin.2 The value of those tests
in the clinical management of suspected sepsis is question-
able. In this issue of JAMA Pediatrics, Brown et al3 report their
systematic review and meta-analysis of the sensitivity, speci-
ficity, and test accuracy of CRP for late-onset neonatal sepsis.
They analyzed 22 studies including 2255 infants, the major-
ity being 32 weeks or less gestational age or 1500 g or less birth
weight. The median specificity of CRP was 0.74 and median
sensitivity was 0.62. Assuming a cohort of 1000 preterm in-
fants with a 20% prevalence rate of late-onset sepsis, this
means that 76 cases of infection would be missed, and 208 in-
fants would be incorrectly diagnosed as having sepsis—more
than the number of infants with sepsis (200).

The poor sensitivity and specificity of CRP as a biomarker
renders the test essentially useless. The poor sensitivity means
that CRP levels cannot be used to prevent antimicrobial treat-
ment; infants with suspected late-onset sepsis require empiri-
cal antibiotics while their cultures are incubating. The sensi-
tivity of the CRP test may be lowest among infants with lower
gestational age and birth weight, meaning that CRP performs
the worst among infants with the highest risk for sepsis.4 In
addition, the poor specificity means that CRP should not be
used to make decisions regarding antibiotic duration when cul-
tures are sterile because most abnormal CRP results are false-
positives. The positive predictive value of CRP becomes truly
abysmal as the prevalence rate of late-onset sepsis declines.
For example, the prevalence rate of sepsis decreases to less than
5% by 30 weeks’ gestation, decreasing the positive predictive
value to below 10%.5 For infants with birth weight higher than
1500 g, the positive predictive value is negligible. Unfortu-
nately, treatment of “culture-negative” sepsis is both com-
mon and often driven by falsely positive ancillary laboratory
testing, such as CRP.6

Proponents of CRP for the diagnosis of neonatal sepsis
point to its excellent negative predictive value as a redeem-
ing feature. However, the negative predictive value is driven
more by the relatively low prevalence of late-onset sepsis than
by the test characteristics of CRP. For example, by applying CRP
level results to the diagnosis of late-onset sepsis in a large co-
hort of preterm infants 23 to 33 weeks’ gestation admitted to
the Neonatal Research Network neonatal intensive care units,5

we calculated a negative predictive value of 95.5% (Table).
However, when a fair coin pulled from a desk drawer is used
on the same cohort, “tails”—arbitrarily chosen as a negative
screening test—performs almost as well (91.5%). In any case,
the poor sensitivity of CRP means that physicians are forced
to treat the infant empirically regardless of the test result so
as not to miss the meaningful number of septic infants with
falsely negative CRPs. The negative predictive value of CRP is
not clinically useful.

The unacceptable number of false-positive and false-
negative results means that trusting CRP results is danger-
ous. The systematic use of CRP in the diagnosis of late-onset
sepsis is not only hazardous, it is wasteful. A better use for the
blood required to conduct the test would be to inoculate it into
culture media. The criterion standard for late-onset sepsis is
blood culture, and the accuracy of blood culture is driven di-
rectly by the volume of blood obtained for culture.7,8 The chal-
lenges of obtaining sufficient volume for culture in preterm in-
fants have been well described.9 Why are we devoting between
0.2 and 0.5 mL of precious blood volume to CRP and its poor
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test characteristics, instead of optimizing our criterion stan-
dard? The potential harm from the systematic use of CRP—
delay in empirical therapy, overtreatment of uninfected in-
fants, and decreased sensitivity of blood culture because of the
redirected blood volume—greatly outweighs the negligible ben-
efit to clinical management. This applies not only to CRP but
to complete blood counts with differential, procalcitonin, and
other biomarkers.10-12

Neonatal sepsis remains a question in search of better an-
swers, and we applaud the clinical investigators working to-

ward a rapid, accurate assay that precludes the need for anti-
biotic exposure in low-risk infants. Such an assay would
significantly advance our ability to avoid unnecessary antimi-
crobial therapy while still ensuring that no infant with sepsis
is missed. However, as Brown et al3 so eloquently illustrate in
their systematic review, CRP testing is far from being such an
assay. Instead, CRP is an insensitive, nonspecific test that steals
blood volume from the criterion standard culture. The con-
tinued use of CRP in the diagnosis of late-onset neonatal sep-
sis should be considered hazardous waste.
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Table. Sensitivity, Specificity, and Positive and Negative Predictive Value of C-Reactive Protein
and a Fair Coin for the Diagnosis of Late-Onset Sepsis in 11 367 Preterm Infants (23-33 Weeks’ Gestation)a

Test Late-Onset Sepsis No Sepsis PPV or NPV, %
CRP Sensitivity, 62% Specificity, 74%

Positive 596 2705 PPV, 18.1

Negative 366 7700 NPV, 95.5

Coin Sensitivity, 50% Specificity, 50%

Heads 481 5202.5 PPV, 10.3

Tails 481 5202.5 NPV, 91.5

Abbreviations: CRP, C-reactive
protein; NPV, negative predictive
value; PPV, positive predictive value.
a Prevalence rates of neonatal sepsis

obtained from Walsh et al,5 with
other data representing the number
of preterm infants, unless otherwise
indicated.
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