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ABSTRACT The role of procalcitonin in identifying community-associated bacterial
infections among patients with coronavirus disease 2019 is not yet established. In
2,443 patients of whom 148 had bacterial coinfections, mean procalcitonin levels
were significantly higher with any bacterial infection (13.16 =51.19ng/ml; P =
0.0091) and with bacteremia (34.25 = 85.01 ng/ml; P = 0.0125) than without infection
(2.00 £ 15.26 ng/ml). Procalcitonin (cutoff, 0.25 or 0.50 ng/ml) did not reliably identify
bacterial coinfections but may be useful in excluding bacterial infection.
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rocalcitonin has previously shown promise in distinguishing between bacterial and

viral infections, particularly those affecting the lower respiratory tract (1, 2). It has
also been studied as a marker for bacterial infections in patients with suspected sepsis
(3-5). A precursor to the hormone calcitonin, procalcitonin is stimulated by interleukin
6 (IL-6), tumor necrosis factor, and cytokines associated with bacterial infection and is
inhibited by interferon gamma, which is associated with viral infections (6). Clinical
studies in patients with pneumonia and bacteremia have demonstrated the potential
of a procalcitonin-guided antibiotic management strategy (7, 8). Many hospital guide-
lines incorporate procalcitonin into treatment algorithms in an effort to promote anti-
biotic stewardship.

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), emerged in late 2019 and was declared a pandemic by the
World Health Organization in March 2020. The utility of procalcitonin in adult patients
hospitalized with COVID-19 remains unclear. Whereas procalcitonin values are low in
most patients with COVID-19, elevated values have been observed more frequently in
severe cases, and some analyses show that elevated procalcitonin is a predictor for clinical
deterioration (9-14). However, the value of procalcitonin in distinguishing between bacte-
rial coinfection and systemic inflammation is unknown. In this study, we examine the abil-
ity of procalcitonin to identify community-associated bacterial infection (CAl) as defined by
positive microbiological results in blood, urine, or respiratory culture within 72 h of presen-
tation in a cohort of patients with COVID-19 at a large medical center in New York City.

We performed a retrospective cohort study of consecutive adults who presented to
the emergency department (ED) of New York-Presbyterian/Columbia University Irving
Medical Center (NYP/CUIMC) or the Allen Hospital with a positive SARS-CoV-2 result on
real-time reverse-transcription PCR (RT-PCR) assay from nasopharyngeal or oropharyngeal
swab between 10 March and 30 June 2020. We excluded patients who did not have bacte-
rial infections from our sites of interest but had bacterial infections of peritoneal fluid (n=2),
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abscess fluid (3), pericardial fluid (3), wounds (1), lung tissue (1), or other soft tissue (3) within
72h of presentation. We also excluded patients in whom procalcitonin was not measured
within 72 h of presentation. This study was approved by the Columbia University Institutional
Review Board with a waiver for informed consent.

We obtained data from the NYP/CUIMC Clinical Data Warehouse, which contains
electronic data for inpatient and outpatient visits, including demographics, diagnoses,
laboratory tests, and other clinical variables. Diagnoses were extracted from inpatient
and outpatient records by searching for diagnosis codes from the International
Classification of Diseases, 9th and 10th editions. Data extracted included demo-
graphics, labs on first presentation with a positive SARS-CoV-2 RT-PCR, comorbidities,
and microbiological results. Of note, our institutional protocol for the care of patients
with COVID-19 recommends immediate measurement of procalcitonin, C-reactive pro-
tein (CRP), erythrocyte sedimentation rate (ESR), IL-6, and p-dimer, followed by repeat
measurements every 72 h. Thus, the procalcitonin values measured in our study reflect
values that were drawn from patients in the ED or shortly after, and we excluded val-
ues drawn >72 h after presentation.

We divided patients into those with community-associated bacteremia, bacterial
pneumonia, and bacteriuria, as defined by positive microbiological results from the
corresponding site, and those without CAIl (control). This control group included
patients with no positive microbiological results and those who developed bacterial
infections >72 h into their admission. We excluded patients with a positive urine cul-
ture but an associated urinalysis with <10 white blood cells from our analyses. We eval-
uated the mean, median, and standard deviation of initial procalcitonin values in these
groups. We compared the distribution of initial procalcitonin values in the groups with CAI
with those in patients without CAl using a 2-sided t test. P values of <0.05 were considered
significant.

We performed analyses on the utility of procalcitonin cutoff values of 0.25 and
0.5 ng/ml to identify the presence of CAI, values studied in the PRORATA and ProHOSP
trials (8, 15). These analyses included sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV). We used Student’s t tests to evaluate signifi-
cant differences in mean procalcitonin values between groups.

We evaluated 2,443 patients who presented to the ED with COVID-19 during
the study period and met inclusion criteria. Of these patients, community-associ-
ated bacteriuria, bacteremia, and bacterial pneumonia were identified in 88, 47,
and 24 patients, respectively. Only 148 patients accounted for the 159 infections
due to the presence of bacterial infections from multiple sources in a small sub-
set of patients. Prevalence of bacterial infection was 6.1%. Subgroup demo-
graphics are presented in Table 1.

Of patients with positive urine cultures, the most common genera were Escherichia
(59%), Klebsiella (10%), Enterococcus (8%), and Proteus (8%). Of those with bloodstream
infections, the most common genera were Streptococcus (21%), Staphylococcus (15%),
Escherichia (17%), and Klebsiella (11%). Of patients with staphylococcal bacteremia,
14% (n=1) had Staphylococcus epidermidis and 86% Staphylococcus aureus infections.
Of patients with bacterial pneumonia, the most common genera were Staphylococcus
(50%) and Pseudomonas (25%).

Mean procalcitonin levels were significantly higher in patients with any CAI than in those
without CAI (13.16 versus 2.00 ng/ml; P = 0.0091). This was driven by patients with blood-
stream infections (34.25ng/ml) more than those with bacteriuria (5.15ng/ml) or bacterial
pneumonia (16.42ng/ml) (Table 1). A procalcitonin cutoff of 0.25ng/ml had a sensitivity of
0.568, 0.681, and 0.708; a specificity of 0.527, 0.528, and 0.526; a PPV of 0.043, 0.027, and
0.015; and an NPV of 0.970, 0.988, and 0.995 for detection of community-associated bacteriu-
ria, bacteremia, and bacterial pneumonia, respectively (Tables 2 and 3). Using a procalcitonin
level of 0.50 did not significantly change these values (Table 2).

Among other compared inflammatory markers, ferritin and ESR did not differ
significantly between groups. Mean IL-6 levels were significantly higher in patients
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TABLE 1 Demographics of patients included in the study

Antimicrobial Agents and Chemotherapy

Characteristic®

All subjects (n=2,443)

Bacteriuria (n = 88)

Bacteremia (n = 47)

Bacterial pneumonia (n = 24)

Age (mean [SD] yr)

Male (n [%])

White (n [%])

Black (n [%])

Other/declined (n [%])

Body mass index (median kg/m?)

Comorbidity (n [%])
Chronic obstructive pulmonary disease
Asthma
Hypertension
Chronic kidney disease

First ferritin (mean [SD] ng/ml)
First IL-6 (mean [SD] pg/ml)
First ESR (mean [SD] mm/h)
First CRP (mean [SD] mg/liter)

65.2(17.2)
1,395 (57)
588 (24)
513 (21)
1,342 (55)
27.8

147 (6)
251(10)
1,446 (59)
280 (11)

1,214 (2,561)
40 (50)

72 (33)

133 (94)

73.4(16.7)
35(38
33 (38
11012
44 (50
26.2

)
)
)
)

9(10)
7(8)
55 (63)
12 (14)

1,729 (6,594)
44 (47)

80 (35)

128 (82)

68.1(15.2)
27 (57)
8(17)

14 (30)
25(53)

245

9(19)
5(11)
32 (69)
6(13)

1,295 (1,572)

67 (68)
80 (39)
170 (112)

58.1(21.2)
10 (42)

10 (42)
8(33)

6 (25)

241

6 (25)
3(13)
13 (54)
3(13)

1,084 (1,370)
81(87)

64 (39)

162 (117)

9|L-6, interleukin 6; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

with bacterial pneumonia (81 pg/ml; P = 0.028) and bacteremia (67 pg/ml; P =
0.020) than in patients without CAl (40 pg/ml). Mean CRP was also higher in
patients with bacterial pneumonia (162 mg/liter; P = 0.241) and bacteremia
(170 mg/liter; P = 0.031) than in those without CAI (133 mg/liter) (Table 1).

This analysis showed that procalcitonin was a poor predictor of CAl among
adult patients with COVID-19. Whereas procalcitonin was significantly elevated in
patients with CAl compared with uninfected individuals, it demonstrated low
sensitivity and specificity for identifying community-associated bacteremia, bac-
terial pneumonia, and bacteriuria, using a cutoff of 0.25 or 0.5ng/ml. Although
procalcitonin demonstrated an excellent NPV for ruling out CAl, this was likely
driven by the low prevalence of CAI. Our findings suggest that elevated procalci-
tonin in COVID-19 is primarily driven by the inflammation caused by the disease
itself rather than by bacterial coinfection. Based on our results, it appears that
procalcitonin is not a reliable guide for the decision to initiate antibiotics in
patients with COVID-19. Furthermore, the low rate of CAl argues against wide-
spread empirical use of antibiotics in this population.

Strengths of this study include its large number of subjects (2,443). Limitations include
our definition of bacterial infection solely as a positive microbiological result without
accounting for clinical features. Underestimation of the infection rate is possible if a signifi-
cant number of patients in our study had bacterial pneumonias, but respiratory cultures
were not sent or were negative. Some of our culture results may also represent contami-
nants rather than true infections. Reassuringly, only one positive blood culture was a coagu-
lase-negative Staphylococcus species. Although some small studies have been conducted
regarding the utility of procalcitonin in urinary tract infections, data are not definitive in this

TABLE 2 Mean procalcitonin levels in community-associated bacterial infections and sensitivity and specificity of initial procalcitonin values of

0.25 and 0.50 ng/ml for identifying community-associated bacterial infections

Procalcitonin cutoff (ng/ml) of:

Procalcitonin level (ng/ml) 0.25 0.50
Infection type Mean SD n Pvalue? Sensitivity Specificity PPV NPV  Sensitivity Specificity PPV NPV
All community-associated 13.16  51.19 148 0.0091 0.601 0.532 0.076 0.954 0.426 0.715 0.088 0.951
infections

Bacteriuria 5.15 2298 88 0.1428 0.568 0.527 0.043 0.970 0.363 0.710 0.045 0.967
Bacteremia 3425 8501 47 0.0125 0.681 0.528 0.027 0.988 0.553 0.712 0.036 0.988
Bacterial pneumonia 1642 5781 24 0.2345 0.708 0.526 0.015 0.995 0.500 0.709 0.017 0.993
No infection 2.00 1526 2,295

aCompared to noninfected patients’ initial procalcitonin using 2-sided t test.
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TABLE 3 Matrix for using procalcitonin cutoff of 0.25 and 0.50 ng/ml to predict community-
associated bacterial infections

Infection type, status

Infection status

No infection

confirmed (n)

Infection
confirmed (n)

Community-associated bacterial infection (cutoff, 0.25 ng/ml)

No infection predicted 1,220

Infection predicted 1,075
Community-associated bacterial infection (cutoff, 0.50 ng/ml)

No infection predicted 1,642

Infection predicted 653

59
89

85
63

setting (16). Finally, a potential source of bias in this study is the possibility that elevated
procalcitonin may have influenced the decision to send cultures.
Our findings indicate that in patients with COVID-19, procalcitonin does not suc-
ceed in identifying CAl, although it may have utility in ruling out infection and limiting
antibiotic use. Further investigation regarding the role of procalcitonin in patients with
COVID-19 is necessary.
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