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Abstract

Background: Mid-regional pro-atrial natriuretic peptide (MR-proANP) increases with severity in community-acquired
pneumonia (CAP). We investigated whether changes of MR-proANP correlated to bacteremia.

Methods: 392 adult patients with CAP visiting emergency department from a prospective observational multicenter
study.

Results: MR-proANP levels increased in patients with positive bacteremia (92.8 pmol/L vs. 84.3 pmol/L, p=0.04).
Performance of MR-proANP to detect bacteremia (0.60) was equivalent to CRP (0.59) but less accurate than PCT
(0.69).

Conclusion: MR-ANP poorly predicts bacteremia in CAP patients.

Keywords: Bacteremia, community-acquired pneumonia, C-reactive protein, procalcitonin, mid regional pro atrial
natriuretic peptide, emergency medicine

Introduction (LPS) challenge (de Kruif et al. 2008) and pyelonephritis-
related bacteremia increase MR-proANP levels (Guinard-
Barbier et al. 2011). Therefore MR-proANP could result
from severity related to bacteremia, which more fre-
quently occurs in severe CAP (Brown & Lerner 1998).
Here we explored whether MR-proANP levels were asso-

ciated with bacteremia in patients experiencing mild CAP.

Mid-regional pro-atrial natriuretic peptide (MR-proANP)
has recently emerged as a promising biomarker
(Morgenthaler et al. 2005, Maisel et al. 2010) that better
correlates with mortality and morbidity than do procalci-
tonin (PCT) and C-reactive protein (CRP) in community-
acquired pneumonia (CAP; Claessens et al. 2010, Kriiger
et al. 2010). Severity of CAP depends on underlying
conditions. Changes of MR-proANP detect acute and
chronic heart failure (CHF; Maisel et al. 2010) whereas
prognostic value in CAP is maintained independently
toCHF(Kriigeretal.2010).Inaddition, lipopolysaccharide

Materials and methods

This was an ancillary analysis of a multicenter, pro-
spective, observational study conducted in 12 French
emergency departments (ED; Claessens et al. 2010).
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We evaluated data from mild CAP participants
with available blood cultures and measurements of
MR-proANP, PCT and CRP.

Methods and statistical analyses have been detailed
in a parallel study dealing with pyelonephritis (Guinard-
Barbier et al. 2011).

Briefly, we defined CAP as combination of tempera-
ture >38°C, acute respiratory symptoms (at least two
of the following: fever, cough, sputum production,
dyspnea, chest pain, altered breath sounds at ausculta-
tion), and new pulmonary infiltrates on chest X-ray.
Patients with following conditions were excluded:
antibiotic use for at least 3 days during the past month;
pregnancy, human immunodeficiency virus infection,
active neoplasm, immunosuppressive therapy, predni-
sone >15mg/day; septic shock; palliative care; barriers
to complete follow-up.

Baseline data consisted in demographic data, under-
lying disorders, signs and symptoms, usual clinical find-
ings and laboratory tests. Patients were followed for
28 days and classified as outpatients or inpatients by an
adjudication committee.

Each center proceeded to automated colorimetric
detection of blood cultures. Bacteremia was defined by
identification of a bacterial strain in blood culture within
36h. Positive samples were stained for Gram coloration and
subcultured foridentification. All bacterial strains were con-
sidered pathogenic except Staphyloccocus saprophyticus.

Biomarkers measurements have been published
elsewhere (Claessens et al. 2010). Blood samples were
collected, centrifuged, and stored (-40°C) at a central
laboratory until study completion. CRP measurement was
performed using an immunoturbidimetric assay (Modular
analyzer; Roche Diagnostics, Meylan, France). PCT and
MR-proANP concentrationswere determined usingasand-
wich immunoassay based on Time Resolved Amplified
Cryptate Emission (TRACE) measurement (Kryptor ana-
lyzer; ThermoFischer, Hennigsdorf, Germany).

Results were described by either mean (standard
deviation, SD) or median (interquartile range, IQR) for
continuous variables and by number (percentages) for
categorical variables. We applied »? statistics or Fisher’s
exact tests for qualitative variables and Wilcoxon/
Mann-Whitney test for continuous variables with skewed
distributions to compare patient characteristics.

Results were analyzed according to the STAndards for
the Reporting of Diagnostic Accuracy (STARD) recom-
mendations (Bossuyt et al. 2003). We used area under
receiver-operator characteristic curves (AUC) to assess
the overall discriminatory power of biomarkers in pre-
dicting bacteremia. AUC (95% CI) was estimated for each
biomarker and compared by a nonparametric method
(Delong et al. 1988). Biomarkers accuracy to predict
bacteremia was calculated for the total population.

All tests were two sided. p Values <0.05 were
statistically significance. All statistical analyses were
performed using SAS software V9.1 (SAS Institute, Cary,
NC, USA).

Results

Study population

Among 781 patients included in the main study, 392 (50%)
had available data for blood cultures and MR-proANP
measurements (Figure 1). Median age was 55 (40-60)
years, 221 (56.7%) were men and 75 (19.1%) had chronic
heart failure (CHF).

Blood cultures were positive in 38 (9.7%) patients.
Streptococcus pneumoniae was the main pathogen
(n=16, 42.1%). Characteristics at presentation did not
significantly depend on bacteremia. Most patients had
mild CAP, as 77 (19.6%) accounted for PSI IV-V and
82 (20.9%) for CURB-65>3. Bacteremia did not alter
distribution among severity classes but was significantly
associated with a decision of admission (p<0.01). All
patients survived at 30 days.

MR-proANP measurements and results of

blood cultures

MR-proANP levels were 92.8 pmol/l (IQR 76.2-165.4) in
bacteremic patients and 84.3 pmol/l (IQR 54.5-130.4)
in nonbacteremic patients, merely reaching statisti-
cal significance (p=0.04). PCT concentrations signi-
ficantly increased in CAP patients with bacteremia
(3.1 vs. 0.4ng/l, p<0.01). This was not observed with
CRP (200.9 vs. 135.1 mg/1, p=0.08; Table 1).

Accuracy of MR-proANP to predict bacteremia and
comparison with PCT and CRP

MR-proANP poorly detected bacteremia (AUC 0.60
[95% CI 0.51-0.69]), preventing determination of accu-
racy thresholds. CRP did not differ from MR-proANP
to detect bacteremia (AUC 0.59 [95% CI 0.46-0.71],
p=0.87). Accuracy was better for PCT (AUC 0.69 [95%
CI 0.59-0.80]) than MR-proANP and CRP (p<0.001).

MR-proANP in CAP patients according to the presence
of chronic heart failure

Bacteremia was recorded in 7/75 patients with CHF and
31/317 without CHFE. AUC of MR-proANP to detect CHF
was 0.83 [95% CI 0.78-0.89]. In nonbacteremic patients,
MR-proANP levels were more elevated in patients with
CHF (167.5 vs. 74.5 pmol/l, p<0.01).

In patients without CHE MR-proANP levels did not
depend on bacteremia (87.1 vs 74.5 pmol/l, p=0.05;
Table 1). Accuracy to detect bacteremia was poor for
MR-proANP (AUC 0.61 [95% CI 0.51-0.71]) and CRP
(AUC 0.62 [95% CI 0.49-0.75]). PCT better predicted
bacteremia (AUC 0.69 [95% CI 0.58-0.80]). None of the
biomarkers was significant in patients with CHF because
of the sample size.

Discussion

In this study, MR-proANP accuracy for bacteremia
was weak, comparable to CRP and worse than PCT,
precluding its use at bedside for this purpose.
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Bacterial load may contribute to severity of infectious
diseases, and biomarkers can be surrogate for microor-
ganism inoculums (van Langevelde et al. 2000, Lisboa
et al. 2008). This hypothesis was suggested for PCT that
associates to bacteremia (Miiller et al. 2010, Guinard-
Barbier et al. 2011). PCT levels increase with severity
classes in CAP (Kriiger et al. 2008) and, therefore, may
reflect severity associated to bacteremia. However, per-
formance of PCT to predict requirement of admission is
too weak to be translated in daily practice (Huang et al.
2008, Claessens et al. 2010).

MR-proANP adds information about severity in sep-
tic patients as it accurately matches severity groups and
better predicts mortality (AUC=0.88 [95% CI 0.77-0.95])
than other parameters including PCT (Morgenthaler
et al. 2005). In CAP patients, MR-proANP better corre-
lated with severity than did other variables, such as PCT

Assessed for eligibility (n=781)

Bacteremia and MR-proANP changes 639

or CRP. MR-proANP increased with PSI and CURB-65
classes, detected complications (Prat et al. 2007), and
predicted short- and long-term mortality (Masid et al.
2007, Kriiger et al. 2010). We observed that MR-proANP
increased in CAP inpatients (87.3 vs. 40.5 pmol/l) and
better predicted need for admission than did PCT and
CRP [4]. In the CAPNETZ study (Kriiger et al. 2010), a
threshold at 139.7 pmol/l discriminated CAP at low and
high risk (sensitivity 65.5%, specificity 73.7%). Therefore,
MR-proANP possibly represents a valuable marker of
severity and prognosis in CAP.

Impact of comorbidities is paramount to decide admis-
sion of CAP patients. Infection can impair renal and
heart function and elevation of MR-proANP levels asso-
ciated with acute heart failure (Maisel et al. 2010). Then
increase of MR-proANP in CAP may result from unsteady
underlying disorder, especially incipient CHE. Results

Included (n=661)

Excluded (n=120)

Unmet inclusion criteria (n=46)

. No community-acquired pneumonia (n=24)
. Severity criteria (n=11)

. Immunocompromised (n=5)

. Barriers to complete follow up (n=6)

Refused to participate (n=74)

Included and complete data (n=392)
. Negative blood culture (n=354)

. Positive blood culture (n=38)

Incomplete data (n=269)

. Missing biomarkers (n=29)
. Missing blood cultures (n=239)
. Missing clinical data (n=1)

Figure 1. Chart flow of the study population of CAP patients with available blood culture.

Table 1. Concentrations of MR-proANP, PCT and CRP in CAP patients according to results of blood cultures and underlying chronic

heart failure.

Blood Cultures MR-proANP (pmol/1) PCT (ng/1) CRP (mg/1)

Total Population Negative (N=354)  84.3 (54.5-130.4) p=0.04 0.4 (0.1-1.8) p<0.01 135.1 (67-233.7) p=0.08
Positive (N=38)  92.8 (76.2-165.4) 3.1(0.4-12.3) 200.9 (26.3-401.1)

Without CHF Negative (N=286) 74.5(50.5-109.0) p=0.05 0.3(0.1-1.19) p<0.01 139.2 (67.0-237.3) p=0.03
Positive (N=31) 87.1(65.9-146.3) 2.3(0.4-13.3) 202.9 (69.0-414.4)

With CHF Negative (N=68) 167.5(1161-263.3) p=0.15 0.5(0.2-1.7) p=0.07 114.9 (58.7-205.0) p=0.57
Positive (N=7) 217.6 (167.7-442.2) 5.8 (0.4-12.3) 26.3 (22.3-255.6)

Total (N=392) 86.0 (55.5-140.1) 0.5(0.1-2.3) 143 (65.4-243.3)

Results are presented as median (IQR 25-75). p value below 0.05 was statistically significant.

CHEF: chronic heart failure.

© 2011 Informa UK, Ltd.
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from the CAPNETZ study suggested that MR-proANP
predicted severity of CAP independently to the pres-
ence of underlying CHF (Kriiger et al. 2010). To note,
we were unable to study influence of kidney function on
MR-proANP levels as few patients experienced severe
kidney failure.

LPS promotes in vitro secretion of MR-proANP
in macrophages and induces a transient increase in
MR-proANP in healthy volunteers (de Kruif et al. 2008).
MR-proANPvaluesincrease in CAP patients with positive
blood cultures (253 pmol/l vs. 130 pmol/l; Miiller et al.
2006). These results suggest that changes in MR-proANP
may be related to bacteremia in CAP patients. In our
study, MR-proANP was higher in bacteremic patients,
but differences were statistically low and its poor
accuracy to predict bacteremia cannot be converted in
clinical practice.

Prognosis signification of bacteremia has been ques-
tioned in CAP patients. Bacteremia more frequently
occurs in severe CAP and has been associated to mortal-
ity (Brown & Lerner 1998). However, approximately half
bacteremic CAP patients have mild disease, whereas it
may associate with other severity criteria (Lisboa et al.
2009). Bacteremia does not alter clinical improvement,
length of stay and mortality (Marrie et al. 2003, Bordén
et al. 2008) that mainly depend on initial clinical presen-
tation and underlying diseases (Bordon et al. 2008).

We observed that MR-proANP increases in mild CAP
patients with bacteremia, but this elevation was poorly
significant. MR-proANP was a prognosis marker for
admission that obviously did not predominantly rely
on bacteremia. Consequently, MR-proANP elevation in
mild CAP could more depend on heart failure, systemic
response and adverse events than bacteremia.

Limits

We acknowledge that our results should be interpreted
with caution. This is a retrospective analysis of a prospec-
tive study. Population was not sized to specifically address
association between markers and bacteremia. In addition,
blood culture was not specifically requested for our study
and was left at the discretion of the physician. Therefore,
only half patients had blood culture. However, no differ-
ences were detected between patients who had blood
cultures and those who did not. Patients enrolled were
mainly mild CAP, and results could not be extrapolated
to severely ill patients. Finally, we did not assess activity of
neutral endopeptidase (NEP). This enzyme is responsible
for MR-proADM cleavage, and its activity decreases in
more severe infections (Maeshiro et al. 2008). However,
more severe patients were excluded from the study popu-
lation, precluding limited changes in NEP activity.

Conclusion

Here we observed that MR-proANP levels merely
increased in bacteremic CAP patients and did not

accurately predict bacteremia. This suggested that prog-
nosis value of MR-proANP mainly depends on the host
response to the pathogen and significant underlying dis-
orders rather than bacteremia in CAP patients.
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