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A B S T R A C T   

Introduction: Procalcitonin (PCT) is a useful biomarker in the initial evaluation of febrile infants 
for serious bacterial infections (SBIs). However, PCT is not always available locally and must at 
times be frozen and shipped to a reference laboratory for research studies. We sought to compare 
PCT measured locally versus centrally at a reference laboratory during a research study. 
Materials and methods: This was a secondary analysis of a multicenter study of febrile infants ≤60 
days evaluated for SBIs from June 2016 to April 2019. A PCT cutoff value of 0.5 ng/mL was used 
to stratify infants at low-versus high-risk of SBIs. Statistical analyses consisted of Spearman’s 
correlation, Bland-Altman difference plotting, Passing-Bablok regression, Deming regression, and 
Fisher’s exact testing at the 0.5 ng/mL threshold. 
Results: 241 febrile infants had PCT levels measured both locally and at the reference laboratory. 
PCT levels measured locally on 5 different platforms and from the frozen research samples 
demonstrated strong Spearman’s correlation (ρ = 0.83) and had similar mean PCT values with an 
average relative difference of 0.02%. Eleven infants with SBIs had PCT values < 0.5 ng/mL in 
both the clinical and research samples. Six other infants had differences in SBI prediction based 
on PCT values at the 0.5 ng/mL threshold between the clinical and research platforms. 

Abbreviations: PCT, procalcitonin; SBI, serious bacterial infection; ED, emergency department; UTI, urinary tract infection; CRP, C-reactive 
protein; ANC, absolute neutrophil count; WBC, white blood cell count; PECARN, Pediatric Emergency Care Applied Research Network; CFU, colony- 
forming units. 
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Conclusions: We found no significant differences in detection of febrile infants at high risk for SBI 
based on locally (on multiple platforms) versus centrally processed PCT. Testing at a central 
reference laboratory after freezing and shipping is an accurate and reliable alternative for 
research studies or when rapid turnaround is not required.   

1. Introduction 

Serum procalcitonin (PCT) is the most accurate biomarker available for clinical prediction rules for emergency department (ED) 
identification of serious bacterial infections (SBIs; urinary tract infections [UTIs], bacterial meningitis, and bacteremia) in febrile 
infants ≤60 days old [1,2]. PCT outperforms C-reactive protein (CRP), absolute neutrophil count (ANC), and white blood cell count 
(WBC) in the identification of febrile infants with bacteremia and bacterial meningitis [3]. However, not all EDs have PCT available 
[4]. As a result, some EDs must freeze and ship blood samples for testing at central, reference laboratories. 

We studied the performance of PCT measured locally with fresh samples on multiple platforms versus frozen samples shipped to a 
central laboratory for a research study predicting risk for SBI based on a defined measurement PCT threshold of 0.5 ng/mL. This 
threshold was derived from a research study for the development of the Pediatric Emergency Care Applied Research Network 
(PECARN) Febrile Infant Prediction Rule on infants ≤60 days old [2]. For the current study, blood samples were obtained from a 
prospectively enrolled cohort of febrile infants ≤60 days old [5]. Research PCT samples were tested at a central laboratory after 
freezing and shipping, and some hospitals also tested for PCT locally in their clinical laboratories as part of routine care. Agreement at a 
defined threshold for SBI risk between PCT measured locally versus centrally could provide insights regarding the reliability of results. 

2. Methods 

Febrile infants ≤60 days old were enrolled in a prospective observational multicenter (18 EDs) study in PECARN designed to 
evaluate the feasibility of RNA microarray analysis for diagnosis of SBI, defined as UTI, bacteremia, or bacterial meningitis. UTI was 
defined as growth of a known urinary pathogen with colony-forming units [CFU]/mL meeting one of three criteria: (1) ≥ 1000 CFU/ 
mL for urine cultures obtained via suprapubic aspiration, (2) ≥ 50,000 CFU/mL via catheterization, (3) ≥ 10,000 CFU/mL via 
catheterized specimen in association with an abnormal urinalysis. We defined abnormal urinalysis as a urine dipstick test positive for 
leukocyte esterase or nitrite, or >5 WBCs per high power field. Bacteremia and bacterial meningitis were defined by growth of a known 
pathogen [6]. The methods for the parent study are detailed elsewhere [6]. Twelve out of the 18 participating sites reported clinical 
PCT in their EDs during the study period. The study was approved by the institutional review board at each site. Only a portion of 

Fig. 1. Results obtained with different procalcitonin (PCT) assays compared to a central reference laboratory: (A) Bland-Altman difference plot; (B) 
Deming regression; and (C) Passing-Bablok regression. 
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Table 1 
Clinical characteristics of infants with discordant PCT levels between locally and centrally processed blood samples at the 0.5 ng/mL threshold.  

Clinical 
site # 

Age Qualifying 
temperature 
(Celsius) 

Yale 
observation 
scale 

Absolute neutrophil 
count (1000 per 
microliter) 

Clinical 
assessment of 
SBI risk 

UTI Bacteremia Meningitis Clinical site 
procalcitonin 

Clinical site 
procalcitonin 
measurement assay 

Research 
procalcitonin 

7 ≤28 
days 

39.1 6 7.2 6–10% No No No <0.5 Biomerieux VIDAS 
BRAHMS PCT 

0.504 

6 >28 
days 

39.5 6 4.1 6–10% No No No <0.5 Abbott Architect 
BRAHMS PCT 

0.586 

8 >28 
days 

39.5 6 11.4 1–5% No No No 0.38 Biomerieux VIDAS 
BRAHMS PCT 

0.543 

1 >28 
days 

38.4 6 3.5 1–5% No No No 0.97 Roche Elecsys 
BRAHMS PCT 

0.048 

10 >28 
days 

38.6 8 4.4 1–5% Yes 
(E. colia) 

No No 0.33 Roche Elecsys 
BRAHMS PCT 

0.778 

10 >28 
days 

38.6 6 5.2 <1% Unable to 
classify 

Yes (S. 
pyogenesb) 

No 0.26 Roche Elecsys 
BRAHMS PCT 

0.553  

a Escherichia coli. 
b Streptococcus pyogenes. 

C.G
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infants from the parent study enrolled from June 2016 to April 2019 had results from both local and centrally processed PCT samples 
available. Blood for processing PCT for research measurements was centrifuged and stored at − 80C within 6 h of blood draw, shipped 
to a central laboratory, and tested in batches monthly. All PCT tests at the central laboratory were performed with the Roche Di
agnostics Elecsys® BRAHMS procalcitonin assay on the Cobas e411 immunoanalyzer. In a subset of these patients, PCT levels were also 
measured locally, and these levels were used as comparators with the centrally processed samples. Blood for locally processed PCT was 
collected and processed in adherence to institutional laboratory requirements. All sites were Clinical Laboratory Improvement 
Amendment (CLIA) certified. Platforms used for local measurement across sites were: Elecsys BRAHMS PCT on Cobas E601/602, 
VITROS BRAHMS PCT on VITROS 5600, VIDAS BRAHMS PCT on VIDAS, Architect BRAHMS PCT on Architect i2000, and ATELLICA 
BRAHMS PCT on ATELLICA IM 1300 (please see Supplemental Table 1 for details). A PCT cutoff value of 0.5 ng/mL was used to stratify 
low-versus high-risk thresholds for SBI. Spearman’s rank correlation coefficient, Bland-Altman difference plot, Passing-Bablok 
regression, Deming regression and Fisher’s exact test were used for statistical analyses. 

3. Results 

A total of 241 febrile infants from 12 sites had PCT levels measured both at the local site for clinical care and frozen and shipped to a 
central laboratory for research analyses. A total of 21 infants (8%) had documented SBIs; 17 infants (7%) had UTIs alone, 3 (1%) had 
bacteremia alone, and 1 had both bacteremia and bacterial meningitis. For regression analysis and Bland-Altman difference plotting, 
we excluded the 73 febrile infants from two sites whose lowest threshold for reporting PCT was <0.5 ng/mL rather than exact values 
below this threshold. In the remaining 168 infants, Bland-Altman plots demonstrated an average relative difference of 0.02% (±2SD, 
− 81% to +81%) between the clinical and research samples (Fig. 1A). We also found a strong correlation between the PCT levels 
measured from the frozen research samples and locally performed PCT levels (Spearman’s ρ = 0.83; Pearson’s r = 0.92; Fig. 1B and C). 
Because the confidence intervals resulting from both Deming and Passing-Bablok fitted regressions contain 1 and 0 respectively, we 
lack statistical evidence to suggest proportional or systematic differences between research and clinical PCT testing methods. 
Spearman’s correlation should be considered superior to Pearson’s correlation due to the skewness of the data. Given prior reports of 
bias between platforms [7], we performed a platform-adjusted analysis and found the strength and direction of the correlation to be 
unaffected. 

Overall agreement between clinical and research samples at the 0.5 ng/mL threshold was very high (p < 0.001). Of the 241 infants, 
207 were classified as low risk by both methods and 28 were classified as high risk by both methods. Eleven infants with SBIs were 
missed at the 0.5 ng/mL threshold by both the clinical sample and the research sample (8 with UTIs; 3 with bacteremia caused by 
E. coli, Group B strep, and S. aureus). Only 6 (2.5%) of the 241 infants had differences in SBI prediction between the local and research 
samples based on PCT values at the 0.5 ng/mL threshold. Four of the 6 infants did not have SBIs; 3 of the 4 were identified as high-risk 
by the research sample and 1 was identified as high-risk by the clinical sample. Of the 2 discrepantly classified infants with SBIs, both 
were identified as high-risk by the research sample but not by the clinical sample (Table 1). One had an E.coli UTI and the other had 
S. pyogenes bacteremia. 

4. Discussion 

We found a strong correlation in PCT levels in blood samples from young febrile infants processed locally at the clinical site from 
multiple platforms and those processed, frozen and shipped to a central research laboratory. Although PCT is a highly accurate 
biomarker, it is not perfect when used in isolation. Both the clinical and research PCT levels were normal in 11 febrile infants with SBIs. 
Additionally, differences in PCT levels at the 0.5 ng/mL threshold occurred in two infants with SBIs, both of whom were identified as 
high-risk by the research sample but not the clinical sample. 

To our knowledge, our study is the first to evaluate PCT performance across multiple measurement platforms in pediatric emer
gency care [8] and demonstrates feasibility for clinical research studies conducted at multiple sites with different testing platforms 
given the high correlation with centrally processed samples. Our findings demonstrate PCT values obtained using multiple assays in 
multiple EDs were highly correlated and had good performance at the prespecified clinical decision threshold of 0.5 ng/mL across 
many immunoassays, and had good correlation with the frozen, shipped samples processed centrally. Our findings also suggest, based 
on PCT results from multiple centers, that blood samples frozen and shipped and measured on a central analyzer can be used for risk 
stratification when integrated with other routinely available clinical data [2]. 

Because PCT results are not routinely available at all EDs across the United States, blood must frequently be frozen and shipped for 
research purposes [4]. This is of clinical importance, when PCT levels are not needed immediately, because PCT is a precise biomarker 
in several conditions including older children with pneumonia [9,10], and plays an important role in antimicrobial stewardship [11]. 
In this study, we investigated the performance of PCT at the 0.5 ng/mL threshold as this threshold is used to risk-stratify febrile infants 
for SBIs [1,2,4]. 

Our study has limitations. Because two EDs reported the lower cutoff of 0.5 ng/mL rather than the actual raw low values, we could 
not evaluate the correlation of exact PCT levels between all research and clinical samples. Nevertheless, PCT levels in the clinical 
samples were highly associated both when measured as an exact value and when considered at the 0.5 ng/mL threshold (including all 
samples). Although only 241 infants out of the total initial cohort were included in our investigation, the rates of SBIs were similar to 
those reported for young febrile infants in previous studies [2,12–14]. 

In conclusion, clinical samples for PCT processed on multiple platforms and frozen, shipped research samples processed on one 
platform had similar PCT levels. However, turnaround time of shipped frozen samples is not sufficiently rapid to affect clinical decision 
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making in the emergency department. Therefore, these findings suggest that freezing and shipping blood samples to a central reference 
laboratory is an accurate and reliable alternative for research studies or when rapid turnaround is not critical and analyses cannot be 
performed locally. 
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