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Objective(s): Blood cultures (BC), when performed in children seen in the emergency department with community-acquired pneumonia (CAP), are most of the time sterile. We described the diagnostic accuracy of white blood cells (WBC), absolute neutrophils count (ANC), C-reactive protein (CRP), and procalcitonin (PCT) to predict blood culture (BC) result in childhood CAP.

Study Design: Secondary analysis of a prospective study carried out in eight pediatric emergency departments (France, 2009–2018), including children (≤15 years) with CAP. Analyses involved univariate comparisons and ROC curves.

Results: We included 13,752 children with CAP. BC was positive in 137 (3.6%) of the 3,829 children (mean age 3.7 years) in whom it was performed, mostly with Streptococcus pneumoniae (n = 107). In children with bacteremia, ANC, CRP and PCT levels were higher (median 12,256 vs. 9,251/mm3, 223 vs. 72 mg/L and 8.6 vs. 1.0 ng/mL, respectively; p ≤ 0.002), but WBC levels were not. The area under the ROC curve of PCT (0.73 [95%CI 0.64–0.82]) was significantly higher (p ≤ 0.01) than that of WBC (0.51 [0.43–0.60]) and of ANC (0.55 [0.46–0.64]), but not than that of CRP (0.66 [0.56–0.76]; p = 0.21). CRP and PCT thresholds that provided a sensitivity of at least 90% were 30 mg/L and 0.25 ng/mL, respectively, for a specificity of 25.4 and 23.4%, respectively. CRP and PCT thresholds that provided a specificity of at least 90% were 300 mg/L and 20 ng/mL, respectively, for a sensitivity of 31.3 and 28.9%, respectively.

Conclusions: PCT and CRP are the best routinely available predictive biomarkers of bacteremia in childhood CAP.

Keywords: pneumonia, bacteremia, biomarkers, procalcitonin (PCT), pneumococcus (Streptococcus pneumoniae), diagnostic test, sensitivity and specificity, blood culture


INTRODUCTION

With 120–150 million new cases each year in the world, including around 14 million severe episodes, childhood community-acquired pneumonia (CAP) is a major public health issue. In 2015, CAP caused about 16% of all deaths in children under 5 years old, which represents 920,136 deaths according to the World Health Organization, with the major burden of the disease being carried by children from low- and middle-income countries (1, 2).

Streptococcus pneumoniae and respiratory viruses are the main causative agents of pediatric CAP (3). Clinical features and radiological findings have poor accuracy in discriminating these causes. Also, viral testing may not be sufficient to diagnose viral CAP because of bacterial-viral co-infections that may occur in up to 30% of children with CAP (4). In young children under 10 years, non-invasive microbiological testing such as pneumococcal urinary antigen may indicate carriage rather than true infection (5). Bacteremia is a robust outcome to identify bacterial cases and is also a marker of invasive disease. Blood culture (BC) results are usually available within 24 h. High levels of white blood cells (WBC), absolute neutrophils count (ANC), and C-reactive protein (CRP) are usually considered associated with bacterial disease. However, the diagnostic accuracy of these routinely available biomarkers seems limited (6, 7). Thus, European and North-American guidelines recommend empirical antibiotic treatment based on the assessment of epidemiological factors and clinical severity rather than laboratory and imaging testing (8, 9).

Procalcitonin (PCT) was shown to be a predictor of bacteremia and disease severity in children with CAP (10–12). CRP and PCT are also used as surrogate markers of pneumococcal infection in studies evaluating the effectiveness of pneumococcal conjugate vaccines (PCVs) (13, 14); confirming the association between routinely available biomarkers and bacteremia would further support their use as endpoints in PCV trials. In this large, prospective, multicenter study, we aimed at assessing the performance of four biomarkers (WBC, ANC, CRP, and PCT) to predict bacteremia in a population of children with CAP.



MATERIALS AND METHODS


Study Design and Setting

This is a secondary analysis of a prospective multicenter observational study that was carried out in 8 tertiary pediatric emergency departments across France. The principal study was set up in 2009 to assess the impact of PCV13, which, in France, was implemented in June 2010. Data were collected between June 1, 2009 and May 31, 2018. For each patient, a case report form was completed by a designated senior clinical investigator and sent to the central investigating center (Association Clinique et Thérapeutique Infantile du Val-de-Marne, ACTIV). Following a pragmatic approach, no specific action was taken to standardize patient management across participating centers or among physicians within each center. Notably, indications for chest radiograph, blood tests, criteria for hospital admissions, and antibiotic treatments were left at the discretion of the treating physician. Detailed methods were described in previous reports stemming from the same overarching study (13–16). We followed the STARD 2015 (Standards for Reporting Diagnostic Accuracy Studies) reporting guidelines (Appendix 1) (17). The Robert Debré Hospital Ethics Committee approved the study. The data collection was approved by the French National Data Protection Committee (Commission Nationale de l'Informatique et des Libertés, No. 1348184).



Study Participants

We included all children aged 1 month to 15 years with CAP, which was defined by the association of fever (body temperature ≥38.5°C for children above 3 months and ≥38°C for children under 3 months) or hypothermia, and a chest radiograph showing consolidation, as diagnosed by the senior pediatrician in charge and confirmed by a pediatric radiologist. Indications for performing a chest radiograph according to French clinical practice guidelines are summarized in Appendix 2.



Clinical and Laboratory Data

For each patient, we collected the following information: age, sex, risk factors for invasive pneumococcal disease (e.g., sickle cell disease; complete list in Appendix 3) (18), radiological and laboratory test results, and hospital admission or discharge. For all patients, laboratory results were collected from the initial routine blood analysis, if any. Potential predictors of BC result included complete blood count (notably WBC and ANC), and serum CRP and PCT levels.



Bacteremia

The outcome of our study was bacteremia, defined by the positivity of BC. BC was performed according to local routines, and no attempt was made to standardize procedures, notably the volume of blood drawn and the techniques used for culture. BC that grew a contaminant (i.e., coagulase-negative Staphylococcus, a diphtheroid, Propionibacterium, Bacillus species, and Micrococcus) were considered negative. Microbiologists assessing the results of BC were not strictly blinded to clinical, imaging, and laboratory information.



Statistical Analysis

First, we performed a descriptive analysis of participant characteristics and BC results. Proportions were compared using the Chi-Square or Fisher exact test, as appropriate; trends in proportions were assessed using the Cochran-Armitage test. Second, for univariate analysis, we used the non-parametric Mann-Whitney U-test to compare the distribution of the four potential predictive biomarkers between participants with and without bacteremia. Third, we used ROC analysis to estimate the area under the ROC curve (AUC-ROC) for each biomarker, and then compared AUC-ROCs using the DeLong test (19); this ROC analysis was restricted to participants with all four biomarkers available. Fourth, for the predictor(s) with the best performance on ROC analysis, we calculated sensitivity, specificity, positive and negative likelihood ratios, and diagnostic odds ratio (DOR) estimates at prespecified rounded thresholds, and identified thresholds able to provide sensitivity and specificity estimates of at least 90%. For each biomarker, the “optimal” cutoff was identified as the cutoff that maximized the DOR, a commonly used indicator of overall test performance (20).

In a sensitivity analysis, we investigated the performance of WBC, ANC, CRP, and PCT to predict “pyogenic CAP,” a composite binary outcome defined by laboratory-confirmed bacterial CAP caused by S. pneumoniae, Staphylococcus aureus, or Streptococcus pyogenes using any microbiological method among pleural and blood culture, antigen detection, and polymerase chain reaction (PCR; including specific PCRs and 16S ribosomal RNA gene PCR and sequencing) (13).

This is a secondary analysis of an existing database; there was no a priori sample size calculation for this study. Statistical analyses involved the use of Stata 15/SE (Stata Corp., College Station, Texas).




RESULTS


Participant Characteristics

During the 9-year study period, 13,752 children with CAP were enrolled. In total, 3,829 of these (27.8%) had at least one BC performed and were analyzed (Figure 1). More than 80% of study participants were under 6-year-old, with a mean age of 3.7 years (standard deviation, 3.3); 52.0% were males; 10.7% had a risk factor for invasive pneumococcal disease; 72.1% were admitted to the hospital; 13.7% had pleural effusion (Table 1; Appendix 4). CRP, WBC, ANC, and PCT were measured in 3,751 (98.0%), 3,629 (94.8%), 3,326 (86.9%), and 1,251 (32.7%) study participants, respectively. There was significant variability across centers in the proportion of children in whom a PCT test was ordered (range: 3.4–77.2%, p < 0.001; Appendix 5). Children in whom a BC was obtained were more likely to have risk factors of invasive pneumococcal disease (10.7 vs. 7.1%, p < 0.001), to be admitted (72.1 vs. 19.3%, p < 0.001), and to have pleural effusion (13.7 vs. 2.0%, p < 0.001) than children excluded because BC was not performed (Appendix 4).


[image: Figure 1]
FIGURE 1. Flow chart of participants through the study.



Table 1. Baseline demographic and clinical characteristics of study participants (N = 3,829).
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Blood Culture Results

In total, 137 children out of 3,829 (3.6%) had bacteremia (Figure 2). S. pneumoniae was the most prevalent bacterial species isolated in BC (n = 107, 78.1%), followed by S. aureus (n = 18, 13.1%), and S. pyogenes (n = 4, 2.9%); 2 BC were positive for Haemophilus influenzae; 1 was positive for Pseudomonas aeruginosa; 1 was positive for Klebsiella pneumoniae, 1 was positive for Escherichia coli; 3 BC were reported as positive but with missing data for the isolated bacterial species (Appendix 6). The proportion of S. pneumoniae among positive BC decreased over time (χ2 for trend, p = 0.015). Among the 3,829 participants in whom a blood culture was done, the proportion of children with bacteremia was not significantly different in those with and without biomarkers performed (Appendix 7).


[image: Figure 2]
FIGURE 2. Proportion of positive blood cultures over time (N = 3,829).




Distribution of Predictors by Blood Culture Result

We did not find any significant difference in WBC levels depending on BC result (median 17,005/mm3 (interquartile range 9,575–23,248) in BC-positives vs. 14,400/mm3 (IQR 9,000–21,260) in BC-negatives, p = 0.07). ANC, CRP and PCT levels were significantly higher in patients with bacteremia compared to patients with negative BC: median values were 12,256/mm3 (IQR 7,376–17,869) vs. 9,251/mm3 (IQR 5,000–15,287) for ANC (p = 0.002), 223 mg/L (IQR 94–316) vs. 72 mg/L (IQR 29–183) for CRP (p < 0.001), and 8.6 ng/mL (2.7–21.6) vs. 1.0 ng/mL (0.3–5.4) for PCT (p < 0.001; Table 2), respectively. Rates of positive BC increased with increasing levels of CRP and PCT (p < 0.001 for both; Appendix 8).


Table 2. Comparison of biomarkers among participants with and without bacteremia: univariate analysis.
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ROC Analysis

Among the 1,069 children with all four biomarkers available, 34 (3.2%) had bacteremia, with a majority of S. pneumoniae (n = 27, 79.4%). The biomarker with the highest AUC-ROC was PCT, with a value of 0.73 (95%CI 0.64–0.82). It was significantly higher than AUC-ROC of WBC (0.51 [0.43–0.60], p < 0.001), and than AUC-ROC of ANC (0.55 [0.46–0.64], p = 0.01). It was also higher than AUC-ROC of CRP, but the difference was not statistically significant (0.66 [0.56–0.76], p = 0.21; Figure 3).


[image: Figure 3]
FIGURE 3. ROC curves of white blood cells (WBC), absolute neutrophils count (ANC), C-reactive protein (CRP) and procalcitonin (PCT) to predict bacteremia in children with community-acquired pneumonia (N = 1,069).




Diagnostic Accuracy of CRP and PCT at Predefined Thresholds

The detailed diagnostic accuracy of CRP and PCT in predicting bacteremia is presented in Table 3; Appendix 9. The highest CRP threshold that provided a sensitivity of at least 90% was of 30 mg/L (sensitivity 91.8 [85.8–95.8%], for a specificity of 25.4 [24.0–26.9%]). The lowest CRP threshold that provided a specificity of at least 90% was 300 mg/L (sensitivity 31.3 [23.6–39.9%], for a specificity of 90.6 [89.6–91.5%]). The CRP threshold that maximized the DOR was 50 mg/L (DOR 4.40 [2.65–7.31]).


Table 3. Diagnostic accuracy of C-reactive protein (N = 3,751) and procalcitonin (N = 1,251) to predict bacteremia.
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The highest PCT threshold that provided a sensitivity of at least 90% was of 0.25 ng/mL (sensitivity 92.1 [78.6–98.3%], for a specificity of 23.4 [21.1–25.9%]). The lowest PCT threshold that provided a specificity of at least 90% was 20 ng/mL (sensitivity 28.9 [15.4–45.9%], for a specificity of 90.6 [88.8–92.2%]). The PCT threshold that maximized the DOR was 2 ng/mL (DOR 6.40 [2.86–14.34]).



Sensitivity Analysis

In the sensitivity analysis investigating pyogenic CAP, 1,466 participants had all biomarkers available. A pyogenic cause of CAP was identified in 74 (5.0%) cases (S. pneumoniae, n = 51 [68.9%]; S. aureus, n = 13 [17.6%]; S. pyogenes, n = 11 [14.9%]). The biomarker with the highest AUC-ROC was CRP, with a value of 0.79 (95%CI 0.74–0.84). It was significantly higher than AUC-ROC of WBC (0.60 [0.53–0.66], p < 0.001), and than AUC-ROC of ANC (0.64 [0.58–0.71], p < 0.001). It was also higher than AUC-ROC of PCT, but the difference was not statistically significant (0.76 [0.70–0.82], p = 0.98; Appendix 10).




DISCUSSION


Main Findings

In pediatric CAP, distinguishing viral from bacterial etiology is particularly challenging. Furthermore, among bacterial etiologies, bacteremic pneumonia represents a small subset of bacterial pneumonia, but probably the most severe cases. In this large prospective multicenter study of children with CAP, we investigated whether routinely available biomarkers such as WBC, ANC, CRP, and PCT were able to predict bacteremia. Bacteremia was present in <5% of children, mostly with S. pneumoniae. Our results show that PCT and CRP are the most accurate routinely available predictors of bacteremia in children with CAP. Even if PCT seemed to have better classification properties than other biomarkers (i.e., with the highest AUC-ROC) it was not significantly better than CRP. Results were comparable in a sensitivity analysis investigating pyogenic CAP as an alternative outcome.



Implications

Our study adds to previous evidence suggesting that PCT might be a reliable routinely available biomarker to predict bacterial etiology in children with CAP, especially pneumococcal etiology (12). Our results are in line with previous observational studies and also confirm that PCT might perform better than other routinely available biomarkers for predicting bacteremia in children with CAP (10). Furthermore, PCT seems the best biomarker for predicting the severity of CAP, which includes bacteremia, but also empyema and pleural effusion (11). Cohen et al. found that PCT was the best routinely available biomarker for predicting clinical response to beta-lactam treatment in children with CAP (21), again suggesting that PCT might be a surrogate marker of pneumococcal etiology. Our results confirm the potential usefulness of CRP and PCT in estimating the efficacy of PCVs among children (13, 14), and determining the eligibility of children for clinical trials of CAP, as has been proposed for adults (22). The advantages of CRP compared to PCT are the availability of rapid point-of-care tests able to provide a result in ≤5 min (23), and its low cost.

As in previous evaluations (24), cases of bacteremic CAP were rare in our study, representing ≤4% of study participants in whom a BC was performed. Even when extended diagnostic workup was conducted, pyogenic CAP remained documented in only 5% of children. An explanation could be that the burden of invasive pneumococcal disease significantly decreased over the past decade because of the implementation of PCVs (14, 25, 26), which were introduced in France in 2002 (7-valent PCV) and 2010 (13-valent PCV).

In adults, PCT predicts pneumococcal bacteremia in patients with CAP (27). Also, Christ-Crain et al. designed a treatment algorithm relying on the high negative predictive value of PCT to rule-out bacterial CAP (28). In a recent individual patient data meta-analysis, including 26 trials, this algorithm proved able to reduce antibiotic prescription rates and to shorten antibiotic exposure without any increase in mortality (29). In children, the available evidence to support PCT-guided treatment algorithms is much weaker and includes only two randomized controlled trials. Using a 0.25 ng/mL PCT threshold, Esposito et al. found results comparable to those from adult trials, with a significant reduction of both antibiotic treatment rate and duration (30). Conversely, Baer et al. showed no significant reduction in antibiotic treatment rates (31). A reason for such a discrepancy could be that PCT treatment thresholds defined in adult studies (0.25 ng/mL) might be too low for decision-making in children with CAP. For example, in our study, using a 2 ng/mL threshold maximized the DOR of PCT for predicting bacteremia (DOR 6.40, 95%CI 2.86–14.34), but this association remains too weak to recommend PCT as a standalone test for treatment decisions in children with CAP. The aim of this study was to assess the association between biomarkers and bacteremic pneumonia. As in other diseases such as meningitis, it might be relevant to combine PCT with clinical information (such as immunization status, risk factors for pneumococcal infection, duration of symptoms, systemic and respiratory symptoms, and age) and other biomarkers into clinical decision rules (32).



Strengths and Limitations

The strengths of our study are the prospective and multicenter enrollment and the large sample size. We benefit from a high external validity regarding the occurrence of bacteremia (3.6%) and the prevalence of S. pneumoniae (78.1%), which are close to that from others studies, respectively 2.5 and 78% in Neuman's North-American study (33), and 5.2 and 76.7% in Tam's meta-analysis (24).

Our study has several limitations. First, <30% of children with CAP had a BC performed. Children in whom a BC is obtained might have more severe forms of CAP (Appendix 4), and we cannot exclude selection bias. In this study, the diagnostic accuracy of CRP and PCT might have been overestimated as a result of this selection bias. This also means that our findings are more likely to apply to inpatients compared to outpatients. Furthermore, positive BC is far from a “gold standard” to evaluate the cause of CAP. Moreover, less than a third of included participants in whom a BC was performed had all four biomarkers available for analysis. While CRP measurements were obtained in 98% of study participants, PCT levels were assessed in only 33% of cases, showing that PCT is not obtained routinely. Also, we opted for a complete case analysis which led to many patient exclusions, notably because PCT was done only in 1,251 out of 3,829 (32.7%) children in whom a blood culture was performed. This was the only way to ensure patient comparability throughout the analyses, but it may have introduced bias toward more severe patients and some participating centers. Another limitation is that we lack the exact timing of biomarker measurements. In the case of early measurements (i.e., <24 h of infection onset), PCT may perform better because its concentration may peak quicker than that of CRP (34). Finally, PCT had the highest AUC-ROC, but we may have lacked statistical power to find a significant difference between the predictive ability of PCT and CRP.




CONCLUSIONS

In summary, CRP and PCT are the best routinely available biomarkers to predict bacteremia in children with CAP. Such biomarkers should be considered when developing new strategies for treatment decisions in children with CAP. We also recommend using CRP or PCT in studies monitoring the epidemiology of CAP and the impact of PCVs.
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