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ABSTRACT

Objectives: Despite extensive research on

procalcitonin ( PCT )-guided therapy in lower respiratory
tract infections, the association between PCT and bacterial
pneumonia remains unclear.

Methods: We evaluated retrospectively the performance
of PCT in patients presenting with lower respiratory
tract infection symptoms and grouped by seven
diagnoses. All patients had microbial testing, chest
imaging, and CBC counts within I day of PCT testing.

Results: Median PCT level in patients diagnosed with
bacterial pneumonia was significantly higher than in
patients diagnosed with other sources of infections or
those not diagnosed with infections. Median PCT levels
were not different among patients grouped by type or
quantity of pathogen detected. They were significantly
higher in patients with higher pathogenicity scores for
isolated bacteria, those with abnormal WBC count,
and those with chest imaging consistent with bacterial
pneumonia. A diagnostic workup that included imaging,
WBC count, and Gram stain had an area under the
receiver operating characteristic curve of 0.748, and the
addition of PCT increased it to 0.778.

Conclusions: PCT was higher in patients diagnosed with
bacterial pneumonia. Less clear is its diagnostic ability to
detect bacterial pneumonia over and above imaging and
laboratory data routinely available to clinicians.

© American Society for Clinical Pathology, 2020. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Key Points

e Procalcitonin levels correlate with an abnormal workup for and a
diagnosis of bacterial pneumonia but do not appear to add much
discriminatory information for the detection of this disease.

e Evidence-based protocols are needed for procalcitonin  test
implementation in clinical laboratories.

Antibiotics are commonly prescribed for lower res-
piratory tract infections (LRTIs).' However, this practice
is inappropriate or unnecessary in a significant number
of the cases”™ and partly occurs due to the difficulty in
distinguishing bacterial from nonbacterial origins of in-
fection. This has spurred the exploration of serum bio-
markers that can discriminate with better accuracy
bacterial from viral LRTIs, guide antibiotic stewardship,
or both. Procalcitonin (PCT), the 116—amino acid pre-
cursor to calcitonin, is considered such a candidate for
adults with suspected LRTI and critically ill patients with
any type of infection.”

PCT is synthesized in the thyroid neuroendocrine
cells under normal conditions'’ and is strongly induced in
almost all tissues by bacterial'"'* but not viral infections."
A recent systemic review’ found that PCT-guided algo-
rithms were associated with reduced antibiotic use in the
absence of significant adverse events in acute respiratory
tract infections. While this has also been confirmed under
“real-life” conditions,'* PCT-guided algorithms have not
been extensively tested outside Europe. In fact, a recent
clinical trial conducted in the United States failed to
demonstrate reductions in antibiotic use in patients with
suspected LRTIs with PCT-guided management.”” On
the other hand, the US Food and Drug Administration
has recently cleared the expanded use of PCT for the

Am J Clin Pathol 2021;155:537-546 537
DOI: 10.1093/ajcp/agaa148



Ayala-Lopez et al / PROCALCITONIN IN BACTERIAL PNEUMONIA

guidance of antibiotic use in acute respiratory illnesses
and sepsis.'® At the center of this issue lies the lack of
definitive data for the diagnostic ability of PCT to dis-
tinguish bacterial from other sources of pneumonia with
accuracy. Therefore, we set out to evaluate plasma PCT
values in LRTIs and compare their performance with
available clinical data in a retrospective review of an inpa-
tient population at Yale New Haven Hospital.

Materials and Methods

This study was approved by the Institutional Review
Board of the Human Investigation Committee of the
Yale University Human Research Protection Program.

Test Methods

PCT (Vidas Brahms PCT; bioMérieux) testing was
performed on plasma. Lower respiratory tract cultures
(CXRES) were performed on sputa, endotracheal aspir-
ates (TAs), or bronchial specimens according to standard
procedures. All specimens received a Gram stain.
Cultures were not performed on sputa or TAs with more
than 25 epithelial cells per low-power field. All cultures
were assessed for the presence of Staphylococcus aureus,
Pseudomonas aeruginosa, and -hemolytic streptococci in
any amount. Other organisms that were predominating
were also clinically reported. Samples were plated by con-
ventional four-quadrant streaking. The highest quadrant
demonstrating growth of a particular organism was re-
corded. The highest quadrant demonstrating growth of
respiratory microbiota was also recorded. This was used
to create the following pathogenicity score:

0 = pathogen less than 1+ with 1+ or more normal
microbiota

1 = pathogen equal to normal microbiota

2 = pathogen more than normal microbiota or
Streptococcus pneumoniae or Legionella urine antigen
positive

While the pathogenicity score is not a published val-
idated score, we believe it reasonably captures how a clin-
ical microbiologist or clinician would interpret the culture
results. Respiratory direct fluorescent antigen (DFA)
testing (Diagnostic Hybrids; Quidel) was performed as
described on nasopharyngeal (NP) swabs'’ with all sam-
ples tested for influenza A, influenza B, respiratory syn-
cytial virus (RSV), adenovirus, and parainfluenza viruses
(PIVs) 1 to 3. Respiratory virus polymerase chain reaction
(PCR) testing was performed on NP swabs and bronchial
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specimens using a panel of laboratory-developed PCR
reactions for influenza A, influenza B, RSV, adenovirus,
human metapneumovirus, PIVs 1 to 3, and rhinovirus.
A detailed breakdown of the types of microorganisms
and viruses detected is available in Supplementary Figure
1 (all supplemental materials can be found at American
Journal of Clinical Pathology online).

Patient Selection

The case-finding approach is described in EFigure 10.
Laboratory results for PCT, CXRES testing, respiratory
virus DFA, and/or respiratory virus PCR testing per-
formed at Yale New Haven Hospital between January
1, 2015, and December 31, 2015, were extracted from
the computerized laboratory information system. All

Selected all PCT results at our institution
from 1/1/2015 to 12/31/2015 across all units

|

Returned 4,201 PCT results
from 2,844 patients

Filtered for PCT results with
a respiratory culture, DFA,
and/or PCR result within
1 day

Returned 514 PCT results
from 459 patients

Filtered for patients that
opted out of the study:
None opted out

Returned 514 PCT results
from 459 patients

Filtered for PCT results
from patients that had
chest roentgenogram/CT
and WBC results
within 1 day

Returned 453 PCT results
from 439 patients

Excluded patients with
mycobacterial infections
and culture-positive
infection of body sites
other than urine and LRT

Returned 412 PCT results
from 399 patients

BFigure 10 Flow diagram of results and patients selected for
the study. CT, computed tomography; DFA, direct immu-
nofluorescence assay; LRT, lower respiratory tract; PCT,
procalcitonin; PCR, polymerase chain reaction.
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appropriate specimen sources were eligible for inclusion.
All instances in which CXRES and respiratory virus
testing were performed within 1 day of PCT testing were
eligible for further analysis. Medical record numbers for
these patients and dates of PCT testing were provided
to institutional data analysts who (1) verified if patients
opted out of medical research, (2) provided results of
chest x-ray or thoracic computed tomography studies
and WBC counts performed within 1 day of PCT testing,
(3) provided I-month mortality data, and (4) provided
admitting and discharge diagnoses. Finally, patients were
excluded if they had a positive culture for acid-fast bacilli,
a positive blood culture not considered a contaminant,
or a positive culture at any site other than the respiratory
tract or urine. Pneumococcal and legionella antigens in
urine were considered respiratory pathogens and included
in the analysis. The discrepancy between total eligible
PCT results (412) and total number of patients (399) rep-
resents multiple PCT orders for the same patient in 11 pa-
tients. These orders were at least 8 days apart, and in every
instance, all the inclusion criteria were met.

Data Categorization and Bacterial Pneumonia Case
Definition

Results for PCT below the lower reportable range of
0.05 ng/mL were assigned a value of 0.049 ng/mL to facil-
itate analysis. This categorization did not affect results, as
all analysis was performed using medians.

While no clearly defined criteria have been validated
to predict bacterial pneumonia,'® a constellation of clin-
ical signs and symptoms, in combination with radiologic
and/or laboratory studies, is generally used to make the
diagnosis. To assess how well they correlate with the
final diagnoses derived from the electronic health re-
cords, we evaluated the following three sets of findings:
(1) radiologic study results, (2) peripheral WBC results,
and (3) Gram stain results. For the first set, results of
imaging studies were reviewed by two individuals and
assigned a score of 0 if there was no evidence of pneu-
monia, 1 if pneumonia could not be ruled out, and 2 if
pneumonia was present. Discordant results were blindly
adjudicated by a third individual. For the second set,
WBC abnormalities were categorized based upon the ex-
tracted laboratory information. Patients were assigned a
score of 1 if they exhibited leukopenia (<4,000 WBCs/
pL) or leukocytosis (212,000 WBCs/uL) and a score of
0 if these findings were not present. For the third set,
Gram stains were defined as purulent if WBCs were re-
ported at 3+ or 4+. Patients were assigned a score of 1
or 0 based on the presence or absence of purulent Gram
stains, respectively.

© American Society for Clinical Pathology
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Final Diagnosis

Admitting and discharge diagnoses for included
cases were categorized in the electronic health records
as (1) pneumonia (bacterial), (2) respiratory infection
(viral), (3) pneumonia (organism unspecified), (4) respi-
ratory infection (other), (5) sepsis, (6) other infection, or
(7) no infection. We assigned the final diagnosis by com-
paring admission diagnoses, discharge diagnoses, date of
PCT testing, and duration of admission. For admissions
less than 7 days, the discharge diagnoses were used. The
discharge diagnoses were also used for admissions of
greater than 7 days when the admitting diagnoses were
the same. For admissions greater than 7 days with dis-
cordant admitting and discharge diagnoses, chart review
was performed to ascertain the diagnosis at the time of
PCT order. For admissions or visits with multiple diag-
noses recorded, the final diagnosis was determined by the
rank of the seven categories listed above. Bacterial pneu-
monia with sepsis was categorized as a final diagnosis of
bacterial pneumonia while any other diagnosis with sepsis
was categorized as sepsis (Supplementary Table 1). Our
reasoning for this categorization was that bacterial pneu-
monia and sepsis were the only two diagnoses expected a
priori to increase PCT levels; therefore, combining both
was acceptable, but sepsis needed to be separated from the
other five diagnoses.

Statistical Analysis

Data were compiled with Excel (Microsoft). Statistical
analysis was performed using GraphPad Prism Version 8
(GraphPad Software). PCT measures were presented on
a logarithmic scale. Comparisons of two medians were
performed using the Mann-Whitney test. Comparisons
of three or more medians were analyzed using a Kruskal-
Wallis test followed by a Dunn’s multiple comparisons
test. Logistic regression was performed using JMP version
15 (SAS Institute). P < .05 was considered significant.

Results

Demographics of Patients and Sample Collection Sources
Included in the Study

The patient demographics, admission units, and
sample sources collected in the study are summarized
in ETable 10. A total of 399 patients were included in the
study with a total of 412 eligible instances of PCT testing.
There was a similar distribution of males and females in
the study (females = 208, males = 191). The distribu-
tion according to race was 69.2% white, 18.8% black,
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ITable 10 ITable 28
Patient Demographics Procalcitonin Levels Across Final Diagnoses in Study Population
Median Age" PCT Median
Characteristic No. (%) 95% CI), y Diagnosis (95% CI), nglmL No. (%)
Sex® Pneumonia (bacterial) 0.68 (0.29-1.09) 65 (15.8)
Female 208 (52.1) 70.0 (65.5-72.1) Respiratory infection (viral) 0.10° (0.06-0.21) 34 (8.3)
Male 191 (47.9) 66.8 (62.1-69.4) Pneumonia (NOS) 0.19%(0.11-0.29) 68 (16.5)
Race® Respiratory infection (other) 0.05° (0.05-0.15) 33(8.0)
Black 75(18.8) Sepsis 0.41 (0.23-0.75) 81 (19.7)
Other 48 (12.0) Other infection 0.09° (0.05-0.34) 23 (5.6)
White 276 (69.2) No infection 0.08" (0.05-0.19) 108 (26.2)
Patient location® ] ] - .
Emergency department 108 (26.2) FI, conﬁ.dence interval; NQS, organism n9t specified; ?CT, procalcitonin.
. . “P < .01 in a Kruskal-Wallis test vs bacterial pneumonia.
Intensive care unit 134 (32.5) b . . . .
. P <.0001 in a Kruskal-Wallis test vs bacterial pneumonia.
Inpatient 167 (40.5)
Outpatient 3(0.7) . . . .
Respiratory culture source® ClI, 0.29-.1.()9 ng/mL), Whlch was a.lso. con51.stent with the in-
Bronchial specimen 2(0.5) terpretation of highly likely bacterial infection at levels more
Tracheal aspirate 57 (13.8) than 0.5 ng/mL."” However, this group included patients
Sputum 353 (85.7)

CI, confidence interval.
Calculated from total number of procalcitonin results.
"Calculated from total number of patients.

and 12.0% other. The mean age was similar for females
and males, with an overall mean age of 66.2 years. The
youngest patient included in the study was 8 months old
and the oldest patient in the study was 101 years. Patients
were distributed among the emergency department
(26.2%), intensive care unit (32.5%), and inpatient facil-
ities (40.5%). Most respiratory cultures came from sputa
(85.7%) followed by endotracheal aspirates (13.8%).

PCT in Patients With Suspected LRTIs

To investigate PCT elevation in patients with suspected
LRTIs, we compared median PCT levels among the final
diagnoses of pneumonia (bacterial), respiratory infection
(viral), pneumonia (organism unspecified), respiratory infec-
tion (other), sepsis, other infection, and no infection in our
study population ETable 21. Patients who were not diagnosed
with any type of infection represented the largest group
(26% of total) and had one of the lowest PCT medians at
0.08 ng/mL (95% confidence interval [CI], 0.05-0.19 ng/mL).
Patients with viral respiratory infections, other respiratory
infections, and other infections also had low PCT medians
of 0.10 ng/mL (95% CI, 0.06-0.21 ng/mL), 0.05 ng/mL (95%
CI, 0.05-0.15ng/mL), and 0.09 ng/mL (95% CI, 0.05-0.34 ng/
mL), respectively. All of these medians were significantly
different from the PCT median for patients with a final di-
agnosis of bacterial pneumonia. They were also consistent
with published cutoffs for PCT-guided antibiotic therapy in
which bacterial infection is deemed highly unlikely at PCT
levels less than 0.1 ng/mL." The median PCT for patients
diagnosed with bacterial pneumonia was 0.68 ng/mL (95%
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who were also septic. The median PCT for patients diag-
nosed with bacterial pneumonia without sepsis was 0.29 ng/
mL (95% CI, 0.10-0.68 ng/mL), which still meets the cutoff
of 0.25 ng/mL for likely bacterial infection."” The median
PCT for patients diagnosed with sepsis excluding those with
bacterial pneumonia was 0.41 ng/mL (95% CI, 0.23-0.75 ng/
mL), and this was not significantly different from the me-
dian PCT level for the bacterial pneumonia group.

PCT and Other Workup Suggestive of LRTIs

We then determined the association between PCT and
other diagnostic testing commonly ordered in the workup
of LRTIs. First, we assessed the relationship between PCT
levels and respiratory pathogens detected by bacterial cul-
ture and/or respiratory virus DFA/PCR. Median PCT re-
sults were not significantly different among patients (1)
negative for the presence of any pathogens (n = 226), (2)
positive for the presence of bacteria only (n = 81), (3) posi-
tive for the presence of virus only (n = 87), or (4) positive for
the presence of both bacteria and viruses (n = 18; P = .506;
EFigure 2Al). Median PCT results were also not significantly
different when stratified according to culture quantifi-
cation results from 0 (n = 290), less than 1+ (n = 22), 1+
(n=26),2+ (n=19), 3+ (n =22), to 4+ (n =33, P =.119;
EFigure 2BH). Interestingly, when patients were stratified by
their pathogen score, which was calculated based on the
presence or absence of normal microbiota as well as specific
bacterial pathogens EFigure 2CH, median PCT results were
significantly higher in the patient group with the highest
pathogen score of 2 (n = 40) compared with those with the
lower score of 1 (n = 62) or 0 (n = 310; P <.05). The asso-
ciation between PCT levels and organism quantification as
well as pathogen score demonstrated a similar trend when
we limited the analysis to patients with bacterial isolates

© American Society for Clinical Pathology
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IFigure 20 Association between procalcitonin (PCT) results and respiratory isolates. A, Comparison of median PCT levels in
patients in whom no pathogens were detected (0.20 ng/mL; 95% confidence interval [Cl], 0.14-0.29 ng/mL), only bacteria
were detected (0.23 ng/mL; 95% Cl, 0.10-0.44 ng/mL), only viruses were detected (0.16 ng/mL; 95% ClI, 0.09-0.25 ng/mL),
and both types detected (0.16 ng/mL; 95% ClI, 0.05-0.68 ng/mL) revealed no significant differences. B, Comparison of me-
dian PCT levels in patients in whom bacterial culture yielded 0 (0.20 ng/mL; 95% CI, 0.14-0.25 ng/mL), less than 1+ (0.05 ng/
mL; 95% Cl, 0.05-0.37 ng/mL), 1+ (0.27 ng/mL; 95% ClI, 0.08-0.97 ng/mL), 2+ (0.07 ng/mL; 95% ClI, 0.05-0.68 ng/mL), 3+
(0.43 ng/mL; 95% ClI, 0.09-1.09 ng/mL), and 4+ (0.18 ng/mL; 95% CI, 0.10-0.67 ng/mL) organisms revealed no significant
differences. €, Comparison of PCT levels stratified according to pathogen score revealed that patients with a pathogen score
of 2 (normal microbiota or Streptococcus pneumonia or Legionella urine antigen positive) had median PCT levels (0.51 ng/mL; 95%
Cl, 0.16-1.09 ng/mL) that were significantly higher than both those with pathogen score of 1 (normal microbiota) (0.13 ng/
mL; 95% ClI, 0.06-0.31 ng/mL) and 0 (<6 colony-forming units of a particular organism with >1 normal microbiota) (0.18 ng/
mL; 95% ClI, 0.13-0.24 ng/mL). Black bars in the violin plots represent the median. Dotted black lines represent the upper and
lower quartiles. *P < .05 compared with group 0. *P < .05 compared with group 1. ND, none detected.

only (Supplementary Figure 2). This suggests that PCT
levels correlate with recovery of bacteria in culture that may
be causative agents of LRTI.

‘We next assessed the relationship between PCT levels
and the results of WBC count, Gram stains, and chest im-
aging. Leukopenia or leukocytosis was associated with a
significantly higher median PCT level (n = 229) compared
with WBC counts within the reference interval (n = 183;

© American Society for Clinical Pathology

P < .0001; NFigure 3AN), but there were no significant
differences between purulent (n = 198) vs nonpurulent
Gram stains (n = 214; P = .698; WFigure 3BH). Imaging re-
sults that could not rule out (n = 137) and those that were
consistent with bacterial pneumonia (n = 125) were sig-
nificantly associated with higher median PCT levels com-
pared with imaging results that showed no evidence for
bacterial pneumonia (n = 150; P < .0001, EFigure 3CH).

Am J Clin Pathol 2021;155:537-546 541
DOI: 10.1093/ajcp/aqaa148



Ayala-Lopez et al / PROCALCITONIN IN BACTERIAL PNEUMONIA

H 1,0007 ﬁ 1,000+
*
=5 1004 = 100-
3 E
= <
= <)
£ 104 £ 10-
£ c
g 5
S 13 B 13
= K&
g
a 0.4 0.1+
0.01 T T 0.01 T T
Normal Abnormal Absent Present
WBC Count Purulence
Cc
1,000+
. *
=5 1004
£
~
[=)
£ 107
c
k=
]
.s 1 .
™
13
<
% 0.1
0.01 T T T

Imaging Score

BFigure 30 Association between procalcitonin (PCT) results and other diagnostic workup for lower respiratory tract infections
(LRTIs). A, Median PCT levels were significantly higher in patients with abnormal (0.31 ng/mL; 95% confidence interval [Cl],
0.23-0.40 ng/mL) vs those with normal WBC count (0.08 ng/mL; 95% CI, 0.07-0.14 ng/mL). B, Median PCT levels were not
significantly different in patients with purulent (0.18 ng/mL; 95% CI, 0.12-0.25 ng/mL) vs those with nonpurulent Gram stains
(0.21 ng/mL; 95% Cl, 0.13-0.31 ng/mL). C, Median PCT levels were significantly higher in patients in whom bacterial pneu-
monia could not be ruled out (0.25 ng/mL; 95% CI, 0.16-0.35 ng/mL) or was confirmed (0.33 ng/mL; 95% Cl, 0.23-0.48 ng/mL)
compared with those with no evidence for bacterial pneumonia (0.06 ng/mL; 95% CI, 0.05-0.10 ng/mL) by chest imaging (0, no
evidence of pneumonia; 1, cannot rule out bacterial pneumonia; 2, consistent with bacterial pneumonia). Black bars in the violin

plots represent the median. Dotted black lines represent the upper and lower quartiles. *P < .0001 compared with group 0.

PCT as a Predictor of Bacterial Pneumonia

PCT correlates with both a final diagnosis of and
other workup for bacterial pneumonia. However, this
does not necessarily mean that PCT adds valuable diag-
nostic information over and above what is already avail-
able to clinicians. We therefore used logistic regression to
predict a final diagnosis of bacterial pneumonia based
on abnormal/normal results from imaging studies, WBC
count, Gram stain, and PCT analysis. Our binary out-
come included bacterial pneumonia (with and without
sepsis) vs respiratory infection (viral), pneumonia (or-
ganism unspecified), respiratory infection (other), other
infection, and no infection combined. We excluded
sepsis as a final diagnosis group from this comparison,
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as it is clearly associated with an elevated median PCT.
Importantly, current guidelines do not recommend the
use of PCT to initiate antibiotic treatment in patients with
sepsis. Imaging studies, WBC count, and Gram stain re-
sults were categorized as described in the Materials and
Methods section, and a PCT of 0.25 ng/mL was used
as the diagnostic cutoff for likely vs unlikely bacterial
pneumonia.’

Logistic regression revealed a significant association
between a final diagnosis of bacterial pneumonia and each
of the following variables in a descending order of signifi-
cance: evidence of bacterial pneumonia by imaging, PCT
more than 0.25 ng/mL, and purulent Gram stain ETable 31.
While the PCT association was significant, the magnitude
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ITable 30

Association Between Diagnostic Workup and a Diagnosis of
Bacterial Pneumonia

Workup (PCT + Imaging + ROC
WBC + GS) L-Ry> Prob>y* AUC
PCT >0.25 ng/mL 11.222 <0.001 0.778
Bacterial pneumonia by imaging  24.792  <0.0001
Abnormal WBC count 0.026 0.872
Purulent GS 4.761 0.029
Workup (imaging + WBC + GS)
Bacterial pneumonia by imaging 34.259 <0.0001 0.748
Abnormal WBC count 0.857 0.355
Purulent GS 4.006 0.045
Workup (PCT + WBC + GS)
Bacterial pneumonia by imaging ~ 20.689  <0.0001 0.705
Abnormal WBC count 0.580 0.446
Purulent GS 3.934 0.047
Workup (imaging only)
Imaging 18.590  <0.0001 0.721

AUC, area under the curve; GS, Gram stain; L-R, likelihood ratio; PCT,
procalcitonin; ROC, receiver operating characteristic.
“Probability of a greater %’ value by chance alone.

of the effect was small, as revealed by the receiver oper-
ating characteristic curves (Table 3). The area under the
curve (AUC) for a diagnostic workup that only included
imaging, WBCs, and Gram stain was 0.748, and the addi-
tion of PCT increased it to 0.778. In a diagnostic workup
that included PCT, WBCs, and Gram stain but excluded
imaging, the AUC was 0.705. On the other hand, the AUC
for imaging alone was 0.721, suggesting that not much ad-
ditional diagnostic discrimination is offered by PCT or
Gram stain. In Supplementary Table 2, we provide addi-
tional diagnostic workup models for comparison.

PCT and All-Cause Mortality

Finally, we looked at PCT levels and all-cause mortality
within 1 month of test order. Of the 399 patients in the final
analysis, there were no data on whether 30 of the patients
were alive or dead. None of the 11 patients with multiple
admissions were dead, and their PCT results for each sepa-
rate admission were included in the median calculation. Of
the 369 patients in the analysis, 40 had died within 1 month
and had median PCT levels of 0.64 ng/mL (95% CI, 0.40-
1.51 ng/mL), which were significantly higher than median
PCT levels at 0.16 ng/mL (95% CI, 0.11-0.22 ng/mL) in pa-
tients who were still alive (n = 342; P < .0001; EFigure 40).

Discussion

We performed a retrospective analysis of patients
presenting with suspected LRTIs at our institution be-
tween January 1, 2015, and December 31, 2015, who had
both lower respiratory tract cultures and respiratory virus

© American Society for Clinical Pathology
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IFigure 40 Association between procalcitonin (PCT) results
and all-cause mortality. Median PCT levels were significantly
higher in patients who had died within 1 month of test order
(0.64 ng/mL; 95% confidence interval [Cl], 0.40-1.51 ng/
mL) vs patients who were still alive (0.16 ng/mL; 95% ClI,
0.11-0.22 ng/mL). Black bars in the violin plots represent the
median. Dotted black lines represent the upper and lower
quartiles. *P < .0001.

DFA/PCR testing within 1 day of initial procalcitonin
testing. All of these patients had chest imaging and WBC
counts performed within 1 day of procalcitonin testing
as well. We chose the 1-day limit to approximate as best
as possible the initial diagnostic workup for a suspected
bacterial pneumonia. Our main finding is that despite sig-
nificant elevations in median PCT levels in patients with
a final diagnosis of bacterial pneumonia as well as those
with elevated WBCs or abnormal imaging consistent
with bacterial pneumonia, PCT did not add much dis-
criminatory information to the laboratory and imaging
data routinely available to clinicians.

PCT cutoffs for guiding antibiotic therapy in the set-
ting of LRTIs have generally been adapted from early
prospective studies.” PCT levels in different LRTI etiolo-
gies have been less studied and could shed light on the
discriminatory ability of PCT for bacterial pneumonia.
We found no significant differences in median PCT levels
in patients with final diagnoses that did not include bacte-
rial pneumonia or sepsis. In patients with no infections or
nonbacterial respiratory infections, these medians and the
upper limits of the 95% CIs were less than 0.25 ng/mL,
which is the generally accepted cutoff for unlikely bacte-
rial infections. These medians were significantly different
from those seen with bacterial pneumonia and sepsis.
Both the PCT median and the lower limit of the 95% CI
were more than 0.25 ng/mL in the bacterial pneumonia
group; however, this group included patients who were
also diagnosed with sepsis. In the bacterial pneumonia—
only group, the median PCT level dropped to 0.29 ng/
mL, and the lower limit of the 95% CI was 0.1 ng/mL,
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indicating that patients with bacterial pneumonia may
have normal levels of PCT.

Other groups have assessed the association between
median PCT levels and detected pathogens in patients
suspected of having LRTIs.”” They found that PCT was
significantly elevated with bacterial pathogens com-
pared with viral pathogens. In our data set, there were
no significant differences in median PCT levels across
all comparison groups, including no pathogens, bacte-
rial pathogens, viral pathogens, and codetected bacterial
and viral pathogens. In fact, the median PCT levels were
remarkably similar at around 0.20 ng/mL. Comparisons
based on pathogen semiquantification by culture also did
not reveal any significant differences among median PCT
levels that did not even display an increasing trend cor-
relating with higher quantification. Furthermore, median
PCT levels were essentially unchanged between patients
with purulent and nonpurulent Gram stains. Only a rela-
tively subjective classification of isolated bacterial organ-
isms based on their potential pathogenicity and relative
abundance yielded a significant elevation of median PCT
levels with higher pathogenicity scores. The presence of
a normal microbiome in the respiratory tract makes in-
terpretation of respiratory cultures difficult. Final clinical
interpretation relies upon consideration of patient fac-
tors as well as the relative abundance of potential patho-
gens recovered compared with the underlying microbiota.
While some organisms are considered true pathogens
and always treated if detected, most causative agents of
bacterial pneumonia require further clinical interpreta-
tion. Nonetheless, we reason that our classification of
pathogenicity approximates a clinical interpretation, and
the higher median PCT levels with higher pathogenicity
scores are in line with the observation that median PCT
levels are significantly elevated in patients with final diag-
noses of bacterial pneumonia.

Median procalcitonin levels were higher in patients
with abnormal WBC counts and chest imaging sug-
gestive of bacterial pneumonia, and the significance
was robust. This is not surprising given that PCT is
a marker of bacterial infection. Moreover, while bac-
terial pneumonia is often diagnosed without them,
chest radiographic criteria are generally used for de-
fining community-acquired pneumonia.'® Just because
PCT levels are elevated in patients with radiographic
evidence of or those with a diagnosis of bacterial
pneumonia does not necessarily mean that PCT adds
valuable diagnostic information over and above what is
available to clinicians. In our logistic regression model,
we found that purulent abnormal chest imaging, PCT
more than 0.25 ng/mL, and purulent Gram stains were
significantly associated with distinguishing bacterial
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pneumonia from diagnoses that included nonbacterial
respiratory infections, other infections, or no infections.
The rationale for combining all the other diagnoses
and excluding sepsis is that these would be conditions
that would not in principle require antibiotic therapy.
Purulent Gram stains were significantly associated with
a diagnosis of bacterial pneumonia, but the P value was
more than .01, suggesting a weaker relationship com-
pared with chest imaging, which had a P value less than
.0001. PCT more than 0.25 ng/mL was clearly signif-
icantly associated with a diagnosis of bacterial pneu-
monia with a P value less than .001. However, adding
PCT to the diagnostic model improved the AUC from
0.748 to 0.778, suggesting that the magnitude of the
effect is small. It should be noted that neither model
accounts for hidden variables that could correlate with
the final diagnosis of bacterial pneumonia, most no-
tably the clinical signs and symptoms. It is also true
that no constellation of clinical findings is capable of
accurately ruling in bacterial pneumonia.”’ Our find-
ings do not suggest that a combination of chest im-
aging and Gram stains is sufficient for discriminating
between bacterial and nonbacterial pneumonia, but
PCT adds modest information to what clinicians use in
practice for patients with suspected LRTIs. Despite a
recent meta-analysis of procalcitonin-guided therapy in
patients with acute respiratory infections’ detailing ev-
idence for initiating or withholding antibiotic therapy
under certain conditions based on initial PCT levels,
others argue against this approach.”*

Our primary aim did not include PCT as a predictor
of mortality in patients who were suspected of having
LRTIs; therefore, we did not calculate relative risks for
specific PCT cutoffs. However, we found that median PCT
levels were significantly higher in patients who had died
within 1 month. This is in agreement with previous studies
showing that both PCT elevation and nonclearance are
associated with an increased risk of all-cause mortality in
patients under different clinical settings.”**’

This study has several limitations that constrain the
interpretation of the role of PCT testing in patients with
suspected LRTIs. First, this is a retrospective analysis of
patients who had to meet the combined inclusion criteria
of PCT testing, chest imaging, lower respiratory tract cul-
tures, and respiratory virus testing within 1 day of the in-
itial PCT result. This population may not represent the
approach to LRTI workup in the community or at other
hospitals. Furthermore, it is not possible to separate with
certainty the results of this diagnostic workup from the
initial clinical judgment that, with the clinical course,
likely contributed to the final diagnoses in these pa-
tients. Furthermore, these diagnoses were extracted from
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electronic health records and were not independently
adjudicated. It remains possible, however, to draw con-
clusions regarding the performance and utility of PCT
testing in the diagnosis of bacterial pneumonia when the
major workup including microbial testing and chest im-
aging is also performed. While final diagnosis misclassi-
fication may underestimate the ability of PCT to predict
bacterial pneumonia, our study reflects performance in
real life as opposed to ideal situations. Finally, no conclu-
sions can be drawn from our study regarding the utility
of PCT testing for the initiation or discontinuation of
antibiotic therapy since that data were not obtained and
would be difficult to extract in a retrospective analysis
without an exhaustive chart review. Furthermore, serial
PCT testing was not assessed in this study. Thus, our data
cannot exclude that a low or decreasing PCT level may
add one more piece of information to clinicians consid-
ering discontinuing empiric antibiotics.

In conclusion, our retrospective analysis demon-
strates that PCT correlates with other markers of bacterial
pneumonia; however, the ability of health care providers
to detect this disease using PCT is modest and not greatly
improved over and above information provided by chest
imaging. Recent studies in the United States have specif-
ically shown the inability of PCT to reliably distinguish
between bacterial and viral pneumonia as opposed to its
better-documented ability to distinguish between upper
respiratory tract infections and LRTIs.”"** Furthermore,
others have shown that PCT-guided management did
not result in reduction of antibiotic utilization'” or ques-
tioned its utility in settings with improved antibiotic stew-
ardship.” The lack of definitive cutoffs for the detection
of bacterial pneumonia, coupled with the unclear results
on antibiotic utilization, has led the American Thoracic
Society and Infectious Diseases Society of America to
recommend against the use of initial PCT levels in the
management of clinically suspected community-acquired
pneumonia.'® Our results are in line with a body of ev-
idence in the United States cautioning against the wide
implementation of PCT in clinical laboratories in the ab-
sence of established evidence-based protocols.”
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