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SUMMARY

Lung infections cause a greater burden than any other infectious disease, because of
its prevalence and high morbidity and mortality rates. Specifically upper respiratory
tract infections are frequently of viral etiology and mild, while lower respiratory tract
infections (LRTI) are more related to bacterial etiology and tend to be more severe.
Among clinical syndromes frequently associated to hospitalization and morbimortality in
adult patients, community acquired pneumonia (CAP) and exacerbations of chronic

obstructive pulmonary disease (COPD) play an important role.

In CAP management, an early diagnosis and severity assesment are of major
importance, because both together guide therapeutical decisions about appropriate
treatment, as well as need of hospital admission. Several score risk have been
described and validated, but most of them do not estimate the degree of disease
severity, but the risk of death that is greatly influenced by age and the presence of
coexisting illnesses. These scores are useful tools for assessing mortality risk and
need of hospitalization at admission but are not able to predict prognosis once
treatment has been initiated, either can assess the need of interventions or therapy
changes. On the other hand, in some cases it is difficult to distinguish CAP from other
clinical entities such as exacerbation of COPD or bronchial infection because clinical
signs are unspecific and X-ray may be already pathological, especially in the elderly

and in patients with chronic respiratory diseases.

Regarding COPD, it is the respiratory disease of higher prevalence and socioeconomic
impact, representing in our setting the fourth cause of death. COPD has a chronic and
progressive course, alternating clinical stability periods and acute exacerbation
episodes. Exacerbation diagnosis is mainly clinical, and is based on the presence of
specific symptoms, such as dyspnea, sputum volume and sputum purulence. Although
microbiological sputum studies with Gram staining and bacteriological culture are
especially indicated for patients with severe COPD or patients that have suffered
earlier treatment failures, the isolation of potential pathogens in sputum samples during
exacerbations, presents controversy, being the possible contamination with

oropharyngeal flora, one of the aspects more discussed.

Exacerbations are important episodes for the natural history of COPD, affecting its

progression and prognosis. Several clinical characteristics have been widely accepted
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as prognostic factors of exacerbation morbidity and mortality. But, in spite of its
epidemiological interest, the predictive value of these clinical parameters differs

between studies and most of them do not allow an individual risk assessment.

In the last years, several biomarkers have emerged as tools for the management of
infectious diseases. A biomarker is defined as a characteristic that is objectively
measured and evaluated as an indicator of normal biological processes, pathogenic
processes or pharmacologic responses to therapeutic intervention. Systemic
biomarkers such as C-reactive protein (CRP), neopterin and more recently some
hormonal and peptide precursors with metabolic and cardiovascular functions have
been evaluated for the diagnosis and prognosis assessment of certain infectious
diseases, being complementary to clinical and microbiological parameters. Among this
last group of biomarkers, it is worth pointing out procalcitonin (PCT), mid regional pro-
atrial natriuretic peptide (MR-proANP) and mid regional pro-adrenomedullin (MR-
proADM), which are precursors of molecules with different biological functions. PCT is
the precursor of calcitonin, and its levels have been related to bacterial systemic
infections. MR-proANP is a fragment of atrial natriuretic peptide precursor that is a
marker of cardiovascular dysfunction. And finally MR-proADM is the precursor of
adrenomedullin and has vasodilating, antibacterial, immune modulating and metabolic

functions.

In order to detect and quantify biomarkers of interest in biological fluids, different
immunoassays based on the reaction antigen-antibody have been developed. These
assays have to be easy to perform, robust and limits of detection, as well as sensitivity
and specificity values have to be in accordance with the clinical syndrome considered.
In the specific case of PCT a new immunochromatographic assay more sensitive, that
has to enable an easy and faster detection of PCT in whole blood is being developed.
This fact has special importance, because during respiratory infections, PCT levels
although being elevated, they remain in a narrower range of concentrations in

comparison to levels observed during bacterial systemic infections.

To have at one’s disposal biomarkers easy to detect in serum and plasma that would
guide the identification of the possible etiology, and somehow reflect the host response
to an infection, would allow a more judicious antibiotic use and a closer treatment
monitoring. The successful use of new immunomodulatory therapies aimed to
modulate the dysregulated inflammatory response also depends on a thorough

understanding of the mediators. The response to anti-inflammatory therapies may differ
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depending on the etiology, but also on the host factors. Since no gold standard exists
for determining both the etiology and the immune status, demonstrable abnormalities in
immunological or biochemical pathways may permit to detect organ dysfunction at
earlier stages, before it becomes irreversible. In addition, given that biomarkers are
mediators of physiological processes, its levels could also be used as prognostic

factors.

The main objectives of this Thesis are to assess the usefulness of systemic biomarkers
in the management of CAP and COPD exacerbation. Specifically to determine whether
biomarkers correlate with the etiology and severity of these conditions. And secondly to
study the importance of immunoassays characteristics for an optimal biomarkers use. It
is important to identify those patients with symptoms of LRTI that are more likely to
have a systemic bacterial infection, because treatment options and need of

hospitalization might be different.

In our experience we found that PCT and MR-proADM levels were significantly higher
in patients with a final diagnosis of pneumonia in comparison to patients undergoing a
COPD exacerbation or a bronchial infection. In fact, these two biomarkers also showed
significantly higher levels in cases of definite bacterial diagnosis in comparison to
probable bacterial or unknown origin cases. These results show enough evidence to
state that during pneumonia PCT and MR-proADM have a close relationship with
bacterial etiology. Regarding microorganism implicated, PCT levels are also
significantly increased in pneumococcal pneumonia in comparison to the other
etiologies. When considering COPD patients exacerbated, the identification of etiology
by means of systemic biomarkers is more difficult, although Anthonisen criteria and the
presence of specific symptoms can suggest bacterial origin. However, the main
inconvenient is the abscence of a microbiological gold standard and the possible
colonization of patient’s tracheobronquial tree that limits sputum culture value.
Interestingly, we found that neopterin levels were significantly lower in exacerbations
with isolation of pathogenic bacteria in comparison to exacerbations with normal flora
or negative culture result, suggesting that maybe the latter ones were of viral origin, in
comparison to PCT and CRP that did not show significant differences. The
identification of pneumonia or exacerbation etiology by means of MR-proANP is not
clinically reliable. In fact, MR-proANP is involved in physiopatological process, so

elevated levels might reflect dysfunction rather than etiology.
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In patients with pneumonia, it is essential to assess the degree of severity, in order to
guide treatment and site of care decisions. For that, several scoring systems are
available. The most commonly used risk scores are the Pneumonia Severity Index
(PSI) and CURB-65. Both scores are accurate and validated predictors of mortality risk.
In our experience, levels of PCT, MR-proANP and MR-proADM correlated significantly
with PSI, with higher levels in high risk classes in comparison to patients classified as
low risk. However, as PCT levels are increased in pneumococcal pneumonia, specially
when bacteremic, if used as a prognostic marker it can have some limitations since it is
influenced by etiology. In case of MR-proANP and MR-proADM, its levels also
increased with CURB-65 score. An important finding regarding MR-proANP is that,
although its levels are increased in the presence of cardiac coexisting illnesses, this
fact did not interfere with the association of MR-proANP with PSI. MR-proANP, MR-
proADM and PCT levels are significantly higher in patients developping pneumonia
related complications, including admission to ICU and dying. In the last years, new
rules have also been developed such as severe CAP (SCAP) score and SMART-COP.
In our experience, we found that levels of PCT, neopterin, MR-proANP and MR-
proADM were higher in patients with SCAP criteria, and in patients classified as high
risk in comparison to low risk. Regarding SMART-COP, only neopterin levels showed
higher levels in patients classified as high risk of intensive respiratory or vasopressor
support (IRVS). SMRT-CO is the modified version of SMART-COP, and for that index
PCT, CRP and MR-proADM showed increased levels in patients with high risk of

needing IRVS in comparison to low risk.

These severity scores are not designed to be re-assesed during clinical evolution, so
they cannot identify patients with higher risk of treatment failure neither can assess the
need of further interventions. It is in this context that serial measurement of systemic
biomarkers appear like an alternative. Our results have shown that serial
measurements of PCT and MR-proANP might be useful for the management of
patients with pneumonia. In fact, for MR-proANP values remained significantly higher
along time in patients developing complications, and in patients classified as high PSI
and CURB-65. For patients with no complications, a significant decrease of PCT from

day 1 to day 3 was observed.

COPD has been described as a disease with important systemic manifestations, such
as an increase of sytemic biomarkers in peripheral blood. Exacerbation episodes are
events that influence the disease prognosis. Severity assessment is based on clinical

parameters, that can be complemented with the use of systemic biomarkers. The main
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findings of our studies is that PCT, CRP and MR-proANP levels decrease one month
after an exacerbation, and that all biomarkers showed higher levels in exacerbated
patients dying in the first month of the exacerbation, decreasing as long as the moment

of death occurred later on.

In order to detect biomarkers in biological samples, such as plasma and serum, quick,
sensitive, and easy to use immunoassays are necessary. Specifically in the field of
respiratory infections, PCT levels are in a lower range in comparison to levels reached
during sepsis. Recently a new quantitative immunochromatographic point of care test
apt for both family physicians and hospital specialists is being developed for the

detection of PCT in whole blood, with promising results.

In summary, biomarkers can be a useful and a complementary tool together with
clinical and microbiological parameters for the management of patients with pneumonia
and COPD exacerbations. For their optimal use, it is important to take into account
biomarkers limitations, such as influence of comorbidities or previous treatment. In the
future, to have at one’s disposal a panel of biomarkers, ones reflecting etiology and
others being more related to severity might be useful for the management of LRTI, as
well as for the assessment of immunomodulating therapies. Punctual and serial
measurements complement clinical assessment, and they allow the monitoring of
clinical evolution. From a technical point of view, automated assays are sensitive
enough. However, a quicker test easier to implement would be also an interesting

alternative.
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1. INTRODUCCIO

1.1. Importancia i caracteristiques generals de les infeccions respiratories

Tot i 'increment progressiu, durant la segona meitat del segle passat, de I'is massiu
d’antibiotics i I'aparicié d’antimicrobians cada cop més potents i eficagos, les malalties
infeccioses encara representen un dels majors reptes de la Salut Publica a nivell
mundial. Segons la Organitzacié6 Mundial de la Salut, les malalties infeccioses del
tracte respiratori sdn responsables d’aproximadament un 7% del total de morts anuals
(4,2 milions) [1].

L’aparell respiratori és una de les principals vies per la qual els agents patogens
penetren a l'organisme [2]. De fet, s’ha calculat que diariament arriben als pulmons
més de 10.000 microorganismes viables. A més, la mucosa nasofaringia esta
colonitzada per una gran quantitat i varietat de microorganismes que poden ser
aspirats cap a les vies aéries baixes; encara que la disseminacié des d’altres territoris
organics o la inhalacié de microorganismes exogens també pot donar lloc a una

infeccié pulmonar.

Les infeccions de vies respiratories son, junt amb les gastroenteritis, les infeccions
més freqlients a I’'home. Es distingeixen les infeccions de vies respiratories altes, que
engloben fonamentalment rinitis, sinusitis, otitis i traqueitis, i les infeccions de vies
respiratories baixes, que inclouen les bronquiolitis en els nens i les traqueobronquitis
agudes en els adults, les exacerbacions de la malaltia pulmonar obstructiva cronica
(MPOC), aixi com les infeccions del parénquima pulmonar, que inclouen les

pneumonies i les seves complicacions a empiema i absceés pulmonar.

Les infeccions del tracte respiratori superior sén més freqients, i en absencia de
malalties de base solen cursar de forma benigna. Tot i aixi, sén responsables d’una
enorme quantitat de dies d’absentisme escolar i laboral, que es tradueix en pérdues
econdmiques per a la comunitat. A més a més, aquestes infeccions sén causa d’'una
utilitzacio inapropiada i excessiva d’antibidtics. El diagnostic etioldgic de les infeccions
del tracte respiratori superior es realitza en escasses ocasions i, en general, el seu
tractament s’instaura de forma empirica. L'eleccié del tractament es basa en el
tractament simptomatic i en aquells casos en que és procedent, en la cobertura dels

agents etiologics més probables i en el seu patré de sensibilitat als antibiotics.
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En aquesta Tesi ens centrarem en les infeccions respiratories de vies baixes en adults,
concretament la pneumonia adquirida a la comunitat (PAC), i les exacerbacions de la
MPOC.

1.2. Freqiiéncia i severitat de les infeccions del tracte respiratori inferior

Les infeccions del tracte respiratori inferior sén de les més freqiients en el conjunt de
les infeccions, tant entre les adquirides a la comunitat com a I'ambit nosocomial.
Diferents estudis i aproximacions a nivell europeu indiquen que la incidencia anual de
la PAC oscila entre els 5-11 casos/ 1000 habitants/ any [3,4]. El percentatge de
pacients amb PAC que ingressen és molt variable i oscila entre 1.1 i 4 per cada 1000
habitants [5]. Les pneumonies, en concret representen aproximadament un 15% de les
infeccions nosocomials i sén la primera causa d’infeccid en les unitats de cures
intensives (UCI) amb una mortalitat associada a aquests casos de fins al 50% [5,6].
Per aquells pacients ambulatoris i hospitalitzats, la mortalitat es troba entre 1-5% i un
5.7-15% respectivament [5]. La PAC representa una de les deu causes principals de
mort a tot el mén i és la primera causa de mortalitat entre les malalties infeccioses,

particularment en individus de més de 65 anys [1].

Tot i els avencgos en el desenvolupament de vacunes i I'aparicié de nous antibiotics, la
incidencia de la pneumonia continua augmentant com a conseqliéncia del progressiu
envelliment de la poblacié, I'is massiu de técniques instrumentals invasives
(principalment intubacié traqueal) i de I'increment del nimero de malalts amb déficits
immunologics. A Europa, diversos estudis poblacionals han documentat una
frequéncia entre 1.2 i 11.6 casos per 1000 habitants/ any [3,4]. Aquestes
circumstancies han determinat canvis substancials en I'espectre de les pneumonies
tant en el que fa referencia a I'hoste, com als patdgens implicats i a les opcions

terapéutiques.

1.3. Mecanismes de defensa del tracte respiratori

En els pulmons sans, el torrent sanguini dels capil-lars pulmonars esta separat de
I'espai alveolar per una superficie de menys d’1 nandometre. Constitueix la interfase
més prima entre la sang i el medi extern, i és necessaria per al correcte intercanvi

gasos. Donades les caracteristiques biofisiques d’aquests capil-lars, en ells s'hi
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produeix un atrapament de macrofags i neutrofils que fan que la seva concentracié en

aquesta zona sigui 50 vegades major que en la resta de torrent circulatori [7].

L’'aparell respiratori disposa d’'un complex i eficient sistema defensiu que permet
mantenir les vies respiratories aséptiques. La primera linea de defensa dels pulmons
és el sistema immunitari innat, que inclou defenses estructurals, molécules
antimicrobianes, macrofags alveolars, neutrofils, cél-lules dendritiques i céllules

natural Killer (Figura 1).

Figura 1. Esquema general dels mecanismes de defensa de la immunitat innata al tracte

respiratori. De: Sethi et al. Infection in the pathogenesis and course of chronic obstructive
pulmonary disease. N Engl J Med 2008; 359: 2355-2365.
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Si la resposta innata no és eficag a I'hora d’eliminar els patdgens, la resposta
adaptativa esdevé I'encarregada de continuar amb el control de la infecci6é. Aquesta
resposta adaptativa és més lenta donat que necessita del processament previ
d’antigens i la seva posterior presentacié a les cél-lules immunitaries especifiques.
També es caracteritza per la diferenciacié de cél-lules B en cel-lules plasmatiques

secretores d’anticossos.

Els pulmons disposen d’uns sofisticats mecanismes de defensa que es poden
classificar en: estructurals, mecanics, secretors, humorals i cel-lulars [8,9]. L’alteracié o
disfuncié de qualsevol d’aquests mecanismes o l'arribada al teixit pulmonar d’un
microorganisme particularment virulent poden ser factors determinants per al posterior

desenvolupament d’'una infeccié pulmonar.

Els esdeveniments que tenen lloc per a leliminacié dels microorganismes es
resumeixen a continuacié. Un cop els microorganismes han estat inhalats o aspirats a
través de les vies superiors, aquests son conduits pel flux aeri turbulent i poden
impactar sobre I'epiteli respiratori. En condicions normals, el sistema mucociliar
aconsegueix eliminar la major part dels microorganismes, i altres particules que puguin
penetrar pel tracte respiratori. No obstant aixd, quan el sistema és defectiu o inefectiu,
els microorganismes poden adherir-se i arribar a la submucosa o, a través del teixit
limfoide, iniciar una resposta immune especifica. Si tot i el potent mecanisme de
defensa mucociliar, els microorganismes aconsegueixen arribar a I'espai alveolar, els
mecanismes de defensa de la immunitat innata del territori pulmonar (opsonines,
surfactant, immunoglobulines [Ig] G, complement i macrofags) comencen a actuar. Els
macrofags formen la primera linia defensiva; I'activitat microbicida dels oxidants,
enzims i de I'0xid nitric pot veure’'s incrementada per les citocines alliberades pels
limfocits T. Aquests limfocits poden produir i secretar factors quimiotactics (citocines i
eicosanoids) que conjuntament amb els productes derivats dels microorganismes
atrauen als leucocits polimorfonuclears (PMN). En comparacié amb els macroéfags,
aquests Ultims, tenen una major capacitat de resposta microbicida i degradativa. La
persisténcia de la infeccié condueix a una resposta immune exagerada que afavoreix

la destruccié del teixit pulmonar.

Paral-lelament al rapid desenvolupament d’aquesta resposta immune innata, també es
genera una resposta immune especifica deguda al contacte entre els patdgens i les
cél-lules presentadores d’antigen (CPA) situades al llarg de tot el tracte respiratori i

amb el teixit limfoide del territori bronquial. En el desenvolupament d’aquesta resposta
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immune, després del processament dels antigens per part de les CPAs i de la
transferéncia de la informacié a les cél-lules T, es generen anticossos especifics,

cél-lules T citotdxiques, aixi com cél-lules T memoria.

1.3.1. Defenses estructurals

Les defenses estructurals inclouen les barreres anatomiques, que prevenen de la
inhalacio de patdgens o de la invasio dels teixits per part dels patdogens [10]. Aquesta
primera defensa ve donada pel disseny i estructuracié de les vies aéries superiors. La
direcci6 del flux aeri a través del nas, fa que les particules més grans (>5 pm) impactin
a la mucosa nasal, evitant 'accés a les vies inferiors. Un altre component del sistema
de defensa és I'aclariment mucociliar. Es tracta d’'una capa de mucus que recobreix els
cilis de I'epiteli respiratori i s’encarrega d’atrapar els agents infecciosos, aixi com
particules estranyes. Aquest sistema es basa en atrapar i impulsar els agents nocius
inhalats des del nas (batre dels cilis cap a baix) o bé dels pulmons (batre dels cilis cap
a dalt) cap a la boca. La tos i els esternuts també col-laboren en I'eliminacié del
material dipositat. La disposicié anatdmica de les vies respiratories superiors afavoreix
el diposit de microorganismes sobre la barrera mucociliar, des d’on sén expulsats

mitjancant els esternuts o la deglucio.

El tracte respiratori consta, a part del sistema mucociliar, de barreres mecaniques com
la glotis que en tancar-se impedeix I'entrada de material aspirat, i del mecanisme de la
tos. A la orofaringe, existeix a més flora aerdbia i anaerdbia que inhibeix de forma
competitiva la preséncia d’altres patdogens, components humorals (IgG e IgA) i les

secrecions salivars, que contribueixen activament en la defensa de la infeccid.

1.3.2. Resposta immunitaria

L’arribada d’'un microorganisme a I'espai alveolar activa una resposta inflamatoria
complexa, en la qual intervenen diversos mecanismes de defensa que desencadenen
la sintesi i la secrecié de diferents mitjancers inflamatoris i proteines de fase aguda

com a mecanisme de defensa enfront la infeccio (Figura 2).
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Figura 2. Mecanismes de defensa de I'aparell respiratori. De: Tsai et al. Pulmonary defense
mechanisms against pneumonia and sepsis. Curr Opin Pulm Med 2008; 14:260-265.

1.3.2.1. Immunitat innata

La resposta inflamatdria que es produeix en les primeres etapes de la infeccio
pulmonar causa petites alteracions a nivell del teixit pulmonar, degut a I'activacio
parcial dels PMNs. Els fagocits es poden mantenir a nivells homeostatics o bé
desencadenar una resposta desproporcionada. Si I'indcul microbia és petit o de baixa
viruléncia, el macrofag alveolar pot eliminar els microorganismes sense reclutar PMNs
a l'espai aeri. Perd si linocul és major o d’especial viruléencia es requereix la
participacié dels PMNs. L’activacié completa d’aquestes cél-lules pot ocasionar una

destruccio més amplia del teixit pulmonar.

La resposta immunitaria innata es caracteritza per actuar enfront qualsevol agent
infeccids, sense dependre d'un contacte previ amb aquest, per la seva rapida induccio
0 bé preséncia constant, i per 'abséncia de memoria immunologica. No es tracta d’'una
resposta inespecifica, donat que és capa¢ de reconéixer un seguit de components
microbians mitjangant I'expressié de receptors codificats al genoma. Aquests
components son els anomenats patrons moleculars associats al patogen [PAMPs

(pathogen associated molecular patterns)]. S6n estructures conservades en I'evolucid i



I 33
Introduccio

presents Unicament en els microorganismes i no en el propi organisme. En destaquen
les molécules estructurals com el lipopolisacarid (LPS), el peptidoglica, la flagelina, els
lipopéptids, els manans, els glicans i el RNA viric. El sistema immunitari innat utilitza
gran varietat de receptors de patrons moleculars, que poden expressar-se a la
superficie cel-lular, en compartiments intracel-lulars o secretar-se al torrent circulatori o
altres fluids organics, de manera que només es necessita un nombre limitat de

receptors per reconéixer una gran varietat de microorganismes.

En un primer moment, aquesta arribada d’'un microorganisme o cos estrany a la via
respiratoria inferior, fa que els macrofags, neutrofils i céllules fagocitaries migrin fora
dels vasos sanguinis i se situin als espais alveolars. Un cop realitzada la fagocitosi,
gracies al reconeixement dels diferents receptors expressats a la superficie dels
microorganismes, aquestes cel-lules defensives eliminen els microorganismes a través
de diversos mecanismes i proteines: degradacié per part d’enzims degradatius, com
seria l'elastasa, la preséncia de péptids antimicrobians, com serien la lactoferrina i el
lisozim, i molecules reactives d’oxigen. A més, també s’inicia un complex procés que

implica la participacié de diversos mitjancers immunitaris (Figura 3).

Figura 3. Accio dels macrofags alevolars i dels neutrofils durant les infeccions pulmonars.
De: Mizgerd, J.P. Acute lower respiratory tract infection. N Engl J Med 2008; 358: 716-727.
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Una de les funcions principals d’aquests mitjancers és reclutar noves ceél-lules
fagocitiques, principalment neutrofils, macrofags, cél-lules B i T al lloc d’infeccié per tal
de confinar i limitar la infeccié. Aquests mitjancers es coneixen amb el nom de factors
quimiotactics, i es poden dividir en dos grans grups: les quimiocines i els anomenats
factors quimiotactics “classics” que inclouen els peptids formilats derivats de bacteris,
els fragments de complement C5a i C3a i molecules lipidigues com leucotrie B4 o

Platelet activating factor .

L’altre gran grup de mitjancers de la resposta inflamatoria correspon al de les
citocines. Es tracta de glucoproteines de baix pes molecular que actuen com a
transmissores d’informacio entre les cél-lules. La majoria son secretades per més d’un
tipus cel-lular, i la majoria de cél-lules productores secreten més d’un tipus de citocina.
El terme citocina fa referéncia al seu origen cel-lular sense especificar el tipus de
céllula productora. El terme interleucina s’aplicaria a aquelles molecules que
serveixen com a senyals de comunicacié entre diversos tipus de leucocits [11]. Les
citocines secretades i alliberades a nivell pulmonar serien la interleucina (IL)-1, IL-6, IL-
8, IL-12, el factor de necrosi tumoral (TNF)-a i els factors estimulants de colonies de
granulocits (G-CSF) o de macrofags (M-CSF).

Aquesta resposta inflamatdria és un procés complex, que implica I'expressid
coordinada d’un seguit de citocines amb activitat pro i anti-inflamatoria. L’equilibri que
s’estableix entre aquestes citocines té com a objectiu confinar la resposta a I'érgan on
s’ha originat, en aquest cas el pulmo, on les citocines i quimiocines tenen un efecte
autocri o paracri, pero si passen a la circulacié exerceixen un efecte endocri, donant

lloc a una resposta inflamatoria sistémica.

1.3.2.2. Immunitat adaptativa

La immunitat adquirida o adaptativa es genera en el cas que les defenses
anatomiques i la resposta innata sigui sobrepassada i fracassin en I'eliminacié de
'agent infecciés. Implica la participaci6 de mecanismes cel-lulars i humorals que
actuen especificament contra els agents infecciosos generant una memoria
immunitaria. Consisteix en I'expansio clonal de poblacions de cel-lules B i T, capaces

d’interaccionar especificament amb microorganismes concrets.
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El desenvolupament d’'una resposta immune especifica comporta el processament
d’antigens i la seva posterior presentacid a les cél-lules T especifiques per aquests
antigens, per part de les CPA, essent les cél-lules dendritiques les més eficients. El
primer pas és l'activacié dels limfocits T als teixits limfatics; les CPA processen els
antigens i els presenten units a la molecula del complexe major d’histocompatibilitat.
La interaccio entre la CPA i el limfocit T es fa a través del reconeixement per part dels
receptors del limfocit T, de I'antigen i la molécula HLA classe Il. Aleshores, els limfocits
T naive proliferen i esdevenen limfocits T activats que segregaran diverses citocines,
com linterferd. Aquestes citocines sén importants perqué promouran la diferenciacié
de ceéllules B en céllules plasmatiques secretores d’anticossos. La immunitat
adquirida esta doncs constituida basicament pels anticossos produits per les cél-lules

plasmatiques derivades dels limfocits B i pels limfocits T especifics.

1.4. Pneumonia

La infeccié del parénquima pulmonar o pneumonia és una inflamacié aguda del teixit
distal dels bronquis terminals, produida per un agent infecciés i que condiciona
exsudacio i condensacio de I'espai aeri, pel que sol tenir una traduccié radiologica.
S’exclouen doncs, d’aquesta definicié les infeccions croniques (tuberculosi i infeccions
fungiques en I'hostatger no immunodeprimit) i les inflamacions d’etiologia no infecciosa
[5,12,13]. Les complicacions més freqlients de les pneumoOnies sén I'empiema,
'abscés pulmonar i la bacteriémia, sent important descartar-les donades les seves
implicacions terapéutiques particulars. D’altra banda, és inhabitual el desenvolupament
de focus séptics a distancia. La insuficiéncia respiratoria i el xoc sén les principals

causes de decés dels pacients amb pneumonia.

La pneumonia esta considerada, en les seves diverses formes de presentacid, com
una de les infeccions més freqlents. En determinats pacients té una gravetat
considerable i s’associa a una important mortalitat. Ambdues raons justifiquen l'interés
d’aquesta sindrome infecciosa en tots els ambits de la practica clinica. La incidéncia,
forma de presentacio clinica, etiologia, pronostic, actituds diagnostiques i tractament
de les pneumonies poden variar en relacié amb el pacient considerat. Aixi, diferents
microorganismes (virus, bacteris, fongs i parasits) poden produir pneumonies amb
quadres clinics molt similars i, al mateix temps, un determinat microorganisme pot

donar lloc a quadres clinics molt diferents.
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Segons les condicions de I'hostatger, la pneumonia es pot deure virtualment a
qualsevol tipus d’agent etioldgic. Per aquesta rad, I'antic interés de classificar aquests
processos en relacio a la seva etiologia s’ha modificat considerablement en els darrers
anys i es tendeix actualment, com veurem més endavant, a fer una classificacié6 més

funcional basada en les caracteristiques de la poblacié sobre la qual incideixen.

1.4.1. Classificacio de les pneumonies

Tradicionalment les pneumonies s’han classificat en funcié del seu origen, ja sigui
comunitari o hospitalari, també anomenat nosocomial, sent aquesta classificacié util
per a la posterior presa de decisions diagnostiques i terapeutiques. Malgrat aixo, cada
cop s6n més freqlients les situacions en que els pacients de forma ambulatoria i

extrahospitalaria tenen un contacte estret amb els centres sociosanitaris [14].

1.4.1.1. Health Care Associated Pneumonia (HCAP)

Dins d’aquest grup de pacients destacarien els ancians que viuen de forma temporal o
permanent en residéncies, pacients en hemodialisi, pacients que reben de forma
extrahospitalaria quimioterapia i pacients amb una hospitalitzacié prévia de més de 2

dies en els ultims 90 dies abans de la pneumonia [15].

La presentacio clinica de HCAP és freqlientment inusual ja que no segueix cap patré
classic [16]. Aix0 es deu a la preséncia de diversos factors condicionants, com serien
'edat avangada, la preséncia de desordres neurologics i la coexisténcia de multiples
comorbiditats croniques. En concret, els signes classics de pneumonia com serien la
tos, I'expectoracid, la disnea i el dolor pleuritic tenen una presentacié més lleu, i sén
menys frequents que en pacients joves. En canvi, les manifestacions extra- pulmonars
son meés frequents i predominen sobre els simptomes respiratoris. En concret, en
aquells pacients amb diverses malalties croniques coexistents (per exemple: MPOC,
insuficiéncia cardiaca, insuficiéncia renal), la presentacié clinica de la pneumonia pot
confondre’s amb una exacerbacié de la mateixa comorbilitat [17,18]. A més, la febre és
més inusual en pacients ancians donat que la capacitat termoreguladora per respondre
a pirogens externs es troba alterada. Una proporcié de pacients amb HCAP també

presenten desordres neurologics i cerebrovasculars que s’acompanyen d’alteracions
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en la degluci6 i els reflexes de la tos, fets que expliquen I'elevada incidéncia de

broncoaspiracio.

Els pacients amb HCAP procedents de residéncies presenten una predisposicié a
presentar colonitzacions del tracte respiratori superior per enterobacteris i
Staphylococcus aureus, incloent les soques resistents a meticil-lina, i aquest fet pot
dificultar la identificacié de I'agent etiologic responsable i la presa de decisions quant al
tractament antibiotic. També es poden observar brots d’'infeccions respiratories pel
virus respiratori sincitial o tuberculosi. Freqientment, HCAP es presenta amb una pitjor
evolucio, estada hospitalaria més llarga, i una taxa de mortalitat similar a la observada

en aquelles pneumonies d’origen nosocomial [19].

L’enfocament terapéutic de la pneumonia en aquests pacients haura de ser actiu
envers aquests microorganismes, a més de la flora endogena primaria associada a les
pneumonies comunitaries. Es donara preferéncia als antibidtics que es puguin
administrar per via oral i s’evitara, en el maxim possible el trasllat a un centre
hospitalari per la pobre adaptacié d’aquesta poblacié als canvis. En les formes greus,
les decisions de limitacions terapéutiques en front a mesures artificials de suport vital

dependran més de la qualitat de vida del pacient que de I'edat.

1.4.1.2. Pneumonia d’origen nosocomial

1.4.1.2.1. Pneumonia no associada a ventilacié mecanica

Es defineix com a pneumodnia nosocomial, aquella que es presenta a partir de les 48-
72 hores de l'ingrés hospitalari i que no estava present o en periode d’'incubacié durant

el moment de I'ingrés [15].

La majoria de les pneumonies nosocomials en pacients no intubats estan causades
per bacteris, i estan associades a taxes elevades de morbilitat i mortalitat. La causa
més freqlient és Streptococcus pneumoniae. Donat que sovint s’associa a
broncoaspiracié, també destacarien les enterobactéries i els anaerobis. En qualsevol
cas, la distribucio etioldgica és especifica de cada hospital, depenent del tipus de
pacients ingressats i de les caracteristiques epidemiologiques del mateix. El

tractament antibiotic de la pneumodnia nosocomial s’ha d’adaptar al patré epidemioldgic
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recent de cada hospital, ja que la sensibilitat als antibiotics presenta un patré variable

en el temps.

1.4.1.2.2. Pneumonia associada a ventilacié6 mecanica

La preséncia d’'una via aéria artificial és el principal factor de risc en les pneumonies
nosocomials, per aixd la major incidéncia es déna en els Serveis de Medicina
Intensiva, on representa la primera causa d’infeccié nosocomial [15,20]. En pacients
ventilats, s’observa una freqiieéncia a desenvolupar pneumonia molt superior a la
observada per la resta de pacients. El risc d’adquirir una pneumonia en pacients
ventilats, s'incrementa entre 6 i 21 vegades respecte als no ventilats i augmenta entre

I'1% i el 3% per cada dia de ventilacié mecanica [21].

En els pacients intubats, els bacteris poden invadir les vies del tracte respiratori inferior
per diferents vies: microaspiracions de I'exsudat orofaringi, inhalacions d’aerosols que
contenen bacteris, i menys freqientment per disseminacié hematdogena d'un focus
infeccids distant als pulmons [21]. En aquest grup de pacients, les defenses de les vies
altes estan abolides (glotis, reflex de la tos, mecanisme mucaociliar), i els macrofags

alveolars seran els encarregats d’organitzar la resposta inflamatoria.

La via d’infeccio més freqiient és endogena i té lloc a través de la superficie externa
del tub traqueal. S’han descrit diversos reservoris enddgens, que poden actuar com a
font de patogens pulmonars: orofaringe, traquea, cavitat gastrica i sinus paranasals. La
colonitzacio de la orofaringe i traquea per bacils Gram negatius nosocomials esta ben
documentada i s’han descrit diferents factors que expliquen la major adheréncia
d'aquests patdogens a les cél-lules epitelials de I'hostatger en situacions de major
severitat, malnutricié o estats post-operatoris. Una altra via d’infeccié és I'exdgena i
consisteix en una colonitzacio directa de les vies respiratories baixes, per l'interior de
la llum del tub traqueal, des d’'un medi exterior al pacient, a partir de reservoris externs
(respiradors, aerosols), manipulacions (aspiracié de secrecions) i técniques invasives.
Aquesta via ha disminuit la seva importancia en les darreres décades, gracies a un
millor Us dels procediments d’esterilitzacié i desinfeccié dels aparells emprats i a una
millor aplicacio de les técniques emprades per a les cures de la via aéria. Finalment,
també s’ha descrit el fenomen de translocacié bacteriana, com a possible via de
colonitzaci6. En aquest cas, els patdogens travessarien la mucosa intestinal

(mecanisme facilitat per processos tals com I'isquémia i els traumatismes) i donarien
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lloc a un procés de bacteriemia, amb possible arribada dels microorganismes als
pulmons. Aquesta via s’ha proposat principalment per a pacients immunodeprimits,
oncologics i grans cremats, encara que no existeixen prous estudis per poder-la

demostrar.

Els microorganismes implicats depenen de la durada de la intubacié, de I'existéncia de
patologies subjacents (coma, MPOC entre d’altres), de I'is previ d’antibiotics i de la
situacié epidemiologica de cada hospital. Els episodis que es presenten durant els
primers dies d’intubacié son deguts a la flora enddgena primaria, principalment
S.aureus sensible a la meticil-lina, pneumococ i Haemophilus influenzae no tipable. A
partir de la primera setmana d’intubacié, predominen els episodis causats per
Pseudomonas aeruginosa, seguits dels enterobacteris [22]. En aquells pacients
portadors d’'una malaltia pulmonar prévia o que hagin pres antibiotics d’ampli espectre
aquests microorganismes es poden observar durant els primers dies. Depenent de la
situacié epidemiologica de [I'hospital s’ha de considerar també la preséncia
d’Acinetobacter baumanii o de S. aureus resistent a la meticil-lina, responsables
d'importants brots epidémics associats amb una elevada mortalitat. En la majoria de
séries, P. aeruginosa, S. aureus i A. baumanii intercanvien I'ordre, sempre entre les
tres primeres posicions [23]. La pneumodnia del ventilat presenta la dificultat de
diagnostic diferencial amb altres entitats com el distress respiratori, el

tromboembolisme pulmonar o la traqueobronquitis, amb tractaments diferents.

1.4.2. Pneumonia adquirida a la comunitat

1.4.2.1. Epidemiologia

Els estudis poblacionals prospectius situen una incidéncia anual de PAC entre el 5 i
I'11% de la poblacié adulta [3]. Es ben conegut que la malaltia és més freqiient en el
sexe masculi, en les edats extremes de la vida, durant I'hivern i en preséncia de
diversos factors de risc, entre ells, consum d’alcohol i tabac, malnutricid, urémia o
MPOC [24,25]. En els diferents paisos, el nombre d’'ingressos per PAC oscil-la entre
1.2i 11.6 per 1.000 pacients. Entre d’altres, aquesta variabilitat podria estar en funcio
de les diferéncies en I'atencié dels pacients en els serveis d’atencié primaria o atencié
especialitzada. Tanmateix, el nimero d’ingressos augmenta amb I'edat (1.29 per 1.000

en pacients de 18 a 39 anys en front al 13.21 per 1.000 en aquells de més de 55) . Per
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altra banda, entre un 1.2 i un 10% de pacients hospitalitzats per PAC precisen ingrés

en un servei de medicina intensiva [5].

1.4.2.2. Patogeénia i etiologia

La variabilitat quant a tipus de resposta clinica a les PAC ve determinada per diversos
parametres, que es poden agrupar en: microorganisme (tipus, viruléncia, inocul),
hostatger (edat, sexe, preséncia de comorbilitat, polimorfismes geneétics) i tractament

antibiotic (inapropiat, retard).

1.4.2.2.1. Polimorfismes genétics

La capacitat que té un individu per respondre a una determinada infeccié és variable i
existeixen cada cop més evidéncies de que el risc de mort per infeccié es heretable
[26]. La frequencia de la pneumonia suggereix que la variant genética que esta
associada a infeccio és relativament frequient (un polimorfisme), més que una mutacio
rara. D’altra banda el risc genétic d’aquesta malaltia és indubtablement poligénic. El
nombre de loci polimorfics, que han estat estudiats com a possibles factors de risc per
desenvolupar infeccions pulmonars o sépsia és considerable, i no deixa d’augmentar.
Els gens més estudiats estan implicats en el reconeixement d’antigen, les vies
d’activacio de la inflamacio i la resposta pro-inflamatoria i anti-inflamatoria [27,28].
Aquests polimorfismes, en funcié del gens implicats es poden associar a una major

susceptibilitat o0 a una major severitat a patir una determinada infeccio.

1.4.2.2.2. Patogénia

Els microorganismes, de la propia flora endogena o de procedéncia exdogena, poden
arribar al parenquima pulmonar per diferents vies: 1) extensid directa a partir d’'un
focus infeccidés contigu, 2) propagacié hematdgena a partir d'un focus distant, 3)
penetracio a través de las vies aéries mitjancant la inhalacié d’aerosols contaminats o
4) per I'aspiracié de secrecions orofaringies. Els dos darrers mecanismes sén els més

freqUents.
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La preséncia i posterior inhalacié d’aerosols contaminats és la responsable de les
pneumodnies causades per microorganismes atipics, micobacteris, fongs i virus.
Aquests, son expulsats pels pacients mitjangant la tos o els esternuts. Els bacteris
“tipics”, amb dimensions entre 0.5-2 ym, no son transportats per aquest mecanisme, a

diferéncia dels microorganismes atipics que soén de 5 a 100 vegades més petits.

L’aspiracié de secrecions orofaringies és un fenomen molt freqient i la carrega
bacteriana és molt superior a la que s’estableix per inhalacié. Un 45% dels individus
sans, ho fan durant el son, especialment si és profund i en un 70% en cas de presentar
alteracions de consciéncia [29]. Tot i la frequéncia, la integritat dels sistemes defensius
permet controlar I'agressié. Quan aquests es debiliten, i/o quan per circumstancies que
condicionen una penetracié excessiva de microorganismes, es pot desencadenar una

pneumonia.

Les caracteristiques de les PAC han canviat al llarg dels anys, presentant una major
diversitat en la poblacié afectada, amb un augment de I'edat i del nombre de pacients
amb malalties de base (diabetis, MPOC, bronquiectasies) o immunodepressié (infeccio
per VIH, trasplantats). A més també ha canviat I'espectre dels microorganismes
potencialment implicats. A continuaci6 es detallen els principals agents bacterians més
frequents. Tot i aixd, cal tenir present que en aproximadament el 10% dels casos la
etiologia de la PAC pot ser mixta i que en gaire bé el 40% dels casos I'agent causal es

desconeix.

1.4.2.2.3. Etiologia

Les troballes etiologiques depenen de la poblacio i la zona geografica considerada, de
I'aparicié de possibles epidemies, de I'is de determinades técniques diagnostiques i
de la seva qualitat i sensibilitat, aixi com de I'administracié prévia o no d’antibiotics. En
la majoria d’estudis epidemiologics només és pot demostrar una etiologia especifica en
aproximadament un 50% dels casos, tot i el caracter prospectiu de la majoria d’estudis
i de I'tis extensiu de diversos métodes diagnostics. L'etiologia de les PAC és per tant
molt variable en les diferents séries publicades. Més dun centenar de
microorganismes poden causar una PAC, encara que només un nombre reduit esta
implicat en la majoria dels casos. En la Taula 1 es mostren les etiologies més
frequents en la PAC segons els grups de risc. En el nostre entorn, S. pneumoniae,

Legionella pneumophila i Chlamydophila pneumoniae serien els tres microorganismes
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implicats amb major frequéencia en les PAC dorigen bacteria. Mycoplasma

pneumoniae i els virus respiratoris incidirien especialment en nens i joves.

Taula 1. Descripcioé dels microoganismes més frequentment aillats en les PAC en funci6 de

'edat i la presencia de comorbilitats.

Edat <60 anys Edat >60 anys .
i sense malaltia de base i/o amb malaltia de base Infecci6 pel VIH
S. pneumoniae S. pneumoniae S. pneumoniae
M. pneumoniae C. pneumoniae H. influenzae
L. pneumophila L. pneumophila P. aeruginosa
C. pneumoniae H. influenzae Pneumocystis jirovecii
Chlamydophila psittaci Moraxella catarrhalis
Coxiella burnetti Enterobactéries
Virus S. aureus
Virus

1.4.2.3. Diagnostic clinic i radiologic

La simptomatologia de la PAC és inespecifica i el seu diagnodstic es basa en un conjunt
de signes i simptomes relacionats amb infeccid de vies respiratories baixes i afectacio
de l'estat general, incloent febre (>38°C), tos, expectoracio, dolor pleuritic, disnea o
taquipnea, i signes d’ocupacié de I'espai alveolar (crepitants, roncus, buf tubaric). En
ancians, és frequent 'abséncia de febre, I'aparicié de confusid i 'empitjorament de
malalties coexistents. Classicament és distingeix la pneumonia “tipica”, generalment
causada per S. pneumoniae, que es presenta amb febre, tos, expectoracié, dolor
pleuritic i crepitants a I'auscultacié, i la pneumonia “atipica” causada per Legionella,
Mycoplasma o Chlamydophila, que es presenta com a febre sense simptomes
respiratoris, de vegades auscultacié normal, i una dissociacio clinico-radiologica. En
general, si més no, no existeix cap signe clinic, o combinacié d’aquests, que permeti
identificar una determinada etiologia o diferenciar la PAC d’altres infeccions de vies

aeries baixes amb suficient fiabilitat.

La prova diagnostica més important és la radiologia toracica, perqué resulta essencial
per a confirmar la sospita diagnostica. La preséncia d’un infiltrat en la radiografia de
torax en un pacient amb manifestacions cliniques compatibles amb PAC és el gold
standard per al diagnostic d’aquesta malaltia. Donat que les manifestacions cliniques

de la PAC son inespecifiques, la radiografia de torax és indispensable per tal d’establir
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el seu diagnostic, localitzacio, extensio, possibles complicacions (empiema), existéncia
d’'altres malalties pulmonars associades, altres possibles diagnostics alternatius (per
exemple: neoplasia pulmo, tromboembolisme pulmonar) i també per confirmar la seva
evolucié cap a progressié o curacié. L’afectacio bilateral, o de dos o més Iobuls i
'existéncia d’empiema soén indicadors de gravetat. No existeixen signes radiologics
caracteristics que permetin determinar el microorganisme causal. La curacid clinica
precedeix a la resolucié radiologica i aquesta és més lenta en els pacients d’edat
avancgada. Es pot observar un empitjorament radiologic després de I'ingrés hospitalari,
essent aquest fet més freqlient en pacients amb infeccié per Legionella spp.,
pneumonia pneumococcica bacteriémica i en ancians. En pacients immunodeprimits,
la radiologia pot tenir un valor limitat, donat que en alguns malalts no s’observa

condensacio.

1.4.2.4. Diagnostic microbiologic

Un diagnostic microbiologic precog, rapid i fiable és essencial per tal d’instaurar un
tractament antimicrobia inicial adequat, indispensable per disminuir I'elevada taxa de
mortalitat de la PAC. Tot i aix0, amb l'aplicacié de les técniques diagnostiques
adequades, el diagnostic etiologic només s’obté al voltant del 50% dels casos [12]. A
més en un nombre variable de casos, I'etiologia de la PAC pot ser mixta [30]. Algunes
dades cliniques, epidemiologiques i radiologiques poden suggerir determinades
etiologies, perd no existeix cap patrd suficientment especific. D’aquesta manera, el
diagnostic etiologic és necessari en cas de gravetat o quan el seu coneixement pot
donar lloc a la modificacié en el maneig terapéutic, podent-lo obviar en formes més
lleus. Es a dir, quan més compromés esta un pacient, més ampli ha de ser I'estudi
microbiologic, i també quan existeixin factors de risc i epidemioldgics que suggereixin
etiologies infreqlients [12,31]. En cas de lenta resoluci6 o manca de resposta al
tractament, la reavaluacié sera més complexa si els estudis microbioldgics no s’han
realitzat a I'inici. Per altra banda, en el cas de la pneumonia per S.pneumoniae, I'agent
causal més frequent en totes les séries, la variacid geografica en el percentatge de
resisténcia, aixi com la possibilitat d’al-lergia als beta-lactamics, fa convenient
I'aillament en cultiu i estudi de sensibilitat. A més, des del punt de vista epidemiologic,
es necessaria la determinacio dels serotips més frequients en cada area per al disseny

de vacunes.
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El diagnodstic microbioldgic de les infeccions del tracte respiratori inferior, en general
presenta importants limitacions degut a la seva baixa rendibilitat i a la dificultat per
obtenir mostres respiratories de qualitat adequada, ja que la interpretacié del valor de
microorganismes aillats en mostres inadequades pot fins i tot induir a diagnostics i
tractaments erronis. En el cas de patogens que poden formar part de la flora
comensal, com S. pneumoniae, el diagnostic etiologic de seguretat requerira del seu
aillament en mostres no contaminades com sang, liquid pleural, teixit pulmonar o bé la
deteccié d’antigen en orina. En cas d'aillament i/o deteccié d’antigen en mostres
respiratories per técniques no invasives es considerara diagnostic etiologic de
probabilitat. Les noves eines de laboratori, com serien les técniques de deteccio
d’antigens bacterians o d’amplificacié d’acids nucleics permeten la detecci6 de I'agent
causal de forma més rapida i sensible, especialment per aquells patdgens dificils de

cultivar.

1.4.2.4.1. Tipus de mostres

Davant de cada situaci6 clinica i depenen de la major o menor gravetat de I'episodi, hi
ha diversos recursos técnics per obtenir mostres destinades al estudi microbioldgic. A
la Taula 2 es mostren el tipus de mostres disponibles, classificades en no invasives i

invasives.

Taula 2. Tipus de mostres disponibles per al diagnostic microbiologic

Mostres obtingudes mitjancant técniques no invasives

Sang (hemocultiu)

Liquid pleural

Esput espontani o induit

Sérum

Orina

Broncofibroscopia

Broncoaspirat

Cateter telescopat amb raspall protegit
Rentat broncoalveolar (RBA)

Biopsia transbronquial

Puncié transtoracica aspirativa amb agulla ultrafina

Biopsia pulmonar
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1.4.2.4.1.1. Hemocultiu

La practica dels hemocultius és necessaria per al diagnostic de la pneumonia greu. Els
objectius principals serien realitzar un diagnostic de seguretat de la pneumonia
pneumocodccica bacteriémica o de la pneumonia per H. influenzae aixi com per poder
realitzar els estudis de sensibilitat in vitro corresponents. L’hemocultiu es realitza
mitjangant venopuncié aseptica en dues extraccions diferents, cultivant-los en medi
aerobi i anaerobi. Donat que no és infrequient la lisi del pneumococ, en aquest cas és
més facilment aillable en condicions anaerobies, aixi com en els casos de pneumonia
aspirativa. Els hemocultius son positius en menys d’'un 20% dels casos [32] i la seva
utilitat es limitada en pacients immunocompetents [33]. S’ observa una incidéncia més
elevada en pacients amb infeccio per VIH, i pacients amb malalties croniques com en
ancians, motiu pel qual és especialment important la seva practica en aquests grups.
La PAC és la causa de la majoria de bacteriemies pneumocodcciques en poblacié
adulta. Els pacients amb pneumodnia severa tenen també major probabilitat d’estar
infectats, a més de per S. pneumoniae, per altres patdgens tals com S. aureus o bacils
Gram negatius. Els hemocultius també s’han de cursar en cas de fracas terapeutic o

progressio de la pneumonia, especialment en pacients amb factors de risc.

1.4.2.4.1.2. Liquid pleural

Quan existeix vessament pleural s’aconsella la toracocentesi i cultiu aerobi i anaerobi
del liquid obtingut, ja que el desenvolupament d’empiema és un dels principals factors
associats a mala evolucié [34]. S. pneumoniae és el microorganisme més
freqientment aillat, especialment quan la infeccid6 esta causada per determinats
serotips com I'1 [35], seguit de H. influenzae i bacteris pidgens com Streptococcus
pyogenes o S. aureus. També esta indicada la deteccié d’antigen a partir d’aquest
tipus de mostra, per exemple si el pacient ja porta tractament antibidtic, amb una
sensibilitat del voltant del 80% i especificitat superior al 90% [36], o fins i tot la deteccio

d’acids nucleics, amb valors similars [37].

1.4.2.41.3. Esput

L’esput és la mostra respiratdoria més freqientment obtinguda, perd també la més

problematica en la seva interpretacié: presenta una sensibilitat baixa degut a la pérdua
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de bacteris per retard en el processament, presencia d’agents etiologics dificils de
cultivar i, sobre tot, per la seva contaminaci6 amb flora orofaringia. A més, la
interpretacié després de l'inici del tractament antibidtic ha de ser molt cautelosa. Es
necessari establir mitjangant microscopia optica la qualitat de la mostra mitjangant
criteris cel-lulars, per tal de seleccionar com a esput de bona qualitat aquells amb
menys de 10 cellules epitelials i més de 25 leucocits/camp de 100x [38]. Quan la
qualitat de I'esput és adequada, i aquest és processat rapidament, la visualitzacié en la
tinci6 de Gram d’'una morfologia bacteriana predominant, per exemple de diplococs
Gram positius, suggereix un diagnostic probable de pneumonia pneumococcica.
L’aillament en cultiu d’esput es considera diagnostic de probabilitat ja que la
colonitzacié de la orofaringe per pneumococ és molt freqiient en infants menors de 2
anys i en pacients amb malalties pulmonars croniques, poblacié que presenta una
major predisposicié a desenvolupar una pneumonia [39,40]. Altres microorganismes
que es poden observar de forma predominant en la tincié de Gram, i es poden aillar en
cultiu sén H. influenzae i M. catarrhalis, donant lloc a un diagnostic també presumptiu,
donat que també sén microorganismes que poden colonitzar les vies respiratories,
especialment en aquells pacients amb malalties croniques. Per altra banda, I'aillament
de patdgens primaris com Legionella o M. tuberculosis es considera diagnostic de
seguretat, inclds en esputs de mala qualitat. L’'aillament de Legionella requereix de
medis especifics, és poc sensible i lent, perd segueix estant indicat quan sigui possible
donat que la deteccié d’antigen en orina permet identificar amb major sensibilitat el
serogrup 1 de L. pneumophila (tot i que fa reaccié creuada amb altres serogrups) i
sobretot per motius epidemiologics, pel que fa a tipatge de soques cliniques i
ambientals per la cerca de les fonts d'infeccié. El cultiu de M. pneumoniae i
Chlamydophila requereix de medis especials, és poc sensible, dificil i lent, pel que es
recomanen técniques alternatives. Les pneumonies per enterobacteris (com Klebsiella
pneumoniae, Escherichia coli) i per Pseudomonas i altres bacils Gram negatius no
fermentadors s6n més freqlientment nosocomials, perd poden ser causa de PAC en
determinats grups de pacients, com aquells amb immunodepressiéo i malalties
croniques com la diabetis i la MPOC, aixi com aquells pacients amb hospitalitzacio
previa, per als quals el seu aillament predominant en mostra d’esput de bona qualitat

pot tenir valor clinic.

Cal tenir especial atenci6 a 'emergéncia de pneumonia necrotizant greu per S. aureus
resistents a meticil-lina, que ha tingut lloc especialment en el continent america i amb
menys frequéncia a Europa [41,42]. Per altra banda, en un 10-15% dels casos, la PAC

és secundaria a aspiracio, en pacients amb factors de risc (alteracié de la consciencia,
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de la deglucio¢ i boca séptica). En aquest cas no és necessari el cultiu ja que els agents
causals son els membres habituals de la flora orofaringea i les seves sensibilitats son

predictibles.

1.4.2.4.1.4. Orina

En el cas d'infeccié per S. pneumoniae i L. pneumophila, les técniques de deteccio
d’antigen en orina permeten detectar I'excrecio renal d’antigens microbians. En el cas
de lantigen pneumococcic, es pot testar per diferents métodes: la
contraimmunoelectroforesi (CIE) que detecta antigen polisacarid capsular, i la
immunocromatografia (ICT), que detecta antigen polisacarid C, amb una sensibilitat del
80% [43]. En pacients amb colonitzacié bronquial com succeeix en la MPOC i en
infants menors de 2 anys, es pot detectar polisacarid C en orina, sense que el
pneumococ sigui I'agent causal de la infeccié respiratoria, per aixd es recomana
realitzar la CIE en aquest grup de pacients [40,44]. A més, s’ha de considerar la
persisténcia de I'excreci6 de l'antigen urinari associada a episodis anteriors de
pneumonia o exacerbacié de la MPOC [45]. L’antigenuria de Legionella s’ha convertit
en el métode diagnostic de referéncia, essent fonamental el tractament termic de
I'orina i la concentracié per incrementar la seva sensibilitat fins a valors del 80%, amb
una especificitat del 100% [46,47]. Es recomana la seva realitzacié quan el context
epidemiologic suggereixi aquest diagnostic, en les pneumonies greus i aquelles que no

responguin al tractament inicial amb beta-lactamics.

1.4.2.4.1.5. Serologia

La serologia esta indicada per al diagnostic de la pneumonia per M. pneumoniae i per
C. pneumoniae especialment en pacients joves [48-50]. Els principals inconvenients
serien que els adults poden no presentar elevacié de IgM després de reinfeccions
repetides i que existeix una alta prevalenca d’anticossos front C. pneumoniae en la
poblacié general. La serologia és tambeé la técnica d’eleccid quan, pel context
epidemiologic es sospiti infeccié per C. burnetti (febre Q) o Francisella tularensis
(tularémia) i quan no s’hagi pogut establir el diagnostic de L. pneumophila per altres

tecniques [51].
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1.4.2.4.1.6. Mostres obtingudes mitjangant técniques invasives

L’'obtencié per fibrobroncoscopia de mostres representatives del tracte respiratori
inferior, corresponents a la via aéria o al segment pulmonar radiologicament afectat,
sense contaminaci6 amb flora de l'orofaringe esta indicada especialment en el
diagnostic de la pneumonia nosocomial i el pacient immunodeprimit. En la PAC estaria
indicat en cas de gravetat o de fracas terapeutic. El tipus de mostra més adequat varia
segons la sospita diagnostica i el nivell pulmonar de la lesié. El cultiu es realitza de
forma quantitativa (dilucions seriades o sembra amb nansa calibrada), donat que es
basa en la premissa que en la pneumonia la concentracié de bactéries és de com a
minim 10° ufc/mL en vies inferiors, mentre que les bactéries colonitzadores estan
presents en menor quantitat. En el cas del raspall bronquial, donat que es recull entre
0.01 i 0.001mL de secrecions, l'aillament de més de 10° ufc/mL en la mostra
dipositada en 1mL de sérum fisiologic representa aquesta quantitat. En el RBA es
consideraran significatius creixements superiors a 10* ufc/mL, ja que el punt de partida
son secrecions alveolars diluides en 10 a 100 mL de sérum fisiologic. Els punts de tall
s’han d’interpretar amb precaucid, sobre tot si el pacient ja esta prenent tractament
antibiotic, i seria una excepcid I'aillament de patdgens primaris. Els microorganismes
aillats que puguin formar part de la flora comensal o colonitzacié es consideraran
diagnostic de presumpcido perd es considerara evidéncia alta en preséncia de
pneumonia. El RBA és també la mostra d’eleccié per la recerca de P. jirovecii i de
citomegalovirus en malalts immunodeprimits. En casos seleccionats es pot realitzar
bidpsia transbronquial mitjangant el broncoscopi, evitant aixi técniques més invasives
com la puncié aspiracié amb agulla fina transtoracica, reservades per als quadres més

greus en els que no s’ ha pogut obtenir un diagnostic etiologic.

1.4.2.4.1.7. Técniques de biologia molecular

Les tecniques de biologia molecular també poden jugar un paper en el diagnostic de
les PAC. Estan indicades en aquelles pneumonies greus en les que no s’ha aconseguit
un diagnostic etioldgic pels mitjans habituals i en centres amb la infraestructura i
'experiéncia técnica necessaria. La deteccio de DNA pneumococcic per técnica de
PCR (reaccié en cadena de la polimerasa) es pot utilitzar en mostres de sang pero
amb baixa sensibilitat i és d’utilitat en mostres de liquid pleural [52,53]. Les técniques
comercialitzades de PCR a temps real per a la detecci6 de M. pneumoniae i C.

pneumoniae en mostres d’aspirat nasofaringi presenten una important superioritat
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diagnostica enfront el cultiu perd no sempre enfront la serologia. En determinats
periodes epidémics, la deteccid de virus respiratoris com el virus de la grip,
preferentment en aspirat nasofaringi, esta indicada. En aquest cas, les técniques
rapides d’immunofluorescéncia i d'immunocromatografia poden tenir una elevada
especificitat (90-95%), el que permet instaurar el tractament de forma precog, mentre
que la sensibilitat és variable (20-65%), estant afectada per la qualitat de la mostra i la
carrega virica [54]. La sensibilitat millora substancialment amb una adequada seleccio
dels pacients a estudiar, aixi com ho fa durant els periodes de més elevada
prevalenga, sense oblidar la importancia de la qualitat de la mostra [55]. Les tecniques
de biologia molecular tenen una major sensibilitat, a més de permetre la identificacio
del subtip, per exemple Influenza A H1N12009, tot i que el gold standard segueix sent

el cultiu viral.

1.4.2.5. Escales pronostiques

L’avaluacio de la gravetat del pacient amb diagnostic de PAC és fonamental i ha de
ser el punt de partida per establir decisions sobre el tractament i la necessitat d’'ingrés.
Si s’ha optat per I'hospitalitzacié, cal identificar aquells pacients més greus i també
aquells que pugin empitjorar més rapidament per tal d’ubicar-los precogment i
adequadament a la UCI. D’aquesta manera, els pacients podrien beneficiar-se del
nivell de cures, propi de cada emplagament i d’aquesta manera, millorar potencialment
els resultats. Un retard en la identificacio de la gravetat del cas i consequentment, un
tractament i unes cures suboptimes en el periode que transcorre entre I'arribada a

I'hospital i el trasllat a UCI s’associa a un augment de la mortalitat [56].

L’avaluacio de la gravetat de la malaltia utilitzant el criteri clinic depén de I'experiéncia
del metge responsable i tendeix en ocasions a infravalorar o sobreestimar la gravetat
de la PAC. Per solucionar aquest problema s’han desenvolupat en els darrers anys
escales pronodstiques de gravetat que estratifiquen els pacients en grups de risc en
funcié de la probabilitat de mortalitat als 30 dies o en funcié de la probabilitat de
necessitar un tractament més agressiu, com pot ser el suport ventilatori o el tractament

hemodinamic amb vasopressors.
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1.4.2.5.1. Pneumonia Severity Index (PSI)

El PSI es va desenvolupar als EUA per Fine et al [57] i és un sistema de classificacio
validat i ampliament acceptat. Es basa en una série de parametres associats a un
sistema de puntuacié, que permet classificar els pacients en funcié del risc de
mortalitat associada a PAC en els 30 primers dies després del diagnostic. Les
variables independentment associades a la mortalitat es classifiquen en: dades
demografiques (sexe, edat, ingrés previ en un centre socio-sanitari); preséncia de
comorbilitats (neoplasia, hepatopatia, malaltia cardiaca, malaltia cerebrovascular o
malaltia renal cronica); parametres de I'exploracié fisica i proves complementaries

(proves bioquimiques i radiografia de torax).

Taula 3. Sistema de punts per calcular el PSI.

Factors demografics

Edat

Home Edat en anys
Dona Edat en anys-10
Centre socio-sanitari 10
Antecedents patologics

Neoplasia 30
Hepatopatia 20
ICC 10
AVC 10
IR 10
Exploraci¢ fisica

Confusié 20
Taquipnea 230/min 20
Pressié arterial sistolica <90 mm Hg 20
Temperatura <35°C o0 240°C 15
Freqliéncia cardiaca 2125/min 10
Analitica i Radiologia

pH arterial <7.35 30
BUN =30 mg/dL 20
Glucosa 2250 mg/dL 20
Na <130 mmol/L 10
Hematocrit <30% 10
PO, <60 mm Hg 10
Vessament pleural 10

ICC:Insuficiéncia cardiaca cronica; AVC: accident vascular cerebral; IR: insuficiéncia
renal; BUN: blood urea nitrogen. Taula modificada de: Fine et al. A prediction rule to
identify low-risk patients with community-acquired pneumonia. N Engl J Med 1997;
336: 243-250.
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La presencia de cadascuna de les variables s’assigna amb una puntuacié determinada
(Taula 3). Segons la puntuacio total, els pacients sén classificats en 5 categories o
classes (I-V) depenent del menor o major risc de morir en els 30 dies posteriors al
diagnostic de la pneumonia. Les classes I-lll sén lleus (mortalitat, 0.1-2.8%), la classe
IV és de risc intermedi (mortalitat, 8.2-9.3%) i la classe V és d’alt risc (mortalitat, 27-
31%). Amb T'ajut del diagrama de flux (Figura 4) es classifiquen els malalts en els
diferents grups. Un pacient menor de 50 anys, sense comorbilitat i amb normalitat a
I'exploracio fisica i a les proves complementaries és assignat directament al Grup |I.
Aplicant el sistema de punts referits anteriorment s’estableixen els grups de risc
restants : Grup Il (£70), Grup Il (71-90), Grup IV (91-130) i Grup V (>130).
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Figura 4. Diagrama per a la classificacio dels pacients segons el PSI. De: Fine et al.
A prediction rule to identify low-risk patients with community-acquired pneumonia.
N Engl J Med 1997; 336: 243-250.

1.4.2.5.2. CURB i CURB-65
Una alternativa al PSI per valorar la gravetat de la pneumonia en el moment de

lingrés, és la proposada inicialment per la British Thoracic Society, i posteriorment

modificada per Neill et al [58], que destaca la importancia de quatre factors que poden
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determinar-se facilment: la freqiiéncia respiratoria, la pressidé arterial diastolica 6
sistolica i la concentracié del nitrogen ureic en sang [Blood Urea Nitrogen, (BUN)]. Es
va desenvolupar principalment per identificar aquells pacients amb PAC severa i alt
risc de mortalitat. Es coneix com CURB, que és l'acronim de Confusion, Urea,
Respiratory rate i BUN. La preséncia de cadascun dels seglents parametres s’assigna
amb un punt: confusié mental, freqiiéncia respiratoria superior o igual a 30/min, pressio
arterial diastolica inferior o igual a 60mmHg o pressié arterial sistolica inferior a
90mmHg i BUN superior a 7mmol/L.

Posteriorment Lim et al [59] el van redissenyar incorporant I'edat i modificant
lleugerament I'acronim inicial substituint-lo per CURB-65. CURB-65 es basa en els
mateixos parametres que el CURB, perd a més inclou la variable de I'edat. El calcul de
la puntuacié final es realitza sumant un punt per cada variable present amb un rang
entre 0 i 5 punts. Amb aquesta escala s’estratifiquen els pacients en tres grups o
classes de risc: Grup 1 (0-1 punt) de baix risc, amb una mortalitat del 1.5%; Grup 2 (2
punts) de risc intermedi, amb una mortalitat del 9.2%; i Grup 3 (3-5 punts) d’alt risc,
amb una mortalitat del 22%. Es recomana I'ingrés quan la puntuacié és superior a 1,
sobre tot si existeixen altres factors de gravetat com la hipoxémia o [I'afectacio
multilobar en la radiografia de torax. Una versiéo més simple d’aquest index és el CRB-
65.

1.4.2.5.3. SCAP i SMART-COP

Un cop decidit I'ingrés hospitalari, cal identificar aquells pacients que necessitin
ingressar a UCI i aquells que requereixin hospitalitzacié convencional. Es dificil
homogeneitzar criteris per derivar pacients a les unitats de critics. De fet, s’observa
una gran variacié en el percentatge de pacients amb PAC ingressats a la UCI entre
diferents hospitals (4-17%) [60]. Aquesta variabilitat respon en part a que la decisio
d’admetre un pacient a la UCI depén del judici clinic del metge responsable i esta molt

condicionat per les practiques locals.

En un esforg per predir millor el perfil dels pacients que requereixen ingrés a la UCI, la
American Thoracic Society i Infectious Diseases Society of America (ATS/IDSA) [12]
han proposat una nova escala de gravetat, anomenada IDSA/ATS severity criteria.
Aquesta escala inclou 2 criteris majors (ventilacid mecanica invasiva i xoc séptic amb

necessitat de vasopressors) i 8 criteris menors (freqliéncia respiratoria >30
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respiracions/minut; PaO,/Fi0,<250mmHg; infiltrat multilobar; confusié; urémia
>20mg/dL; leucopénia (<4000 leucocits/mm?); trombopénia (<100000 plaquetes/mm?);
hipotérmia (<36°C); hipotensié requerint fluidoterapia agressiva. La preséncia d’un
criteri major o al menys tres criteris menors requerira ingrés a la UCI o en unitats d’alt
nivell de monitoritzacié. La seva capacitat predictiva per identificar les pneumodnies
greus i les d’'ingrés a la UCI ha estat validada, encara que la obvietat dels criteris

majors limita la seva utilitat i operativitat [61].

Recentment també s’ha elaborat una altra escala de gravetat, 'anomenada Severe
Community Acquired Pneumonia (SCAP) [62], per predir la mortalitat intrahospitalaria
i/o la necessitat de ventilaci6 mecanica i/o I'aparicié6 de xoc séptic. El diagnostic de
SCAP s’aplica quan el pacient presenti al menys un criteri major, o bé dos criteris
menors. Els dos criteris majors son: pH arterial <7.3 (13 punts); pressi6 sistolica
<90mmHg (11 punts); mentre que els criteris menors inclouen: confusié o estat mental
alterat (5 punts); freqUéncia respiratoria >30 respiracions/minut (9 punts); BUN
>30mg/dL (5 punts); PO, arterial <54 mmHg o PO,/FiO,<250 mmHg (6 punts); edat

>80 anys (5 punts); afectacié multilobar bilateral (5 punts) (Figura 5).
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Figura 5. Diagrama de les variables incloses en I'index SCAP. De: Espania et al. Development
and validation of a clinical prediction rule for severe community-acquired penumonia.
Am J Respir Crit Care Med 2006; 174: 1249-1256.
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Segons la puntuacio total els pacients s’estratifiquen en 5 grups: baix risc (0 punts),
risc intermedi (1 a 9 punts); risc alt (10 a 19 punts) i risc molt alt (20 a 29 i >30 punts).

En un nou intent de minimitzar la variabilitat dels criteris d’ingrés a la UCI per pacients
amb PAC, recentment Charles et al [63] han desenvolupat una nova escala de
gravetat centrada uUnicament en la prediccid de necessitat de suport ventilatori o
vasopressor intensiu. Aquesta escala es denomina SMART-COP per les inicials en
anglés de les variables que inclou. Concretament, reflexa 8 variables cliniques i de
laboratori amb diferents punts de tall en funcié de l'edat. Les variables i les
puntuacions corresponents sén: pressio sistolica baixa, 2 punts; afectacié multilobar, 1
punt; nivells albumina baixos, 1 punt; frequéncia respiratoria alta, 2 punts; taquicardia,

1 punt; confusié, 1 punt; oxigenacié baixa, 2 punts; pH baix, 2 punts (Figura 6).
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Figura 6. Variables incloses i puntuacions del SMART-COP. De: Charles et al. SMART-COP :
a tool for predicting the need for intensive respiratory or vasopressor support in community-
acquired pneumonia. Clin Infect Dis 2008; 47: 375-384.
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A cadascuna de les 8 variables se I'hi assigna una puntuacio i a partir de la puntuacio
total obtinguda, els pacients s’estratifiquen en 4 grups de risc en funcié de la necessitat
de suport intensiu: de 0 a 2 punts, baix risc; de 3 a 4 punts, risc moderat; de 5 a 6
punts, alt risc; superior a 6 punts, risc molt alt. També existeix una versié modificada
d'aquest index, anomenat SMRT-CO, per aquells casos en que els resultats
d’albumina, oxigenacié i pH no sén disponibles. En aquest cas s’establirien 5 grups de

risc.

Aquests dos ultims models desenvolupats (SMART-COP i SCAP) que prediuen la
necessitat d’ingrés a UCI o el posterior desenvolupament d’esdeveniments adversos
greus (necessitat de ventilaci6 mecanica, xoc i/lo decés) que podrien justificar el
tractament a la UCI, necessiten ser validats en diferents cohorts i en diferents ambits

geografics.

Per ultim, també s’ha descrit un nou index de gravetat, anomenat CAP-PIRO
(predisposition, insult, deleterious response and organ failure) que permet de forma
facil classificar els pacients amb PAC severa en 4 categories, i identificar rapidament

els pacients que podrien beneficiar-se de terapia adjuvant [64,65].

1.4.2.6. Orientacio terapéutica

El tractament per a la pneumonia inclou a més del suport hemodinamic i ventilatori, el
tractament antibidtic. EI concepte de tractament antibiotic Optim inclou els seglents
conceptes: cobertura antibiotica apropiada, dosi i via d’administracié correctes i inici
rapid de tractament. En general, el tractament inicial de les PAC és empiric per la
majoria dels pacients i es basa fonamentalment en els microorganismes i en els
patrons locals de susceptibilitat i resisténcia antibiotica. Els antibiotics sén els farmacs
fonamentals per al tractament de les infeccions respiratories, gracies a la seva
capacitat per matar els bacteris (efecte bactericida) o impedir el creixement bacteria
(efecte bacteriostatic). Per al correcte tractament de les pneumonies, les
recomanacions terapéutiques de I'ATS i la IDSA aixi com les elaborades per la
Sociedad Espafiola de Neumologia y Cirugia Toracica inclouen varis antibiotics entre
els que hi trobem els beta-lactamics, les quinolones, els macrolids i els aminoglucosids
[5,12]. L’eleccioé final sobre el tipus de tractament antibiotic dependra del tipus de
pneumonia, del microorganisme implicat i dels factors de risc del pacient, aixi com de

les caracteristiques epidemiologiques de I'area geografica [13,66].
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Cada cop és més clara la necessitat d'una combinacié terapedutica, intervenint en les
diferents branques del procés fisiopatologic, tenint en compte la necessitat d’intervenir
sobre I'agent infecciés mitjangant I'Us d’antibidtics, perd també sobre la resposta
inflamatoria desencadenada per I'hostatger [67]. Durant les infeccions respiratories
severes, es produeix una resposta inflamatoria a nivell pulmonar (produccio
compartimentalitzada) i sistemic, que es tradueix en un augment de diversos
mediadors pro i anti-inflamatoris que es poden mesurar en sérum, plasma i RBA.
Existeix evidéncia cientifica que corrobora el fet que una resposta inflamatoria
excesiva és la major causa de desenllag desfavorable en pacients amb PAC,

especialment en els primers dies.

L’Us dels tractaments immunomoduladors ha anat adquirint progressiva importancia,
en el disseny de noves terapies antiinfeccioses. En les darreres decades, l'interés s’ha
centrat en incrementar la supervivéncia tot dissenyant estratégies que permetin
prevenir la cascada de resposta als productes bacterians. En I'ambit de les PAC,
recentment s’ha demostrat un efecte immunomodulador, antioxidatiu i anticoagulant
beneficiés de les estatines [68,69]. Donada la importancia de la resposta inflamatoria
en 'evolucid i prondstic de la pneumonia, diferents tractaments anti-inflamatoris s’han
avaluat en pacients amb sépsia i pneumonia severa [70-72]. Els glucocorticoides
exerceixen els seus efectes anti-inflamatoris per diversos mecanismes, tant gendémics
com no genomics, destacant la inhibicié de la transcripcié dels gens de citocines, en
part via interaccié amb NF-kappa B [73,74]. També sén capacos d’inhibir la quimiotaxi
dels neutrdfils cap al pulmo i disminuir la capacitat destructiva dels macrofags
alveolars i dels neutrofils. Els resultats obtinguts en els estudis amb glucocorticoides
han generat una controvérsia considerable [75,76]. El seu Us en el tractament de la
sépsia ha tingut resultats variables i no es pot recomanar el seu Us generalitzat [77], tot
i que han mostrat especialment bons resultats en cas d’insuficiéncia suprarenal [78].
L’éxit o fracas dels estudis publicats depén del tipus d’agent glucocorticoide i la dosi
utilitzada. En general sembla més recomanable I'is de dosis baixes (200-300 mg)
d’hidrocortisona en periodes de 5-11 dies i no pas dosis altes de dexametasona.
S’estan duent a terme diversos estudis al respecte, destacant I'estudi Corticosteroid
Therapy of Septic Shock (CORTICUS) [78]. També s’ha descrit que els macrolids, a
part de tenir activitat antimicrobiana poden exercir efectes immunomoduladors, obrint

una nova via per al tractament de les infeccions respiratories [79-81].
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1.4.2.7. Fracas terapeéutic

El fracas terapéutic es defineix com a una resposta inadequada al tractament
antimicrobia i depén de diversos factors interrelacionats: la gravetat inicial de la
pneumonia, el microorganisme causal i les caracteristiques de I'hostatger. Entre un 10-
15% dels pacients hospitalitzats i fins a un 21% en pacients ambulatoris presenten una
evolucié insatisfactoria [34,82]. Es classifica atenent als simptomes, bé per
I'empitjorament o abséncia de millora, aixi com al temps d’evolucié de I'episodi. Es
tendeix a classificar en dos grups: quan s’observa en les primeres 72 hores i, quan

ocorre en les 72 hores posteriors, anomenat fracas tarda [83].

En pacients tractats de forma ambulatoria, la necessitat d’hospitalitzacié o canvi en el
tractament antibidtic es pot considerar falta de resposta o fracas terapéutic [12]. En
pacients amb PAC hospitalitzats s’han descrit dos patrons de pneumodnia que no
respon al tractament. El primer és el de pneumonia progressiva, quan hi ha un
empitjorament clinic amb insuficiencia respiratoria greu, necessitat de ventilacio
mecanica i/o aparicié de xoc septic, que és més freqlient en les primeres 72 hores
[34,82]. El segon patré es caracteritza per preséncia d’inestabilitat clinica, considerant
en aquest cas el temps transcorregut fins assolir I'estabilitat clinica [84]. Habitualment
la resposta al tractament antimicrobia es produeix durant les primeres 72 hores, en
forma de disminucié de la febre, disminucié de les secrecions purulentes i remissié
dels signes locals o generals d’infeccid. La resolucié dels infiltrats pulmonars triga més
temps. A més, en pacients ancians, la normalitzacié radiologica es pot demorar fins a
dos mesos. Quant a I'etiologia de la PAC que no respon, en un 40% dels casos és

d’origen infeccids, en un 15% d’origen no infecciés i indeterminat en la resta [85].

En un estudi amb 1424 pacients amb PAC hospitalitzats, 215 van presentar una
evolucié insatisfactoria i els microorganismes més frequentment aillats van ser
S. penumoniae, Streptococcus spp., S. aureus, L. pneumophila, M. tuberculosis,
C. burnettii, P. aeruginosa i enterobacteris [86]. En un altre estudi, en aquest cas en
ancians residents en centres sociosanitaris, els microorganismes aillats de forma
predominant van ser S. aureus resistent a meticilina, bacils Gram negatius entérics i

P. aeruginosa [87].

Quan un pacient presenta una resposta inadequada al tractament antimicrobia, en un
primer moment, s’ha de procedir a una reavaluacié complerta per tal de confirmar o

reconsiderar el diagnostic de PAC per aixi poder descartar altres causes no
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infeccioses i confirmar un diagnostic alternatiu. | en segon lloc, s’han de repetir les
exploracions microbioldgiques amb técniques invasives i no invasives, per tal de
buscar microorganismes oportunistes no sospitats inicialment i descartar altres

infeccions.

Finalment, també s’ha de considerar la possibilitat de que el microorganisme implicat
sigui resistent a I'antibiotic administrat. D’altra banda pot ser que hi hagi una pobre
penetracid alveolar de I'antibiotic que faci que les concentracions assolides siguin
insuficients tot i presentar nivells plasmatics acceptables i tenir un patrd de sensibilitat
in vitro sensible. Aquest fet és particularment freqlient amb determinades families

d’antibiotics, com els aminoglicosids i glicopéptids.

1.5. Malaltia pulmonar obstructiva cronica

La MPOC es defineix com una malaltia caracteritzada per una limitacié al flux aeri que
no és completament reversible, habitualment progressiva i associada a una resposta
inflamatoria pulmonar en front de particules nocives i gasos, sobre tot al fum del tabac
[88,89].

1.5.1. Freqiiéncia i impacte socio-economic

La prevalenca mundial de la MPOC es situa entre el 5-10%, i ha augmentat en les
darreres decades. La malaltia és més freqlient en el sexe masculi, donat que la
prevalenca de tabaquisme és més alta entre els homes. No obstant aix0, en els ultims
anys el tabaquisme ha augmentat entre les dones, de manera que s’espera un
augment de la prevalenca també per al sexe femeni. A Espanya s’han realitzat
diversos estudis epidemiolodgics de base poblacional, entre els que destacarien el
IBERPOC i el EPISCAN [90] .

L’analisi de la mortalitat en la MPOC és complicat per les limitacions en la validesa de
les causes de mort en els certificats de defuncié. A I'ambit mundial, s’ha predit que la
mortalitat de MPOC ascendira en la classificacié de les causes de mort, passant de la
sisena posicio I'any 1990 a la tergera I'any 2020 [91]. A Espanya, la MPOC representa
la cinquena causa de mortalitat en els homes (taxa anual de 61 morts per 100.000
habitants) i la setena en les dones (20 per 100000 habitants) en I'any 2005 [92]. De
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forma general, la morbilitat, que inclou entre d’altres, consultes al metge, visites a
urgéncies i hospitalitzacions; és elevada, augmenta amb I'edat i és superior en el sexe
masculi. A Espanya I'any 1999, la MPOC va suposar la sisena causa d’hospitalitzacio
en els homes i la divuitena en dones, amb una taxa de 4.4 i 1.9 per 1000 habitants,

respectivament [93].

La MPOC implica un gran cost per la societat, tant pels costos directes (diagnostic,
hospitalitzacions perllongades i tractament farmacologic), com pels indirectes
(pensions, pérdues de productivitat i mortalitat prematura). Existeix una associacio
clara entre el grau de severitat de la malaltia i la despesa en recursos sanitaris que
se’n despren. Diversos estudis sobre el cost associat, estimen que les persones amb
MPOC gasten en recursos sanitaris fins a 3 vegades més que les persones sense
MPOC. Els costos continuaran augmentant degut a l'alta prevalenga, al cost dels

tractaments actuals i a I'envelliment de la poblaci6 [92].

1.5.2. Factors de risc

El tabac representa la causa més important de MPOC, donat que accelera la
disminucié natural de la funcié pulmonar. Les dades cliniques i epidemiologiques
disponibles indiquen una associacié solida i consistent entre el consum de tabac i
MPOC. En les darreres décades s’han realitzat diversos estudis que demostren que el
tabac provoca hipersecrecio i obstruccio de les vies aéries en fumadors. També s’ha
demostrat que el fet de deixar de fumar, permet la recuperacié de la disminucio
gradual del volum espirat maxim en el primer segon de la espiracio forgada (FEV;),
encara que no fins a valors basals. No obstant, el tabac no és “causa suficient” de
MPOC, donat que només el 10-20% dels fumadors desenvolupen la malaltia, i tampoc
és causa necessaria, perque alguns malalts no han estat mai fumadors. Hi ha per tant,

altres factors de risc que intervenen en I'aparicio de la malaltia [94].

L’dnica causa genética que s’ha relacionat amb fermesa amb la MPOC és el déficit de
I'enzim inhibidor de la proteasa as-antitripsina, present en un percentatge molt petit de
la poblacié, de manera que només se I'hi atribueix una proporcié molt reduida (1%)
dels casos amb MPOC [95]. Diversos estudis longitudinals, han demostrat una major
disminucié del FEV, en treballadors exposats a pols minerals i substancies quimiques
(vapors, irritants, fums). Igual que el que succeeix pel tabac, s’ha trobat una relacié

entre la intensitat de I'exposicio i el desenvolupament de la malaltia.
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1.5.3. Historia natural

L’evolucié de la MPOC es caracteritza per una disminucié excessiva de la funcio
pulmonar al llarg dels anys. La mesura que millor reflexa la limitacio al flux aeri és el
FEV,. En condicions normals, la funcié ventilatoria augmenta amb I'edat fins arribar a
un maxim entre els 20 i 25 anys, moment a partir del qual comenga un lent pero

constant descens dels valors funcionals (Figura 7) [96].

Figura 7. Variacions en els valors de FEV, en funcié de I'edat i del consum de tabac.
Adaptat de Fletcher et al. The natural history of chronic airflow obstruction.
Br Med J 1977; 1: 1645-1648.

En alguns fumadors aquest descens és major que I'esperat. El fet de deixar de fumar,
tot i que no fa recuperar el volum perdut alenteix la velocitat de caiguda fins a
velocitats normals. Multiples estudis han demostrat que tant els valors basals de FEV4,
com la caiguda anual de la funcié pulmonar sén predictors de mortalitat i morbiditat. Un
altre aspecte important en I'evolucié de la malaltia és I'aparicié de les aguditzacions,
també anomenades exacerbacions. Son episodis aguts d’empitjorament dels
simptomes habituals, que es presenten amb una mitjana d'1 a 3 vegades per any [97].
La frequiéncia amb la que es presenten aquestes exacerbacions, esta associada a un
major descens en els valors de FEV4, empitjorament de la qualitat de vida i a un
augment de la mortalitat [98-100].

1.5.4. Classificacio de la MPOC

La gravetat de la MPOC es classifica a partir del valor de FEV, postbroncodilatacio,

sent aquest 'indicador optim d’obstruccié al flux aeri (Taula 4). Aquesta classificacio és
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la que també es proposa des de Global Initiative for Chronic Obstructive Pulmonary
Disease (GOLD) [101].

Taula 4. Classificacié de la MPOC.

Grau de severitat FEV, postbroncodilatacio (%)
Lleu 280

Moderada 250 <80

Greu 230 i <50

Molt greu <30 0 <50 amb IRCP

IRC:insuficiencia respiratoria cronica. Taula modificada de: Peces-Barba et al.
Arch Bronconeumol 2008; 44: 271-81.

1.5.5. Exacerbacié de la MPOC

Les exacerbacions de la MPOC son un problema de Salut Publica, amb una
considerable morbimortalitat i impacte sobre la qualitat de vida dels pacients. Les
exacerbacions es defineixen generalment en funcié dels seus simptomes, com un
canvi agut en la situacié clinica basal del pacient, que va més enlla de la variabilitat
diaria. Cursa amb augment de la dispnea, de l'expectoracid, i de I'expectoracid
purulenta o qualsevol combinacié d’aquests tres simptomes i requereix d’un canvi
terapéutic [102,103].

S’ha considerat que les exacerbacions sén la causa de l'interaccié de diversos factors
com les condicions de I'hostatger i la intervencié d’agents infecciosos i ambientals que
portaria a un augment significatiu de la inflamacié pulmonar. La dificultat és la de

discernir el pes especific de cadascun dels elements.

1.5.5.1. Etiopatogénia

Tal i com es reconeix a la normativa GOLD, les causes més comunes de les
exacerbacions de la MPOC son les infeccions de l'arbre traqueobronquial, ja siguin
bacterianes o viriques i la pol-lucié, perd en una tercera part dels casos la causa és
desconeguda [101]. Per explicar el mecanisme d’aparicié s’ha proposat I'efecte local
del fum del tabac, com a factor debilitador de I'epiteli respiratori i causant de la

disfuncié mucociliar, augmentant aixi la viscositat.
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Sethi et al [104,105] van proposar 'anomenada hipotesi del cercle viciés per tal
d’explicar com la colonitzacié microbiana en vies baixes de pacients amb MPOC
perpetua la inflamacié i contribueix a la progressio de la malaltia (Figura 8). Els factors
iniciadors actuarien com a factors debilitadors de I'epiteli respiratori, causant disfuncio
ciliar, augment de la mucositat i disminucié de I'aclariment mucociliar, afavorint la
colonitzacio bacteriana. El punt central de la hipotesi és el moment en qué els bacteris
arriben i s’instal-len a les vies baixes. En pacients fumadors, es produeix una disfuncio
de l'aclariment mucociliar (deguda al fum del tabac) que permet la persisténcia dels
bacteris dificultant encara mes I'eliminacié del moc. Els mecanismes que dificulten
I'eliminacié de moc sén una sobreproduccio d’aquest mucus, la disrupcié de I'activitat

mucociliar i el dany en I'epiteli aeri.

Figura 8. Hipotesi del cercle vicids. De: Sethi et al. Infection in the pathogenesis and course of
chronic obstructive pulmonary disease. N Engl J Med 2008; 359: 2355-2365.

S’ha demostrat que hi ha determinats productes bacterians que poden causar aquests
efectes in-vitro. De fet hi ha algunes soques de S. pneumoniae, H. influenzae i
P. aeruginosa que produeixen glicoproteines, com les mucines. L’alteracié d’aquesta
activitat sembla ser important per explicar I'establiment d’'una colonitzacié cronica. La
infeccié bacteriana promou I'arribada de neutrofils a les vies aéries amb la posterior
degranulacié de diversos enzims, com l'elastasa que juntament amb els productes
bacterians inhibeix l'activitat ciliar i danya l'epiteli respiratori. Els bacteris i els seus
productes tenen efectes potencialment perjudicials per a les cel-lules epitelials del
tracte respiratori. Aquest dany en les vies aéries principals de major diametre
contribueix a la persisténcia bacteriana mentre que el dany en vies secundaries de

menor diametre contribueix a la progressiva obstruccié. Els productes bacterians
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alteren l'equilibri elastasa-antielastasa a nivell de pulmo, i contribueixen aixi a la
destruccio de teixit pulmonar. A més, durant un procés de colonitzacid, els bacteris
estan en continu ‘“turn-over”, alliberant un seguit de proteines, lipooligosacarids i
peptidoglicans que facilita I'establiment d’una resposta inflamatoria cronica a les vies

aeries.

1.5.5.1.1. Paper dels bacteris

Aquest és un dels punts que esta sent més ampliament revisat ja que, tot i que
s’accepta que tenen un rol principal en alguns processos, en d’altres es comportarien
com a simples espectadors. Fins a un ter¢ dels pacients MPOC en estat estable es
troben colonitzats pels mateixos microorganismes que so6n aillats durant les

aguditzacions, en frequéncies molt similars entre ambdues situacions [104,106].

Les accions dels microorganismes, fins i tot quan actuen com a colonitzadors, és que
son capagos d’incrementar les secrecions mucoses i disminuir la frequéncia del
moviment ciliar, fet pel qual la neteja del moc es dificulta. A més, alguns
microorganismes com H. influenzae sén capagos de causar dany tissular directe o
provocar amb la seva endotoxina un increment en l'expressié de citocines pro-
inflamatories com la IL-6, la IL-8 i el TNF-a, com a possible mecanisme de
upregulation de la resposta inflamatoria. En alguns casos també s’ha pogut demostrar
la produccié d’anticossos especifics contra els microorganismes aillats durant una
exacerbacio, el que portaria al raonament que la resposta immune esta dirigida contra
aquest microorganisme i que per tant n’ha estat l'iniciador. El segon fet és que gracies
a metodes de tipatge molecular s’ha pogut comprovar que les poblacions colonitzants
pateixen turnovers periddics sent la causa una reinfeccié i és aqui on es creu que les
bactéries podrien desencadenar la resposta inflamatoria que conduiria a una
exacerbacid, ja que cada nova poblacié bacteriana presentaria un nou joc d’antigens
de membrana als que el sistema immune reaccionaria per a lluitar-hi [107]. Tampoc
s’han d'oblidar els possibles efectes pro-inflamatoris que les restes de membrana
cel-lular de les bactéries llisades, com per exemple el LPS o compostos amb capacitat
immunogénica, que poden augmentar aixi el nivell basal d’inflamacio de I'epiteli

pulmonar.

Des del punt de vista microbiologic s’estima que fins en un 50% dels casos

d’exacerbacions s’ailla algun microorganisme potencialment causal de la exacerbacio,



64 I
Introduccio

sent els més freqlents S. pneumoniae, H. influenzae, M. catarrhalis i amb menys
frequéncia en els pacients amb MPOC lleu, perd si en major proporcié en els més
greus, bacils Gram negatius de tipus enterobactéria i P. aeruginosa. Aquesta
modificacié en la flora no se sap si és per la gravetat de la malaltia o pel seguit de

tractaments antibiotics que han rebut aquests pacients.

Els microorganismes anomenats “atipics” com M. pneumoniae i C. pneumoniae poden
induir una resposta inflamatoria similar a la observada durant una infecci6 virica i es va
suggerir que podrien jugar un paper en les exacerbacions de la MPOC [108]. En el cas
de M. pneumoniae, el seu possible paper en les exacerbacions és dificil de determinar
donat que la seroprevalenca en la poblacié normal és del 75%. Aixd fa que I'estudi
seroldgic no aporti molta informacio i resti el dubte sobre si aquests microorganismes

participen en 'exacerbacio o sén un simple observador [109].

1.5.5.1.2. Paper dels virus

El cultiu o la realitzaci6 daltres técniques diagnostiques d’infeccié virica
(immunofluorescéncia, immunocromatografia, técniques de biologia molecular) en
aquest tipus de pacients no és una praxi ampliament extesa en els laboratoris de
microbiologia clinica per raons de cost-benefici. Clinicament un alt percentatge de
pacients amb exacerbacid presenta simptomatologia de vies altes, el que fa pensar en
un paper important dels virus com a causa de les exacerbacions, si més no com a
iniciadors [110,111]. La majoria d’exacerbacions es concentren a I'hivern, que és el
periode de major prevalenga d’infeccions viriques al conjunt de la poblacio, tot i que la

vacunacioé antigripal disminueix el nombre d’exacerbacions.

Una infeccid virica cursa amb dany epitelial, disminuint la motilitat ciliar i promovent
'augment de la permeabilitat capil-lar, el que condueix a una hipersecrecié de moc i a
una disminucié de la llum de la via aéria. Aquesta situacié generada, també actua
afavorint les infeccions bacterianes secundaries. Gracies a técniques de biologia
molecular, s’ha pogut determinar en diversos estudis la preséncia de virus en
aproximadament un 25% de les exacerbacions. Segurament el paper de les infeccions
viriques seria el d'incrementar la resposta inflamatoria i afavorir infeccions secundaries

oportunistes.



I 65
Introduccio

1.5.5.1.3. Paper de la pol-lucié

Aquest és un punt dificil de discernir degut a 'alta varietat de compostos contaminants
i la diferéencia en els graus d’exposicio [94]. En canvi, s’ha descrit que aquesta
amalgama de compostos estimula factors de diferenciacié de macrofags i granulocits,
aixi com la produccié d’IL-8 que actuaria com a factor quimiotactic per als neutrofils.
De forma global la pol-luci6 ambiental genera una resposta de tipus al-lérgic per
increment de la inflamaci6 sistémica, el que comporta un major risc d’hospitalitzacio

per aguditzacio.

1.5.5.1.4. Aspectes sistémics

Fins al moment hi ha dues teories que explicarien I'origen de I'estat basal de inflamacié
present en pacients amb MPOC: 1) alteracié de I'equilibri dany/reparacié del teixit
pulmonar i 2) vessament de mediadors inflamatoris i productes de I'estrés oxidatiu des
de la via aéria, el parénquima i la circulacio pulmonar fins a circulacié sistéemica. Més
recentment també s’ha formulat la hipotesi de que la preséncia d’'una resposta
adaptativa immunologica a epitops alterats és essencial en el procés patologic. El fum
del tabac i la colonitzacié bacteriana son font d’epitops i antigens que causarien la
proliferaci6 de cél-lules B i T amb la conseqiient produccié d’anticossos que

mantindrien la inflamacié i el procés autoinmunitari [112].

Existeix evidéncia que els pacients amb MPOC, especialment quan la malaltia és
severa i durant les exacerbacions, presenten un augment de la inflamacio sistémica,
mesurada com a increment de citocines circulants, quimiocines i proteines de fase
aguda, aixi com preséncia d’anormalitats en les ceél-lules circulants [113]. Aquesta
inflamacio s’ha relacionat amb una major disminucié de la funcié pulmonar i amb un

augment de mitjancers durant les exacerbacions [114-118].

Multiples estudis evidencien la preséncia d’'una disfuncié multiorganica, que comporta
una gran comorbilitat i t¢ una gran influéncia pronostica més enlla de la propia
afectacido pulmonar [119] (Figura 9). També s’ha descrit afectacié dels musculs
periférics, anormalitats nutricionals, alteracions del sistema osteomuscular i preséncia

d’anémia i depressié.
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Figura 9. Manifestacions sistémiques i comorbilitats a MPOC.
De: Barnes et al. Eur Respir J 2009; 33: 1165-1185.

1.5.5.2. Diagnostic clinic de les exacerbacions

Degut a que la simptomatologia que es pot presentar durant les exacerbacions és
variada i que cadascun dels simptomes presenta un pes especific, Anthonisen et al
van definir uns criteris, segons els quals es distingeixen tres tipus d’exacerbacio en
funcié de la simptomatologia [102]. Els criteris, anomenats d’Anthonisen sén de gran
utilitat diagnostica, i també permeten classificar les exacerbacions. Es defineixen com
a tipus 1: quan es presenten els tres simptomes majors, és a dir augment de la
dispnea habitual, augment del volum d’esput i increment en la puruléncia; tipus 2: quan
es presenta qualsevol combinacié de 2 dels simptomes majors i tipus 3: quan es
presenta un dels simptomes majors i algun dels simptomes menors propis d’infeccio
de les vies altes, com la tos i la rinorrea. No obstant, existeix una gran variabilitat quant
a la percepcié d’aquests canvis, fins i tot en I'estat de salut d’aquests malalts d’un dia
per l'altre. Per intentar solucionar aquest problema, una comissié d’experts americans i
europeus van proposar una definicié de consens, que defineix les exacerbacions de la
MPOC com un deteriorament sostingut de I'estat clinic del pacient que va més enlla de
les variacions diaries habituals, que apareixen de forma aguda i precisen un canvi en

la medicacioé del pacient [103].
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1.5.5.3. Diagnostic microbiologic de les exacerbacions

Els cultius d’esput poden ser en principi d’utilitat en els pacients amb esput purulent
persistent en fase estable, per tal de caracteritzar la flora colonitzant. Durant
'exacerbacid és necessaria la recollida d’'una mostra d’esput abans d’iniciar el
tractament antibiotic en aquells pacients en qué es consideri la possibilitat de causa
infecciosa, classicament S. pneumoniae, H. influenzae i M. catarrhalis, aixi com la
possibilitat d’infeccié per P. aeruginosa (exacerbacions freqiients o amb MPOC amb
insuficiéncia respiratoria). No obstant, l'aillament en I'esput d’'un microorganisme
potencialment patogen durant una exacerbacié no es pot considerar la prova definitiva
del seu paper etioldgic, donat que s’ha demostrat que entre un 25-50% dels pacients
amb MPOC estables poden estar colonitzats per bacteris potencialment patdogens
[104,106,120].

1.5.5.4. Bases del tractament de les exacerbacions

El tractament de les exacerbacions té tres eines principals: els broncodilatadors, els
glucocorticoids i els antibiotics. Els principals farmacs broncodilatadors sén els B,-
agonistes de curta durada i els anticolinérgics. Els corticoides inhalats sén els
principals agents anti-inflamatoris, tot i que la seva eficacia és modesta i es reserven
per a pacients greus amb exacerbacions freqlients. També s’aconsella I'administracio
dels corticoides orals en les exacerbacions de la MPOC greu i en els casos de MPOC
lleu o moderada amb una evolucio inicial desfavorable [121]. El tractament antibiotic
durant un episodi d’exacerbacio, tot i que discutit, t&¢ com a principal objectiu, disminuir
la carrega bacteriana de les secrecions bronquials. De forma que, davant d’una
exacerbacié que cursa amb empitjorament de la clinica basal (tos, volum
d’expectoracié o dispnea) lindicacié de tractament antibiotic esta supeditada a la
preséncia de puruléncia en I'esput o bé aparicid de canvis en les caracteristiques
organoleptiques (color, viscositat, adheréncia) que tendeixen a estar associades a un

augment de la puruléncia [122].
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1.5.6. Pronostic

Donat que actualment la MPOC es considera una malaltia multidimensional, diversos
estudis han demostrat que existeixen altres factors, diferents del FEV4, que ajuden a

entendre millor I'evolucié dels pacients amb MPOC.

Juntament amb el curs natural que presenta la MPOC, en un elevat percentatge,
apareixen malalties directament associades com serien la hipertensié pulmonar i el cor
pulmonale [119,123]. Pel que fa a I'evolucio i el prondstic d’aquests pacients existeix
un conjunt de factors que porten a un pitjor pronostic a llarg termini com serien la
insuficiéncia respiratoria cronica, amb hipoxémia i hipercapnia que sovint requereixen
de oxigenoterapia cronica domiciliaria. La qualitat de vida d’aquests pacients pateix un
constant deteriorament que pot arribar a una impossibilitat per a les tasques
quotidianes, produint-se a més un empitjorament de la simptomatologia i de la
gasometria, amb una disminucid de la PO, i un augment de PCO, requerint
hospitalitzacions freqlients en un elevat nombre de casos. La incidéncia de carcinoma

bronquial és també més elevada.

Diverses variables han estat ampliament validades com a factors pronostics de
morbilitat i mortalitat durant les exacerbacions de la MPOC [98,124,125]. Tot i I'interés
epidemiologic, el valor predictiu dels parametres clinics varien segons [I'estudi
considerat, i la majoria no permeten una individualitzacié del risc. L'index BODE (index
de massa corporal [B], grau d’obstruccid6 mesurat mitjangant funcié pulmonar [O],
disnea [D] i capacitat d’exercici mesurada amb el test dels 6 minuts [E]) ha estat erigit
en els ultims anys com una eina util per a la valoracié del pronostic a llarg termini dels
pacients amb MPOC [126]. Tot i aix0, la determinacié d’aquest index és laboriosa, ja
que requereix el test dels 6 min en moment d’estabilitat clinica i no és apte per
realitzar-lo durant les exacerbacions. Es per aquest motiu que hi ha un interés creixent
en avaluar altres parametres, que inclourien els biomarcadors pulmonars i sistémics
[44,127,128].
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1.6. Biomarcadors

1.6.1. Definicié

Un biomarcador es defineix com un parametre que es mesura de forma objectiva, i
actua com un indicador d’'un procés bioldgic normal, un procés patogénic o com a
resposta farmacologica a una intervencio terapéutica [129]. En aquest sentit, en els
darrers anys linterés per determinar el comportament i funcions de determinats
biomarcadors durant les infeccions, i més concretament aquelles d’origen respiratori
ha augmentat [130-133]. Idealment un biomarcador hauria d’'informar sobre I'evolucié
d’'una malaltia i el seu pronostic, aixi com diferenciar entre pacients amb malaltia activa
i individus sans. També hauria de normalitzar-se amb el tractament correcte i predir de
forma reproduible I'evolucié. D’altra banda, la seva determinacié en la practica diaria
ha de ser fiable i reproduible, amb poques variacions en les concentracions diaries, i la
técnica de determinacié ha de resultar facil. Malauradament, cap dels biomarcadors
analitzats en el camp de les infeccions respiratories fins al moment compleix tots els
requisits alhora. Tot i aixd existeixen nombrosos estudis avaluant la funcié de diversos
biomarcadors per al diagnostic diferencial, definici6 de pronostic, identificacio de

I'etiologia aixi com de la durada del tractament optim i de la terapia antibiotica.

1.6.2. Descripcio dels biomarcadors

A continuacié es descriuen els biomarcadors més avaluats i utilitzats en I'ambit de les
infeccions respiratories de vies baixes. Alguns d’ells estan associats a resposta
inflamatoria enfront les infeccions i d’altres a mecanismes de regulacié metabolica i
cardiaca. Recentment, s’ha introduit un nou terme anomenat “hormokine”, que inclou
aquells mitjangers que son produits com a hormones de forma teixit-especifica en
individus no infectats, perd que durant una infeccié es produeixen en oérgans no
endocrins i presenten un patré d’expressiod, similar al de les citocines [134]. El procés
per a la identificacié d’alguns d’aquests biomarcadors és llarg i la majoria dels casos
estan basats en estudis de protedmica [135]. Inicialment es desenvolupa un model
animal, després s’identifica I'expressié diferencial de proteines entre els dos grups
d’estudi (per exemple: injeccié de LPS vs grup control) i finalment es desenvolupen els
assajos immunologics per a la detecciéd de les proteines d’interés. Les molécules

candidates poden ser diverses, i inclouen enzims, proteines estructurals i hormones.
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Un cop les tecniques que permeten la deteccié de la molécula d’interés estan

disponibles, és quan té lloc I'avaluacié clinica.

1.6.2.1. Citocines

Les citocines, ja descrites a [l'apartat de resposta immunitaria innata, son
glucoproteines de baix pes molecular que actuen com a transmissores d’informacié.
S’han establert quatre grups en base als seus efectes funcionals predominants: 1) les
que s’originen en la resposta immune innata i tenen, en general, caracter pro-
inflamatori; 2) les que regulen la resposta immune adaptativa i indueixen activacio,
proliferacio i diferenciacié dels limfocits cap a cél-lules efectores; 3) les que tenen
propietats immunodepressores i 4) les que regulen I'hematopoiesi [136]. La
classificacié en citocines pro-inflamatories i anti-inflamatories és una simplificacio,
donat que sovint presenten les dues activitats. En general, pero, les citocines
considerades classicament pro-inflamatories (TNF-a, IL-1, IL-6, IL-12 i IL-18, i diverses
quimiocines, entre elles la IL-8) so6n mitjanceres de la immunitat innata i les
considerades anti-inflamatories [IL-10, IL-4, IL-13, IL-6, transforming growth factor
(TGF)-B i G-CSF] s6n mitjanceres de la immunitat adaptativa. La mesura de citocines
en plasma és dificil, tot i que les técniques d'immunoanalisi sén molt senzilles, pero la
seva vida mitja en plasma és curta, i la preséncia de factors bloquejants (receptors
solubles de interleucines) pot falsejar-ne la mesura. La majoria dels immunoassajos,
perd, poden detectar mitjancers circulants perd no aquells que es troben units a
cél-lules o receptors. De fet, la produccié compartimentalitzada correspon a la major
quantitat de citocines secretades, i no pas les circulants [137]. A més, sén molt poc
estables in vivo i ex vivo, dificultant les técniques de determinacio, a diferéncia del que
succeix per les proteines de fase aguda, que s6n més estables, tenen una vida mitja
més llarga i les técniques de determinacio sén més reproduibles. Alguns estudis també

mesuren citocines en mostres d’esput i BAL, pero els resultats son variables.

1.6.2.2. Proteina C- reactiva (PCR)

Es tracta d'una proteina de fase aguda, sintetitzada pels hepatocits estimulada
principalment per la IL-6, IL-1B, i TNF-a, en resposta a una infeccié o preséncia de
teixit inflamat. El seu mecanisme d’accio és la unié a la fosfocolina [138], exposada als

components fosfolipidics de cél-lules danyades, aixi com a la membrana dels bacteris,
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amb la funcié d’opsonitzacio i activacié del complement. La PCR i el Serum amyloid P
(SAP) s6n els dos membres de la familia de les pentraxines que circulen en sérum
[139]. Com a funcions bioldgiques, és una opsonina mitjancera de fagocitosi, activa la
via classica del complement a través de C3, i augmenta la produccié de citocines a
carrec dels monocits [140]. Es un marcador molt sensible d’inflamacié, que s’ha
utilitzat ampliament en diverses situacions cliniques, incloent les infeccions del tracte
respiratori inferior [141,142]. La PCR augmenta en la resposta inflamatoria aguda,
incloent infeccions viriques i infeccions bacterianes localitzades, essent el parametre
més Util en aquests casos, aixi com en inflamacions croniques, com [lartritis
reumatoide, utilitzant-se com a marcador d’activitat. Les técniques de determinacié sén
molt senzilles pero la seva vida mitja és llarga, i pot mantenir-se elevada fins i tot dies
després de finalitzat el procés inflamatori, presentant limitacions per a la monitoritzacio
terapéutica i pronostica a curt termini. Actualment existeixen diverses técniques per a
la determinacié de PCR, i fins i tot els assajos s’han classificat en PCR convencional,

high sensitivity PCR i cardiac PCR, en funcié del camp d’aplicacié [143].

1.6.2.3. Neopterina

La neopterina és una 2-amino-4-OH-pteridina. Se sintetitza als mondcits/macrofags
aixi com a les cel-lules dendritiques en resposta a l'interfer6 gamma, que és secretat
pels limfocits T i actua com a mitjancer de la immunitat cel-lular [144-146]. Les
concentracions de neopterina reflexen el grau d’activacio de les cél-lules Th1. Nivells
elevats de neopterina en fluids bioldgics, com sérum i orina s’han associat amb
trastorns que involucren la immunitat cel-lular. Destacarien les infeccions virals,
intracel-lulars o parasitaries, les malalties autoimmunitaries, algunes neoplasies, el

rebuig de trasplantament, malaltia coronaria i desordres neurologics [147-150].

1.6.2.4. Lypopolysaccharide binding protein (LBP)

La LBP és una proteina de 58 kD produida al fetge [151]. Després del primer contacte
del bacteri amb les ceél-lules immunitaries, el LPS s’allibera de la membrana
bacteriana. La LBP, que en principi és sempre present al torrent sanguini, es fixa al
LPS amb gran afinitat i n’actua com a proteina transportadora cap a ceél-lules
immunoefectores que exposin el receptor CD14 a la seva superficie. El complex LBP-

LPS és capag d’activar especificament els monocits i macrofags mitjangant el receptor
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CD14. Tot plegat condueix a l'alliberament de citocines pro-inflamatories, que regulen
I'activacié de la resposta immunitaria. A més, les citocines indueixen la produccié de

les proteines de fase aguda, augmentant-ne la produccié de LBP.

1.6.2.5. Amiloide A del sérum (SAA)

SAA es va identificar inicialment com una proteina circulant que reaccionava amb
anticossos contra el péptid constituent de la fibril-la amiloide A [152]. Es considera que
SAA és la proteina precursora circulant de la proteina amiloide A que es troba als
diposits d’amiloide. Es una proteina de 104 aminoacids i té un pes molecular de 12kD.
La SAA es produeix al fetge com a proteina de fase aguda en resposta a citocines
proinflamatories, perd també s’ha descrit la seva expressié en teixits extrahepatics, i
esta sotmesa a diversos mecanismes de regulacié [153]. Exerceix funcions en el
metabolisme de les lipoproteines d’alta densitat, actuant com a apoproteina i
intervenint en la unid i neutralitzacié del LPS, aixi com activitats immunomoduladores,
tals com inhibicid del metabolisme oxidatiu, i inducci® de mecanismes d’adhesio i
quimiotaxi. Es considera que durant les infeccions localitzades, SAA és produida per
cel-lules epitelials amb la funciéd de neutralitzar el LPS i altres productes bacterians
hidrofobics; durant la inflamacié sistemica, és produida al fetge i s’allibera a la

circulacio com a proteina de fase aguda.

1.6.2.6. Soluble triggering receptor expressed on myeloid cells (sTREM)

El TREM-1 és un membre de la superfamilia de les immunoglobulines. La seva
expressio per part de les céllules fagocitiques es veu incrementada durant la
preséncia de infeccions bacterianes i fungiques [154,155]. Una forma soluble del
TREM-1 (sTREM-1) es alliberada per part dels fagocits activats i es pot detectar en

diversos fluids biologics, com serien el RBA i el sérum.

1.6.2.7. Procalcitonina (PCT)

La PCT és un péptid de 116 aminoacids, precursor de la calcitonina. Esta codificat al
gen CALC-l , situat al cromosoma 11, que déna lloc, per splicing alternatiu, al

Calcitonin gene related peptide (CGRP) a cél-lules del sistema nervios central, i a la
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pre-pro-calcitonina a les cél-lules C del teixit tiroidal (Figura 10). La PCT secretada és
rapidament clivada per dipeptidases en un péptid de 114 aminoacids i, posteriorment,
dona lloc a la calcitonina hormonalment activa (38 aminoacids), el carboxipéptid de la
calcitonina, també anomenat katacalcina (21 aminoacids) i el segment N-terminal o

aminoprocalcitonina (57 aminoacids) (Figura 11).

L iy

Figura 10. Gens CALC i peptids de la familia de calcitonina. De: Muller et al.
Eur Respir J 2007; 30: 556-573.
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Figura 11. Esquema de la seqliéncia aminoacidica de la PCT. De: Meisner M. Procalcitonin
(PCT). A new innovative infection parameter. Biochemical and clinical aspects. Georg Thieme
Verlag Eds. Stuttgart:-New York. 2000.

En condicions normals se sintetitza a les cél-lules C de la glandula tiroides i cél-lules
neuroendocrines de pulmd i intesti. L’hormona madura s’emmagatzema en granuls

secretors i s’allibera de forma regulada [156]. Si més no, durant les infeccions severes,
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és capag¢ de sintetitzar-se a teixits extratiroidals, fonamentalment a cél-lules
parenquimatoses sense granuls secretors, de forma que la PCT és secretada de forma

consititutiva, no regulada [157] (Figura 12).

Figura 12. Expressié diferencial del gen CALC | en adipocits i cél-lules C de la glandula
tiroides. De: Linscheid et al. Endocrinology 2003; 144: 5578-5584

1.6.2.8. Peéptids natriurétics

El péptid natriurétic atrial (ANP), és un dels membres de la familia dels péptids
natriuretics que també inclou el brain natriuretic peptide (BNP) i el C-type natriuretic
peptide [158]. L'ANP es sintetitza als cardiomidcits atrials i juga un paper important en
’homeodstasi de sals i fluids de I'organisme [159-161]. Les funcions principals son
regular els processos renals, humorals i cardiovasculars. La regulacio de la biosintesi i
la secrecid de I'ANP involucra diversos mecanismes encarregats de controlar la
pressio sanguinia sistémica i I’'hnomeostasi dels electrolits [160]. Diverses hormones i
neurotransmissors, com I'endotelina-1 (ET-1), l'arginina vasopressina (AVP) i les
catecolamines estimulen directament la secrecié d’ANP, perd I'estimul dominant per
I'alliberament d’ANP al torrent circulatori és I'augment de volum intravascular. L’ANP
alliberat actua a diferents nivells: els ronyons, els vasos sanguinis, el cervell i les
glandules adrenals produint efectes diuretics, natriurétics i vasorelaxants (Figura 13).
El seu precursor, el proANP s’escindeix amb el mateix ratio molar, en dos fragments:
'extrem N-terminal i 'ANP, bioldgicament actiu (Figura 14). L’'extrem del proANP té

una vida mitja més llarga que 'ANP madur i per tant s’ha proposat com un analit més
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estable per a la determinacio in vitro de la concentraciéo d’ANP. La regié proANPs;.g €S

coneix també com a mid-regional proANP (MR-proANP) [162].
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Figura 13. Mecanismes d’acci6 de 'ANP. De: Frederic H Martini. Fundamentals of Anatomy

and Physiology. 4rth ed. Prentice Hall College Div.
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Figura 14. Estructura del gen i via de sintesi de 'ANP. De: Rubattu et al.
J Hypertens 2001; 19:1923-1931.

Un altre membre de la familia dels peptids natriurétics és el BNP, i es sintetiza
principalment als ventricles, i particularment en pacients amb malalties d’origen cardiac
cronic [163]. Les seves funcions principals serien regular procesos fisiologics, com
serien la natriuresi, la diuresi i la vasodilatacié [161]. Els estimuls principals per a la
seva secrecio serien 'augment de volum ventricular i de la pressio cardiaca, I'hipoxia i

la preséncia de citocines pro-inflamatories [164]. Deriva d’'un precursor (pre-proBNP)
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de 134 aminoacids que inlcou un peptid senyal de 26 aminoacids. Un cop s’ha escindit
el peptid senyal, la molécula de proBNP encara ha de patir una nova escissio per
donar lloc finalment a la hormona bioldgicament activa (BNP) i a un fragment N-

terminal, anomenat NT-proBNP.

1.6.2.9. Adrenomedulina (ADM)

El gen que codifica per TADM es troba al cromosoma 11, i s’anomena CALC-V. Es un
altre membre de la familia del gen CALC, d’on també prové la PCT (Figura 10).
Codifica per una preprohormona de 185 aminoacids, que en perdre el peptid senyal de
21 aminoacids situat al extrem N-terminal, dona lloc a la proADM. Aquesta, després
d'un seguit de modificacions post-traduccionals dona lloc a dos peptids amb activitat
biologica: la ADM amb 55 aminoacids i el péptid amino-terminal de la ADM anomenat
PAMP (Figura 15). A I'any 2004, un tercer fragment derivat de la proADM (proADM 45-
92) es va identificar en pacients séptics [165]. La determinacio6 dels nivells de ADM és
dificil, donat que s’elimina rapidament de la circulacié. Donat que el fragment proADM
45-92 es produeix de forma estequiométrica, i és més estable que la ADM, els assajos
desenvolupats detecten el fragment anomenat mid regional d’aquesta molécula (MR-
proADM) [166].
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Figura 15. Representacié esquematica de la preprohormona de la ADM. En vermell i verd es
mostren PAMP i ADM, respectivament. De: Zudaire et al. J Leukoc Biol 2006; 80:237-244.

En condicions normal, el gen de la ADM s’expressa a multiples organs i teixits, incloent
el cor, pulmd, tracte digestiu, genitourinari i sistema nerviés central. Es tracta d’'un dels

agents vasodilatadors més potents, perdo també presenta propietats metabodliques i
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immuno-moduladores [167,168]. L’expressié i acumulacié de ADM a diferents epitelis
(pell, pulmo, tracte digestiu) i fluids bioldgics (plasma, suor, saliva), elements
importants en la primera linea de defensa de la immunitat innata també ha suggerit
una possible funcié com a agent antimicrobia i bactericida [157,168-171]. A més també
s’ha suggerit una possible implicacié en la cascada del complement, ja que la ADM és

capag d’interactuar amb el factor H del complement [172].

1.6.2.10. Arginina vasopressina (AVP)

La AVP, també coneguda com I'hormona antidilirética és un péptid hormonal amb
efectes osmoreguladors, hemodinamics, endocrins i neuronals [173]. Se sintetitza a les
neurones del hipotalem, s’emmagatzema a la glandula pituitaria i se secreta en
resposta a estimuls hemodinamics i osmotics. Regula principalment 'homeostasi i el
sistema cardiovascular, de manera que en condicions infeccioses, hipoxiques 6
d’hipotensiod, la seva produccié es veu incrementada. La vasopressina deriva d'un
péptid precursor, juntament amb dos altres péptids, la neurofisina Il i la copeptina,
també anomenada CT-proAVP, alliberats amb el mateix ratio (Figura 16). Donat que la
vasopressina és inestable in vivo i ex vivo, i es troba fortament unida a les plaquetes,
l'alternativa és determinar la concentracié de copeptina, més estable ex vivo i que

reflexa directament la concentracié de vasopressina [174].

1 20 2832 124 126 164
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Figura 16. Representacié esquematica del precursor de I'arginina vasopresina.
De: Morgenthaler et al. Trends Endocrinol Metab 2007; 19: 43-49.

1.6.2.11. Endotelina-1 (ET-1)

L’endotelina-1, és el membre més abundant de la familia de les endotelines, que inclou
la ET-1, ET-2 i ET-3. Es tracta d'un peptid de 21 aminoacids que deriva principalment
de les cél-lules endotelials vasculars i actua seguint un patré autocri i/o paracri [175].
Es considera que la ET-1 juga un paper fisiopatoldgic molt important en el
desenvolupament de desordres cardiovasculars, tals com la insuficiéncia cardiaca, la

hipertensié pulmonar i la insuficieéncia renal, aixi com durant la sépsia [176]. També
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s’ha descrit un efecte pro-inflamatori important, actuant com a factor quimiotactic i up-
regulator d’altres mediadors inflamatoris [177]. Es dificil de mesurar i detectar donada
la seva inestabilitat i la seva unié a receptors i proteines plasmatiques. Per solucionar
aquest problema, s’ha desenvolupat un assaig que detecta el seu precursor, anomenat

proET-1, que és més estable [178].

1.6.3. Técniques de determinacié dels marcadors d’inflamacio

Actualment es diposa de nombrosos i diferents métodes immunologics per a la
deteccié de biomarcadors sistémics en mostres de plasma i/o sérum. Ens centrarem

en els biomarcadors i les técniques avaluades en aquesta Tesi.

En el cas de la PCT, que té una vida mitja de 25-30 hores i és una molecula molt
estable in vivo i ex vivo, la seva determinacio es pot realitzar en mostres de sérum o
plasma mitjancant técniques senzilles. Les técniques de determinacio per la PCT estan
protegides per patents propietat de BRAHMS Thermo Fisher Scientific (Hennigsdorf,
Alemanya). Actualment existeixen, diverses técniques de determinacio, que poden ser
manuals i automatitzades. BRAHMS Thermo Fisher Scientific disposa de quatre
immunoassajos diferents per a la determinacié quantitativa de PCT i d'un test
semiquantitatiu ICT [179]. Per tal de millorar aquest ultim assaig ICT, s’esta
desenvolupant un nou assaig que es pot realitzar directament en mostra de sang i

presenta un limit de deteccié més sensible, tot mantenint-ne I'especificitat.

La técnica immunoluminomeétrica (PCT LIA, PCT sensitive LIA, BRAHMS Thermo
Fisher Scientific) permet la determinacié quantitativa de la concentracié de PCT en
mostra de sérum i plasma. Es tracta d’'una reaccié enzimatica tipus sandwich, que
consta d'una fase solida que duu fixat un anticds monoclonal contra el fragment
katacalcina de la PCT, on s’afegeix la mostra de serum i, posteriorment, anticossos
monoclonals contra el fragment calcitonina marcats amb un derivat d’acridina (Figura
17). Es realitza una incubacié d’'una hora i, posteriorment, es realitzen rentats
successius i, a continuacio, lectura de les mostres, estandards i controls mitjangant un
lumindmetre, que permet mesurar les unitats relatives de llum (RLUs), que soén
directament proporcionals a les concentracions de PCT a la mostra, un cop extrapolats

els valors a la corba d’estandards.
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Figura 17. Esquema del métode immunoluminometric per a la determinacié de procalcitonina
en mostres de sérum. De: Meisner, M. Procalcitonin (PCT). A new innovative infection
parameter. Biochemical and clinical aspects. Georg Thieme Verlag Eds. Stuttgart-New York
2000.

La técnica immunofluorescent automatitzada (KRYPTOR, BRAHMS Thermo Fisher
Scientific) esta basada en la tecnologia Time-Resolved Amplified Cryptate Emission
(TRACE®) (Figura 18). Amb aquesta técnica s’han realitzat les determinacions de
PCT, PCR, MR-proANP i MR-proADM, respectivament. Consisteix en la transferéncia
no radiant d’energia des d’'un donant (criptat) fins un acceptant (XL665), ambdds
marcats fluorescentment. En funcié del biomarcador que es vol detectar els anticossos
policlonals i monoclonals, estaran units a fragments propis de la molécula d’interés. El
kit consta d’anticossos policlonals que es troben conjugats amb criptat, i anticossos
monoclonals conjugats amb XL 665. Les molécules a detectar en la mostra s’inserten
entre els anticossos formant un immunocomplexe. Quan la mostra a mesurar és
excitada, el criptat emet un senyal fluorescent de vida llarga a 620 nm, mentre que el
XL665 emet un senyal de vida curta a 665 nm. Quan ambdds components es troben
units a un immunocomplexe, a 665 nm s’amplifica el senyal de la fluorescéncia emesa
pel criptat com a donant pel fet d’estar proper a I'acceptant (XL665). Aquest senyal de
vida llarga emés per limmunocomplexe és proporcional a la concentracid de
biomarcador present a la mostra. El volum requerit i el temps d’incubacié varia en
funcié de l'analit considerat, perd es sol situar entre 50-100 uL i 20-30 minuts

d’incubacio.
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Figura 18. Fonament de la tecnologia TRACE. De: www.kryptor.net

L’altra técnica immunofluorescent automatitzada per a la deteccié de PCT esta basada
en la tecnologia Enzyme-linked fluorescent assay (ELFA), i és també coneguda com
ELISA amb lectura final en fluorescéncia blava (Figura 19) (VIDAS, Biomérieux, Marcy-
I'Etoile, France). Aquest sistema es coneix com a “load and go” i consta de dos
elements clau: una punta, que actua com a fase solida, i un cartutx que conté tots els
reactius necesaris per a realitzar la determinaci6. El volum de mostra requerit es de

200 pL i el temps d’inclubacié sén 20 minuts.
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Figura 19. Fonament de la técnica ELFA. De: www.procalcitonin.net

Altres equips preparats per a la determinacié de PCT serien LIAISON (Diasorin, USA)
ADVIA centaur (Siemens, Alemanya ), ELECSYS (Roche, Suissa).
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Per a la deteccié de neopterina s’ha utilitzat una técnica d’enzimoimmunoassaig
(Neopterin ELISA, IBL Hamburg). Es tracta d’'un ELISA competitiu que es basa en la
competicid entre antigens (neopterina) conjugats i no conjugats per un nombre
determinat de llocs d'unid de l'anticds (anti-neopterina de conill). L'assaig utilitza
pouets de microtiter marcats amb anticos de cabra anti-conill en quée la mostra de
sérum o orina, que presuntament conté neopterina, s’incuba amb neopterina
conjugada amb peroxidasa i antiserum de conill anti-neopterina durant 90 minuts. Els
complexes anticos-antigen conjugat amb peroxidasa s’uneixen als pouets i I'antigen no
unit s’elimina per rentats. A continuacio s’afegeix substrat i s’atura la reaccié en 10
minuts mitjangant I'addicio de soluci6 de parada. Finalment, es mesura la densitat
optica a 450 nm mitjangant un lector d’ELISA. Donat que es tracta d'un ELISA
competitiu, la densitat optica obtinguda és inversament proporcional a la concentracié

de neopterina present a la mostra, calculada en relacié a una corba d’estandards.
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2. JUSTIFICACIO

Les infeccions d’origen respiratori son les més prevalents i amb majors taxes de
morbiditat i mortalitat. En concret, les infeccions del tracte respiratori superior sén
freqUientment d’origen viric i poc severes, mentre que les del tracte respiratori inferior
estan més associades a un origen bacteria i tendeixen a ser més severes. De les
sindromes cliniques més freqlientment associades a hospitalitzacié i morbimortalitat
en destaquem les pneumonies adquirides a la comunitat (PAC) i les exacerbacions de

la malaltia pulmonar obstructiva cronica (MPOC).

Especificament en el maneig de les PAC, un diagnostic precog i una valoracio del grau
de severitat és de gran importancia, donat que ambdds guien les decisions
terapéutiques referents al tractament apropiat, aixi com a la necessitat d’ingrés
hospitalari. S’han descrit i validat diversos risk scores perd la majoria no mesuren el
grau de severitat de la malaltia, sind el risc de mort, que es veu altament influenciat per
'edat i per la preséncia de malalties coexistents. Es tracta d’eines utils per valorar el
risc de mort i la necessitat d’'ingressar en el moment de I'admissio, perd no son
capagos de predir un mal prondstic un cop el tractament s’ha iniciat ni tampoc

permeten valorar la necessitat d’intervencions 6 canvis en la terapia.

D’altra banda, la MPOC és la malaltia respiratoria de major prevalenga i impacte
socioeconomic, representant en el nostre ambit la quarta causa de mortalitat. La
MPOC té un curs cronic i progressiu que alterna fases d’estabilitat clinica amb episodis
aguts d’exacerbacid. El diagnostic de les exacerbacions és fonamentalment clinic, i es
basa en la preséncia de determinats simptomes. Tot i que I'estudi microbiologic de
'esput amb tincié de Gram i cultiu esta sobretot indicat en pacients greus o que han
patit fracassos terapéutics previs, l'aillament de microorganismes potencialment
patdogens en mostres d’esput causants d’exacerbacions presenta gran controvérsia,

sent un dels aspectes més discutits la possible contaminacio per flora orofaringia.

Les exacerbacions sén episodis importants en la historia natural de la MPOC, afectant
la seva progressio i el seu pronostic. Diverses caracteristiques cliniques han estat
ampliament validades com a factors pronostics de mortalitat i morbiditat en les
exacerbacions de la MPOC. Pero, tot i I'interés des del punt de vista epidemiologic, el
valor predictiu d’aquests parametres clinics varia en funcié dels estudis considerats, i

la majoria d’ells no permeten fer una valoracio individual del risc.
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En els darrers anys, diversos biomarcadors han guanyat importancia en 'ambit de les
infeccions. Un biomarcador, es defineix com un parametre que es mesura de forma
objectiva, i actua com un indicador d’'un procés bioldgic normal, un procés patogenic o
com a resposta farmacologica a una intervencié terapeutica. Marcadors sistémics com
la PCR, la neopterina i més recentment alguns precursors hormonals i péeptids amb
funcions de regulacié metabolica i del sistema cardiovascular, s’han avaluat per al
diagnostic i pronostic de determinades infeccions de forma complementaria als
parametres clinics i microbiologics. Dins d’aquest ultim grup de nous biomarcadors, en
destacariem la PCT, el MR-proANP i la MR-proADM.

Per tal de poder determinar la concentracid dels biomarcadors d’interés s’han
desenvolupat diferents assajos immunologics basats en la reaccié antigen-anticos.
Principalment, aquestes técniques han de ser rapides i els limits de deteccid, aixi com
els valors de sensibilitat i especificitat han d’estar en acord amb la sindrome clinica
d’interés. En el cas concret de la PCT, s’esta desenvolupant un nou assaig
immunocromatografic més sensible, que ha de permetre de forma rapida i facil
detectar la concentraci6 PCT en mostra de sang total. Aquest fet té especial
importancia donat que durant les infeccions respiratories, els nivells tot i ser elevats, es
troben en un rang més estret de concentracions en comparacié6 amb els valors

observats durant les infeccions bacterianes sistémiques.

El fet de disposar de marcadors biologics de facil determinacié en sérum i plasma que
permetés establir d’'una manera precog la possible etiologia, i d’alguna manera reflexar
el grau de resposta del hostatger, permetria racionalitzar el tractament i monitoritzar la
resposta al tractament. A més, donat que els biomarcadors s6n mediadors de
procesos fisiologics, la seva determinacié també podria ser utilitzada com a factor

pronostic.

Amb I'objectiu d’estudiar aspectes de la resposta de I'hostatger front la infeccio des del
punt de vista de I'etiologia i del pronodstic, en aquesta Tesi s’estudia la utilitat dels
biomarcadors en el maneig de les infeccions d’origen respiratori, en concret les PAC i
les exacerbacions de la MPOC. D’altra banda també s’estudia la importancia de les
tecniques de determinacié dels biomarcadors en el context de les infeccions

respiratories.
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3. OBJECTIUS

1. Avaluar la influencia de factors intrinsecs i extrinsecs en la concentracié de
biomarcadors.
1.1. Estudiar si la secrecié de biomarcadors es veu afectada per la preséncia de
malalties coexistents.
1.2. Estudiar si el tractament previ amb corticosteroids i antibidtics influencia els

nivells de biomarcadors.

2. Determinar si existeixen diferéncies en els nivells de biomarcadors en funcié de
I'agent etiologic.
2.1. Determinar si durant les pneumonies existeixen diferencies en els nivells de
biomarcadors en funcié de I'agent etiologic involucrat.
2.2. Determinar si durant les exacerbacions de la MPOC, els biomarcadors
permeten identificar els episodis de probable origen infeccids, correlacionant-los

amb els criteris d’Anthonisen i la preséncia de simptomes d’infeccio respiratoria.

3. Determinar si existeixen diferéncies en els nivells de biomarcadors en funcié de la
severitat.
3.1. Estudiar si en pacients amb pneumonia, els nivells de biomarcadors
correlacionen amb els indexs de severitat, la preséncia de bacteriémia, aixi com
amb el posterior desenvolupament de complicacions.
3.2. Establir si les determinacions seriades en les pneumonies correlacionen amb
I’evolucio clinica.
3.3. Determinar si en pacients amb MPOC existeixen diferéncies en els
biomarcadors en funcié de I'estat clinic (estabilitat o exacerbacio).
3.4. Valorar si els biomarcadors permeten monitoritzar I'evolucié i pronostic

després d’'un episodi d’exacerbacié de la MPOC.

4. Estudiar I'impacte dels avengos metodologics en les tecniques de determinacié de
biomarcadors.
4.1. Determinar la importancia de la tecnica en I'ambit de les infeccions
respiratories.

4.2. Estandaritzacio i validacié d’'una nova técnica immunocromatografica.
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4. RESULTATS

4.1. Article 1

Midregional pro-atrial natriuretic peptide as a prognostic marker in pneumonia.

Cristina Prat, Alicia Lacoma, Josep Dominguez, Jana Papassotiriou, Nils G
Morgenthaler, Felipe Andreo, Pere Tudela, Juan Ruiz-Manzano, Vicente Ausina.
Journal of Infection. 2007; 55: 400-407.

En els darrers anys en I'ambit de les pneumonies, la determinacié de biomarcadors
sisttmics ha demostrat ser una eina complementaria al diagnostic clinic i
microbioldgic. En aquest sentit, en aquest treball, hem avaluat un nou biomarcador,

anomenat MR-proANP.

La poblacié d’estudi van ser 300 pacients adults amb diagnostic clinic i radioldgic de
pneumonia, que van ser admesos al Servei d'Urgéncies. Els pacients es van
estratificar en funcié del PSI, el CURB-65 i el desenvolupament de complicacions,
definides com a insuficiencia respiratoria/ xoc, progressioé clinica i radiologica,
empiema, admissié a UCI i decés. En el moment de I'ingrés hospitalari es van recollir

mostres de sérum i mostres adequades per als estudis microbiologics.

La troballa principal del treball va ser que els nivells de MR-proANP s’incrementen de
forma significativa amb la severitat de la pneumonia, valorada segons els indexs: PSI i
CURB-65. Quant a la PCT, només va mostrar diferéncies significatives al comparar els
pacients PSI 1 vs Vill vs V. Tot i que els nivells de MR-proANP estan més elevats en
pacients amb insuficiencia cardiaca i renal, I'associaci6 amb la severitat de la
pneumonia no es veu afectada per la preséncia d’aquestes malalties coexistents. Els
nivells també es van mostrar superiors en aquells pacients que van desenvolupar
algun tipus de complicacio, incloent-hi els que van morir. Quant a I'etiologia i I'extensio
radiologica, els nivells de MR-proANP no van mostrar cap associacié significativa, a
diferéncia del que succeia per la PCT. Per tal de discriminar els pacients en funcio del
risc (PSI Il vs IV-V), es va establir un punt de tall de 139.7 pmol/L, amb una
sensibilitat i especificitat del 65.5% i 73.7%, respectivament. Els nostres resultats
mostren que la determinacié dels nivells de MR-proANP pot ser util per a la valoracio

del risc i el pronodstic dels pacients amb pneumonia.
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KEYWORDS Summary Objective: To evaluate the usefulness of midregional pro-atrial natriuretic peptide
MR-proANP; (MR-proANP) measurement in the stratification of severity in community-acquired pneumonia.
Pneumonia; Methods: The population studied was three hundred patients admitted to Emergency Depart-
Pneumonia Severity ment of a tertiary university hospital presenting clinical signs of lower respiratory tract infec-
Index; tion, a new infiltrate on the chest radiograph and a confirmed pneumonia by clinical
CURB-65; evolution. Patients were stratified by the Pneumonia Severity Index (PSI), by CURB-65 score
Complications and by the development of complications. Serum samples were obtained at the moment of ad-

mission and prior to antibiotic therapy, and stored until analysis. MR-proANP was measured by
B-R-A-H-M-SMR-proANP KRYPTOR.

Results: Serum levels of MR-proANP increased with the severity of pneumonia, according to PSI
score and CURB-65 score. Median MR-proANP levels were significantly higher (p < 0.0001) in pa-
tients with high PSI risk class (IV—V) than in those with low PSI risk class (I-IIl). MR-proANP levels
were also significantly higher (p = 0.029) in those patients that developed complications or
died. There was no association between MR-proANP and etiology of pneumonia and the radio-
graphic extent.

Conclusion: We can conclude that MR-proANP measurement was helpful for individual risk
assessment in patients with pneumonia admitted to the emergency department.

© 2007 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

* An abstract with part of the results of the present study has been presented (abstract number 1596) in the congress of the American
Thoracic Society, that took place in May 2007 in San Francisco, USA.
* Corresponding author at: Servei de Microbiologia, Hospital Universitari Germans Trias i Pujol, Carretera del Canyet s/n, 08916 Badalona,
Spain.
E-mail address: cprat.germanstrias@gencat.net (C. Prat).

0163-4453/$30 © 2007 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jinf.2007.07.018
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Introduction

Morbidity and mortality associated with pneumonia is still
very high despite appropriate antibiotic therapy and the
development of new diagnostic methods. In the manage-
ment of community-acquired pneumonia (CAP) early di-
agnosis and assessment of the severity of the disease is of
obvious importance, guiding therapeutic options and the
initial site of care decision (home or hospital/intensive care
unit). Several prognostic scores have been developed but
most of them do not measure the severity of the disease
but the risk of death, which is greatly influenced by age and
the presence of coexisting illnesses.' The Pneumonia Sever-
ity Index (PSI)" or the CURB-65 score (confusion, urea, re-
spiratory rate, blood pressure and age)’ are valuable
tools to assess the risk of worse outcome but are not able
to predict outcome once the treatment has been initiated
and do not allow to assess the need for further interven-
tions and therapy changes. Another disadvantage of most
scoring systems is that they are complex, and their calcula-
tion is time-consuming (e.g. PSI).

Furthermore, there are increasing circumstances of
difficult diagnosis and assessment of the severity of the
disease, e.g. in infants and elderly patients, immunosup-
pressed patients, patients with basal systemic inflammatory
response syndrome (post-operated, post-traumatic) and
ventilator associated pneumonia. The measurement of bio-
markers needs to take place in these situations, as well as to
assess the requirement of immunomodulating therapies.
Nevertheless, extensive evaluations are needed in order to
carefully interpret the results.

In the last decade, procalcitonin (PCT) has emerged as
a specific marker of systemic bacterial infection, with
correlation with etiology, severity and risk of death, being
useful in the diagnosis and monitoring of infection,>* that
has even allowed interventional trials of PCT-guided ther-
apy in respiratory tract infections® and community-
acquired pneumonia.® As a prognostic marker, PCT has
been shown to be especially useful in ventilator-associated
pneumonia.” Nevertheless, a biomarker with elevated sen-
sitivity for bacterial infection such as PCT can have some
limitations when used for risk assessment. PCT levels are
influenced by previous antibiotic treatment, and it is not
uncommon that patients have started antibiotic therapy
prior to presenting to an emergency department. Further-
more, some viral infections (e.g. cytomegalovirus) would
need follow-up for severity which can not be assessed by
PCT, as it is not elevated in viral infections.

An additional tool for the prediction of severity in
pneumonia could be the use of biomarkers that act as
mediators of cardiovascular dysfunction, which is common
in the acutely ill, and bear prognostic significance.? Natri-
uretic peptides are released from the heart upon increased
stretch of the myocardium, serving as markers of conges-
tive heart failure. The family of natriuretic peptides
consists of atrial (A-type) natriuretic peptide (ANP), brain
(B-type) natriuretic peptide (BNP) and C-type natriuretic
peptide.’ Stimuli for the production of ANP are probably
multiple, such as proinflammatory factors and hypoxia. Its
expression has been found in many tissues but it is mainly
produced in the atrium of the heart.'®

The prohormone of atrial natriuretic peptide (proANP)
is a polypeptide of 126 amino acids. Cleavage of proANP
releases a 98-amino-acid amino-terminal fragment
(proANP;_gg) and a 28-amino-acid carboxy-terminal frag-
ment that is mature atrial natriuretic peptide.® ProANP;_og
has a much longer half-life than mature ANP and has there-
fore been suggested to be a more reliable analyte for
measurement than ANP. All sandwich immunoassays devel-
oped for proANP combine an antibody against the N-terminal
region with a second antibody against either the midregion or
C-terminal region. Nevertheless, it has been shown that
proANP; _¢g can be subject to further fragmentation'' so
previously used assays might have underestimated pro-ANP
levels. A new immunoassay has been recently developed
for midregional proANP (MR-proANP), which could have an
advantage in this sense.'?

Since MR-proANP is a marker of cardiovascular dysfunc-
tion associated with sepsis, the objective of the present
study was to evaluate the usefulness of MR-proANP mea-
surement in community-acquired pneumonia, assessed by
PSI, CURB-65 and complications in follow-up.

Materials and methods

Study design. Retrospective study

Setting

We evaluated serum samples from consecutive patients
admitted to Emergency Department of a university ter-
tiary hospital between September 2001 and March 2003,
presenting clinical signs of lower respiratory tract in-
fection, and a new infiltrate on the chest radiograph.
The study was approved by the institutional ethics
committee. Data were collected for clinical, radiological
and microbiological features. Microbiological tests in-
cluded blood cultures, sputum or bronchial lavage speci-
mens for culture, urine for antigen detection and serum
for antibody assays.

Selection of participants

A total of 300 patients with confirmed pneumonia, defined
by clinical (fever, cough, dyspnea) and radiographic signs
(pneumonic infiltrate in the chest radiograph), as well as
clinical evolution, assessed by expert clinicians and radiol-
ogists, participated in the study. Children and HIV patients
were not included in the study. Patients with prior antibiotic
therapy were excluded from the study. Patients were
stratified by the prediction rule calculated according to the
PSI score, developed by the Pneumonia Outcomes Research
Team' and also by CURB-65.% Patients were also grouped by
the presence of unilobar or multilobar radiographic pulmo-
nary infiltrates in order to establish the anatomical extent
of the infection. All patients were followed-up during hospi-
talization. Complications were defined as respiratory fail-
ure/shock, clinical and radiological progression of the
disease, and empyema, including patients that required ad-
mission to ICU and patients that died. Serum samples were
obtained at the moment of admission and prior to antibiotic
therapy, and stored at —20 °C until analysis.
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Methods and measurements

MR-proANP was measured in all samples by the recently
developed test based on time-resolved amplified cryptate
emission (TRACE) technology (B - R- A - H - M - SMR-proANP
KRYPTOR, Brahms AG, Hennigsdorf/Berlin, Germany). Serum
levels of procalcitonin (PCT) were measured in 142 of the
three-hundred patients by immunoluminometric assay (Lu-
mitest® PCT, Brahms AG, Hennigsdorf/Berlin, Germany).

Microbial investigation. Pneumococcal pneumonia was
diagnosed by isolation of Streptococcus pneumoniae from
blood culture or by detection of pneumococcal capsular poly-
saccharide antigen in urine samples by counterimmunoelec-
trophoresis.’>' Legionella pneumonia was diagnosed by
urinary antigen detection of Legionella pneumophila se-
rogroup 1 by enzyme immunoassay (Bartels EIA Legionella
urinary antigen. Bartels Inc., Trinity Biotech Company,
Wicklow, Ireland). Isolation of a predominant microorganism
in the sputum was considered as only probable etiology and
not as a definite diagnosis.

Primary data analysis

The Kolmogorov—Smirnov test was used to check the data
for parametric distribution. Comparison between groups
was conducted by the non-parametric Mann—Whitney U-
test. For multi-group comparisons Kruskal—Wallis one-way
analysis of variance followed by Dunn’s post test was used.
Associations were considered statistically significant if the
p value was <0.05. The commercial statistical software
package used was SPSS 14.0 (SPSS Inc, Chicago, IL). Graphi-
cal representation is based on GraphPad Prism version
4 (GraphPad Software, Inc, Dan Diego, CA). Sensitivity, spec-
ificity and positive and negative likelihood ratios were
analyzed by a receiver operating characteristic (ROC) curve.

Results

Characteristics of study subjects

A total of 1200 serum samples were collected. The di-
agnosis of pneumonia was confirmed in three hundred
patients. The mean age of the patients included in the
study was 66.27 years (standard deviation 17.15, 95% confi-
dence interval for mean 64.32—68.22). Patients’ character-
istics are shown in Table 1. During follow-up 15% of patients
developed complications, and 4.6% died.

Main results

A certain etiological diagnosis was achieved in only 80
patients (26.6%). Isolation of a predominant micro organism
in the sputum was only considered as probable etiology,
especially because the prevalence of COPD was 45%. There
was no association between MR-proANP values and the
etiology of pneumonia (Fig. 1). When analysing only the
group with definite etiological diagnosis, there was no sig-
nificant difference in MR-proANP levels (p = 0.432) be-
tween pneumococcal and Legionella pneumonia. PCT
levels were higher in pneumococcal pneumonia, although
the difference was not significant (p = 0.095). Only

C. Prat et al.

Table 1  Patients’ characteristics
Characteristic N %
Men 205 68.3
Women 95 31.7
Coexisting illnesses
Neoplastic disease 59 19.7
Liver disease 19 6.3
Congestive heart failure 70 23.3
Cerebrovascular disease 33 1
Renal disease 26 8.7
Chronic obstructive 135 45

Pulmonary disease
Etiology
Pneumococcal® 61 20.3
Probable pneumococcal® 21 7
Legionella pneumophila® 19 6.3
Haemophilus influenzae® 9 3
Unknown 190 63.3
Multilobar radiographic infiltrate 58 19.3
Development of complications® 45 15
Dead 14 4.6

2 Blood culture/urinary antigen detection by

counterimmunoelectrophoresis.

b Isolation of the microorganism only in sputum samples.

€ Urinary antigen detection by enzyme immunoassay.

d Respiratory failure/shock, clinical and radiological progres-
sion, or empyema; within this group 14 patients died.

11 patients developed bacteremia and PCT levels were sig-
nificantly higher (p = 0.002) but not MR-proANP levels
(p = 0.422).

Furthermore, there was no difference in MR-proANP
levels in patients with multilobar pneumonia in comparison
to patients with unilobar pneumonia (p = 0.435), while PCT
levels showed an association with the radiographic extent
(p = 0.055).

Patients were stratified according to the PSI. The
distribution was as follows: 20 patients (6.7%) were in-
cluded in risk group I, 55 (18.3%) in group Il, 77 (25.7%) in
group I, 119 (39.7%) in group IV and 29 (9.7%) in group V.
MR-proANP, leukocyte count and PCT values according to
PSI risk groups are shown in Fig. 2. Median MR-proANP
values increased with increasing severity of pneumonia
(p < 0.0001; Fig. 2A). In contrast to MR-proANP, the total
leukocyte count did not raise with the severity of the dis-
ease, classified according to the PSI score (Fig. 2B). PCT
levels also increased gradually with severity, but not as pro-
nounced as shown for MR-proANP (p = 0.0099, Fig. 2C). Us-
ing Dunn’s multiple comparison test MR-proANP levels
showed significant differences (p < 0.0001) when compar-
ing individually the five PSI groups, whereas PCT only
showed significance when comparing group | vs V and group
1l vs V (data not shown). Patients were grouped into low risk
classes (PSI I, 1l and Ill) and high risk classes (PSI IV and V).
The results are shown in Fig. 3A. The serum levels of MR-
proANP were significantly higher (p < 0.0001) in patients
with high risk than in those with low-risk class (I-Ill).
Mean, standard deviation and median MR-proANP levels of
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Figure 1 MR-proANP values (pmol/L) according to the etiol-
ogy of pneumonia. Scatterplots represent individual data. Me-
dian values with interquartile ranges are shown. Isolation of
the microorganism in blood cultures and urinary antigen detec-
tion was considered as definite diagnosis, whereas isolation
from sputum samples was considered as probable etiology.

patients in high and low-risk PSI classes are shown in Table
2. Significant differences were also obtained for PCT
(p = 0.017). In order to study the influence of etiology,
the same comparison was performed excluding the patients
with pneumococcal pneumonia, and MR-proANP levels were
still significantly higher in patients at high risk (p < 0.0001)
but not PCT levels (p = 0.165). As the lower number of pa-
tients in the PCT-group could lead to loss of significance,
the analysis was performed again including only the 142 pa-
tients who had both parameters measured, and the results
were the same (p = < 0.0001 for MR-proANP including 142
patients, and p = 0.005 when excluding the patients with
pneumococcal pneumonia).

To calculate the diagnostic accuracy of MR-proANP to
discriminate between low and high risk class in patients
with pneumonia, a receiver operating characteristic (ROC)
curve was performed (Fig. 3B). The area under the ROC
curve was 0.738 (standard error 0.029, 95% confidence in-
terval 0.684—0.787). In order to get the highest diagnostic
accuracy a threshold level for MR-proANP of 139.7 pmol/L
was determined. Sensitivity and specificity were 65.5%
(95% ClI 57.3—73.2) and 73.7% (95% Cl 65.9—80.5), respec-
tively, with a positive and negative likelihood ratio of
2.49 and 0.47. Positive and negative predictive values
were 70.8% and 68.7%. When analysing only the 142 pa-
tients who had both parameters measured, the area under

the curve was 0.714 (SE 0.045, 95% CI 0.625—0.803) for MR-
proANP and 0.617 (SE 0.048, 95% Cl 0.522—0.712) for PCT
(Fig. 4).

Patients were also classified according to CURB-65 score
and by the presence of complications during follow-up.
Mean, standard deviation and median of MR-proANP levels
for the different groups are shown in Table 2. MR-proANP
levels were significantly higher (p < 0.0001) in patients in
CURB-65 group 3 (score 3 or more) or group 2 (score 2) ver-
sus group 1 (score 0 or 1) but no significant differences were
found between group 2 and 3 (p = 0.931). PCT levels were
not significantly increased in group 3 compared to group 1
(p = 0.066) nor to group 2 (p = 0.066).

Overall, 15 patients required admission to intensive care
unit (ICU), and 8 of them died. No significant differences
were found for MR-proANP between ICU and non-ICU
patients (p = 0.814). In contrast, PCT levels were signifi-
cantly higher (p = 0.008) in those patients admitted to
ICU. However, it is important to note that PCT was mea-
sured in only 142 of the 300 patients.

In total, 45 patients developed complications during
follow-up. The distribution was as follows: twenty-six
patients developed respiratory failure/shock and 12 of
them died, thirteen patients presented clinical and radio-
logical progression and 2 of them died and, finally, 6
patients developed empyema and survived. Collectively,
MR-proANP levels were significantly higher (p = 0.029) in
patients with complications. Within the 45 patients who de-
veloped complications, 12 were grouped into low PSI risk
classes. Three of those patients had MR-proANP levels
above the defined threshold level (139.7 pmol/L). With re-
spect to the 33 remaining patients with complications,
grouped into high PSI risk class, 26 had elevated MR-proANP
levels and 7 patients had MR-proANP below the threshold.
Within this last group, five patients died.

Comparison of MR-proANP values was also made grouping
the patients according to underlying diseases. Significant
differences were not present when the coexisting illness was
chronic obstructive pulmonary disease (p = 0.928) or neo-
plastic disease (p = 0.813), but MR-proANP levels were
significantly higher in patients with congestive heart failure
(p < 0.0001), renal disease (p < 0.0001), cerebrovascular
disease (p = 0.001) and liver disease (p = 0.028). MR-
proANP values in patients with and without congestive
heart failure are shown in Fig. 5A. Association of MR-proANP
values with PSI was re-evaluated considering firstly only
those patients without congestive heart failure as underly-
ing disease, and secondly only those with congestive heart
failure, in order to check its influence on the results since
ANP is a marker of chronic heart failure. Significant associa-
tion was still present in both subgroups of patients
(p <0.0001 and p = 0.022, respectively). MR-proANP
values according to the PSI in patients without congestive
heart failure as underlying disease are shown in Fig. 5B.
The same results were obtained when analysing patients
with and without renal disease (data not shown).

Discussion

Pneumonia is still a leading cause of morbidity and
mortality." The correct etiological diagnosis as well as
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Figure 2 (A) MR-proANP values (pmol/L), (B) leukocytes (count/L) and (C) PCT (ng/mL) according to the Pneumonia Severity Index.
Scatterplots represent individual data, including all the patients for MR-proANP and leukocytes, and only 142 patients for PCT. Median
values with interquartile ranges and p-values (Kruskal—Wallis one-way analysis of variance) are shown; ns = not significant.

assessment of the severity and risk prediction of outcome
are essential for early and effective treatment. Despite im-
portant developments in the last years, current diagnostic
and prognostic methods have still limitations. Clinical signs

of pneumonia can be unspecific in certain groups of pa-
tients such as infants and elderly patients, immunosup-
pressed patients or patients with a basal systemic
inflammatory response syndrome. Even the interpretation
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Figure 3  A. MR-proANP values (pmol/L) according to Pneumonia Severity Index, grouped as low-risk (I—IIl) and high-risk (IVand V).
Scatterplots represent individual data. Median values with interquartile ranges are shown B. Receiver operating characteristic curve
of MR-proANP with respect to prediction of high-risk of death according to Pneumonia Severity Index (PSI IV and V).
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Table 2 MR-proANP values (mean, standard deviation,
median) according to Pneumonia Severity Index (PSI),
grouped as low-risk (I-Ill) and high-risk (IV and V), the de-
velopment of complications and CURB-65 score

hypoxemia and absence of comorbidities are at risk of
death and can be discharged if PSI score is used alone. At
the same time, some old individuals could be treated as
outpatients and are unnecessarily admitted to the hospital.

A nent of severity of infection by the use of bio-

Group N % MR-proANP

Mean SD Median

(pmol/L) (pmol/L)
PSI 1111 152 50.7 124.8 126.5 85.28
PSI IV=V 148 49.3 310.6 389.6 180.7
Complicated* 45 15 359.4 562.1 163.7
Uncomplicated 255 85 191.2 220.4 122.5
CURB-65 score 0—1 143 47.7 128.1 126.8 84.4
CURB-65 score 2 98 32.7 310.3 431.6 157.3
CURB-65 score >3 59 19.7 274.5 287.2 179.3

*Respiratory failure/shock, clinical and radiological progression
of the disease, or empyema, including patients that were ad-
mitted to an ICU or died.

of chest radiographs is variable between radiologists. ' Eti-
ological diagnosis is still not achieved in a big number of
cases. Blood cultures are positive in a low percentage of
cases and results are often obtained not early enough. Spu-
tum culture is not a gold standard for the etiological diag-
nosis of pneumonia, and even well validated rapid tests
can be unspecific in some cases, such as the immunochro-
matographic urine test for Streptococcus pneumoniae in
patients with pneumococcal carriage, such as young chil-
dren'® and chronic obstructive pulmonary disease patients.
Limitations of validated risk scores such as PSI include its
complex and time-consuming calculation, leading to an in-
traobserver variation,'” as well as the overemphasis on age
and comorbidities. Thus, some young patients with severe
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Figure 4 Receiver operating characteristic curve of MR-

proANP and PCT with respect to prediction of high-risk of death
according to Pneumonia Severity Index (PSI IV and V), including
only the 142 patients who had both parameters measured.

markers has emerged in the last years as a promising
approach. Both observational and intervention studies
have shown PCT to improve the diagnosis of lower re-
spiratory tract infection (LRTI)>'® allowing to identify bac-
terial LRTI requiring antimicrobial therapy® as well as to
predict severity.” We also previously reported the correla-
tion of PCT with etiology and severity of pneumonia.® PCT
levels were increased in pneumococcal pneumonia, spe-
cially when bacteremic, and when multilobar infiltrates
were present. When patients were stratified by PSI, corre-
lation of PCT with high risk class (IV and V) was only signif-
icant in the group of pneumococcal pneumonia and not in
the group of Legionella pneumonia. We also found highly
elevated PCT levels in children with pneumococcal pneu-
monia in spite of a successful outcome.'® We have also
shown in the present study that PCT levels did not correlate
with PSI when excluding the group with pneumococcal
pneumonia. Therefore, when used as a prognostic marker,
PCT can have some limitations since it is influenced by eti-
ology and anatomical extent.

We evaluated the usefulness of MR-proANP measure-
ment as a prognostic marker in patients with pneumonia.
The main finding was that MR-proANP levels correlate with
severity of pneumonia, assessed by the PSI, CURB-65 and
also by the development of complications. Our results are
consistent with those of a recently published study by
Muller et al.?° that shows that MR-proANP levels are in-
creased in LRTI, especially in community acquired pneumo-
nia and its measurement might be useful in risk
stratification. This group also measured MR-proANP, al-
though using an immunoluminometric assay. In the popula-
tion studied, mortality was higher (46 of 373) than in our
study (14 of 300), and MR-proANP levels were significantly
higher in non-survivors. However, in our population, 14 pa-
tients died and only 8 of them presented elevated MR-
proANP levels at admission (using the threshold level deter-
mined by PSI, in absence of a real gold standard for sever-
ity). This could be due to a longer time between the
admission to hospital (when serum sample for MR-proANP
measurement was collected) and death: for the group of
patients with higher MR-proANP levels the mean time of
hospitalization was 5.50 days (SD 2.726) whereas for the
other 6 patients, that presented lower MR-proANP levels,
the mean time was 13 days (SD 6.033). In this sense, fol-
low-up measurement could have been useful. The knowl-
edge of the marker concentration and its dynamics during
the course of the disease might help to make more reliable
decisions regarding prognosis. In the group of patients with
complications, twelve were initially classified as low risk
(PSI 1-111); three of them presented elevated MR-proANP.
For example, one of the patients was classified into risk
class | and treated as outpatient, but had to be readmitted
because of the clinical and radiological progression of
the pneumonia. MR-proANP level at admission was
390.5 pmol/L and PCT level was 0.397 ng/mL.

Unlike PCT, MR-proANP levels were independent of the
etiology of the pneumonia and of the radiographic extent,
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Figure 5 A. MR-proANP values (pmol/L) according to the presence of congestive heart failure (CHF) as underlying disease. B. MR-

proANP values (pmol/L) according to the Pneumonia Severity Index in patients without congestive heart failure as underlying dis-
ease. Scatterplots represent individual data. Median values with interquartile ranges and p-values (Kruskal—Wallis one-way analysis

of variance) are shown.

indicating that MR-proANP predicts the severity of disease
rather than the need of antibiotic therapy or the extension
of the inflamed tissue involved. This finding has an
additional value since some etiologies have been shown to
present with low PCT levels.?

MR-proANP levels correlated with the presence of renal
disease and congestive heart failure. It has been reported
that circulating levels of natriuretic peptides are increased
upon stretch of the myocardium during congestive heart
failure and also during severe renal dysfunction.? Increased
circulating natriuretic peptides have been shown to corre-
late with the myocardial depression of septic shock.® An
important finding of our study is that the presence of
congestive heart failure as well as renal disease as underly-
ing diseases and not as a complication did not interfere the
association of MR-proANP levels and severity of pneumonia
assessed by the PSI.

This study has some limitations. First of all, the popula-
tion evaluated included adult patients with pneumonia that
were under physician’s care in the hospital. Therefore,
a group of patients without any complications or etiolo-
gies more benign than pneumococcal or Legionella pneu-
monia, such as Mycoplasma pneumoniae were not
included. Secondly, immunosuppressed patients were ex-
cluded from the study, and this is a group of difficult
management for both diagnosis and treatment that could
benefit from the use of biomarkers. Furthermore, the
fact that it is a retrospective study and that some sam-
ples collected during the study period lacked clinical
and microbiological information and they were excluded.
Finally, follow-up measurements during the course of dis-
ease can not be provided. It is also important to note
that the cut-off for MR-proANP was established based
on PSI, in absence of a real gold standard.

Collectively, the natriuretic peptide family counterbal-
ances the effects of the renin-angiotensin-aldosterone
system.?! With the hypothesis that BNP may reflect both
the severity of pneumonia as well as comorbidities, Mueller
et al. measured BNP levels in patients with pneumonia, and
found that they were significantly higher in patients dying

within 30 days.?? It is considered that BNP may be superior
to ANP in monitoring heart failure. ANP is stored within
granules and released upon acute stretch while BNP is
not.2 The ANP prohormone in cardiac tissue is cleaved
into two fragments, both of which enter the circulation.?'
Previously designed assays measure the N- or the C-termi-
nal part of the precursor, which are less stable and its mo-
lecular heterogeneity causes a risk of underestimating its
circulating levels.”> The measurement of MR-proANP, as
a more stable peptide, has been shown to have a diagnostic
value comparable to that of BNP and N-terminal-proBNP in
the diagnosis of acute destabilized heart failure.?* Plasma
MR-proANP concentrations appear to be a valuable tool
for risk assessment in sepsis patients.?®

Patterns of circulating markers may help to stratify
patients according to the severity of the disease, in order
to make therapeutical decisions such as further interven-
tions or the prescription of immunomodulating therapies.
A number of immunomodulatory therapies aimed to modu-
late the dysregulated inflammatory response in sepsis but
most of them have not demonstrated benefit in reducing
mortality.2® Some of the reasons for this failure include inap-
propriate criteria used for patient selection and timing of the
administration of the agent.?® In a retrospective analysis of
clinical and preclinical trials it was found that risk of death
altered the efficacy of anti-inflammatory agents during sep-
sis.?” It was concluded that clinical trials should incorporate
risk prediction scores in order to ensure that patients likely
to benefit (inhibiting an excessive inflammatory response)
are included and that those likely to be harmed (disrupting
a well-regulated inflammatory response) are excluded.?”

The response to anti-inflammatory therapies may differ
depending on the etiology, but also on the host factors.
Since no gold standard exists for determining both the
etiology and the immune status, demonstrable abnormali-
ties in immunological or biochemical pathways may permit
to detect organ dysfunction at earlier stages, before it
becomes irreversible.

Used adequately, PCT allows an early diagnosis of bacte-
rial infection,?® correlating with etiology and radiographic
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extent. MR-proANP levels, not influenced either by etiology
nor radiographic extent, can be a useful complementary
tool for assessing the severity in patients admitted to Emer-
gency Department with pneumonia, in order to improve de-
cisions regarding therapy and site of care.
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En el maneig de la PAC, és de gran importancia la valoracié inicial del risc, perqué en
depenen les decisions referents al tractament, aixi com la necessitat d’ingrés i la
ubicacid. Existeixen diversos indexs de gravetat, que permeten identificar aquells
pacients amb un major risc de mort, perd que no sén capacos de predir I'evolucié un
cop iniciat el tractament. En canvi, les determinacions seriades de biomarcadors sén

un parametre dinamic, i podrien ser d’ajuda per predir I'evolucio clinica.

En aquest apartat de la Tesi, hem avaluat la utilitat de les determinacions seriades de
PCT, neopterina, PCR i MR-proANP en un grup de 75 pacients amb diagnostic clinic i
radiologic de pneumonia. Considerant la determinacidé puntual en el moment de l'ingrés
hospitalari, els nivells de PCT mostren una clara relaci6 amb les pneumodnies amb
diagnostic bacteria de seguretat. Tanmateix els nivells de PCT i MR-proANP
s’incrementen significativament amb els indexs de severitat, i s6n més elevats en
aquells pacients que desenvolupen de forma posterior algun tipus de complicacio,
definit com ingrés a la UCI o decés. Quant a extensié radiologica, cap biomarcador va
mostrar una correlacié significativa. Els nivells de PCT i MR-proANP romanen en el
temps significativament elevats en aquells pacients que van desenvolupar algun tipus
de complicacio. Els nivells de PCT disminueixen de forma significativa en el temps tant
en pacients classificats com a baix i alt risc segons PSI. En el cas del MR-proANP els
nivells sén significativament superiors en el temps en els pacients classificats com a alt
risc, segons PSI| i CURB-65. En aquells pacients que no desenvolupen cap

complicacio, els nivells de PCT disminueixen de forma significativa de dia 1 a dia 3.

Els nostres resultats mostren que els nivells de PCT orienten sobre I'origen bacteria de
la pneumonia. Els nivells de PCT i MR-proANP correlacionen amb els index de
gravetat i la determinacié seriada d’aquests biomarcadors és util donat que reflexa el

pronostic a curt termini.
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Background. The aim of this study was to investigate whether procalcitonin (PCT), neopterin, C-reactive protein (CRP)
and mid regional pro-atrial natriuretic peptide (MR-proANP) levels at admission and during the clinical course can be
useful for the management of patients with pneumonia.

Patients. Study population consisted of 75 patients with clinical and radiological diagnosis of pneumonia. Serum
samples were collected at admission and during hospitalization. Complications were defined as ICU admission or death.
Results. Levels of PCT were significantly higher in pneumonia of definite bacterial origin in comparison to probable
bacterial or unknown origin. PCT levels were higher in pneumococcal pneumonia. PCT and MR-proANP levels increase
significantly according to PSI. All biomarkers levels are higher in patients developing complications and dying. Serial
levels of MR-proANP remain significantly elevated in patients developing complications and in patients classified in PSI
and CURB-65 risk groups. In patients not developing complications, there is a significant decrease in PCT levels.
Conclusions. PCT can be useful for identifying pneumonia etiology. PCT and MR-proANP levels correlate with the
severity index rules. PCT and MR-proANP serial measurements can be useful for predicting short-term prognosis.
Systemic biomarkers can provide additional information regarding clinical evolution, because these are dynamic and can

be measured daily.

Pneumonia is still the leading infectious cause of death
despite the development of new antimicrobial agents
and diagnostic methods [1]. Two essential factors for
the management of community acquired pneumonia
(CAP) are an early etiological diagnosis and
assessment of severity, guiding therapeutic options and

the initial site of care decision.

Several prognostic scores for CAP have been
developed in order to assess the risk of death. The
Pneumonia Severity Index (PSl) [2] and CURB-65
score (confusion, urea, respiratory rate, blood pressure
and age) [3] are the most commonly validated scores
for predicting mortality but are not able to predict the
outcome once the treatment has been initiated. These
risk scales are not designed to be re-assessed during
the clinical evolution and follow-up, so they can not

identify patients with higher risk of treatment failure

neither can assess the need of further interventions and

therapy changes.

In the last years, an aspect that has gained importance
is the systemic inflammatory and physiopathological
host response to infection. Mechanisms that lead this
inflammatory response depend on microbial and host
factors, and both have to be considered jointly [4]. In
this sense, several studies have described and
identified biomarkers that might reflect this process
during lower respiratory tract infections (LRTI), and
specially CAP [5-7]. As a result, a sole biomarker, or a
combination of biomarkers measurement at hospital
admission might be a useful complementary tool for the
initial assessment of etiology and severity. In fact, some
circulating biomarkers can be helpful for the orientation
of the etiology, particularly for the differentiation

between bacterial and viral infections, having potential
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implications in antibiotic prescriptions [7-11]. In addition,
recent studies have also evaluated if the combination of
validated risk scores, mainly CURB-65 and PSI with
certain systemic biomarkers could improve the
assessment of CAP severity and prognosis with
promising results [6, 12]. Another interesting approach
is to correlate serial biomarkers measurement with the
prognosis of the infection, and the appropriateness of
antibiotic therapy [13, 14]. In this regard we have
evaluated four systemic biomarkers: procalcitonin
(PCT), neopterin, C-reactive protein (CRP) and mid
regional pro-atrial natriuretic peptide (MR-proANP).

PCT is a specific marker of systemic bacterial infection
and specifically in the field of CAP, its levels have
shown a correlation with a bacterial etiology and degree
of severity [7, 15, 16] . Indeed its use for guiding
antimicrobial therapy has also been demonstrated in
several clinical trials [17]. More recently, sequential
measurements of PCT in CAP have also assessed its
value as a reliable prognosis biomarker [18, 19].

Neopterin is  synthesized by monocytes and
macrophages after induction by interferon-y secreted by
T lymphocytes [20]. It has been reported to act as a
mediator of cell immunity against intracellular
pathogens, such as viruses and parasites. Indeed
neopterin has shown to improve the discrimination
between bacterial and viral etiology respiratory tract

infections [8, 9].

CRP is a sensitive acute phase reactant routinely used,
whose levels increase in the presence of infection and
during chronic inflammatory conditions [21]. In the field
of CAP, CRP has been extensively evaluated and its
levels have been suggested to be valuable for revealing
the development of complications [22-25]. A
relationship between CRP levels normalisation and
appropriateness of antibiotic treatment has also been
described [14, 26].

And finally, atrial natriuretic peptide (ANP) is released
from the heart upon increased stretch of the
myocardium, serving as a marker of congestive heart
failure. Mid regional pro-ANP (MR-proANP) is the stable

C-terminal fragment of the ANP precursor and has been
evaluated as a marker of severity in LRTI, especially
during pneumonia and exacerbations of chronic
obstructive pulmonary disease (COPD), its levels
increasing with severity of infection and the

development of complications [27-29].

The aim of this study was to investigate the systemic
inflammatory and physiopathological response by
means of consecutive measurements of PCT,
neopterin, CRP and MR-proANP in patients with CAP.
The specific objectives of the present study are to
evaluate if biomarkers levels at admission can be useful
for identifying etiology, for assessing initial CAP severity
and clinical outcome. And secondly, to assess if serial
measurements can help identifying patients with an
adequate clinical and therapeutic management, since
score risk do not reflect evolution but a punctual clinical

state.

MATERIAL AND METHODS

Setting and study population. The study population
was adult patients admitted to the Emergency
Department (ED) of Hospital Universitari Germans Trias
i Pujol, presenting clinical signs of LRTI (e.g.
temperature>38°C, productive cough, chest pain,
shortness of breath, crackles on auscultation) and a
new infiltrate on the chest radiograph. Exclusion criteria
were nosocomial or health-care associated pneumonia,
presence of tuberculosis or infection caused by fungi or
other opportunistic microorganism. The study was
approved by the institutional ethics committee, and
informed consent was obtained from all patients

included.

Data were collected prospectively for epidemiological,
clinical (presence of comorbidities, previous antibiotic
and corticosteroid treatment), analytical, radiological
(lobar involvement and presence of pleural effusion)
and microbiological features. Samples from a total of 92
patients were collected during the period January to
June 2006 and, of these, 75 were considered, after
retrospective analysis by expert clinicians to have
presented to the hospital with CAP. Development of

complications was defined as need of ICU admission or



death. Data was obtained in the context of NAC-
CALIDAD project (Spanish Society of Pneumology and
Thoracic Surgery integrated project on lower respiratory

tract infections) Study Group.

Microbiological investigations. At the time of arrival
to the ED, samples were collected for microbiological
diagnosis: blood cultures, respiratory specimens for
culture and urine for antigen detection. Pneumococcal
pneumonia was diagnosed by isolation  of
Streptococcus pneumoniae from blood and/or pleural
effusion culture or by detection of polysaccharide
capsular antigen in urine samples by
counterimmunoelectrophoresis or detection of C-
polysaccharide antigen by immunochromatography
(ICT) (Binax Now S.pneumoniae urinary antigen test.
Binax. Maine.USA) [30]. Legionella pneumonia was
diagnosed by urinary antigen detection of Legionella
pneumophila serogroup 1 by enzyme immunoassay
(Bartels EIA Legionella urinary antigen, Trinity Biotech
Company, lIreland) [31, 32]. The isolation of a
predominant microorganism in the sputum samples was
considered as probable etiology and not as a definite
diagnosis.

A serum sample was collected at admission (D1).
During hospitalization and when possible, serial
samples were collected every 24 hours, at least during
the following four days. A total number of 131 serum
samples were collected, and distribution according to
the day obtained is as follows: D1-75 samples; D2-14;
D3-26; D4-16. For 8 patients we only collected the first
sample. All samples were stored at -20°C until

biomarkers measurements.

Biomarkers measurements. CRP and MR-proANP
were detected with an inmunofluorescent assay based
on a time-resolved amplified cryptate emission
(TRACE) technology (CRPus, MR-proANP KRYPTOR,
BRAHMS AG, Germany). PCT levels were measured
by an enzyme linked fluorescent assay (VIDAS
BRAHMS PCT, Biomérieux, France). This test has
shown a good correlation and concordance with the
established Kryptor reference method [33]. Finally,
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neopterin levels were measured by a competitive

immunoassay (Neopterin ELISA, IBL, Germany).

Statistical analysis. Categorical variables are
expressed as counts (percentages) and continuous
variables as mean and standard deviation (SD) or by
median and interquartile range (IQR), as appropriate.
Correlation analysis was performed using Spearman’s
correlation. Measurements on D1 were used for
assessing differences according patient’s
characteristics, etiology, initial pneumonia severity and
development of complications. The Xz-test and Fisher's
exact test were used, as appropriate to compare
qualitative variables. In case of quantitative variables,
Mann-Whitney U test, Wilcoxon, and Kruskal-Wallis,
were used. To assess the accuracy of biomarkers for
predicting the development of complications, including
mortality, we performed receiver  operating
characteristic curves and determined the area under the
curve (AUC), standard error (SE) and 95% confidence
interval (95%CIl). Serial biomarkers measurements
were analyzed using a linear mixed model with
repeated measures considering as explanatory
variables: development of complications, PSI, CURB-
65, time and its interaction.

Associations were considered statistically significant if p
value <0.05. The commercial statistical software
packages used were SPSS 15.0 (SPSS Inc, Chicago,
IL, USA), GraphPad Prism 5 (Graph Pad Inc, San
Diego, CA, USA) and SAS v9.1 (SAS Institute Inc.,
Cary, NC, USA)

RESULTS

The study population consisted of 75 patients with a
confirmed diagnosis of pneumonia with a mean age *
SD of 67+ 17.98. Patient’s characteristics are shown in
table 1. The presence of congestive heart failure and
renal disease was associated with higher levels of MR-
proANP (p=0.002 and p=0.005). CRP levels were
significantly higher in patients with COPD (p=0.008).
There were no significant differences in the levels of
biomarkers according to previous antibiotic and
corticosteroid treatment.
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Table 1. Patient’s characteristics

Characteristics N %
Men 54 72
Women 21 28
Smoking status
Yes 18 24
No 27 36
Ex 30 40
Coexisting illnesses
Neoplasia 6 8
Liver disease 9 12
Congestive heart failure 11 147
Cerebrovascular disease 7 9.3
Renal disease 7 9.3
Diabetes 17 227
Chronic obstructive pulmonary disease 19 25.3
PSI
| 5 6.7
Il 11 147
n 15 20
[\ 34 453
\ 10 133
CURB-65
1 16 213
2 33 44
3 26 347
Radiographic findings
Multilobar radiographic infiltrate 14 187
Pleural effusion 11 147
Complications
ICU admission during hospitalization 3 4
Exitus 6 8

Biomarkers at admission

Etiological diagnosis and radiographic involvement

Etiological diagnoses were classified as definite
bacterial (30.7%), probable bacterial (9.3%) and of
unknown origin (60%). Microorganisms isolated in
definite and probable bacterial cases are shown in
Table 2. Regarding biomarkers assessed, only PCT
showed a relationship with the etiology. PCT levels at
admission, showed significantly higher levels in those
cases with bacterial definite diagnosis (0.87 ng/mL, IQR
0.05-3.55) in comparison to the remaining groups (0.08
ng/mL, IQR 0.05-0.51) (p=0.018). Even gathering those
cases with definite and probable bacterial diagnosis,
PCT levels remained significantly higher (0.53 ng/mL,
IQR 0.07-2.56) in comparison to cases with unknown
etiology (0.06 ng/mL, IQR 0.05-0.48) (p=0.014). In

contrast, for CRP, neopterin and MR-proANP no
significant differences were found when comparing
patients according to etiological diagnosis. For the
differential diagnosis of LRTI, PCT levels higher than
0.25 ng/mL have been suggested to indicate a possible
bacterial infection. When applying this cut-off in our
population, we found that 60.87% of patients with
definite bacterial diagnosis and 56.67% of patients with
definite or probable bacterial diagnosis had PCT levels
higher than 0.25 ng/mL (p=0.027 and p=0.033,

respectively).

Twenty-one patients had pneumococcal pneumonia,
and PCT levels in this group were significantly higher
(p=0.039) in comparison to patients with pneumonia of
other origins, whereas for the other biomarkers no
statistical differences were found. Biomarkers levels for
pneumococcal and no pneumococcal pneumonia are
shown in Table 3. Radiographic signs considered were
the presence of pleural effusion and multilobar
infiltrates. PCT, neopterin and CRP levels were
significantly higher in those patients with pleural
effusion (p=0.056, p=0.024 and p=0.004 respectively),
while no differences were found for MR-proANP
(p=0.248). Regarding lobar involvement, no differences

were found for any biomarker.

Table 2. Pneumonia etiology

Etiology N
Definite bacterial 23
Pneumococcal® 21
Legionella pneumophilab 1
viridans group streptococci® 1
Probable bacterial® 7
S. pneumoniae 1
Haemophilus influenzae 1
Pseudomonas aeuroginosa 4
Streptococcus anginosus 1
Unknown 45

a

blood culture/ urinary antigen detection/pleural
effusion

urinary antigen detection
° pleural effusion culture
4 Isolation of the microorganism only in the sputum
samples
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Table 3. Levels of PCT, neopterin, CRP and MR-proANP in pneumococcal and non-pneumococcal pneumonia.

Pneumonia PCT Neopterin CRP MR-proANP
(ng/mL) (ng/mL) (ng/mL) (pmol/L)
Pneumococcal 21 0.87(0.05-3.24) 16.56 (14.58-46.66)  91.69 (46.03-239.25)  69.25 (44.77-113.85)
Bacteraemic 4 7.92(1.79-21.48) 55.12(20.89-85.26) 349.35(233.67-536.35) 77.04 (70.58-154.49)

Non- bacteraemic 17 0.2 (0.05-2.09)

Non neumococcal 54  0.07 (0.05-0.45)

16.22 (12.90-22.09)
21.32 (11.9-41.5)

87.94 (28.78-141.8) 64.53 (31.84-113.85)
106.90 (40.07-252.75)  88.75 (51.56-138.45)

@ This group includes: 2 different definite bacterial pneumonia (1 L.pneumophila and 1 S.viridans), 7 cases of probable

bacterial origin and 45 cases of unknown origin

Initial ~ severity, development of complications and
mortality

The mean length of hospitalization was 8.86 + 7.77
days and a positive correlation for MR-proANP was
found (correlation coefficient: 0.240; p= 0.047). PCT
levels increased significantly with the PSI (p=0.014)
whereas no statistical differences were found for
CURB-65 (p=0.306). Surprisingly, the group of 34
patients classified as PSI IV (45.3%), had median PCT
value of 0.06 ng/mL (IQR 0.05- 0.72). Median values of
PCT increased according to the CURB-65 but there
was some overlapping between score groups. CRP and
neopterin did not show any significant association
between levels and severity assessed by PSI| and
CURB-65. MR-proANP levels correlated significantly
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with PSI (p=0.009), whereas for CURB-65 it was nearly
significant (p=0.060). Levels of PCT, neopterin, CRP
and MR-proANP according to the PSI are shown in
Figure 1.

Seven patients (9.3%) developed clinical complications:
three patients were admitted to ICU (4%) and six
patients died (8%). Regarding PSI, 1 patient was
classified as PSI Ill, and the 5 remaining were PSI IV-V.
According to CURB-65, 2 patients had score 2 and the
five remaining had score 3-5. When comparing patients
that developed complications in comparison to those
that did not, variables that showed statistical differences
were: presence of liver disease (p=0.035), PSI
(p=0.033) and CURB-65 (p=0.05).

“Eé%;é

Figure 1. Levels of PCT (ng/mL) (A), neopterin (ng/mL) (B), CRP (ug/mL) (C) and MR-proANP (pmol/L) (D)
according to the PSI.
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Levels of PCT in patients that developed complications
(9.660 ng/mL, IQR 0.12- 23.43) were significantly
higher than in patients without complications (0.11
ng/mL, IQR 0.05-0.87) (p=0.035). In case of MR-
proANP, levels in complicated patients (153.95 pmol/L,
IQR 83.41 — 352.37) were also higher than in non-
complicated patients (76.06 IQR 48.30 — 132.15) with
statistical significance (p= 0.044). The AUC (SE, 95%
IC) to predict development of complications according
to PCT and MR-proANP were: 0.741 (0.109, 0.527-
0.955) and 0.749 (0.084, 0.585-0.913), respectively. A
PCT cut-off of 0.11 ng/mL had the highest sensitivity
value (85.7%), while cut-off of 1.03 ng/mL
corresponded to highest specificity (79.1%). A MR-
proANP cut-off of 85.05 pmol/L had the highest
sensitivity value (83.3%), while cut-off of 128.15 pmol/L
corresponded to highest specificity (73.8%). In Table 4
are shown the optimal threshold, specificity and
sensitivity values of PCT and MR-proANP for the
prediction of complications and mortality. Although,
levels of neopterin and CRP were also higher in
complicated patients, no statistical significance was
found. Interestingly, levels of neopterin for the 3
patients admitted to the ICU were significantly higher
(71.71 ng/mL, IQR 46.55-89.79) in comparison to
patients that were not admitted (20.65 ng/mL, IQR
14.38-36.95) (p=0.029). Levels of all biomarkers were
higher in non-survivors than in survivors, although MR-
proANP was the only biomarker that showed a
statistical significant difference (p=0.019) (Table 5). The
AUC to predict mortality according to PSI and CURB-65
index were as follows: 0.865 (SE 0.068, 95% IC 0.732-
0.998) and 0.784 (SE 0.079, 95% IC 0.629-0.939),
respectively. When assessing AUC to predict mortality

for each biomarker analyzed, we found that MR-

proANP reached the highest value: 0.809 (SE 0.072,
95% IC 0.668-0.95), whereas for the other biomarkers
values were: 0.7 (SE 0.121, 95% IC 0.463-0.937) for
PCT, 0.703 (SE 0.134, 95% IC 0.440-0.966) for
neopterin and 0.648 (SE 0.117, 95% IC 0.418-0.878)
for CRP. Optimal threshold for predicting mortality are

shown in Table 4.

Biomarkers and serial measurement

In eight patients, only an admission day sample was
collected; therefore kinetics could not be studied. When
analyzing median PCT and MR-proANP values, levels
remained significantly higher along time in the group of
patients that developed complications in comparison to
patients without complications (p=0.005 and p=0.043,
respectively), while no differences were found for
neopterin and CRP. Median levels of all biomarkers up
to day 4 according to the development of complications
are shown in Figure 2. At day 4 only one complicated
patient is represented. For both patients’ group, CRP
levels tended to decrease during evolution regardless of
whether there was favourable or unfavourable event. In
case of neopterin, levels in non complicated patients
remained similar along time, while for complicated
patients there is a decrease from D3. Patients were
also grouped into low (I-Ill) and high risk (IV-V) classes,
according to PSI. Interestingly, for both patients groups
PCT levels decreased along time statistically (p=0.045).
In case of MR-proANP levels for the high risk group
remained significantly higher than in the low risk group
along time (p=0.012). In case of CURB-65, MR-proANP
levels were also higher along time according to score,
with higher levels in CURB-65 3-5 (p=0.017). Same
analyses were performed for neopterin and CRP and no
significant differences were found.

Table 4. Optimal cut-off, specificity and sensitivity values for PCT and MR-proANP for the prediction of complications and

mortality.
Development of complications Mortality
PCT (ng/mL) MR-proANP (pmol/L) PCT (ng/mL) MR-proANP (pmol/L)
Cut-off 0.11 1.03 85.05 128.15 0.11 1.03 85.05 128.15
Specificity (%) 50.7 791 56.9 73.8 50 77.9 57.6 74.2
Sensitivity (%) 85.7 571 83.3 66.7 83.3 50 100 80
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Figure 2. Serial PCT (ng/mL) (A), neopterin (ng/mL) (B), CRP (ug/mL) (C) and MR-proANP (pmol/L) (D) levels in patients

with pneumonia classified according to the development of complications.

Considering the 68 patients that did not develop the
complications defined for this study (ICU admission or
death), 60 of them had serial PCT measurements, while
58 of them had MR-proANP serial measurements.
Regarding PCT, for 24 patients values remained similar
and in the negative range (0.05-0.06 ng/mL) along time.
For 24 patients, levels of PCT decreased along time
with higher levels at admission. Interestingly, in 12
cases PCT levels increased: for 6 patients remaining
below the cut-off of 1.03 ng/mL and for 6 exceeding the
cut-off level. In case of MR-proANP, for 27 patients
in 31,
decreased. Only for 6 patients, levels were above the

levels increased along time while levels
threshold of 128 pmol/L. Reviewing these 6 patients, it
is of note that 2 of them had levels at admission of

132.4 and 135.2 pmol/L, being very close to the cut-off

Table 5. Levels of biomarkers in non-survivors and survivors.

level defined and were classified as PSI class Il. The
other 4 patients, presented much higher levels already
at admission (245.3, 348.9, 560 and 242.6 pmol/L), that
increased in serial measurements. Interestingly, these 4
patients were PSI high risk class and the patient
presenting the highest levels developed an empyema.

For a subgroup of 22 patients we analyzed values of
PCT and MR-proANP at D1 and D3 (Figure 3). For the
group of 18 patients without complications, when
comparing PCT at D1 0.11 ng/mL (IQR 0.05- 0.8350)
and at D3 0.055 (IQR 0.055-0.4450), levels decreased
statistically (p=0.016). No statistical differences were
found for patients with complications: PCT levels at D1
were 5 ng/mL (IQR 0.17- 10.86) and at D3 2.390 ng/mL
(IQR 0.11- 39.63).

Biomarker Non-survivors

Survivors p

0.102

PCT (ng/mL)
Neopterin (ng/mL)
CRP (ug/mL)
MR-proANP (pmol/L)

5(0.12 - 23.43)
46.26 (28.36 - 65.68)
162.3 (109.80 - 338.4)
179.5 (107.38 — 415.5)

0.12 (0.05— 0.90)

20.64 (14.61 — 36.75) 0.282
91.69 (40.18 — 21.87) 0.249
75.55 (49.41 — 132.02) 0.019




112 I
Resultats

A E_l'"'—l 8 r'-_t
P £
E ) E" é

Figure 3. Box plot of PCT (ng/mL) (A) and MR-proANP (pmol/L) (B) levels on day 1 (D1) and day 3 (D3) according to the

development of complications

Same analysis was performed for MR-proANP, but no
significant differences were found. Levels of MR-
proANP in patients without complications at D1 and D3
were 64.53 pmol/lL (IQR 48.31- 110.2) and 73.11
pmol/L (IQR 40.92- 120.5), respectively. In patients
developing complications, levels at D1 and D3 were
(208.8 pmol/L, IQR 88.04-478.7) and (133.8 pmollL,
IQR 95.50-446.4). The comparison of PCT and MR-
proANP
development of complications was also performed, and

levels at D1 and D3 according to the
MR-proANP showed for both days significantly higher
levels in those patients developing complications in
comparison to those non-complicated (p=0.054 and
p=0.054).

DISCUSSION

In the last years, several systemic biomarkers have
been evaluated in the field of infectious diseases.
Particularly in LRTI, and more specifically in CAP and
exacerbations of COPD, they have shown a potential
utility in the assessment of etiology and severity [5, 34,
35].

In CAP, the etiological diagnosis is not achieved in a big
number of cases. In fact, in our experience we have
found that almost 60% of cases were of unknown origin.
Blood cultures are positive in a low percentage of
cases, and sometimes results are not obtained early

enough [36]. In addition, sputum culture result is not a

gold standard because of the presence of

tracheobronquial colonization in some groups of
patients; and even well validated rapid test, such as the
ICT assay for the detection of S.pneumoniae can be
unspecific in patients with pneumococcal carriage, for
example children and COPD patients [37, 38]. In
addition, persistent excretion of S.pneumoniae urinary
antigen has been described in patients with a previous
recent diagnosis of pneumococcal pneumonia [39].
These are some of the reasons why it would be
appropriate to have at one’s disposal alternative useful
tools for guiding etiological diagnosis. In this sense,

systemic biomarkers might be a good approach.

In fact, PCT has a high accuracy to differentiate

bacterial from nonbacterial causes [40]. In our
experience, levels of PCT were significantly higher in
those pneumonia cases with a bacterial definite

diagnosis, confirming its ability to detect bacterial origin.
In addition, as we showed in a previous work PCT
levels reached elevated values in pneumococcal
pneumonia, being higher when bacteraemic, being
consistent with other studies [7, 24]. Although there are
only 4 bacteraemic cases, PCT levels have shown a
relationship with systemic infections [41, 42] . PCT is
constitutively released during systemic bacterial
infections, and this secretion is inhibited by IFN-y, key
mediator during viral infections [43]. In fact, three

interventional trials of PCT guided therapy in LRTI have



suggested that measuring PCT might help to assess
the likelihood of bacterial infection and so reduce
antibiotic prescriptions without negative effects on the
patient’s recovery [10, 44, 45] . Neopterin did not show
any statistical difference when assessing etiological
origin. However, in our previous experience neopterin
showed elevated levels in Legionella and Pneumocystis
Jirovecii pneumonia [7]. In the present study, there is
only one case with Legionella or intracellular
microorganism isolation, so it is reasonable to assume
that this absence of statistical difference might exist. In
fact, a relationship between neopterin levels and
infections caused by intracellular bacteria and virus has
already been found [8, 9]. In case of CRP which is one
acute phase reactant, its levels increase in patients with
various infections [40]. Whether CRP can be used for
the etiological diagnosis of CAP has been extensively
evaluated, but results have been discordant [22, 24, 25,
46, 47]. In case of MR-proANP there is no relationship
with the etiological origin, as it has been described in
previous studies, corroborating that MR-proANP levels
reflect physiopathological dysfunction rather than
etiology [27, 48, 49].

Regarding radiographic involvement, PCT, CRP and
neopterin levels were higher in patients with multilobar
pneumonia, although in our previous experience PCT
correlated significantly with lobar involvement [7]. In
contrast, in patients with pleural effusion, PCT, CRP

and neopterin showed significant higher levels.

Pneumonia risk scores, such as PSI and CURB-65 are
validated tools that classify patients according to the
risk of death [2, 3]. These scores are greatly influenced
by the presence of comorbidities and age but fail to
assess the inflammatory host response to the infection.
In addition, these score risks are designed to be
assessed at the moment of hospital admission, and are
not re-evaluated during the clinical course of the
infection, so they cannot identify patients that need a
therapeutic intervention or a change of therapy. To that
effect, the use of systemic biomarkers could provide
additional information, because these are dynamic and
can be measured daily. Its synthesis and kinetics are
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both related to the inflammatory host response and to

the physiopathological aspects of infection.

Regarding PCT, its levels have shown a close
relationship with the severity and prognosis of systemic
infections [50]. Specifically in case of CAP, our results
show that PCT correlates statistically with PSI classes,
as described by other studies [7, 10, 51]. Interestingly,
among the 34 patients classified as PSI IV, 20 of them
had a PCT value <0.05 ng/mL. This reinforces the fact
that score risk index and inflammatory markers might
mirror different aspects of the infection. In our study,
regarding CURB-65 although median values were
higher across risk classes, no statistical differences
were found. However, in a study by Kruger et al, PCT
levels at admission predicted the severity and outcome
of CAP, with a similar prognostic accuracy as the
modified index CRB65 [52]. PCT has also been
regarded as a prognostic biomarker during CAP, as
higher levels have been found in patients developing
complications and dying, being in accordance with our
results [7, 51, 53]. In our experience CRP was not able
to accurately classify patients according to PSI. On the
contrary, in a study by Hohenthal et al CRP correlated
significantly with PSI and was valuable for assessing
disease severity in CAP patients [25]. Our results
confirm previous findings that have shown that MR-
proANP correlates with PSI, CURB-65, the later
development of complications and the length of
hospitalization [27, 48, 49, 54, 55]. MR-proANP is
involved in physiopathological changes that occur
during infections, and this is one of the reasons why its
levels are increased in patients with CAP. Specifically
for this biomarker we have suggested a cut-off of
128.15 pmol/L for the prediction of complications and
mortality. In our previous experience we determined a
cut off of 139.7 pmol/L [27]. These values are similar to
135 pmol/L, a cut-off proposed by Claessens et al to
discriminate admission requirement [54].

During pneumonia, the measurement of systemic
biomarkers at admission has proved to improve the
identification of patients with worse prognosis [5]. In this
sense, the study of kinetics by means of serial

measurement seems an opportunity to further evaluate
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this prognostic value. CRP has been described as a
valuable tool for pneumonia patient's follow-up, as
levels decrease in accordance with clinical recovery
[23, 25, 26, 56]. In our experience, levels of CRP also
decreased although with no statistical differences. The
same pattern was observed for neopterin. Bruns et al
found that a delayed normalisation of CRP within the
first 3-7 days of follow-up was suggestive of an
inappropriate empirical antibiotic treatment [26]. The
study of antibiotic appropriateness by means of PCT
and CRP kinetics has also been evaluated in ICU
patients with promising results [13, 14]. Boussekey et
al, found that an increase of PCT levels from day 1 to
day 3 in patients with severe CAP was a sign of poor
prognosis [18]. In our experience, a significant decrease
of PCT levels from day 1 to day 3 was observed in
patients without complications, whereas for patients
developing complications levels for both days remained
similar. In the same direction, Menéndez et al found
that low CRP and PCT levels at day 3 in addition to
clinical criteria improved the identification of patients
that would not develop complications [19]. Specifically
in Legionella pneumonia De Jager et al found that CRP
levels decreased independently of the clinical outcome
while unfavourable clinical outcome seemed to be

related to persistently elevated PCT levels [57].

Little
measurements of MR-proANP in pneumonia. Vazquez
et al found in patients with LRTI that MR-proANP levels

were lower on days 3, 5 and 7 in patients surviving in

is known about the usefulness of serial

comparison to non-survivors [28]. In addition, they
reported an increase over time in non-survivors, while in
survivors levels were more stable or tended to
decrease. All these observations are in accordance to
our results, reinforcing the high prognostic value of MR-
proANP in the management of pneumonia. In fact it is
important to point out that patients with elevated values
in serial measurements corresponded to patients that
were admitted to ICU, or to non-survivors, or to patients
belonging to high PSI classes or to patients developing
complications different than the defined in the study,
such as empyema.

This study has some limitations. First of all, study
adult that

hospitalized; therefore a group of patients without any

population included patients were
severe complications or etiologies more benign, such
as Mycoplasma pneumoniae was not included. And
secondly, serial sample collection was not always
possible so the time elapsed between collection
was not standardized for all

moment patients.

Nevertheless, despite these limitations our study
provides important and new data about the usefulness
of admission and serial biomarkers levels for the
management of pneumonia.

In conclusion, PCT can be a useful tool for the
identification of pneumonia etiology. In addition, PCT
and MR-proANP levels correlate with validated risk
scores such as PSI and CURB-65. Regarding the utility
of serial measurements, we have shown that MR-
proANP levels remain elevated in patients developing
complications and in patients classified in high PSI and
CURB-65 risk groups. Levels of PCT decreased along
time in non complicated patients. Regarding mortality,
all biomarkers analyzed were higher in non-survivors in

comparison to survivors.

The association between severity of infection and
serum levels of inflammatory and physiopathological
markers could be important in terms of a successful
identification of patients that might benefit form early
intervention strategies. Therefore, for the clinical
management of pneumonia an optimal complementary
tool would be a panel of biomarkers, each one reflecting
different aspects of the infection itself. However further
research is necessary in order to better define
biomarkers exact role and cut off values according to

study population.
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4.3. Article 3

Inflammatory and cardiovascular biomarkers to assess the etiology and the
severity of lower respiratory tract infections.

Correlation with new pneumonia severity scores.

Alicia Lacoma, Albert Bas, Pere Tudela, Montse Giménez, Josep Maria Modol,
Miguel Pérez, Vicente Ausina, Jose Dominguez, Cristina Prat.

Annals of Emergency Medicine 2011. Submitted

Els objectius d’aquest treball han estat establir si existeixen diferéncies en els nivells
de PCT, PCR, neopterina, MR-proANP i MR-proADM en pacients amb pneumonia en
comparaci® amb altres infeccions de vies respiratories baixes, i d’altra banda
determinar si especificament en el cas de la pneumonia els nivells de biomarcadors
correlacionen amb els indexs de severitat: PSI, CURB-65, SCAP, SMART-COP i amb

el desenvolupament de complicacions, definit com a ingrés a UCI o decés.

La poblacié d'estudi esta formada per pacients admesos a urgéncies amb febre i
simptomes d’infeccié de vies baixes, i en els que per sospita de sepsia se'ls va
extreure hemocultius. De forma retrospectiva, els pacients es van classificar en 3
grups: pneumonia (n=85), exacerbacions de la MPOC (n=25) i infeccions bronquials en
pacients sense pneumopatia (n=52). Els nivells de PCT i MR-proADM van ser
significativament més elevats en els casos de pneumodnia en comparacié amb les
exacerbacions de la MPOC i les infeccions bronquials. En els casos de diagnostic
bacteria de seguretat, els nivells de PCT i MR-proADM soén significativament superiors,
en comparacié amb la resta de diagnostics. En considerar només els pacients amb
pneumonia, els nivells de MR-proANP i MR-proADM s’incrementen amb el PSI i el
CURB-65. Els nivells d’aquests biomarcadors sén significativament superiors en
pacients classificats com a alt risc segons SCAP i SMRT-CO en comparacié amb els
de baix risc. En considerar SMART-COP, cap biomarcador va correlacionar. Els nivells
de neopterina i MR-proADM van ser significativament superiors en els pacients que
van desenvolupar algun tipus de complicacié. La determinacié de biomarcadors pot ser
util per assolir un diagnostic diferencial de forma precog en pacients admesos a
Urgéncies amb signes clinics inespecifics d’infeccié respiratoria. En pacients amb
pneumonia, els nivells de biomarcadors sén superiors en pacients classificats com alt

risc, aixi com en pacients amb pronostic a curt termini desfavorable.
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Inflammatory and cardiovascular biomarkers to assess the etiology and the severity of lower respiratory tract

infections. Correlation with new pneumonia severity scores.
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Objectives. To assess if there are differences in levels of procalcitonin (PCT), C-reactive protein (CRP), neopterin, mid
regional pro-atrial natriuretic peptide (MR-proANP) and mid regional pro-adrenomedullin (MR-proADM) in patients with
pneumonia with respect to other lower respiratory tract infections (LRTI). And specifically in patients with community
acquired pneumonia (CAP) to correlate admission levels with the etiology and the severity risk scores: PSI, CURB65,
severe CAP (SCAP), SMART-COP as well as short term prognosis.

Methods. Inclusion criteria were patients with fever and symptoms of LRTI admitted in emergency room (ER) and from
whom blood cultures were drawn. After retrospective analysis, patients were classified as: pneumonia (n=85), chronic
obstructive pulmonary disease (COPD) exacerbation (n=25) and bronchial infection (n=52). Epidemiological, clinical,
microbiological, analytical and radiological data were recorded. Plasma samples were collected at admission. Patients
were stratified according to the PSI, CURB65, SCAP and SMART-COP.and according to the development of
complications

Results. PCT and MR-proADM showed significantly higher levels in pneumonia when comparing with COPD
exacerbation (p=0.003 and p=0.014) and bronchial infection (p=0.002 and p=0.006). PCT and MR-proADM showed
significantly higher levels in cases of definite bacterial diagnosis in comparison to other cases (p=0.017 and p=0.004).
MR-proANP and MR-proADM levels increased statistically according to PSI (p=0.001 and p=0.001) and CURB-65
(p=0.001 and p=0.001). MR-proANP (p=0.010) and MR-proADM (p<0.0001) showed significantly higher levels in high
risk SCAP group in comparison to low risk. When considering SMART-COP none of the biomarkers showed statistical
differences. MR-proADM levels were higher in patients with high risk of needing intensive respiratory or vasopressor
support in comparison to very low (p=0.003) and low risk (p=0.015) according to SMRT-CO. Neopterin (p=0.030) and
MR-proADM (p=0.044) were significantly higher in patients that developed complications.

Conclusions. Biomarkers measurement can be helpful for an early differential diagnosis in patients admitted in ER with
unspecific clinical signs of LRTI. Biomarker levels are higher in patients with a poorer prognosis according to risk scores

and to the development of complications.

INTRODUCTION

A correct clinical management of patients with fever and

comorbidity and in the elderly, since clinical
presentation of pneumonia may resemble an

symptoms of lower respiratory tract infection (LRTI) in exacerbation of the chronic disease, and clinical

emergency room (ER) is a complex issue. In order to
make clinical decisions such as therapy and initial site
of care, it is important to differentiate bacterial
pneumonia from other causes of LRTI, such as
exacerbation of chronic obstructive pulmonary disease
(COPD) and bronchial infection. This is particularly

difficult in patients with an important degree of

symptoms may be unspecific, [1]. In addition, in these
cases the radiographic signs might be also more

difficult to interpret.

Regarding the assessment of severity, in the field of
community-acquired  pneumonia  (CAP),  several

prognostic scores have been developed in order to
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assess the risk of death and development of
complications. The Pneumonia Severity Index (PSI) [2]
and CURB-65 (confusion, urea, respiratory rate, blood
pressure and age) [3] are the most commonly validated
rules for predicting mortality. PSI stratifies patients into
five groups, each with a different estimated risk of
death. This complex system includes demographic
factors, clinical history and physical examination,
analytical and radiographic findings. CURB-65 is
simpler to calculate, as it includes only 5 variables. This
six point score also classifies patients into 3 groups
according to the risk of death. However these scores
are not able to predict the outcome once the treatment
has been initiated.

Recently, two new score risks have also been
developed in the field of CAP: severe CAP (SCAP) and
SMART-COP. Espafia et al developed the SCAP rule
for identifying patients with severe CAP who are at risk
for an adverse outcome and might need intensive care
unit (ICU) admission [4]. This index combines 2 major
and 6 minor criteria, each with its corresponding score
points. Another risk score recently defined by the
Australian CAP study is the SMART-COP that
combines 8 clinical and biochemical features: systolic
blood pressure, multilobar chest radiography
involvement, albumin, respiratory rate, tachycardia,
confusion, oxygenation, and arterial pH [5]. This tool
has been mainly designed for the prediction of patients
with CAP that are likely to require intensive respiratory
or vasopressor support (IRVS).

In general, severity rules developed for pneumonia
consider several clinical, analytical and radiological
findings that jointly reflect patient’s general condition. In
the last years, it has become more evident that it is also
important to consider host inflammatory and
cardiovascular response to an infection. In this sense,
in the field of CAP, several systemic biomarkers for
differential diagnosis and for assessment of severity
have been evaluated with promising results [6].

Procalcitonin (PCT), C-reactive protein (CRP) and
neopterin are an example of biomarkers that can be

useful for the management of patients with pneumonia,

as a correlation with the etiological origin and the

pneumonia severity has been demonstrated [7-9].

Biomarkers  reflecting cardiovascular  impairment
(including  endothelial ~ dysfunction and volume
homeostasis) have also emerged as useful tools for the
management  of  respiratory  tract infections.
Adrenomedullin (ADM) is a member of the CALC-gene
family and has potent vasodilating, immune modulating
and metabolic properties [10, 11]. Furthermore, this
peptide has also antimicrobial capabilities, probably as
part of the mucosal defence of the innate immune
system [12-14]. It is present in cardiovascular and
endocrine tissues but also in the surface mucosal
epithelia of the digestive, respiratory and reproductive
systems [15]. Specific metabolic conditions such as
hypoxia, oxidative stress and sepsis upregulate
adrenomedullin production [16]. ADM is rapidly cleared
so its concentration is measured indirectly by detecting
a stable precursor, named mid regional pro-ADM (MR-
proADM). Initial studies have shown that MR-proADM is
a novel biomarker with prognostic value for
cardiovascular diseases but also helpful for sepsis
management and for the stratification of patients with

pneumonia [17, 18].

Atrial natriuretic peptide (ANP) is synthesized by
cardiac atrial myocytes. Stimuli for natriuretic peptides
production are multiple, such as proinflammatory
factors, hypoxia and conditions of increased cardiac
pressure and volume overload, being wall stretch the
most important stimulus for its synthesis and secretion
[19, 20]. Biochemical assays aim specifically at the mid-
region of the precursor (MR-proANP) [21]. MR-proANP
is the stable C-terminal fragment of the ANP precursor
and has been evaluated as a severity and prognostic
marker in lower respiratory tract infections, especially
during community acquired pneumonia [22, 23] but also
COPD [24]. In the field of CAP, levels of MR-proADM
and MR-proANP have correlated with widely validated
score risks, such as PSI, CURB-65 and the simpler
CRB-65. However little is known about how these
biomarkers correlate with the new defined severity
rules: SCAP and SMART-COP.



The objectives of this study are three-fold: first to
assess if biomarkers (PCT, CRP, neopterin, MR-
proANP and MR-proADM) levels at admission can
differentiate pneumonia from other LRTI in patients with
suspicion of bacterial LRTI; second to study whether
biomarkers might identify definite bacterial etiology and
finally and specifically in pneumonia cases if biomarkers
levels correlate with severity and prognosis assessed
by means of risk scores.

MATERIAL AND METHODS

Setting and study population. Population consists of
patients with suspicion of systemic bacterial infection
that consulted the medical area of the ER (excluding
surgical, gynecological and pediatric areas) and from
whom blood cultures were obtained. Patients were
consecutively included from 1% March to 30" April
2009. Patients were followed up for 30 days after
admission. Samples from 412 patients were collected,
and after retrospective analysis 85 patients were
considered to have presented with pneumonia, 25
patients had COPD exacerbation and 52 had other
respiratory bronchial infections. Final diagnosis was set
according to the clinical judgment mentioned in the
emergency and hospital medical files, or in the records
of outpatient care. Pneumonia was defined by clinical
(presence of fever, cough, dyspnea) and radiographic
signs (pneumonic infiltrate in the chest radiograph), as
well as clinical evolution, assessed by experts clinicians
and radiologists [25]. The presence of COPD was
based on clinical history, physical examination findings,
and spirometric criteria [26]. A COPD exacerbation was
defined as an acute worsening of the patient’s condition
from stable state and beyond normal day-to-day
variations, acute in onset and necessitating a change in
regular medication [27]. Bronchial infection was defined
as presence of clinical respiratory symptoms and no
pneumonic infiltrate in chest X-ray, in patients with no
history of chronic pulmonary diseases.

Epidemiological, clinical, microbiological, analytical and
radiological data were recorded from all cases.
Charlson index was also calculated for each patient
[28]. Patients were stratified according to the PSI,
CURBG65, SCAP and SMART-COP [2-5]. For patients

I 123
Resultats

that did not have arterial blood gas, if oxygen saturation
levels were > 95% at room air, and physical
examination data reported that the patient was eupneic
missing values for PSI were set to normal. SMART-
COP was calculated if all variables were available.
SMRT-CO was applied in cases when either one of the
following variables was not recorded: albumin, arterial
pH, or P0,. Complications were defined as: respiratory
failure/ shock, need of ICU admission and death.

Microbiological investigations. At the time of arrival
to the ER, samples were collected for microbiological
diagnosis: blood cultures, respiratory specimens for
culture and urine for antigen detection. Pneumococcal
pneumonia was diagnosed by isolation  of
Streptococcus pneumoniae from blood and/or pleural
effusion culture and/ or by detection of polysaccharide
capsular antigen in urine samples by
counterimmunoelectrophoresis for patients diagnosed
of COPD or detection of C-polysaccharide antigen by
immunochromatography (Binax Now S.pneumoniae
urinary antigen test. Binax. Maine.USA) [29, 30].
Legionella pneumonia was diagnosed by urinary
antigen detection of Legionella pneumophila serogroup
1 by enzyme immunoassay (Bartels EIA Legionella
urinary antigen, Trinity Biotech Company, Ireland) or
microorganism isolation in respiratory sample. Definite
bacterial origin also included cases with isolation of a
microorganism different from S.pneumoniae from blood
culture and/or pleural effusion culture. The isolation of a
predominant microorganism in the sputum samples was
considered as probable etiology and not as a definite
diagnosis.

Biomarkers measurements. Plasma sample per
patient were collected at admission. All samples were
stored at -20°C until biomarkers measurements. CRP
was measured in serum samples by turbidimetric assay
(RCRP, Siemens Dimension Rxl Max, Siemens,
Germany). PCT, MR-proANP and MR-proADM were
measured  with an  immunofluorescent assay
(KRYPTOR BRAHMS AG, Germany). Neopterin levels
were measured with a competitive immunoassay
following the manufacturer’'s instructions (Neopterin
ELISA, IBL, Germany).
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Statistical analysis. Categorical variables are
expressed as counts (percentages) and continuous
variables as mean and standard deviation (SD) or by
median and interquartile range (IQR), as appropriate.
Biomarkers levels are expressed as median and IQR.
Correlation analysis was performed using Spearman’s
correlation. The xz—test was used to compare qualitative
variables. In case of quantitative variables, Mann-
Whitney U test and Kruskal-Wallis were used as
approriate. To assess the accuracy of biomarkers for
predicting the development of complications, including
mortality, we performed receiver  operating
characteristic curves and determined the area under the
curve (AUC), standard error (SE) and 95% confidence
interval  (95%Cl). Associations were considered
statistically significant if p value <0.05. The commercial
statistical software package used was SPSS 15.0
(SPSS Inc, Chicago, IL, USA).

RESULTS

Study population

After retrospective analysis, 162 patients had a final
diagnosis of respiratory infection and were classified in
three groups: pneumonia (n=85), COPD exacerbation
(n=25) and bronchial infection (n=52). Mean age was
68.09 (SD 1.33). PCT (p=0.001), CRP (p=0.008) and
MR-proADM (p=0.006) showed significant differences
when comparing levels in the three groups while no
differences were found for MR-proANP and neopterin.
Specifically, PCT showed significantly higher levels in
pneumonia patients when comparing with COPD
exacerbation  (p=0.003), and bronchial infection
(p=0.002). Levels of PCT were similar in COPD
exacerbation and bronchial infection groups (p=0.446).
CRP only showed significantly higher levels when
comparing pneumonia group vs bronchial infection
(p=0.002). Finally, MR-proADM showed statistical
higher levels when comparing pneumonia group with
COPD exacerbation (p=0.014) and bronchial infection
(p=0.006). The comparison between the three groups
only found statistical differences for gender (p=0.005),
and previous treatment with corticosteroids (p=0.007),
whereas for age (p=0.562) and for Charlson index

(grouped as <2 or 22) (p=0.329) no differences were
observed. In Table 1 are shown patient’s characteristics
with  final diagnosis of pneumonia. Regarding
biomarkers, no significant differences were found when
comparing patients according to previous antibiotic and
corticosteroid therapy. Patients with congestive heart
failure had higher levels of MR-proANP and MR-
proADM  (p<0.0001 and p=0.056, respectively).
Regarding renal disease, levels of neopterin and MR-
proANP were significantly higher (p=0.006, p=0.024).
Neopterin levels were nearly significantly higher in
patients with COPD as comorbidity (p=0.058). No
significant differences were found when considering
biomarkers levels and Charlson index classified as <1

and 22.

Etiological diagnosis and radiographic involvement
Microbiological results are shown in Table 2. PCT
(p=0.017) and MR-proADM (p=0.004) levels were
significantly higher in cases of definite bacterial origin
(n=22) in comparison to other cases: pneumonia cases
of probable or wunknown origin (n=63), COPD

exacerbations (n=25) and bronchial infections (n=52).

Table 1. Characteristics of patients with a final

diagnosis of pneumonia.

Characteristics N %
Men 59 69.4
Women 26 30.6
Inpatient 74 87
Coexisting illnesses
Neoplasia 30 35.3
Liver disease 7 8.2
Congestive heart failure 19 22.4
Cerebrovascular disease 9 10.6
Renal disease 11 12.9
COPD 23 271
HIV 7 8.2
Previous antibiotic treatment 16 18.8
Previous corticosteroid therapy 25 29.4
Inhaled 15 60
Oral 10 40
Radiographic findings
Pleural effusion 10 11.7
Multilobar 13 15.3
ICU admission 3 3.6
Death 8 9.4




Table 2. Microorganisms isolated in the three study

groups.
Study group  Etiology N
Definite diagnosis ? 22
Streptococcus pneumoniae 16
viridans group streptococci 2
Klebsiella pneumoniae 1
Pseudomonas aeruginosa 1
Pneumonia Pneumocystis jirovecii 2
(n=85)
Probable diagnosis d 12
S.pneumoniae 6
Haemophilus influenzae 3
Moraxella catarrhalis 1
Other gram negative 2
Unknown origin 51
P. aeruginosa 1
Bronchial Staphylococcus aureus 1
infection ¢ H. influenzae 1
(n=52) S.pneumoniae 1
P. aeruginosa 1
COPD . S. aureus 1
exacerbation H. influenzae 1
(n=25) S.pneumoniae and 1

H. influenzae
urinary antigen detection/pleural

@ blood culture/

b

effusion. 3 blood culture positive and 1 pleural

effusion. © S.mitis and S.anginosus isolated in blood
culture and pleural effusion culture, respectively . d
Isolation of the microorganism only in the sputum

samples.

[rm——
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o
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Specifically in pneumonia patients, PCT and MR-
proADM showed significantly higher levels in cases of
definite bacterial diagnosis in comparison to cases of
(p=0.044 and p=0.028,
respectively). If assembling cases of probable bacterial

probable bacterial origin
diagnosis and unknown origin, MR-proADM was the
only biomarker that still showed a nearly significant
difference when comparing to definite diagnosis group
(p=0.059). A total of 6 blood cultures were positive: 3
for S.pneumoniae, 1 for Streptococcus mitis, 1 for
Pseudomonas

Klebsiella pneumoniae, and 1 for

aeruginosa. Levels of MR-proADM were nearly
significantly higher in patients with documented
bacteremia in comparison to negative blood culture

results (p=0.053).

In 13 cases there was multilobar involvement and
that
significantly higher levels (p=0.011). Although there

neopterin was the only biomarker showed
were no statistical differences, all biomarkers were

higher in patients with pleural effusion.

- rmam

Figure 1. Levels of MR-proANP and MR-proADM according to PSI [(A) and (B)] and CURBG5 [(C) and (D)].
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Severity scores and development of complications
Pneumonia patients were classified according to the
PSI. MR-proANP and MR-proADM showed significant
differences across groups (p<0.001 and p=0.001,
respectively) and higher levels were found in high risk
(IV-V) groups in comparison to low risk groups (I-Ill)
(p<0.001 and p<0.001, respectively). PCT, CRP and
neopterin did not show any significant difference. MR-
proANP and MR-proADM levels increased statistically
with CURB-65 (p<0.001 and p<0.001, respectively). If
grouping patients into three groups (0-1, 2, 3-5 points),
MR-proANP  and  MR-proADM  kept statistical
differences (p<0.001 and p<0.001, respectively) and
neopterin almost reached statistical significance
(p=0.057). In Figure 1 are shown MR-proANP and MR-
proADM levels according to PSI and CURB-65.

SCAP score was also assessed for all patients. Thirty
patients had SCAP criteria and showed higher levels of
MR-proANP  (p=0.002), MR-proADM  (p=0.001),
neopterin (p=0.011) and PCT (p=0.069) while for CRP
levels no differences were found (p=0.549). When
considering all pneumonia patients, regardless of SCAP
criteria, MR-proANP (p=0.015) ,MR-proADM (p=0.001)
and neopterin (p=0.058) showed statistical differences
across the five SCAP risk groups. SCAP score can also

[or .

——— g

be classified according to low (0-9 points), intermediate
(10-19) and high risk (220). PCT (p=0.010), neopterin
(p=0.003), MR-proANP (p=0.010) and MR-proADM
(<0.0001) showed higher levels in high risk group in
comparison to low risk (Figure 2). MR-proANP
(p=0.049) and MR-proADM (p=0.051) also presented
higher levels in intermediate risk in comparison to low
risk. Twenty-eight patients had SMART-COP index
calculated whereas 57 patients had the modified
version: SMRT-CO. When considering SMART-COP
none of the biomarkers showed statistical differences.
However neopterin levels were significantly higher in
patients with 23 points in comparison to patients with <3
(p=0.021). For patients with SMRT-CO, MR-proADM
was the only biomarker that showed significant
differences across score groups (p=0.050). Specifically
MR-proADM levels were higher in patients with high risk
of needing IRVS in comparison to very low (p=0.003)
and low risk (p=0.015). Patients with 22 points had
significantly higher levels of PCT (p=0.030), CRP
(p=0.040) and MR-proADM (p=0.030), whereas for
neopterin (p=0.154) and MR-proANP (p=0.141) no
statistical differences were found (Figure 3). In Table 3
are shown the frequencies of patients according to the

risk scores considered.

= g

e e
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-

Figure 2. PCT (A), neopterin (B), MR-proANP (C) and MR-proADM (D) levels according to SCAP score.
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Table 3. Distribution of patients according to the score results and the development of complications.

Score index N (%) Comalli:;)tions (:&;) Ii;:g)s
PSI
| 9(10.6) - - -
1l 10 (11.8) 1 - 1
1l 14 (16.5) - - -
\Y 32 (37.6) 3 1 2
v 20 (23.5) 5 2 5
1111 33 (38.8) 1 - 1
V-V 52(61.2) 8 3 7
CURB-65
0 20 (23.5) 1 . 1
1 24 (28.2) 1 - 1
2 24 (28.2) 3 1 3
3 11(12.9) 1 1 ;
4 5 (5.9) 2 1 1
5 1(1.2) 1 ) 1
01 44 (51.8) 2 : 2
2 24 (28.2) 3 1 3
35 17 (20) 4 2 3
SCAP
0 55 (64.7) 2 . 3
1-9 2(2.4) - - B
10-19 14 (16.5) 1 - 1
20-29 11 (12.9) 5 3 3
>30 3(3.5) 1 - 1
09 57 (67.1) 2 - 3
10-19 14 (16.5) 1 - 1
220 14 (16.5) 6 3 4
SMART-COP
0-2 14 (50) 1 - 1
3-4 7 (25) ) : :
5-6 6(21.4) 3 2 2
27 1(3.6) 1 : 1
<3 14 (50) 1 : ]
23 14 (50) 4 2 3
SMRT-CO

0 34 (59.6) ; ) ]
1 15 (26.3) 2 - 2
2 6 (10.5) 1 - 5
3 2/(3.5) 1 1 .

>4 - -
<2 49 (86) 2 - >
>2 8 (14) 2 1 5

Length of hospitalisation (+SD) was 9.6+10.27 days and
no correlation was found for any biomarker. Ten
patients developed respiratory failure/shock, 3 being
admitted in ICU and 7 dying. Levels of PCT (p=0.053),
neopterin (p=0.003) and MR-proADM (p=0.001) were
higher in patients admitted to ICU (n=3). Globally 9
patients developed complications, defined as ICU
admission and/or exitus due to respiratory failure/ shock
and statistically higher levels of neopterin (p=0.030) and
MR-proADM (p=0.044) were found. The AUC (SE,
95%IC) to predict development of complications
according to MR-proADM was 0.706 (0.11, 0.491-

0.922). A cut-off of 0.95 nmol/L had a sensitivity and
specificity of 77.8% and 39.5%, respectively. A cut-off
of 1.50 nmol/L had a sensitivity and specificity of 66.7%
and 65.8%, respectively. In Table 3 is shown the
corresponding severity index for patients considered to
have developed complications. Levels of all biomarkers,
except CRP were higher in non-survivors (n=8) in
comparison to survivors, although without statistical
differences (Table 4). Regarding the two groups of
patients without pneumonia, only one patient that had
bronchial infection required ICU admission due to

respiratory failure.
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Figure 3. Levels of PCT (A), CRP (B) and MR-proADM (C) according to SMRT-CO score.

DISCUSSION

In the management of patients admitted in the ER with
fever and clinical respiratory symptoms suggestive of
lower respiratory infection, it is important to reach a final
diagnosis  because  antibiotic  treatment and
hospitalization options might be different. In our study,
LRTI considered were: CAP, COPD exacerbation and
bronchial infection In some cases it is difficult to
differentiate these clinical entities because clinical signs
are unspecific and X-ray may be already pathological,
especially in the elderly and in COPD patients [1]. In
this setting, to have at one’s disposal a tool that might
help differentiating earlier these diagnoses seems a

good alternative.

QOur results show that PCT and MR-proADM levels are
higher in patients with pneumonia in comparison to
COPD exacerbations and bronchial infections. Both
biomarkers belong to the calcitonin gene family and are
widely and extensively synthesized during severe
infections [31]. In fact, CAP of bacterial origin is a
proven infection that triggers an important inflammatory
response due to the presence of bacterial endotoxines
and pro-inflammatory cytokines [32]. In our previous

experience with COPD patients, PCT levels were also

significantly higher in patients with diagnosis of CAP
than in patients undergoing an exacerbation [33]. PCT
and MR-proADM levels were similar between COPD
exacerbation and bronchial infections. These infections
might be locally restricted, and do not set off an
important inflammatory response. CRP only showed
significantly higher levels when comparing CAP with
bronchial infections, whereas neopterin did not show
any significant difference. CRP levels are increased in
COPD patients regardless of the presence of an
exacerbation or pneumonia, and maybe this is one of
the reasons why no statistical difference are found

when comparing levels of exacerbated patients [34].

The identification of definite bacterial origin has direct
implications in antibiotic treatment decisions. PCT and
MR-proADM showed significantly higher levels in cases
of definite bacterial diagnosis in comparison to other
cases: pneumonia of probable bacterial or unknown
origin, COPD exacerbations and bronchial infections.
This reinforces the fact that these two biomarkers have
a strong relationship with bacterial etiology. PCT has
been extensively evaluated as a biomarker for bacterial
infections in different clinical settings, including LRTI [7,
35-38].
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Table 4. Levels of biomarkers in non-survivors and survivors patients with diagnosis of pneumonia.

Biomarker Non-survivors Survivors p

PCT (ng/mL) 0.36 (0.06-12.6) 0.24 (0.09-2) 0.976
Neopterin (ng/mL) 27.14 (17.08-98.2) 22.9 (12.46-40.1) 0.306
CRP (mg/L) 77 (54.5-224.5) 119 (41-178) 0.839
MR-proANP (pmol/L) 186.4 (106.37-327.2) 134.6 (60-272.8) 0.662
MR-proADM (nmol/L) 1.28 (0.88-3.93) 1.1(0.76-1.8) 0.399

In a recent study by Tudela et al, we described a clinical
model that enabled the identification of patients with
very low risk of bacteremia (0-3%) admitted to the ER
combining PCT <0.4 ng/mL and Charlson index <1 [39].
A similar approach was developed by Miiller et al, that
found that initial PCT accurately predicted blood culture
positivity in patients with CAP [38]. Regarding MR-
proADM, levels were significantly higher in positive
blood culture, being in accordance with a study by
Christ-Crain et al [17]. In a previous study by the same
group, they already reported significantly higher levels
of MR-proADM in sepsis patients compared to controls
[40].

Although ADM has pleiotropic effects, its role as
antimicrobial agent might explain why its levels increase
during sepsis [13]. In addition, levels of ADM are also
likely responsible for the hypotension characteristic of
septic shock [10]. It is of note that although the criteria
inclusion was patients admitted in ER with suspicion of
systemic bacterial infection and from who blood culture
were drawn, we did not observe a higher percentage of
microbiological definite diagnosis in patients with
pneumonia compared to other series [25]. For patients
with LRTI without pneumonia, the performance of blood
cultures might be then questionable if another origin of

bacteriemia is discarded.

Regarding severity assessment for pneumonia patients,
different score risk have been developed, aiming to
assess patient’'s prognosis. In this study we have
focused on PSI and CURB-65 that have been widely
and extensively validated, and on two new risk scores
that still need testing and validation: SCAP and
SMART-COP. In a recent meta-analysis Chalmers et al
have shown that there were no significant differences in
predicting mortality between PSI, CURB-65 and the
modified CRB-65 [41]. SCAP has been evaluated in

some studies with CAP patients, being as accurate as

current scoring systems [42-44]. SMART-COP is
another index designed for the identification of patients
that might need IRVS. In a study with patients aged
<50, SMART-COP was superior to PSI and CURB-65
for the prediction of mechanical ventilation and/or
inotropic support, but incorrectly stratified 15% of
patients [45].

Although these rules can be useful for the management
of patients with pneumonia, they also present some
disadvantages such as complexity for its calculation.
This is a main drawback for its use and application in
the clinical practice. Other examples of disadvantages
are: age overemphasis, no consideration for the
presence of comorbidities and need of more testing and
validation. Risk scales are not designed to be re-
assessed during clinical evolution and follow-up, so
they can not identify patients with higher risk of
treatment failure during clinical evolution neither can
assess the need of further interventions and/or therapy
changes. In this sense, systemic biomarkers reflecting
different physiopathological aspects, such as infection,
sepsis, cardiovascular impairment, endothelial
dysfunction might appear as a helpful tool to better

understand the complex process of CAP.

Biomarkers measurement can predict disease severity
in CAP patients, aiming to complement the available
risk scores [46, 47]. In fact, several studies have shown
that the combination of score risk, mainly PSI| and
CURB-65, with a biomarker measurement can improve
the prediction of outcome [17, 48, 49]. MR-proANP and
MR-proADM increased with increasing severity of CAP,
classified according to PSI class and CURB-65. In our
previous experience, we already demonstrated that
MR-proANP correlates significantly with both rules and
that this correlation is not affected by the presence of
cardiac and renal comorbidities [23]. Regarding MR-

proADM, we confirm previous findings that demonstrate
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that MR-proADM admission levels correlate with a
similar accuracy as these scores [17, 18, 49].

PCT, CRP, neopterin, MR-proANP and MR-proADM
have previously shown to be useful tools for the
management of pneumonia, but the correlation with
new scores has not been explored yet. To our
knowledge, we are the first to report how these
biomarkers correlate with SCAP and SMART-COP.
Regarding SCAP, both MR-proANP and MR-proADM
showed a strong correlation, as higher levels were
found in patients in high and intermediate risk in
comparison to patients classified as low risk.
Surprisingly, two patients that developed respiratory
failure/shock and died did not have SCAP criteria. One
patient had P. jirovecii pneumonia and died 50 days
later and MR-proADM levels were of 0.59 nmoll/L. The
other one was a severely immunosupressed patient that
died because of respiratory failure after 12 days and
MR-proADM levels were of 0.95 nmol/L. There is
another patient that did not have SCAP criteria but died
of a non related cause which was cerebral lesion
progression. MR-proADM and MR-proANP levels were
0.96 nmol/L and 208.30 pmol/L. Interestingly, this index
only considers a variable that is not included in PSI that
is the presence of multilobar bilateral pneumonia. When
considering this variable alone no differences were
found between biomarkers although our previous
experience showed a correlation [7].
SMART-COP,
higher levels in patients with 23 points. However, when

Regarding
only neopterin showed significantly

considering its simplified version SMRT-CO, which was
the more available in our series, PCT, CRP and MR-
proADM levels were higher in patients classified as
moderate-high risk of needing IRVS in comparison to
patients with very low/ low risk.

Two different cut-off for the prediction of mortality in
pneumonia patients have been proposed for MR-
proADM: 1.8 nmol/L and 1.3 nmol/L [17, 18]. In our
experience, we choose a range of cut-off: 0.95 nmol/L
and 1.50 nmol/L that corresponded to higher sensitivity

and specificity.

Clinical based systems are good at quickly selecting
low-risk patients that can be managed as outpatients,
but have been not particularly effective at identifying
patients at higher risk who are most likely to benefit
from entry into trials of novel therapies [50]. It is in this
context that biomarkers can play a role, identifying
earlier patients with alterations in the inflammatory and
cardiovascular response to an infection. However, a
biomarker measurement will probably oversimplify the
general vision: biomarkers are meant to complement,
rather to supersede clinician’s judgment and validated

severity scores.

This study has some limitations. Firstly, study inclusion
was limited to patients with suspicion of bacteremia and
from whom blood cultures were drawn. So, patients with
milder symptoms and no suspicion of bacterial infection
were excluded. This could have been of interest for
obtaining more clear results when comparing study
populations, although the population that we finally
selected reflects better the doubtful situations in clinical
practice. And secondly, some of the variables required
for index calculations were not available for all patients.
Nevertheless, this last limitation reflects how scores are
not always easy to calculate in settings such as the ER.
Finally, although in our experience no significant
differences were found, it is not unlikely that some
biomarkers might be influenced by previous antibiotic

and corticosteroid treatment.

In summary, in patients with suspicion of systemic
bacterial infection in the ER, PCT and MR-proADM
have shown significantly higher levels in documented
COPD

exacerbation episodes and bronchial infections. MR-

bacterial pneumonia, in comparison to
proADM and MR-proANP levels correlate significantly
with validated PSI and CURB-65 index. MR-proADM
has also shown higher levels in high risk groups in
comparison to low risk groups, when assessing SCAP
and modified SMART-COP. MR-proANP and PCT have
also shown a correlation with SCAP and SMRT-CO.
This is the first study evaluating the relationship
between inflammatory and cardiovascular biomarkers
and new scores risk and although the number of

patients is low, it provides preliminary useful and



important data that has to be confirmed in further
studies including a larger number of patients.
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Value of procalcitonin, C-reactive protein and neopterin in the exacerbations of

chronic obstructive pulmonary disease.

Alicia Lacoma, Cristina Prat, Felipe Andreo, Luis Lores, Irene Latorre, Miguel Pérez,
Joan Ruiz-Manzano, Vicente Ausina, Jose Dominguez.
International Journal of COPD 2011; 6: 157-169.

L’ds de biomarcadors sistémics per al maneig de la MPOC és un camp d’interés
creixent. L’objectiu d’aquest treball ha estat avaluar la utilitat de la PCT, PCR i
neopterina en el maneig de les exacerbacions de la MPOC, per a la identificacio de

I'etiologia de I'episodi, i la valoracié del seu pronostic.

L’estudi inclou 318 pacients, que es van classificar en tres grups: pacients en fase
estable, pacients exacerbats i pacients amb diagnostic de pneumonia. En el moment
d’inclusié: admissid hospitalaria (pels pacients exacerbats 0 amb pneumonia) o durant
la visita de control (pacients estables) es va recollir una mostra de serum per pacient.
Els nivells de PCT i PCR van mostrar diferéncies significatives en comparar els tres
grups, amb valors més elevats en pacients amb pneumonia, seguit dels pacients amb
exacerbacié. Per un subgrup de pacients exacerbats, els nivells de PCT i PCR
disminuien en un mes, mentre que els nivells de neopterina augmentaven. Els nivells
de neopterina van ser superiors en pacients exacerbats amb hipertensi¢ arterial i
insuficiéncia renal. Quant a I'etiologia de I'episodi, els nivells de PCT no van mostrar
diferéncies significatives mentre que els nivells de neopterina van ser significativament
inferiors en pacients amb aillament d’algun bacteri patogen. No obstant, els valors de
PCT i PCR es van mostrar superiors en aquells casos amb aillament de
S. pneumoniae, S. aureus i enterobacteris. Tots els biomarcadors van mostrar nivells

elevats en aquells pacients que morien en el mes posterior a I'episodi d’exacerbacio.

D’acord amb els nostres resultats, els biomarcadors varien en funcié de I'estat clinic.
La identificacié de l'etiologia de I'exacerbacié mitjangant biomarcadors, tot i ser
encoratjadora, t¢ com a principal inconvenient I'abséncia de gold standard per
demostrar-ne el seu valor real. Donat que nivells elevats de biomarcadors durant un
episodi d’exacerbacié correlacionen amb el pronostic a curt termini, la seva

determinacio pot esdevenir una eina util per al maneig dels pacients amb MPOC.
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A

Objective: The identification of biological markers in order to assess different aspects of COPD
is an area of growing interest. The objective of this study was to investigate whether levels of
procalcitonin (PCT), C-reactive protein (CRP), and neopterin in COPD patients could be useful
in identifying the etiological origin of the exacerbation and assessing its prognosis.
Methods: We included 318 consecutive COPD patients: 46 in a stable phase, 217 undergoing
an exacerbation, and 55 with pneumonia. A serum sample was collected from each patient
at the time of being included in the study. A second sample was also collected 1 month later
from 23 patients in the exacerbation group. We compared the characteristics, biomarker levels,
microbiological findings, and prognosis in each patient group. PCT and CRP were measured
using an immunofluorescence assay. Neopterin levels were measured using a competitive
immunoassay.

Results: PCT and CRP showed significant differences among the three patient groups, being
higher in patients with pneumonia, followed by patients with exacerbation (P < 0.0001).
For the 23 patients with paired samples, PCT and CRP levels decreased 1 month after the
exacerbation episode, while neopterin increased. Neopterin showed significantly lower levels in
exacerbations with isolation of pathogenic bacteria, but no differences were found for PCT and
CRP. No significant differences were found when comparing biomarker levels according to the
Gram result: PCT (P =0.191), CRP (P = 0.080), and neopterin (P = 0.109). However, median
values of PCT and CRP were high for Streptococcus pneumoniae, Staphylococcus aureus, and
enterobacteria. All biomarkers were higher in patients who died within 1 month after the sample
collection than in patients who died later on.

Conclusions: According to our results, biomarker levels vary depending on the clinical status.
However, the identification of the etiology of infectious exacerbation by means of circulating
biomarkers is encouraging, but its main disadvantage is the absence of a microbiological gold
standard, to definitively demonstrate their value. High biomarker levels during an exacerbation
episode correlate with the short-term prognosis, and therefore their measurement can be useful
for COPD management.

Keywords: C-reactive protein, exacerbation, neopterin, procalcitonin, prognosis

Introduction

Acute exacerbations of COPD can be precipitated by bacterial and viral infections, and
by common pollutants such as tobacco and air pollution. But in up to 30% of cases,
the etiological diagnosis of an exacerbation cannot be achieved.! On the other hand,
several factors have been suggested to predict the overall prognosis of COPD, such
as the decline in FEV , the BODE index, the frequency and severity of exacerbations,
and the influence of systemic inflammation.
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Anarea of growing interest is to identify biological markers
that could assess different aspects of COPD. Pulmonary
biomarkers have been measured mainly in bronchoalveolar
lavage, induced sputum, and exhaled breath condensate with
promising results, but the sampling procedure is invasive
and for some assays the variability is very high.® A recent
approach is also the measurement of systemic biomarkers
that may provide additional information.” Several studies have
attempted to examine different inflammatory markers during
stable state and during exacerbations,* in order to correlate
their levels with different factors, such as the inflammatory
basal status, the etiological origin of the exacerbation, as well
as its prognosis, and the risk of mortality.” In this regard, we
have evaluated 3 biomarkers: procalcitonin (PCT), C-reactive
protein (CRP), and neopterin.

PCT is a specific marker of systemic bacterial infection
and its levels correlate with the etiology and severity
of pneumonia.'®!" Several interventional trials on lower
respiratory tract infections, including acute COPD
exacerbations, have also suggested that measuring PCT
might help to reduce antibiotic prescriptions by means of
identifying bacterial infections without affecting patient
recovery.'”? CRP is a sensitive acute phase reactant, levels
of which increase in the presence of infection and during
chronic inflammatory conditions." It has been evaluated
in different settings of COPD patients, in order to establish
possible association with basal systemic inflammation in the
stable period, presence of cardiovascular risk events, disease
prognosis and identification of infectious exacerbations.'*!*
Neopterin acts as a mediator of cell immunity against intra-
cellular pathogens'® and in lower respiratory tract infections
it has shown to improve the discrimination between bacte-
rial and viral origin.'” In patients with community acquired
pneumonia, neopterin levels have also been shown to
correlate with the severity of the infection.'® Therefore,
these three biomarkers have been shown to be associated
with the etiology of lower respiratory tract infections and
may be of interest in the identification of exacerbation
episodes that could benefit from antibiotic treatment. These
biomarkers have also been reported as markers of severity
and prognosis.

The objectives of this study are 3-fold: first to determine
the levels of inflammatory markers in COPD patients in a
clinically stable period, during an exacerbation and during
pneumonia; second, to establish if the biomarker levels,
together with the presence of clinical symptoms, can help to
identify the etiological origin of the exacerbations; finally, to

examine whether biomarkers can be used to predict short- and
long-term prognosis after an exacerbation episode.

Patients and methods

Setting and study population

We included 318 consecutive adult COPD patients from
September 2001 to September 2005, who were admitted
to the Hospital Universitari Germans Trias i Pujol and the
Hospital de Sant Boi de Llobregat (Spain). Ethical approval
was given by the Ethics Committee from both institutions
and written informed consents were obtained.

The diagnosis of COPD was based on clinical history,
physical examination and spirometric criteria according
to the Spanish Society of Pneumology and Thoracic
Surgery (SEPAR) guidelines.'® The severity of the disease
was categorized into mild (80% < FEV, < 60%), moder-
ate (59% < FEV, < 40%) and severe (FEV, < 40%)."
Exclusion criteria were as follows: patients with history
of asthma, cystic fibrosis or active pulmonary tuberculosis,
and patients with no adequate clinical samples available
(serum samples).

The study population consisted of 46 COPD patients during
a clinically stable phase (without exacerbation or pneumonia
within at least 1 or 2 months, respectively); 217 undergoing
an exacerbation; and 55 COPD patients diagnosed with
pneumonia. Stable patients were recruited during scheduled
visits, in order to define a baseline inflammatory response and
for comparison with the exacerbation group. Exacerbation
was defined as an acute worsening of the patient’s condition
from stable state and beyond normal day-to-day variations,
which presents with worsened dyspnea; worsened sputum
volume and/or change in its color; or any combination of these
symptoms, and requires a change in regular medication.'
Pneumonia was defined by clinical (presence of fever, cough,
dyspnea) and radiographic signs (pneumonic infiltrate in the
chest radiograph), as well as clinical evolution, assessed by
expert clinicians and radiologists.”

We collected sputum samples and blood cultures for
microscopic examination and standard bacteriological cul-
ture, and urine for antigen detection from those patients in the
pneumonia and exacerbation groups, in order to identify the
etiological origin.?! A total of 272 sputum samples (217 from
exacerbated patients and 55 from patients with pneumonia)
was collected (1 sample per patient). Sputum samples were
transported immediately to the microbiology laboratory or
refrigerated until transport. After microscopic examination,
only those samples with <25 squamous epithelial cells
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and >25 polymorphonuclears per low-power field were
cultured.”

Pneumococcal pneumonia was diagnosed by isolation of
Streptococcus pneumoniae from blood culture or by detection
of pneumococcal capsular polysaccharide antigen in urine
samples by counterimmunoelectrophoresis.?* > Legionella
pneumonia was diagnosed by urinary antigen detection of
Legionella pneumophila serogroup 1 by enzyme immuno-
assay (Bartels EIA Legionella urinary antigen. Bartels Inc.,
Trinity Biotech Company, Wicklow, Ireland).

Epidemiological (age, gender) and clinical history data
(presence of comorbidities, smoking status, COPD status,
FEV , chronic oxygen therapy, previous steroid and antibiotic
therapy) were collected. We also collected information from the
exacerbated patients on the characteristics of the exacerbation
episodes (Anthonisen criteria, individual clinical symptoms,
microbiological findings, length of hospitalization).

Patient follow-up

A blood sample was collected from each patient at the time
of inclusion into the study: hospital admission (for the exac-
erbation and pneumonia group) or during the scheduled visit
(for the stable group). Two years later, clinical files were ret-
rospectively reviewed and the patient follow-up was recorded
in order to assess clinical outcome (readmission, days until
next episode, number of exacerbations within 1 year, and
days until death, when that occurred).

Among the 217 exacerbated patients, from 23 we also
collected a second serum sample 1 month later, when the
patient was in the recovery phase. All serum samples were
stored at —20°C until biomarkers were measured.

Biomarker measurement

PCT and CRP were measured with an immunofluorescent
assay (Kryptor Brahms AG, Hennigsdorf, Germany) with
functional sensitivities of 0.06 ng/mL and 0.15 pg/mL,
respectively. The intra- and inter-assay coefficients for PCT
at a sample concentration of 0.2 ng/mL were 10%. The intra-
and inter-assay coefficients for CRP at a sample concentration
of 1.03 ug/mL were 5.1% and 14.2%, respectively. Neopterin
levels were measured with a competitive immunoassay fol-
lowing the manufacturers’ instructions (Neopterin ELISA,
IBL, Hamburg, Germany). The assay lower limit of detec-
tion was 0.7 nmol/L. The intra-assay coefficient at a sample
concentration of 7.7 to 48 nmol/L was 3.6% to 6.8%, and
inter-assay coefficient at a sample range of 7.4 to 59 nmol/L
was 7.6% to 10.3%.

Statistical analysis

Discrete variables are expressed as counts (percentages)
and continuous variables as mean * standard deviation (SD)
or median (interquartile range [IQR]). The comparison of
groups was performed using the Mann—Whitney U test,
Kruskal-Wallis test or Wilcoxon matched-pair test, as
appropriate. Mann—Whitney was applied when assessing
if biomarker levels varied significantly when considering
the presence of several variables (comorbidities, steroid/
antibiotic/oxygen treatment, smoking status) at baseline
and at exacerbation (Table 2). This test was also applied for
comparing biomarker levels according to the characteristics
of the exacerbation episode (Anthonisen criteria, presence
of individual symptoms and sputum culture result), the need
for readmission, and patient survival. Kruskal-Wallis was
applied when assessing if there were differences in biomarker
levels between the 3 patient groups (stable vs exacerbated
vs pneumonia). The Wilcoxon matched-paired test was
applied when comparing biomarker levels for the subgroup
of 23 patients with second samples. Pearson’s chi-square
test was applied when comparing baseline characteristics
between the 3 patient groups and between the exacerbated
patients according to the sputum culture result. Correlation
analyses were performed using Spearman’s correlation.
The use of biomarkers and symptoms in identifying prob-
able bacterial origin was investigated by receiver operating
characteristic (ROC) analysis. Sample size was calculated
in order to find differences in the biomarker levels between
exacerbated patients with probable bacterial origin and
those of noninfectious origin. In order to detect statistically
significant differences between these 2 groups and supposing
a standardized size effect of 0.60, a significance level of 5%
(unilateral), and a beta risk of 20%, 97 patients are needed
in both groups. To assess the influence of PCT, CRP, and
neopterin levels, age and COPD severity on 2-year survival,
Cox-regression univariate and multivariate analyses were
performed. The time to death up to 2 year was analyzed by
Kaplan—Meier survival curves, and compared by the log-rank
test. Associations were considered statistically significant
if P value was <0.05. The commercial statistical software
packages used were SPSS 15.0 (SPSS Inc, Chicago, IL) and
GraphPad Prism 5 (Graph Pad Inc, San Diego, CA).

Results

Study population
The characteristics of the 318 patients included in the
study, according to their corresponding group are shown in
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Table 1. FEV, measurement at the time of study inclusion
was recorded for 248 patients (78%). For the remaining
70 patients, FEV, was not available, but all of them were
clinically and spirometrically diagnosed with COPD.
Overall, it was a predominantly male COPD population
with a mean age of 71.21 years (SD: 10.10). Comparison of
baseline characteristics according to patient group showed
statistical differences for, smoking status, presence of con-
gestive heart failure, severity of COPD, and use of chronic
oxygen therapy and steroid treatment (Table 1). Some of
the differences found can be explained by the fact that
exacerbated patients have a more severe COPD, with higher
frequencies of chronic oxygen therapy and steroid treatment.

Interestingly exacerbated patients also had a higher frequency
of congestive heart failure. When considering only exacer-
bated patients, and comparing population characteristics
according to sputum culture results (normal flora/negative
or pathogenic bacteria), we found statistical differences only
for the presence of renal disease (Table 1).

We also assessed whether PCT, CRP, and neopterin
levels could be affected by the presence of comorbidities,
smoking status, chronic oxygen therapy, and previous
steroid and antibiotic treatment in the following 2 groups:
patients at stable state (baseline) and patients undergoing an
exacerbation (Table 2). Spearman’s correlations were 0.087
(P=0.219) for PCT, —0.035 (P = 0.621) for CRP, and 0.055

Table | Study population characteristics according to patient group: calculation of P values for the comparison of clinical and
demographical characteristics for the 3 patient groups and for exacerbated patients according to the sputum culture result

Characteristic Study population

Exacerbated patients

Stable Exacerbated Pneumonia Pvalue Normal flora/lneg Pathogenic bacteria P value
n=46 (%) n=217(%) n =55 (%) n =85 (%) n =76 (%)
Age
Mean + SD 709+103 71.4+99 693+ 10.5 0.329 726+88 723+87 0.88
Gender
Female 1(2.2) 13 (6) 1(1.8) 0.290 4(47) 4(5.3) 0.260
Male 45 (97.8) 204 (94) 54 (98.2) 81 (95.3) 72 (94.7)
Current smoker
Yes 15 (32.6) 38 (17.5) 14 (25.5) 0.004* 13 (15.3) 8(10.5) 0.633
Ex-smoker 23 (50) 150 (69.1) 38 (69.1) 60 (70.6) 9(11.8)
Nonsmoker - 23 (10.6) 1(1.8) 9 (10.6) 58 (76.4)
Not available 8(17.4) 6(2.8) 2(3.6) 3(3.5) 1(1.3)
Comorbidities
Neoplasia 8(17.4) 29 (13.4) 9 (16.4) 0.525 12 (14.5) 9(11.8) 0.627
Liver disease - 10 (4.6) 5(9.1) 0.107 2(24) 4(5.3) 0.346
Congestive heart failure 5(10.9) 61 (28.1) 9(l6.4) 0.047* 24 (28.9) 25 (32.9) 0.587
Arterial hypertension 14 (30.4) 82 (37.8) 17 (30.9) 0.634 39 (47) 27 (35.5) 0.143
Cerebrovascular disease 2 (4.3) 18 (8.3) 3 (5.5) 0.725 10 (12) 5 (6.6) 0.239
Renal disease 4(87) 14 (6.5) 5(9.1) 0513 9(10.8) 1(1.3) 0.013%*
Diabetes 12 (26.1) 52 (24) 8(14.5) 0.132 24 (28.9) 18 (23.7) 0.45
Not available 8(74) 3(14) - - -
Severity COPD (FEV))
<40% 11 (24) 102 (47) 25 (45.5) 0.005* 44 (51.8) 38 (50) 0.241
40%-59% 22 (47.8) 51 (23.5) 13 (23.6) 19 (22.3) 16 (21)
60%-80% 3(6.5) 17 (7.8) 4(7.3) 5(5.9) 8(10.6)
Not available 10 (21.7) 47 (21.7) 13 (23.6) 17 (20) 14 (18.4)
Chronic oxygen
therapy
Yes 2(43) 61 (28.1) 13 (23.6) 0.009* 29 (34.1) 22 (29) 0.420
Not available - 5(2.3) 1(1.8) 1(1.2) 1(1.3)
Steroid treatment
Yes 7(15.2) 121 (55.8) 28 (50.9) 0.001* 50 (58.8) 48 (63.1) 0.592
Inhaled/oral
Inhaled - 103 (85.1) 25 (45.5) 0.001* 39 (78) 43 (89.6) 0.295
Oral 4(8.7) 10 (8.3) 2(3.6) 6(12) 3(63)
Not specified 3(6.5) 8(6.6) 1(1.8) 5(10) 2(42)

Note: *P was considered significant if the value was <0.05.
Abbreviation: SD, standard deviation.
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Table 2 Values of P for each biomarker when considering the presence of confounding variables at baseline and at exacerbation

PCT Neopterin CRP

Baseline Exacerbation Baseline Exacerbation Baseline Exacerbation
Presence of comorbidities
Arterial hypertension 0315 0.032% 0.830 0.006* 0.987 0.636
Diabetes 0918 0.047* 0.986 0.063 0.345 0.662
Neoplastic disease 0.351 0.835 0.171 0.704 0.568 0613
Liver disease - 0.256 - 0.890 - 0.299
Congestive heart failure 0.325 0917 0.909 0.389 0.225 0.149
Cerebrovascular disease 0.945 0216 0.032* 0.741 | 0.720
Renal disease 0.886 o.101 0.510 0.001* 0.886 0.820
Steroid therapy
Yes vs no 0.533 0.049* 0.901 0.031* 0.135 0.086
Oral vs inhaled - 0.347 - 0.322 - 0.099
Smoking status
Current smokers vs never smokers - 0.659 - 0.861 - 0.935
Current smokers vs ex-smokers 0311 0.253 0.322 0.964 0.897 0.497
Never smokers vs ex-smokers - 0.096 - 0.694 - 0.581
Previous antibiotic therapy
Yes vs no 0.664 0.615 0.554 0.308 0.274
Home oxygen
Yes vs no 0.307 0.060 0.291 0.104 0.174 0.674
Severity COPD
Mild-moderate-severe 0.548 0.146 0.799 0.179 0.900 0.688

Note: *P was considered significant if the value was <0.05.
Abbreviations: CRP, C-reactive protein; PCT, procalcitonin.

(P =0.434) for neopterin, when considering COPD severity
classified according to FEV .

Biomarkers and clinical state

Circulating biomarker levels in the stable population, at
exacerbation, and during pneumonia are shown in Figure 1.
PCT and CRP levels showed significant differences among
the 3 groups of patients, being lower during clinical stability
and higher during pneumonia (P < 0.0001). In contrast, neop-
terin levels did not show any significant difference. When
considering the subgroup of patients with paired samples,
PCT (P = 0.0788) and CRP (P = 0.0181) levels decreased
at 1 month after the exacerbation episode (recovery phase),
while neopterin levels increased significantly (P = 0.0325)
(Figure 2).

Biomarkers and exacerbation episodes
Etiology of the exacerbation

The characteristics of the 217 exacerbation episodes are shown
in Table 3. According to the classification of Anthonisen,*
none of the biomarker levels differed significantly: PCT
(P =0.085), CRP (P = 0.495), and neopterin (P = 0.383).
When considering the presence of individual symptoms,
such as fever and impairment of respiratory failure (defined
as ratio of the partial pressure of oxygen in arterial blood

to the inspired oxygen fraction [PaO,/Fi0,] <250 with
respiratory rate >30/min), no biomarker showed significant
difference: PCT (P =0.370 and P = 0.827), CRP (P =0.350
and P = 0.708), and neopterin (P = 0.325 and P = 0.837).
When mucopurulent expectoration was present, neopterin
levels were significantly lower (P = 0.039) while CRP levels
were higher with almost statistical significance (P = 0.058),
and no significance was found for PCT (P = 0.533).
Among the sputum samples collected from the exac-
erbated patients, 163 were valuable for microbiological
culture according to Murray’s criteria.?? In 85 cases the result
was normal flora or a negative culture result; in 76 cases
potential pathogenic bacteria were isolated, and for the
remaining 2 cases, information was missing. Normal flora
was defined as microorganisms belonging to oropharyngeal
or gastrointestinal flora not usually involved in respiratory
infections in nonimmunocompromised patients.”
Interestingly, neopterin (P = 0.018) levels were signifi-
cantly higher when the culture result was normal flora or
negative (18.85 ng/mL; IQR 10.48-36.79) in comparison to
isolation of predominant bacteria (14.9 ng/mL; IQR 8.58—
20.9). In contrast, PCT (P=0.620) and CRP (P =0.568) levels
did not show any significant differences. For exacerbations
with normal flora or negative culture results, PCT and CRP
levels were 0.10 ng/mL (IQR 0.06-0.21) and 88.66 ug/mL
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Figure | Distribution of procalcitonin (PCT) (ng/mL) (A), C-reactive protein (CRP) (ug/mL) (B), and neopterin (ng/mL) (C) levels according to patient group. PCT levels
during stable state, exacerbation, and pneumonia are as follows: 0.06 ng/mL (0.04-0.08), 0.10 ng/mL (0.06-0.22), and 0.24 ng/mL (0.1-1.32). CRP levels during stable state,
exacerbation and pneumonia were as follows: |1.83 ug/mL (5.07-44.90), 88.66 ug/mL (31.69-184.5), and 140.4 ug/mL (67.1-252.5). Neopterin levels during stable state,
exacerbation, and pneumonia are as follows: 17.09 ng/mL (12.53-25.36), 17.43 ng/mL (9.85-27.84), and 22.26 ng/mL (13.31-35.34). Values of PCT and CRP showed significant
differences among the 3 groups of patients (P < 0.0001), being lower during clinical stability. Neopterin did not show any significant differences.

(IQR 38.04-164.35), respectively. For exacerbations with
pathogenic bacteria isolation, PCT and CRP levels were
0.10 ng/mL (IQR 0.07-0.22) and 88.61 pg/mL (IQR
34.89-201.12), respectively.

Regarding only those sputum culture results with patho-
genic bacteria isolated, Gram-negative bacteria accounted
for 73.7% of all microorganisms recovered; with Haemo-
philus influenzae, Pseudomonas aeruginosa, and Moraxella
catarrhalis being most frequently isolated (48.2%, 25%,
and 16% respectively). Gram-positive bacteria accounted
for 22.3%, with S. pneumoniae being the most frequent
(88.2%). Aspergillus fumigatus was isolated twice (2.6%),
and in the last case there was co-infection of S. pneumoniae
and H. influenzae (1.3%). Levels of PCT, CRP, and neopterin
according to the microorganism isolated are shown in Table 4.
No significant differences were found when comparing bio-
marker levels according to the Gram result: PCT (P=0.191),
CRP (P = 0.080) and neopterin (P = 0.109). However, the
median values of PCT and CRP were high for S. pneumoniae,
Staphylococcus aureus, and enterobacteria.

In order to assess if it was possible to clinically identify
the etiological origin of the exacerbations, we examined a
combination of biomarker levels together with the following

variables: Anthonisen criteria, presence of fever, respiratory
failure, and mucopurulent expectoration. Areas under the
ROC curve (AUC) for each biomarker were higher when
the combination of symptoms and biomarker levels was
taken into account than when considering biomarker levels
alone (Figure 3).

Exacerbation severity and prognosis

For the 217 patients with an exacerbation, the mean length of
hospitalization was 12.92 days (SD: 29.20). Spearman’s cor-
relations were 0.171 (P =0.022) for PCT, 0.150 (P =0.046)
for CRP, and 0.148 (P = 0.045) for neopterin. Among these
patients, 147 (67.7%) had to be readmitted in the following
year at least once due to a new exacerbation episode and
no significant differences were found for PCT (P = 0.258),
CRP (P = 0.778), and neopterin (P = 0.255). The mean
number of days until the next hospitalization was 210.86
(median 78). Only neopterin correlated significantly with
the time until next hospitalization. Thus, the correlations
were —0.021 (P = 0.803) for PCT, —0.015 (P = 0.863) for
CRP, and 0.209 (P = 0.012) for neopterin. The number of
exacerbations within the following year was also recorded
for each patient. The mean number of exacerbations was 2.27
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Figure 2 Levels of procalcitonin (PCT) (ng/mL) (A), C-reactive protein (CRP) (ug/mL) (B) and neopterin (ng/mL) (C) for the 23 patients with 2 samples, the first collected
during an exacerbation and the second collected | month later. Each patient is represented individually. Levels of PCT (P = 0.0788) and CRP (P = 0.0181) decreased in one

month. Neopterin levels increased significantly (P = 0.0325).

(SD: 2.06) and did not correlate with any of the biomarkers.
Spearman’s correlations were —0.029 (P = 0.730) for
PCT, —0.0675 (P = 0.434) for CRP, and —0.115 (P = 0.170)
for neopterin.

Fifty-five patients died, 41 in the following 2 years,
and the remaining 14 later on. There were no significant
differences in biomarker levels between survivors and
nonsurvivors: PCT (P = 0.061), CRP (P = 0.176), and
neopterin (P = 0.264), although higher PCT and CRP levels
were seen in those patients who died than in the survivors.
The time elapsed between the time the sample was collected
and the time the patient died was also recorded. There was
no significant correlation between the time of the death and
the biomarker levels. Spearman’s correlations were —0.150
(P =0.290) for PCT, 0.048 (P =0.738) for CRP, and —0.222
(P = 0.111) for neopterin. Nevertheless, the values of all
biomarkers were higher in the group of patients who died
within 1 month, decreasing whenever the time of death
occurred later on (Figure 4). Indeed, PCT (P = 0.046) and
neopterin (P = 0.044) levels were significantly higher in the

group of patients who died within 1 month than in patients
dying later on.

Kaplan—Meier survival curves showing patients accord-
ing to PCT, CRP, and neopterin quartiles are shown in
Figure 5. In the multivariate Cox regression model analysis,
age and neopterin levels were the only predictive factors
independently associated with 2-year survival (P =0.01 and
P =0.048, respectively).

Discussion

Influence of comorbidities

and previous treatment

In recent years, COPD has been described as an inflam-
matory disease with systemic consequences.* Circulating
biomarkers might be influenced by several factors, such as
the medical treatment or the underlying diseases, which play
an important role in COPD management. When assessing the
influence of smoking status, previous treatments, presence
of comorbidities, and COPD severity itself, it is essential to
take into account that COPD patients are very heterogeneous.
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Table 3 Characteristics of the 217 exacerbation episodes

AECOPD characteristics n %
Type of AECOPD according to the Anthonisen

criteria

| (increased dyspnea, sputum purulence, sputum volume) 114 523
Il (2 of the above) 25 1.5
Il (I of the above and | or more minor findings®) 67 309
Unknown I 5.1
Symptoms

Fever 100 46.1
Respiratory failure 119 548
Mucopurulent sputum 150 69.1

Sputum culture result (according to Murray criteria)

Poor quality or culture not done 54 249
Normal flora 85 392
Pathogenic bacteria 76 35
Unknown 2 0.9
Previous antibiotherapy (before sample collection) 45 20.7

Note: *Minor findings include fever (>38°C) without other cause; increased
wheezing; increased cough; or increased respiratory rate compared with stable
baseline condition.

Abbreviation: AECOPD, acute exacerbations of COPD.

Secondly, it is also important to focus on how these factors
might influence biomarker levels. Our results showed that
the smoking habit did not statistically influence levels. But
we found similar PCT, neopterin, and CRP levels in ex-
smokers and current smokers, being higher in both groups
than in nonsmoker patients. This reinforces the fact that the
smoking habit causes a low-grade inflammatory response.?’
It has been reported that corticosteroid therapy decreases
the levels of inflammatory markers, with the exception of
PCT,?* although we found statistically lower values of PCT
in exacerbated patients treated with corticosteroids. Interest-
ingly, exacerbated patients undergoing corticosteroid therapy
also had significantly lower levels of neopterin.

COPD can also predispose individuals to the presence of
other comorbidities, such as arterial hypertension, diabetes,
and cardiovascular diseases that can potentially influence the
outcome of COPD itself. So, the coexistence of associated

diseases is common and can affect COPD disease progression
and prognosis.® In our experience, PCT and neopterin levels
showed significant differences when taking the presence of
arterial hypertension into account. Higher neopterin levels have
been found in patients with cardiac and renal diseases.'® To our
knowledge, PCT levels are not related to chronic disorders.*!

Biomarkers and clinical status

Although PCT and CRP levels showed significant differences
among the three patient groups, there is some overlap between
the stable and the exacerbation groups. In exacerbated COPD
patients, PCT levels are higher than in stable patients, although
the infection might be locally restricted and too unspecific to
show a notable increase in PCT. This may be due to the fact that
not all patients might have the same basal levels in the stable
state, so the increase in individual biomarker levels during an
exacerbation episode might be different. This is one of the
reasons that might explain why the ideal approach is probably
not to establish biomarker cut-off levels for the overall COPD
population, but to individually monitor patients and assess the
intra-individual biomarker variation in the long term.

In the COPD stable group, biomarker levels reflect a basal
local and systemic inflammation. During an exacerbation
episode, there is an amplification of this basal inflammation,
and thus there is an increase in inflammatory markers.*? It is
also important to point out that the severity of the exacerba-
tion episodes could be different for each patient. Parenchymal
damage in pulmonary tissue may also be present during
exacerbations, even if not detected by conventional methods,
such as X-ray. In these cases, biomarker levels may be higher
than in those without evidence of parenchymal damage. And,
finally, it is also possible that some patients might underesti-
mate their symptoms, so in these individuals the early detec-
tion of high levels of biomarkers could be beneficial.

When comparing the levels of biomarkers for the
23 patients with 2 consecutive samples individually, we

Table 4 Number of isolates and levels of PCT, CRP, and neopterin according to the microorganism isolated

Microorganism isolated Number PCT (ng/mL) CRP (ug/mL) Neopterin (ng/mL)
isolates (%) median (IQR) median (IQR) median (IQR)

Haemophilus influenzae 27 (35.6) 0.09 (0.08-0.14) 69.8 (23.89-160.9) 15.7 (8.34-23.19)

Pseudomonas aeruginosa 14 (18.4) 0.11 (0.05-0.23) 78.75 (19.42-181.5) 15.02 (11.39-17.89)

Moraxella catarrhalis 9(11.8) 0.07 (0.04-0.09) 77.63 (46.8-157.9) 9.87 (6.32-15.64)

Enterobacteria 6(7.9) 0.20 (0.07-0.44) 101.6 (27.83-364.92) 18.02 (12.89-30.17)

Streptococcus pneumoniae 15 (19.8) 0.14 (0.07-0.42) 133.4 (74.77-285.97) 12.42 (6.8-20)

Staphylococcus aureus 2 (2.6) 0.44 307.95 10.83

Aspergillus fumigatus 2(2.6) 0.15 17273 16.81

Co-infection S. pneumoniae and H. influenzae 1(1.3) 0.34 310.7 21.07

Abbreviations: CRP, C-reactive protein; IQR, interquartile range; PCT, procalcitonin.
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Figure 3 Receiver operating characteris (ROC) for each biomarker [procalcitonin (PCT) (A), C-reactive protein (CRP) (B), and neopterin (C)] when considering the
combination of clinical symptoms and biomarker levels with respect to the prediction of exacerbation of probable bacterial origin. The areas under the curve (AUC), standard
error (SE), and 95% confidence interval (Cl) when considering PCT, CRP, and neopterin levels alone were 0.523 (0.168, 0.712-1.38), 0.527 (0.205, 0.721-1.61), and 0.609
(0.215, 0.389-0.904) respectively. When adding the information provided by all the variables above to the biomarker levels all the AUC increased: 0.663 (0.198, 0.652—-1.42)
for PCT, 0.683 (0.253, 0.6530-1.76) for CRP, and 0.699 (0.267, 0.305-0.867) for neopterin.

found that not all biomarkers had the same behavior over
time. PCT and CRP decreased in 1 month (recovery phase),
presumably to individual basal levels. The decrease in PCT
and CRP has also been reported previously.® In contrast,
neopterin levels increased significantly. One possible expla-
nation for this increase is the influence of the corticosteroid
treatment. Indeed, when analyzing the exacerbated population
alone, patients who were not on corticosteroid therapy had
statistically higher levels of neopterin. Of the 23 patients
with 2 samples, 7 were having corticosteroid therapy and in
6, levels of neopterin increased in 1 month.

Biomarkers and exacerbation

It is difficult and challenging to identify the exacerbations of
infectious origin. In fact, between 25% and 50% of COPD
patients are colonized with potential respiratory pathogens,'
so the isolation of a predominant microorganism in the
sputum is not sufficient to determine the etiological origin
of the exacerbation. In stable COPD patients it is possible
to isolate potential pathogenic bacteria in sputum samples,
so the presence of bacteria during an exacerbation does not

prove its direct involvement in the episode. According to
the culture result, it is not possible to differentiate between
infection and colonization. So, a negative result or a normal
flora result also does not exclude the presence of the micro-
organism responsible of the exacerbation. Therefore, in the
absence of a gold standard, there is need for new tools to
identify etiological origin of the episode.

Even if there are no significant differences in PCT and
CRP among patients with pathogenic bacteria and normal
flora culture results, it is interesting that AUC values for
both biomarkers increased when considering variables sug-
gesting infectious origin. Therefore, a relationship between
biomarkers and infectious etiology is likely.'>*

Although in our study, PCT did not show significant
differences with the probable etiology of the exacerbation,
several pieces of evidence reinforce its correlation with bac-
terial origin. Firstly, in an interventionist study conducted
by Stolz and colleagues,® PCT guided antibiotic therapy
in a group of patients undergoing an acute exacerbation,
significantly reduced the antibiotic prescription without
negative consequences in the short- and long-term follow-up.
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Figure 4 Distribution of procalcitonin (PCT) (ng/mL) (A), C-reactive protein (CRP) (ug/mL) (B), and neopterin (ng/mL) (C) levels according to the time elapsed between
the date of sample collection and the time of death, classified as: less than | month, | to 3 months, 3 to 6 months, 6 months to | year, and more than | year.

In addition, they found that PCT levels were not associated with
bacterial sputum isolation, being also in accordance with our
results. And secondly, PCT levels are significantly increased
in proven bacterial infections, such as pneumonia, involving
parenchymal damage and a marked inflammatory response,'’
as occurs in COPD patients and shown in our results.

Interestingly, we found that median CRP and PCT levels
were high in those exacerbations with isolation of S. pneumo-
niae, S. aureus, and enterobacteria in comparison to patients
with isolation of other pathogenic microorganisms. In fact,
S. aureus and S. pneumoniae are able to trigger a significant
inflammatory response during pulmonary infections.!®3¢37

It has been suggested that CRP plays a role during bacterial
exacerbations, since higher levels of this biomarker have been
observed in exacerbations with mucopurulent expectoration
and Anthonisen type I episodes.'>>*33 In our study, CRP levels
were almost significant when mucopurulent sputum was present,
although no correlation with Anthonisen criteria was found.

Higher neopterin levels were found in the group of
patients with normal flora or negative culture results, and
these could reflect episodes of viral etiology.'” Given that

viruses such as rhinovirus, influenza, and adenovirus play a
role in stable COPD and in exacerbations episodes,' it would
have been interesting to examine their presence in our COPD
population.

Several factors have been associated with the overall
prognosis of COPD.** It has been suggested that novel bio-
markers such as copeptin, pro-adrenomedullin, and pro-atrial
natriuretic peptide in combination with the classical ones,
such as CRP, are potentially capable of predicting short- and
long-term outcomes in exacerbations of COPD.****% In our
study, the mean number of exacerbations per year was 2.27,
and none of the biomarker levels correlated significantly.
Although no biomarker showed a relationship with the
number of exacerbations in the following year, neopterin cor-
related significantly with the time to the next exacerbation. In
addition, neopterin and age were the only predictive factors
independently associated with 2-year survival. Patients who
died in the first month after the sample was collected had
significantly higher levels of PCT and neopterin. It is then
reasonable to hypothesize that the punctual measurement of
some biomarkers during an exacerbation episode might help
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Figure 5 Kaplan—Meier curves showing the proportion of patients surviving according to procalcitonin (PCT) (A), C-reactive protein (CRP) (B), and neopterin (C) levels at
admission. Values of P log-rank test are 0.323 for PCT, 0.65 for CRP, and 0.089 for neopterin.

in identifying severe patients with a higher risk of death in
the short term, being useful for the identification of short-
term prognosis.

Limitations

This study has some limitations. First, the low number of
patients in some of the analysis subgroups is insufficient to
draw robust conclusions. It is for this reason that further stud-
ies including a larger number of patients will be necessary.
Second, we did not investigate for the presence of virus either
by serological studies or molecular methods. And, finally, we
did not take a second serum sample from all the exacerbated
patients 1 month later. However, our study provides useful
data about the usefulness of biomarkers in the field of COPD
exacerbations.

Conclusion

In summary, this study provides additional data on the use of
systemic biomarkers in COPD patients. Biomarkers also vary
depending on the COPD clinical status, when considering

patients individually. The identification of exacerbation
etiology by means of circulating biomarkers is encourag-
ing, but has as its main disadvantage the absence of a gold
standard to definitely demonstrate its value. Nevertheless,
interventional studies have already demonstrated the potential
use of biomarkers for this purpose.® Levels of biomarkers
were higher in patients who died within 1 month, providing
information on the short-term prognosis. It may be that the
combination of serial biomarker measurements with clini-
cal data could help in the understanding and management
of COPD patients.
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Usefulness of mid regional pro-atrial natriuretic peptide in the exacerbations of

chronic obstructive pulmonary disease.

Alicia Lacoma, Cristina Prat, Felipe Andreo, Luis Lores, Irene Latorre, Miguel Pérez,
Joan Ruiz-Manzano, Vicente Ausina, Jose Dominguez.
Clinica Chimica Acta 2011; 412: 470-475.

La MPOC és una malaltia cronica amb un alt component sistemic. Recentment,
l'interés s’ha centrat en identificar biomarcadors sistemics que aportin informacié sobre
el pronostic a curt i llarg termini. En aquest segon treball hem avaluat la utilitat del MR-
proANP per a la valoracié del pronostic a curt i llarg termini, en el mateix grup de

pacients en que haviem avaluat biomarcadors que podien suggerir etiologia.

Els resultats mostren que els nivells de MR-proANP van ser significativament inferiors
en aquells pacients en estabilitat clinica respecte als que tenien diagnodstic de
pneumodnia. També varem observar per un subgrup de pacients exacerbats, que els
nivells de MR-proANP disminuien de forma significativa en un mes. Els nivells de MR-
proANP es van mostrar significativament superiors en aquells pacients amb
comorbilitats d’origen cardiac i renal. Els nivells també es van mostrar superiors en les
exacerbacions amb aillament de flora comensal o cultiu negatiu. La mitjana de dies
d’hospitalitzacié va ser de 12.92 dies, i va correlacionar positivament amb els nivells de
MR-proANP. Finalment, quant a mortalitat, els nivells van ser superiors en aquells
pacients que morien en el mes posterior, disminuint a mesura que la data de mort es

produia més tard.

De l'estudi se’n desprén que la identificacié de I'etiologia de I'exacerbacié mitjangant
MR-proANP no és clinicament fiable, que els nivells varien en funcié de I'estat clinic
del pacient, amb valors més elevats en aquells casos amb pneumonia respecte als
pacients en estabilitat i que els nivells sén superiors en aquells pacients que moren en

el mes posterior a I'episodi d’exacerbacio.
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Background: A recent approach for the management of chronic obstructive pulmonary disease (COPD) is the
measurement of systemic biomarkers. The aim of this study was to evaluate the usefulness of mid regional
pro-atrial natriuretic peptide (MR-proANP) to predict short and long term prognosis.

Methods: We included 318 COPD patients: 46 in a stable phase, 217 undergoing an exacerbation and 55 with
pneumonia. Serum samples were collected at admission. For 20 exacerbated patients, we also collected a
second sample one month later. MR-proANP was measured by an inmunofluorescent assay.

Results: Statistically higher levels of MR-proANP were found in patients with pneumonia when comparing to
patients in the stable state (p=0.031). For those patients with paired samples, MR-proANP decreased
statistically one month later (p =0.027). MR-proANP showed significant lower levels in exacerbations with
isolation of pathogenic bacteria (p =0.011). MR-proANP levels were higher in patients that died within one
month, decreasing as long as the moment of death occurred later on (p=0.163).

Conclusions: The identification of exacerbation etiology by means of MR-proANP is not clinically reliable.
Levels of MR-proANP vary depending on the clinical status, being higher during pneumonia in comparison to
the stable state. MR-proANP levels were higher in patients that died within one month after the exacerbation

Keywords:

copD

Exacerbation

Pro-atrial natriuretic peptide
Prognosis

episode.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Exacerbations of chronic obstructive pulmonary disease (COPD)
are episodes that influence the disease progression and are closely
related to morbidity and mortality rates [1]. Exacerbation definition
relies basically on respiratory symptoms and its subsequent health-
care utilization, being subjective and prone to intra-observer
interpretation. In this sense, having at one's disposal an objective
parameter, such as biomarker seems an attractive alternative [2].

In the last years, systemic inflammation has gained importance
and significance in the assessment of COPD. An increase of systemic
inflammation, measured as an increase of circulating cytokines,
chemokines and acute phase reactants may intervene in different
and several processes that can occur simultaneously during COPD,
such as ischaemic heart disease and cardiac failure [3].
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As long as COPD involves a systemic inflammation, it is possible to
detect different biomarkers in patient's peripheral blood [4]. In this
sense, a recent approach in the management of COPD is the
measurement of systemic biomarkers that may assess different
aspects of the disease: in one hand, identifying the etiological origin
of the exacerbation; and on the other hand assessing short and long
term prognosis after an exacerbation.

C-reactive protein (CRP) has been evaluated in different settings of
COPD patients, and relationships with bacterial exacerbation origin,
risk of hospitalization, and prognosis have been found [5-8].
Precursors of hormonal peptides, such as procalcitonin (PCT), pro-
vasopressin, also known as copeptin, pro-adrenomedullin (proADM)
and pro-endothelin have also been assessed in COPD population with
promising results [9,10].

In contrast, data regarding pro-atrial natriuretic peptide (proANP)
in COPD patients is scarce [11]. Atrial natriuretic peptide (ANP) is
synthesized by cardiac atrial myocytes while brain natriuretic peptide
(BNP) is preferentially synthesized in ventricles, and particularly in
patients with chronic cardiac diseases [12-17]. It is conceivable that
two separate cardiac endocrine systems exist, one in the atrium,
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where ANP and its related peptides are preferentially produced, and
the other one in the ventricle, prevalently secreting BNP and its
related peptides [18,19]. Stimuli for natriuretic peptides production
are multiple, such as proinflammatory factors, hypoxia and conditions
of increased cardiac pressure and volume overload, being wall stretch
the most important stimulus for its synthesis and secretion [18-22]. In
some COPD patients, higher values of pulmonary capillary wedge
pressure might increase the shear stress on the wall of cardiac
chambers, stretching right ventricular and atrial walls and finally
stimulating the secretion of ANP by atrial cardiomyocytes. According
to this, increased levels of MR-proANP should be correctly interpreted
as an index of cardiac stress able to stimulate the cardiac endocrine
function [14]. Recent data has also reported that some cytokines
produced in acute sepsis, as well as in acute or chronic inflammation
of cardiac or even extra-cardiac tissues, may also stimulate the
production of these hormones peptides by cardiomycytes [23].

ANP prohormone consists on a polypeptide of 128 amino acids.
Biochemical assays developed to detect proANP levels aim specifically
the mid-region of the prohormone N-terminal fragment (MR-
proANP) [24]. MR-proANP is the stable C-terminal fragment of the
ANP precursor and has been evaluated as a severity and prognostic
marker in lower respiratory tract infections, especially during
community acquired pneumonia [11,25].

This study has two main objectives: to determine levels of MR-
proANP in COPD patients in a clinically stable period, during an
exacerbation and during pneumonia and, secondly, to establish if MR-
proANP levels can be used to predict short and long-term prognosis
after an exacerbation episode.

2. Material and methods
2.1. Setting and study population

We included 318 adult COPD patients from September 2001 to
September 2005, that were admitted to Hospital Universitari Germans
Trias i Pujol and Hospital de Sant Boi de Llobregat (Spain). Ethical
approval was provided by the Ethics Committee from both institu-
tions and written informed consents were obtained from participants.

The diagnosis of COPD was based on clinical history, physical
examination and spirometric criteria according to the Spanish Society of
Pneumology and Thoracic Surgery (SEPAR) guidelines [26]. Following the
standard recommendations for the diagnosis and treatment of patients
with COPD of SEPAR, COPD severity was categorized into mild (80%<
FEV;<60%), moderate (59%<FEV;<40%) and severe (FEV;<40%) [26].
Patients with history of asthma, cystic fibrosis or active pulmonary
tuberculosis were excluded from the study.

Study population consisted on 46 COPD patients during a clinically
stable phase (defined as no exacerbation within the last month or
pneumonia within 2 months); 217 undergoing an exacerbation, and
55 COPD patients diagnosed of pneumonia. Exacerbation was defined
by the presence of two or more of the following three symptoms:
worsened dyspnea; worsened sputum volume and/or change in its
colour; and a new or worsening cough [27]. Pneumonia was defined
by clinical (presence of fever, cough, and dyspnea) and radiographic
signs (pneumonic infiltrate in the chest radiograph), as well as clinical
evolution, assessed by expert clinicians and radiologists [28].

For those patients, in both pneumonia and exacerbation groups, in
order to identify the etiological origin, we collected sputum samples
and blood cultures for microscopic examination and standard
bacteriological culture; and urine for antigen detection [29].

Epidemiological (age, gender) and clinical history data (presence of
comorbidities, smoking status, COPD status, FEV,, chronic oxygenother-
apy, and previous steroid and antibiotic therapy) were collected. For the
exacerbated patients, we also collected information regarding the
characteristics of the exacerbation episodes (Anthonisen criteria, individ-
ual clinical symptoms, microbiological findings, length of hospitalization).

2.2. Patient's follow up

At the moment of study inclusion: hospital admission (for the
exacerbation and pneumonia group) or during the scheduled visit (for
the stable group) a serum sample was collected from each patient. Two
years later, clinical files were retrospectively revised and patient's follow-
up was recorded for assessment of clinical evolution (readmission, days
until next episode, number of exacerbations within one year and days
until death when that occurred). Among the 217 exacerbated patients, for
23 of them we also collected a second serum sample, one month later,
when the patient was back to a stable state (recovery phase). All serum
samples were stored at —20 °C until MR-proANP measurement.

2.3. MR-proANP measurement

MR-proANP was measured with an inmunofluorescent assay
(KRYPTOR BRAHMS AG, Germany). The lower detection limit of the
assay is 2.1 pmol/L and the functional sensitivity is 10 pmol/L. The
international guidelines and specific qualifications for measurement
of cardiac natriuretic peptides (at least for B-type natriuretic peptide)
recommend using ng/L as units instead of pmol/L [30,31]. In the case
of MR-proANP, in converting pmol/L to ng/L, the following equation
would be necessary: ng/L=10.616 pmol/L.

2.4. Statistical analysis

Discrete variables are expressed as counts (percentages) and
continuous variables as mean+SD or median (interquartile range
[IQR]). MR-proANP levels are expressed as median (interquartile range
[IQR]). Comparability of groups was conducted by Mann-Whitney U
test, Kruskal Wallis tests or Wilcoxon matched-pair test, as appropriate.
Correlation analyses were performed using Spearman's correlation. To
assess the influence of, MR-proANP, age and COPD severity on 2-year
survival a Cox-regression univariate and multivariate analysis were
performed. The time to death up to 2 year was analyzed by Kaplan—
Meier survival curves and compared by the log-rank test. Associations
were considered statistically significant if p value<0.05. The commercial
statistical software packages used were SPSS 15.0 (SPSS Inc, Chicago, IL)
and GraphPad Prism 5 (Graph Pad Inc, San Diego, CA).

3. Results

Table 1 shows the characteristics of the population study, according
to their corresponding group. FEV; measurement at the moment of
study inclusion was recorded for 248 patients (78%). For the remaining
70 patients, FEV; was not available, but all of them were spirometrically
and clinically diagnosed of COPD. Study group is predominantly male
(95.3%) with a mean age of 71.21 years (SD 10.10).

3.1. Influence of covariates

We assessed the potential influence of the following variables:
presence of comorbidities, previous steroid and antibiotic therapy,
smoking status, home oxygen and severity of COPD on MR-proANP
levels, considering patients in the stable state (baseline) and patients
undergoing an exacerbation (Table 2). Levels of MR-proANP were
only significantly higher when comparing exacerbated patients with
arterial hypertension, congestive heart failure, renal disease
and cerebrovascular disease [(187.9 pmol/L; IQR, 105.8-267.5),
(172 pmol/L; IQR, 105.45-279), (403.6 pmol/L; IQR, 154.2-801.9) and
(184.7 pmol/L; IQR, 107.7-271.4), respectively] in comparison with
those patients that did not have the comorbidities considered
[(107.05 pmol/L; IQR, 69.3-169.2), (113.5 pmol/L; IQR, 70.62-196.7),
(121.3 pmol/L; IQR, 74.5-202.1) and (122.8 pmol/L; IQR 73.77-206.2),
respectively].
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Table 1
Characteristics of the 318 COPD patients included in the study, according to the group
considered (stable, exacerbation or pneumonia).

Characteristic Population group

Stable Exacerbated Pneumonia
N=46 (%) N=217 (%) N=55 (%)

Age

Mean +SD 70.93+10.37 71.38+9.97 69.33+10.6
Gender

Female 1(22) 13 (6) 1(1.8)

Male 45 (97.8) 204 (94) 54 (98.2)
Current smoker

Yes 15 (32.6) 38 (17.5) 14 (25.5)

Ex-smoker 23 (50) 150 (69.1) 38 (69.1)

No smoker 0(0) 23 (10.6) 1(1.8)

Not available 8(17.4) 6(2.8) 2(3.6)
Comorbidities

Neoplasia 8(174) 29 (13.4) 9 (16.4)

Liver disease 0(0) 10 (4.6) 5(9.1)

Congestive heart failure 5(10.9) 61 (28.1) 9 (16.4)

Arterial hypertension 14 (304) 82 (37.8) 17 (30.9)

Cerebrovascular disease 2(43) 18 (8.3) 3(5.5)

Renal disease 4(8.7) 14 (6.5) 5(9.1)

Diabetes 12 (26.1) 52 (24) 8 (145)

Not available 8(7.4) 3(1.4) 0(0)
Severity COPD (FEV;)

<40% 11 (24) 102 (47) 25 (45.5)

40-59% 22 (47.8) 51(235) 13 (23.6)

60-80% 3(6.5) 17 (7.8) 4(73)

Not available 10 (21.7) 47 (21.7) 13 (23.6)
Chronic oxygenotherapy

Yes 2(43) 61(28.1) 13 (23.6)

No 33 (71.7) 151 (69.6) 41 (745)

Not available 11(23.9) 5(2.3) 1(1.8)
Steroid therapy

Yes 7(152) 121 (55.8) 28 (50.9)

No 24 (522) 78 (35.9) 25 (45.5)
Type of steroid therapy

Inhaled 0(0) 103 (85.1) (455)

Oral 4(8.7) 10 (8.3) 2(36)

Not specified 3(6.5) 8 (6.6) 1(1.8)

Table 2

Effect of confusing covariates in stable and exacerbated population on MR-proANP
levels (p values).

Covariates MR-proANP
Baseline Exacerbation

Comorbidities

Arterial hypertension 0.284 <0.001"

Diabetes 0.440 0.231

Neoplastic disease 0.447 0.545

Liver disease - 0238

Congestive heart failure 0.732 <0.001"

Cerebrovascular disease 0.629 0,036f

Renal disease 0.753 <0.001"
Steroid therapy

Yes vs no 0.672 0.273

Oral vs inhaled - 0.751
Smoking status

Current smokers vs never smokers - 0.365

Current smokers vs ex-smokers 0.581 0.207

Never smokers vs ex-smokers - 0.926
Previous antibiotic therapy

Yes vs no 0.077 0335
Home oxygen

Yes vs no 0.061 0.872
Severity COPD

Mild-Moderate-Severe 0.382 0.647

FEV, 0.557 0.660

* p was considered significant if value was <0.05.

3.2. MR-proANP and clinical state

Circulating MR-proANP levels in stable population (98.77 pmol/L;
IQR, 61.33-151.47), at exacerbation (126.7 pmol/L; IQR, 75.67-214.7)
and during pneumonia (154.9 pmol/L; IQR, 93.02-233.3) are shown
in Fig. 1. MR-proANP levels were significantly higher in patients with
pneumonia comparing to stable patients (p=0.031). Levels at
exacerbation and pneumonia were similar (p=0.444) and no
differences were found when comparing stable state and exacerbation
period (p=0.106). When analysing the subgroup of 20 patients with
paired samples, MR-proANP levels during the exacerbation
(148.5 pmol/L; IQR, 91.25-209.7) were higher than during the stable
state (94.58 pmol/L; IQR, 60.45-127.2). As shown in Fig. 2, levels
decreased statistically in one month (p =0.027).

3.3. MR-proANP and exacerbation episodes

3.3.1. Etiology of the exacerbation

According to the Anthonissen criteria [27], MR-proANP did not
show any significant difference (p = 0.294). Considering the presence
of clinical symptoms, MR-proANP showed significant higher levels in
those patients with mucopurolent expectoration (p=0.011) whereas
for fever (p = 0.340) and respiratory failure (defined as PO,/FiO, <250
with respiratory rate>30/min) (p = 0.395) no differences were found.
Among the 217 sputum samples collected, 163 were valuable for
microbiological culture according to Murray's criteria [32]. In 85 cases
the result was normal flora and in the 76 remaining, potential
pathogenic bacteria was isolated. Normal flora was defined as
microorganisms belonging to the oropharyngeal or gastrointestinal
flora that are not usually involved in respiratory infections in non
immunocompromised patients [32]. MR-proANP (p=0.010) levels
were significantly higher in those patients with a normal flora culture
result (152.6 pmol/L; IQR 96.9-253.5) in comparison to cases with
isolation of pathogenic bacteria (108.85 pmol/L; IQR 74.2-182.1).

3.3.2. Exacerbation severity and patient’s follow-up

The mean length of hospitalization for patients admitted for an
exacerbation episode was 12.92 days (SD 29.20) and a positive
correlation for MR-proANP was found (correlation coefficient 0.204;
p=0.007). Among these exacerbated patients, 147 (67.7%) had to be
readmitted in the following year at least once, due to a new
exacerbation episode. MR-proANP levels were significantly lower
(p=0.020) in patients that had to be readmitted (115.7 pmol/L; IQR
72.33-197.5) in comparison to patients that were not readmitted
(146.1 pmol/L; IQR 97.33-255.6).

The mean number of days until the next hospitalization due to a
new exacerbation was 210.86 (SD 309.43) and the mean number of
exacerbations within the following year was 2.27 (SD 2.05). MR-
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Fig. 1. Distribution of MR-proANP (pmol/L) levels according to the patient's group:
during a clinical stable state (n=46), during an exacerbation episode (n=217) or
during a pneumonia (n=>55).
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Fig. 2. Levels of MR-proANP (pmol/L) for the 20 patients with two serial samples, the
first one collected during the exacerbation episode and the second one collected one
month later. Each patient is represented individually. Levels of MR-proANP (p = 0.027)
decreased statistically in one month.

proANP did not correlate with any of these parameters (p = 0.662 and
p=0.903, respectively).

Two exacerbated patients, both with severe COPD died during the
exacerbation episode, and MR-proANP levels were 456 pmol/L and
924 pmol/L. Globally, fifty-three patients died, 41 in the following two
years, and the 14 remaining later on. MR-proANP levels were higher in
non-survivors (143.2 pmol/L; IQR, 81.3-259.7) than in survivors
(121.6 pmol/L; IQR, 74.3-204.3), although this difference was not
statistical significant (p=0.163). The time elapsed between the
moment when the sample was collected and the moment that the
patient died was also recorded and no correlation for MR-proANP was
found (correlation coefficient —0.252 and p=0.080). MR-proANP
levels in the group of patients that died within one month
(355.7 pmol/L; IQR, 116.94-807) were higher than levels in those
patients dying later on (139.8 pmol/L; IQR, 78.5-225), although this
difference did not reach statistical significance (p =0.217). As shown in
Fig. 3 levels of MR-proANP decreased as long as the moment of death
occurred later on. In the multivariate Cox regression model analysis, age
was the only predictive factor independently associated with 2-year
survival (p=0.01). Kaplan-Meier survival curves showing patients
according to MR-proANP quartiles levels are shown in Fig. 4. Higher
levels of MR-proANP corresponded to less proportion of patients
surviving, although value of p log-rank test is 0.3687.

4. Discussion

In recent years, COPD has been described as an inflammatory
disease with systemic consequences [33]. It is possible to assess this
inflammatory response by detecting levels of different biomarkers in
serum and plasma of COPD patients [4].

Theoretically, circulating biomarkers might be influenced by several
factors, such as the medical treatment or the underlying diseases. It is for
this reason that it is essential to identify likely reliable interferences. In our
experience, MR-proANP secretion was not statistically influenced by the
smoking habit, although a relationship between smoking and low-grade
inflammatory response exists [34]. Regarding the impact of corticoster-
oids on inflammatory markers, in a previous study, de Kruif et al. found in
a human endotoxemia model that the injection of LPS resulted in an
increase of MR-proANP, that was dose dependent inhibited by the
administration of prednisolone [35]. Nevertheless, in our COPD popula-
tion, we found no differences on MR-proANP levels when comparing
patients according to the use of corticosteroid treatment.

Comorbidity is frequently related to COPD affecting the disease
progression and the prognosis [36]. Comorbidities more frequently found
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Fig. 3. Distribution of MR-proANP (pmol/L) levels according to the time elapsed
between the date of sample collection and the moment of death, classified as: less than
one month, 1 to 3 months, 3 to 6 months, 6 months to 1 year and more than 1 year.

are arterial hypertension, diabetes mellitus, cancer and cardiovascular
diseases. COPD is a chronic and progressive disease itself that if combined
with the presence of other conditions has a worse prognosis. The assay of
ANP and its related peptides, such as MR-proANP is absolutely cardio-
specific, but not disease-specific. Indeed, increased levels of ANP can be
observed in several cardiac and even extra-cardiac diseases [14]. Levels of
MR-proANP showed significant higher values when considering the
presence of arterial hypertension, congestive heart failure and renal
disease. ANP is involved in a complex pathway that regulates vasomotor
tone, systemic blood pressure and electrolyte homeostasis and has several
physiological properties, ranging from blood pressure lowering properties
to natriuretic and diuretic properties [37]. As ANP is a marker of renal and
cardiovascular dysfunction, its levels are understandably increased in
patients with these conditions [38]. Although further studies are required,
serial measurements of MR-proANP might be useful for monitoring some
specific COPD coexisting illnesses.

Surprisingly, levels of MR-proANP were significantly higher in
those exacerbated patients with isolation of normal flora result. In
recent studies assessing levels of MR-proANP in lower respiratory
tract infections and pneumonia, no correlation with the etiology of the
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Fig. 4. Kaplan-Meier curves showing the proportion of patients surviving according to
MR-proANP quartiles values. Value of p log-rank test is 0.3687.
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infection was found, either of bacterial or viral origin [11,25,39]. In our
opinion, MR-proANP might reflect dysfunction rather than etiology,
unlike other biomarkers, such as CRP and PCT whose levels have been
found to correlate with etiology [40-42]. However, it is difficult to
assess the relationship between MR-proANP and exacerbation origin,
due to the possible colonization of the tracheobronchial tree that
limits the value of sputum culture result.

MR-proANP levels were similar for patients with exacerbation and
pneumonia, regardless of the main cause. In the COPD stable group,
biomarkers levels might reflect a basal local and systemic inflammation
[33,43]. In contrast, for those patients exacerbated or with pneumonia,
there might be an amplification of this basal inflammation, and thus an
increase in inflammatory markers [44,45]. This might be one of the
reasons why levels in exacerbated and pneumonia groups were higher
than in the stable group. In fact, the only statistically difference was
found when comparing stable state to pneumonia. Indeed, pneumonia is
an infection with parenchymal damage, involving a noteworthy
inflammatory response [46]. It is conceivable that some COPD patients,
especially those with more severe and long-standing disease and
inflammatory exacerbations, or even acute pneumonia may present
higher levels of MR-proANP compared to stable, due to the increase of
capillary wedge pressure or increase of circulating levels of cytokines.
Increased levels of MR-proANP should be correctly interpreted as an
index of cardiac stress able to stimulate the cardiac endocrine function,
which can be due or not to exacerbations of COPD or pneumonia in a
specific patient. Interestingly, when we compared individually MR-
proANP concentrations for the 20 patients with two consecutive
samples, one from the exacerbation episode and the other one from
the stable state, we found that levels decreased in one month,
assumingly to individual basal levels.

One aspect that has also to be considered is that not all patients
might have the same basal levels in the stable state and this is mainly
due to different profiles of disease progression and clinical presen-
tation. In addition, each patient has its own biological fitness, and this
may influence in the biomarkers levels. Therefore, the increase of MR-
proANP levels during an exacerbation or pneumonia episode, as well
as final concentrations reached might be different. This is one of the
reasons that might explain why the ideal approach is probably not to
establish cut-off biomarkers levels for the overall COPD population
but to individually monitor patients and assess the intra-individual
biomarkers variation in the long term [4].

In a study by Muller et al. [11], authors assessed MR-proANP levels
during lower respiratory tract infections, including exacerbations of
COPD. They found that MR-proANP levels in the group of stable COPD
patients were similar when comparing to exacerbated patients. On
the contrary, in our experience levels were higher during exacerba-
tion in comparison to stable state although with no statistical
significance. In addition, they found that patients with underlying
COPD and pneumonia had higher levels of MR-proANP than COPD
patients exacerbated without pneumonia, being in accordance with
our results. This reinforces the fact that pneumonia triggers an
inflammatory response that is higher than the one observed in
exacerbated COPD patients. Regarding COPD and exacerbation
severity, assessed by means of FEV; and Anthonissen criteria, no
significant differences in levels of MR-proANP have been found either
in our study or in theirs. In general, MR-proANP levels in our study are
slightly higher when comparing to values observed in the study by
Muller et al. and maybe this is due to the patient's heterogeneity
across the two studies. Although MR-proANP levels have been
measured with two different techniques, the lower detection limits
and functional assay sensitivities are almost identical, so these
differences cannot be attributed to the immunoassays.

Several factors have been related to the overall prognosis of COPD
[47-49]. Novel biomarkers such as copeptin and proADM in combina-
tion with the classical ones, such as CRP have also been suggested to
predict short and long-term outcome in exacerbations of COPD [9,10].

BNP has also been investigated in COPD patients and has been proposed
as predictor of exacerbation in stable COPD [50]. In a study by Stolz et al.,
in patients undergoing an exacerbation, BNP levels independently
predicted the need for intensive care [51]. However, BNP levels failed to
adequately predict short-term and long-term mortality rates.

Remarkably and in contrast to our expectations, MR-proANP levels
were found to be significantly lower in exacerbated patients that had to be
readmitted due to a new exacerbation episode. This difference of levels
according to the need of readmission was not due to a higher mortality,
presence of comorbidities and severity of COPD. MR-proANP levels at
admission correlated with the length of hospitalization, similarly to
copeptin and PCT as found in a study by Stolz D et al. [10]. Patients dying
within the first month after the sample was collected had higher levels of
MR-proANP, although no statistical difference was reached. This lack of
statistical significance might be due to the small number of patients in the
non-survivor group. In our opinion, it is assumable to hypothesise, that the
punctual measurement of MR-proANP during an exacerbation might help
identifying severe patients with a higher risk of death in that specific
episode. Stolz et al. [52] found that MR-proANP predicted 2-year survival
in patients admitted for COPD exacerbation and that mortality rate was
significantly higher across MR-proANP quartiles levels. In our experience,
although differences were not statistical significant, we also found that
patients with higher levels had worse survival.

This study has some limitations. First of all, is that we did not have
a second serum sample from all exacerbated patients. Otherwise the
trends in MR-proANP levels from an exacerbation episode to a stable
state and its correlation with treatment options would have been
more justifiable. In this sense, collecting serial samples during a 2 year
period would have been a better approach. Secondly, the low number
of patients in some groups is insufficient to draw robust conclusions.
And finally, we only assessed one marker of cardiac stress and
probably the best option would be a multi-marker approach [53,54],
including for example BNP and cardiac troponins [ or T [55] to better
stratify cardiovascular and mortality risk in COPD patients.

In conclusion, the study provides data regarding the use of MR-
proANP in COPD patients. We have shown that the presence of
comorbidities is a factor that potentially influences the secretion of
MR-proANP, so it needs to be considered carefully. MR-proANP varies
depending on the COPD clinical status, with lower levels during the
stable state. One month after an exacerbation episode, there is a
decrease in MR-proANP levels. The identification of the exacerbation
etiology by means of MR-proANP is not clinically reliable. In contrast,
MR-proANP can be used as a short term prognosis marker after an
exacerbation episode. Indeed its levels were higher in patients that
died within one month after the exacerbation episode.

It is essential to keep in mind that biomarkers levels, in this case
MR-proANP has to be interpreted in the clinical context. So, it is the
combination of MR-proANP serial measurements with clinical data
will help in the understanding and management of COPD patients. In
this sense, more studies assessing MR-proANP levels are required to
define its exact role in the management of COPD.

Nomenclature

BNP Brain natriuretic peptide

COPD Chronic obstructive pulmonary disease
CRP C-reactive protein

MR-proANP mid regional pro-atrial natriuretic peptide
PCT Procalcitonin

proADM pro-adrenomedullin
proANP pro-atrial natriuretic peptide
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En aquest treball, hem resumit les troballes més recents, tot revisant les publicacions
entre els anys 2000-2009, referents a I'is de biomarcadors sistémics en la MPOC,

quant a la seva aplicabilitat i potencials limitacions.

Donada la importancia de la MPOC en termes de morbilitat i mortalitat, en els darrers
anys s’ha fet més evident la necessitat de disposar de noves eines per al maneig dels
pacients amb aquesta malaltia. En aquest sentit, I's de nous biomarcadors
mesurables en sang ha esdevingut una bona alternativa. Les funcions principals
d’aquests biomarcadors, serien d’'una banda facilitar la identificacié de I'origen de les
exacerbacions, i d’altra banda permetre una valoracié individual del risc, quant a

termes de morbilitat i mortalitat.

La influéncia de factors propis de l'individu, com serien la severitat i presentacié de la
MPOC, la preséncia de comorbilitats i els tractaments previs, fan que de cara al futur,
la millor opci6 sigui monitoritzar els nivells de biomarcadors de forma individual durant
'evolucio clinica del pacient, en comptes d’establir punts de tall per la poblacio

general.
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Biomarkers in the management of COPD

A. Lacoma**, C. Prat**, F. Andreo™" and J. Dominguez**

ABSTRACT: Chronic obstructive pulmonary disease (COPD) is still a leading cause of morbidity
and mortality worldwide, with a huge socioeconomic impact. New strategies for the management of
COPD are required, not only for identifying the origin of the exacerbation episodes, but also to
assess an individual risk for each patient. A promising approach is to measure systemic biomarkers
and correlate their levels with exacerbation characteristics and clinical prognosis of the disease.
Several biomarkers have clearly correlated with the aetiology of lower respiratory tract infections
and the response to antibiotic treatment, indicating a potential utility in COPD exacerbation.
Nevertheless, the results available at the moment, together with the absence of a gold standard for
identifying the aetiological origin of an exacerbation, impedes establishing the real utility of these
biomarkers for this concrete task. Regarding the clinical evolution and prognosis, several clinical
characteristics have been correlated to biomarker levels. The potential influence of many factors
(severity of the disease, presence of comorbidities and treatment) leads to the conclusion that, in
the future, the best option would be to monitor levels individually, rather than establishing cut-off

points for the general COPD population.

KEYWORDS: Biomarker, chronic obstructive pulmonary disease, exacerbation, inflammation

c hronic obstructive pulmonary disease
(COPD) is the leading respiratory disease
in terms of prevalence and socioeconomic
impact worldwide [1]. The prevalence and
burden will continue to increase in the coming
years, owing to the continued exposure to risk
factors, such as tobacco, and the ageing of the
world’s population. The disease is characterised
by the presence of an airflow limitation that is not
fully reversible, and is usually progressive and
associated with an abnormal inflammatory
response of the lungs to noxious particles or
gases [2]. Until recently, COPD was thought to
cause only pulmonary abnormalities, but recent
studies have demonstrated the presence of
systemic and extrapulmonary effects [3].

Exacerbation episodes are an important problem
for healthcare systems, because of the morbidity
and mortality rates. The frequency and severity of
these episodes have a significant impact on the
patient’s quality of life and the course of the
disease. In addition, the identification of the
aetiological origin of the exacerbation based on
the culture of respiratory samples remains con-
troversial, due to the colonisation present in some
patients. The traditional marker for COPD progres-
sion, in the absence of other validated markers, has
been lung function measurement: specifically,
forced expiratory volume in 1 s (FEV1). However,
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these measurements correlate poorly with the
presence of some symptoms and do not take into
account extrapulmonary effects [4].

For these reasons, new strategies for the manage-
ment of COPD patients are required, not only for
identifying the origin of the exacerbation episodes,
but also to assess individual risk for each patient.

Measurement of circulating biomarkers in per-
ipheral blood of COPD patients has emerged as a
new tool, having mainly two applications. One
would consist of assessing its utility for exacer-
bation episodes and use a combination of
biomarkers and clinical symptoms to identify
the aetiological origin and degree of severity. The
second would be to monitor and assess the
clinical evolution of the disease, correlating
biomarker levels with the response to therapy
interventions (inhaled corticosteroids and oxygen-
otherapy) and also with the potential development
of complications that might arise. Both approaches
would enable a better risk stratification and correct
management of COPD patients.

BIOMARKERS

A huge amount of biomarkers has been evaluated
in COPD patients, but this review summarises
the main findings from those used most fre-
quently or those regarded as the most promising.
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The measurement of cytokines in lower respiratory tract
infections and inflammatory conditions is not sufficiently
useful. This is mainly due to short plasma half-life, rapid
turnover, presence of blocking factors, and compartmentalised
production in the lung. In addition, when they are detected in
serum, they undergo a fast downregulation. Therefore, acute
phase proteins and the so-called hormokines seem to be more
reliable, owing to their longer plasma half-life, fewer variations
in daily levels and stability in vivo and ex vivo.

An acute phase reactant extensively evaluated in clinical
situations is C-reactive protein (CRP). Its levels are increased in
the presence of localised bacterial and viral infections, and also
in chronic inflammatory conditions [5]. Another promising
inflammatory mediator is neopterin. It is a 2-amino-4-hydroxy
pteridine synthesised by macrophages and monocytes after
induction by interferon-y secreted by T-lymphocytes [6]. It has
been reported to act as a mediator of cell immunity against
intracellular pathogens, such as viruses, parasites and intra-
cellular bacteria [7]. The soluble form of the triggering receptor
expressed on myeloid cells (STREM)-1 is expressed on
neutrophils, mature monocytes and macrophages, its levels
being increased during sepsis, and not during noninfectious
inflammatory conditions [8].

The following markers are also known as hormokines, unlike
CRP, neopterin or sSTREM-1. They can follow either a classical
hormonal expression, or under specific inflammatory and
infectious conditions show a cytokine-like behaviour [9, 10].
Procalcitonin (PCT) is a precursor peptide of the hormone
calcitonin, and its levels have shown to help in differentiating
patients with relevant bacterial infections from the ones with
viral infections, the latter ones not requiring antibiotic
treatment, or from inflammation not of infectious origin [11].
Adrenomedullin (ADM), whose precursor is pro-ADM, is a
potent vasodilator, encoded in the CALC family gene and is
mainly produced by the vascular endothelium [12]. Its
properties are immunological, metabolic and bactericidal.
Copeptin is the stable C-terminal fragment of arginin
vassopresin (AVP). AVP is a peptide hormone produced in
the hypothalamus and its stimuli for release are hyperosmo-
larity and hypovolaemia [13]. Finally, endothelin (ET)-1, whose
precursor is pro-ET1, is a potent vasoconstrictor, mainly
endothelium derived. Stimuli are multiple and include
hypoxia and pulmonary infections [14].

From the family of natriuretic peptides, two biomarkers are
also candidates: atrial natriuretic peptide (ANP), whose
precursor is pro-ANP, and brain natriuretic peptide (BNP).
ANP plays a key role in homeostasis regulation and it is
released from the heart upon increased stretch of the
myocardium, serving as a marker of congestive heart failure
[15]. BNP is mainly synthesised in the left and right cardiac
ventricles, and plays a role in the regulation of natriuresis,
diuresis and vasodilation [15].

The aforementioned markers have been evaluated, particularly
in community-acquired pneumonia (CAP), stating for some of
them significant correlation with aetiology, severity and
prognosis.

In a systematic review, CRP was found to be not sensitive
enough for the detection of radiologically proved pneumonia,
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and its usefulness for guiding antibiotic prescription was not
consistently supported [16]. Conversely, the measurement of
neopterin levels in patients with CAP has improved the
discrimination between bacterial and viral aetiology [17] and
has also shown a correlation with the severity of the infection
[18, 19]. In turn, PCT has been extensively evaluated in the
clinical context of CAP, its levels correlating with severity
scores such as the pneumonia severity index [18, 20].
Regarding aetiological origin, PCT has also been shown to be
a specific and sensitive marker of bacterial pneumonia [18-20].
In addition, two interventional trials of PCT-guided therapy in
lower respiratory tract infections [21] and CAP [22] have
suggested that measuring PCT in some groups of patients
might help to reduce antibiotic prescriptions without negative
effects on patient recovery. ADM, copeptin, pro-ANP, BNP,
ET-1 and sTREM-1 have also been evaluated in CAP, and have
been found to be useful for risk stratification [23-29]. Cytokines
have also been tested with the purpose of measuring the
inflammatory response associated with pneumococcal pneu-
monia [30, 31]. Table 1 comprises a list of biomarkers and their
potential use in the management of COPD.

BIOMARKERS AND MANAGEMENT OF THE
EXACERBATION

Inflammation: stable state versus exacerbation

The COPD definition includes a reference to its inflammatory
and systemic component. For this reason a wide range of
inflammatory mediators, cytokines, acute phase reactants and
biomarkers are found in COPD patients [32]. It is widely
accepted that COPD is associated with an increased systemic
inflammatory response in comparison with control individuals
[33] and that this inflammatory response is amplified during
exacerbation episodes, increasing the levels of cytokines and
other inflammatory markers [34-37]. TAKABATAKE et al. [38]
reported higher levels of neopterin in stable COPD patients in
comparison with a control group. RADSAK et al. [39] found that
serum levels of STREM-1 were increased in COPD patients in a
clinically stable state, reflecting an inflammatory process. In
addition, levels seemed to correlate negatively with the degree
of severity. However, the study only included a small number
of patients. It has been observed that high levels of PCT, CRP
and pro-ANP present during an exacerbation episode tend to
decrease once the patient is back in a stable state. On the
contrary, in our experience, levels of neopterin tend to be
higher once the patient was in a stable state (unpublished
data). Indeed, the “vicious circle hypothesis” explains how
bacterial colonisation in the lower airways of COPD patients
can perpetuate the inflammation and contribute to the disease
progression [40].

Aetiological diagnosis

Exacerbations can be precipitated, among other causes, by
bacterial and viral infections, and by common pollutants, such
as tobacco and air pollution. But in up to 30% of cases, an
aetiological diagnosis cannot be achieved [41]. In addition to
this, 25-50% of COPD patients are colonised with potential
respiratory pathogens, especially Haemophilus influenzae,
Streptococcus pneumoniae and Moraxella catarrhalis [40-43]. In
fact, in some COPD patients it is possible to isolate potential
pathogenic bacteria in sputum, not only during an exacerba-
tion but also during a stable state, so the presence of
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ar.\:1ESR B Current biomarkers, biological interest and potential use in chronic obstructive pulmonary disease (COPD)

Biomarkers Biological interest Potential use in COPD
CRP Marker of systemic inflammation Identify aetiological origin of exacerbation
Monitor short- and long-term prognosis
PCT Marker of systemic bacterial infection Identify bacterial exacerbations
Assess treatment effect
Neopterin Marker of infection by pathogens activating cellular immunity Identify aetiological origin of exacerbation
Assess treatment effect
Copeptin Marker of homeostasis deregulation Monitor short- and long-term prognosis
Pro-ANP Marker of cardiovascular/renal dysfunction Monitor short- and long-term prognosis
Pro-ADM Marker of cardiovascular/renal dysfunction Monitor short- and long-term prognosis

CRP: C-reactive protein; PCT: procalcitonin; pro-ANP: pro-atrial natriuretic peptide; pro-ADM: pro-adrenomedullin.

pathogenic bacteria does not prove its direct implication in the
episode.

This is one of the reasons why the identification of exacerba-
tions of infectious origin is difficult and challenging.
According to the culture result, it is not possible to differentiate
between infection and colonisation. Therefore, taking into
account that bacterial colonisation is present in the stable state,
and that sputum microbiology is considered of limited value in
exacerbation, there is a need for new tools for identifying
episode origin.

Even though the presence of mucopurulent sputum expectora-
tion is associated with isolation of pathogenic bacteria, it is
difficult, or even impossible, to differentiate colonisation from
infection. In addition, sputum samples can also be contami-
nated with oropharyngeal flora. Thus, a negative result or a
normal flora result does not exclude the presence of a micro-
organism responsible for the exacerbation. The criteria
published by ANTHONISEN et al. [44] and the presence of other
clinical symptoms are likelihood criteria, and as such are
subjective and prone to interobserver variation. In contrast, the
measurement of biological markers offers objective data,
although it has to be considered in combination with the
clinical criteria.

Information from different surveys indicates that although
antibiotic prescription is a common practice in COPD patients
undergoing an exacerbation, there is no clear evidence of its
efficacy in all cases [45]. An inappropriate and uncontrolled
use of antibiotics increases health-related costs but also
contributes to the spread of resistant microorganisms [46].
Therefore, identifying the origin of the exacerbation would
have direct clinical and therapeutic consequences, and also a
reduction of antibiotic prescriptions and a lesser selective
pressure for resistant bacteria.

The direct consequence of identifying the aetiological origin of
an exacerbation episode is that the treatment can be chosen in
accordance to the triggering factor. So, the usefulness of
biomarkers in this field is to help detect which are the
exacerbations that require antibiotic treatment.

PCT, which has been extensively reported to be a specific
marker of bacterial infection, has also been evaluated in COPD

98 VOLUME 18 NUMBER 112

patients. However, in exacerbations with isolation of patho-
genic bacteria in the sputum, its levels were not significantly
increased [47, 48]. A probable explanation would be that in
COPD patients the infection might be locally restricted and too
nonspecific to result in a remarkable increase of PCT. Since
there is an absence of a gold standard for identifying probable
infectious exacerbations, it is possible that some positive
culture might be colonisation and, in contrast, that some
negative culture might be infectious exacerbations.

An interventionist study has found, in patients undergoing an
acute exacerbation, that antibiotic guidance according to PCT
levels significantly reduced the antibiotic prescription, with no
consequences for the short- and long-term prognosis [47].
Although PCT levels are not significantly elevated during
exacerbations with isolation of pathogenic bacteria, it might
somehow have an influence, as it allows a substantial
reduction in antibiotic prescription. In fact, for documented
pneumonia clearly associated with bacterial aetiology, PCT
levels were significantly increased [18]. DAUBIN et al. [49], in a
set of COPD patients admitted to the intensive care unit, found
that the likelihood of bacterial infection during acute exacer-
bations was low, as ~40% of the patients had values of PCT
<0.1 pg-L™, suggesting probable inappropriate antibiotic use.

HursT et al. [36] have proposed CRP to be a tool for identifying
exacerbation episodes. Using a proteome array, they analysed
the potential utility of 36 analytes in identifying and confirm-
ing the diagnosis of exacerbation, without considering the
aetiological origin. They found that the most effective
combination was CRP levels with the presence of a major
symptom, such as dyspnoea, sputum volume or sputum
purulence, even though it was not helpful for predicting
severity. WEIS et al. [50] reported, for 166 patients admitted
owing to exacerbation of COPD, that there was large variation
of CRP levels, including values in the normal range.
Interestingly, patients that reported mucopurulent expectora-
tion had higher levels of CRP than patients with mucoid
expectoration. In addition, patients meeting one of the
Anthonisen criteria had lower levels than patients with two
or more. STOLZ et al. [51] also found significant differences
when comparing CRP levels according to the Anthonisen
classification, with higher values during Anthonisen type I
exacerbations. BIRCAN et al. [52] also evaluated CRP levels and
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found that they correlated with sputum purulence and
increased serum white blood cell counts, possibly indicating
an infectious origin. PHUA ef al. [53] found that patients
undergoing a type I exacerbation had higher levels of
sTREM-1. The authors hypothesised that the patient group
with type I Anthonisen criteria might have had a higher airway
bacterial load, which triggers systemic inflammation [34, 44],
and so increased sSTREM-1 levels.

In our experience, COPD exacerbation patients with normal
flora or a negative sputum culture result have higher neopterin
levels than patients with isolation of pathogenic bacteria [48].
Given that viruses such as rhinovirus, influenza and adeno-
virus play a role in stable COPD and during exacerbation
episodes [54, 55], these higher levels could reflect episodes of
viral aetiology [17].

In contrast, pro-ANP is a marker of disease severity and its
levels have shown no correlation with aetiology [27]; levels
could merely reflect the homeostasis dysfunction. The associa-
tion between aetiology and other biomarkers involved in
cardiovascular and renal regulation has not been reported, but
it seems that these mediators would not show a reliable
association.

Up to now, markers such as CRP help in confirming the
diagnosis of exacerbation. However, what remains unclear,
due to the absence of a gold standard, is the real utility they
can have for identifying the aetiological origin of the
exacerbations, unless we extrapolate the good correlation of
some biomarkers with bacterial infection.

Corticosteroid therapy

COPD patients are also treated with corticosteroids, not only
during clinical stability, but also when undergoing an
exacerbation episode. As has been reported, corticosteroid
therapy decreases the levels of inflammatory markers, with the
exception of PCT [56, 57]. The fact that PCT is not influenced
by corticosteroid therapy means that it retains its usefulness as
a marker of bacterial infection, and allows monitoring of the
effectiveness of the antibiotic treatment.

BIOMARKERS AND PROGNOSIS

Influence and impact of comorbidities

Comorbidity is frequently related to COPD, affecting the
disease progression and prognosis [58]. COPD patients are at
increased risk of having other coexisting illnesses, mainly
cardiovascular disease and lung cancer, even though other
chronic conditions such as renal failure and hypertension may
also contribute. Theoretically, circulating biomarkers might be
affected by the presence of comorbidities. In particular,
attention should be focused on renal and cardiovascular
diseases, as some of the biomarkers presented are mediators
of cardiovascular and renal dysfunction.

Interestingly, neopterin and pro-ANP are influenced by the
presence of arterial hypertension and renal disease, in that
their levels are higher in patients with these underlying
diseases [7, 15]. In addition, pro-ANP levels are also higher
in patients with congestive heart failure [27]. ANP, BNP,
copeptin, pro-ADM and ET-1 are markers of renal and/or
cardiovascular dysfunction, so levels are understandably
increased in patients with these conditions [15]. To our
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knowledge, PCT levels are not related to chronic and
neoplastic disorders, with the exception of the C-cell carcinoma
of the thyroid and the small cell carcinoma of the lung [9].

Smoking habits also have to be considered, as smoking causes
alow-grade inflammatory response in COPD patients and may
influence the levels of some biomarkers [59].

Prognosis and clinical evolution

Several parameters and characteristics that can be obtained in
clinical practice have been proposed to be prognostic markers
of morbidity and mortality for exacerbations [60], but their
predictive value varied across studies. One example is the
BODE (body mass index, airway obstruction, dyspnoea and
exercise tolerance) index, which has been recently been
proposed to be a long-term prognosis marker for COPD
patients [61]. Furthermore, the severity and rate of exacerba-
tion have also been evaluated as prognostic factors for
mortality [62].

The search for biological markers that may assess different
aspects of COPD, such as the pathogenesis, severity, prognosis
and response to therapy, has been investigated. Inflammatory
cell and cytokine concentrations have been measured in urine,
sputum, bronchoalveolar lavage, bronchial biopsy and exhaled
breath condensate [63]. But specifically, the search for systemic
biomarkers detectable in the peripheral blood has gained
interest in the field of COPD in the past years.

Some authors have proposed that measuring some biomarkers
during an exacerbation or during a clinically stable state can
also be informative about the prognosis at short- and long-term
[51, 64-66]. Results may vary, depending not only on the
biomarker considered, but also on the characteristics of the
COPD population evaluated.

Using a protein microarray platform, it has been possible to
establish serum protein expression profiles in COPD patients
[64]. A subset of 24 markers showed significant differences
between COPD patients and controls and they had different
pathobiological functions, being chemoattractants, inflamma-
tion mediators and markers of destruction and repair. These
selected biomarkers correlated with FEV1, diffusing capacity
for carbon monoxide, 6-min walk test, BODE index and
exacerbation frequency.

CRP is one of the most studied biomarkers, having been
evaluated in different settings of COPD patients in order to
establish a possible association with basal systemic inflamma-
tion in the stable period, cardiovascular risk events, disease
prognosis and identification of infectious exacerbations [50-52,
64-66]. When considering the stable state, CRP levels tend to be
independent of smoking, lung function and BODE index, while
being strongly associated with arterial oxygen tension and 6-
min walk distance [67, 68]. Regarding mortality as the primary
outcome, for patients with mild to moderate disease, CRP may
accurately detect patients with high risk of mortality [69].
However, when patients had moderate-to-severe COPD, CRP
was not found to be associated with the survival status [70].

Hormokines have also been evaluated in COPD patients,
showing promising results. Specifically, copeptin and pro-
ADM levels measured during an acute exacerbation indepen-
dently predicted survival, and so might be candidate prognostic
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TABLE 2 Continued.
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First author [ref.] ici n Pl /[serum Main fi
biomarkers
PINTO-PLATA [35] 20 patients IL-6 Patients admitted to the hospital because of an exacerbation experience significant changes in
IL-8 systemic cytokine levels that correlate with symptoms and lung function. During the episode there
LTB, is a worsening of the airflow obstruction and an increased systemic demand.
TNF-o
SLPI
PRAT [27] 135 patients® Pro-ANP Levels of pro-ANP are increased in COPD patients with pneumonia, and its levels correlate with PSI.
BIRCAN [52] 113 patients. CRP A high level of serum CRP may indicate infectious exacerbation origin in COPD patients and
30 controls correlates with sputum purulence and increased serum WBC counts.
DE TORRES [70] 218 patients CRP For patients with moderate-to-very severe COPD, CRP levels measured during clinical stability
are not associated with survival and do not add information to the risk assessment provided
by the BODE index.
StoLz [65] 208 patients BNP BNP levels predicted independently the need for intensive care, but failed to adequately predict
short- and long-term prognosis in patients admitted with acute exacerbation.
StoLz [66] 167 patients Pro-ADM Levels of pro-ADM, but not pro-ET1, on admission because of an acute exacerbation,
Pro-ET1 independently predicted 2-yr survival, suggesting it could be useful for predicting prognosis.

IFN: interferon; sIL-2R: soluble interleukin-2 receptor; sICAM: soluble intercellular adhesion molecule; sTREM: soluble triggering receptor expressed on myeloid cells;
CRP: C-reactive protein; IL: interleukin; FEV1: forced expiratory volume in 1 s; GOLD: Global Initiative for Chronic Obstructive Lung Disease; BODE: body mass index,
airway obstruction, dyspnoea and exercise capacity; pro-ANP: pro-atrial natriuretic peptide; PCT: procalcitonin; LTB,: leukotriene B,; TNF: tumour necrosis factor; SLPI
secretory leukocyte protease inhibitor; PSI: pneumonia severity index; WBC: white blood cells; BNP: brain natriuretic peptide; pro-ADM: pro-adrenomedullin; pro-ET1

pro-endothelin-1. #: the total population included a subgroup of COPD patients.

markers for short- and long-term prognosis [51, 66]. However,
these are single-centre studies, so further studies are required to
confirm these data. Table 2 summarises the main findings
reported for the aforementioned biomarkers in the management
of COPD.

CONCLUSION

Establishing systemic biomarker cut-off values for the general
COPD population is probably not the right approach. On one
hand, there is too much heterogeneity among COPD patients,
in terms of disease severity and progression, presence of
comorbidities and clinical presentation. On the other hand,
there is no general agreement on the real influence of
covariates on biomarker levels. It seems that it would be more
appropriate to individually monitor patients and assess the
intra-individual biomarker variation/kinetics in the long term.
To that effect, it would be possible to correlate the changes in
biomarker levels with the appearance and severity of new
exacerbation episodes and with complications that may arise
from COPD, either from the underlying coexisting diseases or
interventions (i.e. long-term treatment with corticosteroids or
oxygenotherapy); in other words, to assess COPD prognosis by
combining clinical data and serial biomarker measurement.
However, in order to validate the clinical utility of biomarkers
in COPD patients, further multi-institutional and longitudinal
studies are required.

There is a wide range of biomarkers, several kinds of clinical
samples and different methods of detection available, each
with its range of sensitivity. In addition, the clinical moment
when the sample is collected (stable disease or exacerbation
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episode), and the degree of severity of the disease has also to
be considered. All these factors impede stating conclusive
affirmations and generalising study findings.

The introduction of biomarkers for the clinical routine
management of COPD relies principally on the resources
available. In addition, biomarker concentrations should be
measured within the first hours of admission, preferably
before starting treatment. Serial measurements during the
hospitalisation and follow-up determinations could also be
recommended. Up to the present time, these factors limit the
use of biomarkers to patients requiring hospitalisation, so
patients treated in primary care and at home would be
excluded. It seems that the combination of diverse biomarkers
is clinically informative, and at the moment only available in
hospital. Therefore, a substantial investment in the develop-
ment of easy and reliable immunological assays is required.
One answer to this problem would be the implementation of
quantitative, quick, point of care tests for the different
biomarkers [72] that would be apt for both family physicians
and hospital specialists.

In summary, the absence of a gold standard for identifying
exacerbations of infectious origin with certainty impedes, for
the time being, the understanding of the real usefulness of
inflammatory markers in distinguishing between infectious
(bacterial) and noninfectious origin. In the forthcoming years,
it would be interesting to have at one’s disposal a set of
biological markers that, combined with clinical symptoms,
would identify exacerbation origin according to its aetiology.
This would mean that a more rational therapeutic approach,
combining antibiotherapy and immunomodulatory treatment,
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could be performed. In addition, the correlation of certain
biomarker levels/variation with prognostic markers of COPD
progression might help us to identify patients with poorer
prognosis and higher risk of treatment failure. Consequently,
with the combination of clinical data and biomarker levels,
medical and treatment decisions might be taken in accordance.
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Development, standardization and clinical evaluation of a new
immunochromatographic assay for the detection and quantification of

procalcitonin in whole blood.

Alicia Lacoma, Margret Schréder, Barbara Thomas.

Scientific technical report 2008.

Des de la seva descripcié i un cop coneguda la seva utilitat com a marcador d’infeccid
bacteriana, els primers estudis avaluant la PCT es van centrar en les infeccions greus,
principalment la sépsia severa i el xoc septic durant els quals s’assoleixen
concentracions de PCT molt elevades. Els diversos estudis, incloent els presentats en
aquesta Tesi mostren que, en el cas concret de les infeccions respiratories, els nivells
sOn més baixos que els observats en la sépsia, pel que es requereixen tests més

precisos per tal que resultin discriminatoris.

Actualment existeixen diverses técniques immunologiques per a la determinacié de
PCT en mostres de serum i plasma. La majoria de técniques disponibles son
automatitzades. L’'Unic assaig manual és un test ICT, que té com a principals
avantatges la rapidesa, ja que s’obté el resultat en 30 minuts i la facil utilitzacié. Per a
la interpretacié del resultat es disposa de quatre rangs de valors: <0.5, 20.5, 22 i
210 ng/mL. Aquests punts de tall permeten distingir entre sépsia bacteriana severa
d’infeccié virica, sent molt menys precisos per al diagnostic de les infeccions
respiratories, situacions en les quals els valors de PCT es troben normalment en un
rang de concentracions molt més estret: entre 0.1 ng/mL i 2 ng/mL. Es per aquest
motiu que és necessari disposar d’una técnica rapida amb major sensibilitat. En aquest
sentit, s’esta desenvolupant una nova ICT per a la determinacié quantitativa de PCT,
que ha de permetre un rang de valors més precis (0.1-5 ng/mL). Es tracta d’'un test
rapid, que a més es pot realitzar en sang total, eliminant el procés de centrifugaci6 de
la mostra, pel que podria realitzar-se en centres d’atencié primaria o fins i tot a la
capcalera del malalt. Aquesta tecnologia és adaptable per tots els biomarcadors. En
aquest apartat de la Tesi es mostren els experiments realitzats i els resultats obtinguts
durant I'estada pre-doctoral al Departament de R+D de BRAHMS Thermo Fisher
Scientific (Hennigsdorf, Alemanya).
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Development, standardization and clinical evaluation of a new immunochromatographic assay for

the detection and quantification of procalcitonin in whole blood.

Alicia Lacoma, Margret Schréder, Barbara Thomas.

Scientific technical report. 2008

Procalcitonin (PCT) is a useful tool for the management
of infections, particularly those of bacterial origin [1]. At
the moment, for the quantification of PCT, both in
serum and plasma, there are five assays commercially
available: an easy and rapid semi-quantitative
immunochromatographic  test (ICT) and four
automatized  different  immunoassays [2]. A
considerable improvement would be the development of
a PCT point-of-care (POC) test. The basis for a POC
device is the need of physicians to have fast and
reliable results in order to give the correct diagnosis and
decide the appropriate treatment [3]. This would be of
major importance for patients admitted to the
Emergency Department and outpatient visits. For those
hospitals or medical centres that can not have access
to equipments based on immunoluminometric or
immunofluorescent technologies, this assay would be
also an appropriate alternative.

It is true that the ICT assay available at the moment is a
good alternative. However, the four cut-off points are
not very precise (<0.5 ng/ml; 20.5 ng/ml; 22 ng/ml; 210
ng/ml), because they can only distinguish between
severe bacterial sepsis from viral infection, being less
sensitive for the diagnosis of respiratory infections,
conditions with PCT levels in a narrow range: between
0.1ng/ml and 2ng/ml. In the last years, PCT antibiotic
guided therapy for respiratory infections (mainly
community acquired pneumonia and exacerbations of
chronic obstructive pulmonary disease) has emerged as
an improvement for patient's management [4, 5]. For
this reason, it would be necessary to have at one’s
disposal a sensitive, specific, easy to perform assay.
Unfortunately, at the moment, with the semi-quantitative
assay available, it is not possible to reach these levels

of sensitivity.

Material and Methods

Immunochromatograpic test. In this sense, a new ICT
for the quantitative determination of PCT is being
developed. This new assay will have a narrow range of
detection: 0.1-5 ng/ml. It is a quick test (25-45 min) that
can be performed directly on whole blood samples,
avoiding a sample centrifugation step. This new assay
uses a monoclonal antibody anti-katacalcin conjugated
with colloidal gold, present in the conjugate pad and a
polyclonal antibody anti-calcitonin fixed in the solid
phase (capture test line). The control line has
immunoglobulin G anti-katacalcin fixed. In Figure 1 is
shown an example of ICT device with its main important

elements

Figure 1. ICT device elements

The test is designed for its use with whole blood
(venous or capillar) and plasma, being for both cases
40ul the volume required. After the patient sample
(whole blood, serum or plasma) has been applied to the
test strip, the tracer (conjugate) binds to the PCT in the
sample and marked antigen antibody complex forms.
This complex moves by means of capillarity through the
area containing the test band. Here, the marked antigen
antibody complex binds to the fixed anti-calcitonin
antibodies and forms a sandwich complex. At a
concentration > 0.1 ng/ml, this complex can be seen as
a reddish band. Non-bound tracer diffuses into the
control band zone, where it is fixed and produces an

intensely coloured red control band.
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Figure 2. Example of a positive and negative sample for PCT

The functional ability of the test system is checked by
means of this control band. In order to validate a resuilt,
control band has to appear visible; otherwise the result
will be considered invalid (Figure 2). After performing
several kinetic studies, different incubation times were
established: 25 minutes for blood samples and 45
minutes for plasma samples. For both samples,
incubation is performed at room temperature.
Specifically, for blood samples it is important to perform
lecture in the indicated time; otherwise breakthrough
phenomenon appears. This happens when erythrocytes
get broken and stain the lecture area. If this is the case,

result has to be considered invalid.

Once the reaction has finished, quantification of PCT is
done with a reader. This enables the quantitative
assessment of PCT levels using a CCD high resolution
camera. The green LED emits light at a wavelength of
528nm on the device. Camera compares control and
test band intensities with a master curve, and results

appear automatically printed.

Information corresponding to master curve is obtained
in the laboratory, after performing different assays and
experiments. Through a specific mathematical algorithm
(MMF Model), band amplitudes will be correlated to
different known concentrations of PCT and this will
enable that in the future, results will be expressed in
ng/ml. Nowadays, in the laboratory, a specific software
analysis (Rapid Designer) enables the visualization of

amplitude (amp) and area for test band (Tamp) and

control band (Camp) (Figure 3). Up to now, it has not
been decided which of the two current reference PCT
assays will be the gold standard (Lumitest or Kryptor),
so at the moment results obtained with the new ICT are
expressed as units of amplitude and not concentration.

Figure 3. Example of Rapid Designer visualization

Calibrators. In order to perform the different
experiments, the use of lyophilized calibrators of known
PCT concentration is needed. Calibrators can be
reconstituted with whole blood (healthy donors) or with
plasma (PCT free). Blank is defined as plasma sample
(PCT free) or blood sample without adding calibrator.
For the homogenization of calibrators with whole blood,
the use of vortex is not recommended, because blood
could hemolyse, stain the card and interfere with the
results. Once the test is performed with blood, sample
is centrifuged at 10000 rpm during 20 minutes, so
plasma can be recovered. This last step is necessary
because both Lumitest and Kryptor methods require

plasma or serum as matrices.
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Objectives

The objectives were to analyze and optimize technical
aspects that can influence assay performance, and
secondly to perform a clinical evaluation assessing new

ICT assay concordance with reference assays

Results and Discussion

Assess the influence of temperature on analytical
membrane and conjugate solution stability

Temperature can modify and affect key components of
an ICT test. Nitrocellulose membrane and conjugate
pad are two of these main elements. The first objective
of this experiment was to assess the influence of
temperature on nitrocellulose membrane and conjugate
pad. For that, we analyze the following tests: ICT card
stored at room temperature (RT), ICT card stored at
40°C, ICT card stored at 4°C, ICT with conjugate pad
stored at 40°C and nitrocellulose membrane at RT, ICT
with conjugate pad stored at RT and nitrocellulose
membrane at 40°C. Calibrators were reconstituted with
700 pl of plasma PCT free used and concentrations
were as follows: Cal 4: 0.31 ng/ml; Cal 5: 0.6 ng/ml; Cal
7: 2.34 ng/ml and Cal 8: 6,02 ng/ml. The most unstable
element that affects PCT quantification is the conjugate
pad. Its storage at 40°C corresponds to lower levels of
Tamp in comparison to other combinations. Values of
Tamp according to the test evaluated are shown in
Figure 4. Optimal temperature for tests storage is 4°C,
although if kept at RT, Tamp values are not very

affected. Nitrocellulose membrane stored at 40°C does
not affect results, because Tamp values are similar to

those obtained with test stored at RT.

The second aspect was to analyze the stability of
conjugate solution. This solution which contains
antibodies conjugated with colloidal gold particles, is
prepared early in the morning, and is later applied on
the corresponding pads. In previous experiments,
results differed according to the moment of the day that
solution was applied. To check if conjugate solution
became unstable, it was applied at three different
moments in the same day (I, Il and Ill). Two different lot
number ICT cards were used. Only one calibrator was
used (Cal 4: 0.31 ng /ml) that was reconstituted with
700yl of plasma PCT free. Tamp and Camp values
according to the moment when the conjugate was
applied are shown in Figure 5 and Table 1, respectively.
Combinations 031404_III and 030404_lll have the
lowest values of Tamp and correspond to the last cards
prepared with the conjugate solution. Conjugate
solution is affected by time, and Tamp value decreases
progressively for both lot numbers. From that moment,
conjugate solution was prepared first thing in the
morning, and was kept at 4°C until needed again.
Camp values also decrease as long as the conjugate
becomes unstable. After analyzing results from both
experiments, it has been demonstrated that the
sensibility and efficiency of the test depend mainly on
conjugate conditions.

300 {—|mRT
m4°C
250 1@ 40°C
m 3 Mon 40°C
200 1| O pad40°C/cardRT

0 0,313

0,6 2,336 6,021
PCT [ng/ml]

Figure 4. Tamp values according to the calibrators and cards evaluated
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Table 1. Values of Camp according to the moment of conjugate application, lot number and calibrator evaluated

Camp
Tests Blank 0.31 ng/ml 0.6 ng/ml  2.34 ng/ml  6.02 ng/ml
031404 1 433 440.8 425.75 409.2 373
031404 11 423.3 425.3 409.5 413.3 384.0
031404 111 352.5 364.5 341.25 319.5 290.75
030404 | 417.3 442.6 433.2 412.8 393.4
030404 11 388.3 387.4 397.6 390.4 287.2
030404 11l 312.7 295.6 321.6 317.8 245.6
031404 |
350 - m 031404 I
0031404 1Il
300 | 030404 |
0030404 1l
250 | @ 030404 Il
2200 —
5
150 4
100 4
50 -
0+
0 0,313 0,6 2,336 6,021
PCT [ng/ml]

Figure 5. Tamp values according to the moment of conjugate application, lot number and calibrator evaluated

Assess the influence of anticoagulants

In order to assess whether anticoagulants influence the
test performance, we evaluated three different matrices:
citrate, heparin and EDTA. And for each matrix, we
used two different materials: glass and plastic. We
reconstituted 10 calibrators of known concentration with
blood of healthy donors. Calibrators concentrations
were as follows: Cal 1: 0.22 ng/ml; Cal 2: 0.26 ng/ml;
Cal 3: 0.32 ng/ml; Cal 4: 0.55 ng/ml; Cal 5: 0.97 ng/ml;
Cal 6: 1.94 ng/ml; Cal 7: 3.95 ng/ml; Cal 8: 7.23 ng/ml;
Cal 9: 9.32 and Cal 10: 12.01 ng/ml. Each calibrator
was reconstituted with 1.5 ml of blood. Samples were
kept at 4°C, and reanalyzed at 24 and 48h.

Tamp values and concentrations of PCT according to
the matrix considered are shown in Table 2. Amplitude

values for test band tended to be lower in samples

collected in EDTA, in comparison to other matrices and
these results were also observed when considering
concentrations values. In general, Tamp and
concentration values obtained for plastic containers are
more elevated. Tamp values decreased along time,
from the moment of extraction until the first 24h. After
24h, blood samples become unstable and hemolysis

can appear.

Sample aging

To test the sample stability at RT, we evaluated 2
calibrators of known concentration (Cal 3: 0.45 ng/ml
and Cal 7: 4.25 ng/ml) reconstituted with 6.5 ml of blood
from 5 donors at time 0 (approximately 15 min after
blood extraction), 2, 4, 8 and 24h. Tamp values for each

calibrator and donors along time are shown in Table 3
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Table 2. Tamp values and concentration of PCT according to the matrix considered.

Matrix PCTsens. PCT Kryptor  PCT direct Matrix PCTsens. PCT Kryptor PCT direct
[ng/ml] [ng/ml] [Tamp] [ng/mi] [ng/ml] [Tamp]
ciGl 1 0.045 0.1553 17 ciGl 6 0.88 1.727 123
ciPET 1 0.022 0.1514 17 ciPET 6 0.826 - 133
heGl 1 0.054 0.1383 19 heGl 6 0.865 1.75 132
hePET 1 0.058 0.1478 23 hePET 6 0.832 1.677 131
edGl 1 0.044 0.1351 11 edGl 6 1.04 1.857 101
edPET 1 0.06 0.1417 20 edPET 6 0.833 1.779 88
ed_Ref 1 0.078 0.137 10 ed_Ref 6 0.853 1.764 86
ciGl 2 0.06 0.1482 16 ciGl 7 1.55 3.049 170
ciPET 2 0.056 0.1791 20 ciPET 7 1.46 3.139 171
heGl 2 0.075 0.1875 15 heGl 7 1.49 3.167 202
hePET 2 0.06 0.2019 21 hePET 7 1.47 3.257 179
edGl 2 0.069 0.1831 14 edGl 7 1.45 3.046 157
edPET 2 0.081 0.1908 6 edPET 7 1.38 2.796 119
ed_Ref 2 0.072 0.1996 7 ed _Ref 7 2.36 2.946 141
ciGl 3 0.103 0.3079 33 ciGl 8 247 6.248 252
ciPET 3 0.094 0.2234 28 ciPET 8 2.33 6.574 244
heGl 3 0.054 0.3012 24 heGl 8 2.45 - 269
hePET 3 0.101 0.2898 23 hePET 8 2.49 7.228 278
edGl 3 0.153 0.2616 27 edGl 8 2.58 6.792 253
edPET 3 0.089 0.2552 18 edPET 8 2.31 6.389 224
ed Ref 3 0.075 0.2431 7 ed_Ref 8 1.47 6.647 176
ciGl 4 0.194 0.3349 31 ciGl 9 3.38 2.613 218
ciPET 4 0.196 0.2962 38 ciPET 9 3.02 26 219
heGl 4 0.219 0.3241 31 heGl 9 3.03 2.353 212
hePET 4 0.207 0.3461 33 hePET 9 3.22 2479 192
edGl 4 0.18 0.2825 20 edGl 9 3.44 2.46 196
edPET 4 0.172 0.3088 11 edPET 9 3.25 2.476 205
ed_Ref 4 0.13 0.2477 16 ed_Ref 9 2.89 2.264 193
ciGl 5 0.434 0.7184 90 ciGl 10 3.6 10.99 243
ciPET 5 0.44 0.6957 78 ciPET 10 3.98 11.31 255
heGl 5 0.411 0.7073 81 heGI_A 4.27 11.58 260
hePET 5 0.439 0.6176 76 hePET 10 4.11 11.77 242
edGl 5 0.417 0.5533 67 edGl 10 3.9 11.29 246
edPET 5 0.431 0.5906 65 edPET 10 3.58 11.16 242
ed_Ref 5 0.309 0.5258 56 ed_Ref 10 4.01 10.92 233

ciGl: citrate in glass tube; ciPET: citrate in plastic tube; heGl: heparin in glass tube; hePET: heparin in plastic tube; edGl: EDTA in glass
tube; edPET: EDTA in plastic tube; ed_Ref: EDTA reference (plastic).

A positive correlation between Tamp values and 250 Patient5 e blank
concentrations was obtained for all patients. Tamp —=—Cal3
200 ——Cal7

values for the blank (direct sample) are <25, so results
obtained are valid. Tamp values were almost stable 2150 -
£

along the 24 h. Data from patient 5 are shown in Figure 2100

6. Variations observed for both calibrators correspond

to small changes of Tamp (+/- 10) and these do not %0 = -

result in significant changes of concentration. 0 T i i
0 5 10 Zeit [n5 20 25 30

Figure 6. Values of Tamp along time for patient 5
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Table 3. Tamp values for calibrators 3 and 7 along time

Donnor Concentration to 2h 4h 8h 24h
Blank 24 17 21 16 15
P1 0.45 ng/ml 52 39 43 44 38
4.25 ng/ml 194 192 207 177 189
Blank 24 18 16 16 24
P2 0.45 ng/ml 50 43 43 48 43
425ngiml 216 231 218 213 190
Blank 24 10 6 11 14
P3 0.45 ng/ml 39 36 34 36 32
4.25 ng/ml 210 205 185 194 192
Blank 24 15 16 13 19
P4 0.45 ng/ml 53 44 36 36 52
425ngiml 209 235 208 181 214
Blank 13 13 13 13 14
P5 0.45 ng/ml 43 45 53 35 36
4.25 ng/ml 189 206 210 203 193
Test rapid aging

This test consists on assessing which is the stability of
the test at long term. The fact of changing temperature
conditions simulates different time periods. Before my
incorporation to the department, the experiment had

already begun in order to simulate 1 year of storage.

Until then, test has been performed at 2, 4 and 6 weeks.

In table 4 are shown temperature and time conditions

for simulating time passing. Concentrations evaluated

were 0.31 ng/ml for Cal 4, 0.6 ng/ml for Cal 5, 2.34
ng/ml for Cal 7 and 6.02 for Cal 8. All of them were
reconstituted with 700 pl plasma PCT free. PCT was
measured in two groups of cards: stored 8 weeks at
4°C and 8 weeks at 40°C. In Figure 7 is shown that if
cards are stored 8 weeks at 40°C, there is a loss of
functionality, as Tamp values are lower. Probably
membrane components such as antibodies become
unstable. Histograms that correspond to 4°C and RT
are similar, although for cal 8 differences are more

evident.

Clinical study

A total number of 55 samples were included in the
study. At hospital, PCT was measured in whole blood.
Once tests were performed, samples were centrifuged
and send to the laboratory, so measurements with LIA
sensitive and Kryptor could be performed. After
checking results in the laboratory, 24 tests were
considered invalid because there had been problems
with the reader and presence of hemolysis for some
samples; therefore the final number of samples
analyzed was 31. Results of PCT measurements with
the three different assays for plasma samples and ICT

test results for blood samples are shown in Table 5.

Table 4. Equivalences of stress and storage conditions

Temperature (°C)

Stress equivalent to 3y  Stress equivalent to 2y

Stress equivalent to 1y

70 3-4 weeks 2 weeks 1 week
60 2 months 1 month 2 weeks
50 6 months 2-4 months 1 month
40 1 year 5-7 months 2-3 months
400 mac
@mRT
350 @ 40°C
300
250
£
5200
150
100
50
0 4
0 0,313 0.6 2,336 6,021
PCT [ng/ml]

Figure 7. Tamp values according to Cal and storage conditions
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Table 5. PCT concentrations according to the patient and assay considered.

Pat.Nr. KRYPTOR PCT LIA sensitive PCT Plasma-EDTA Blood-EDTA
Conc. [ng/ml] Conc. [ng/ml] (Tamp) (T Amp)
PCTO1 1.52 1.03 104.5 75.5
PCTO03 1.69 1.07 57.5 78
PCTO04 7.28 8.62 294.75 238.5
PCTO06 0.06 0.05 0.5 10.5
PCTO7 7.44 4.89 162.5 150
PCT11 3.38 232 137.75 88,5
PCT12 0.81 0.66 745 61
PCT15 0.27 0.09 14.25 52.5
PCT16 0.73 0.66 36.5 50
PCT26 279 1.89 195 132.5
PCT27 7.04 5.95 255.5 139.5
PCT34 1.62 1.68 148.5 91.5
PCT35 1.16 0.99 87.5 375
PCT36 1.73 1.47 114.5 0
PCT37 0.13 0.07 9 0
PCT38 11.83 13.05 323.25 235
PCT39 0.61 0.44 59.75 60
PCT40 0.12 0.06 0.75 0
PCT41 0.18 0.17 11 20.5
PCT43 6.52 5.67 185.75 81
PCT44 0.19 0.13 13 0
PCT45 0.33 0.25 12.75 18.5
PCT46 1.1 8.94 302.25 295
PCT47 12.10 0.12 260.25 221
PCT48 0.15 0.21 0 0
PCT49 2.09 1.44 174.5 144
PCT51 0.14 12.00 16 23
PCT52 0.97 0.73 87 42
PCT54 0.08 0.03 0 0
PCT55 15.90 11.70 304.25 219

Correlation between Tamp values (in plasma and whole
blood) and results obtained by LIA sensitive assay is
good, as shown in Figure 8. In Figure 9, the same

correlation is shown for Kryptor. Trend observed for

Kryptor is almost the same that LIA sensitive. |

n order two reference methods.

500
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400

300 £ e
2 ’
E 250 ¢ ‘e .
.
g200F, ¢
© . * [
150 £ &

Korrelation PCT direct - LIA

# Plasma
=VB

30 40 50 60

LIA sensitive [ng/ml]

to establish the mathematical model that will allow the
correlation between Tamp and concentration, one of the
two reference test will have to be chosen. In the next

figure (Figure 10) is shown the correlation between the

Figure 8. Correlation between Tamp and PCT concentration by means of LIA sensitive for the detection in plasma and

whole blood (VB).
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Figure 9. Correlation between Tamp and PCT concentration by means of Kryptor for the detection in plasma and whole
blood (VB).
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Figure 10. Correlation between LIA sensitive and Kryptor results.

As shown in Figure 10, up to levels of 50 ng/ml,
correlation between both methods is satisfactory.
However, over this concentration, Kryptor method is
more sensitive, reaching values of 200 ng/ml, while LIA

sensitive reaches plateau up to 50 ng/ml.

Conclusions
Results obtained with this new ICT are optimal when
using EDTA samples and are stable during the first 24h
after blood sample extraction. Solution containing
conjugate is one of the main key reagents during
production process and it is for this reason that it
requires a specific quality control, as it becomes highly
unstable at temperatures >40°C. In addition, it loses
activity and functionality if stored at RT during a
prolonged time until final production. The optimal
storage condition for final product is 4°C, although if
kept at RT sensibility and functionality are not affected.
Preliminary clinical

study results show a good

correlation between amplitude values and

concentrations obtained with the two reference methods.

This new assay is robust, reliable and easy to use, and

might be a useful tool for daily clinical practice.
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5. DISCUSSIO

5.1. Factors intrinsecs i extrinsecs que potencialment influencien els nivells de

biomarcadors

Tedricament, la concentracié de biomarcadors es pot veure afectada per la influéncia
de diversos factors, com serien el consum de tabac, la preséncia de malalties

coexistents, el tractament corticoide basal i el tractament antibiotic previ.

El consum de tabac, causa una inflamacio basal de baix nivell, i per aquest motiu pot
afectar la concentracié de determinats biomarcadors [180]. En la nostra experiéncia,
no varem trobar diferéncies significatives per cap biomarcador (Article 4, Article 5). No
obstant, si que vam observar nivells més elevats de PCT i PCR en aquells pacients
fumadors i ex-fumadors respecte als no fumadors. En el cas de la PCR s’han realitzat
diversos estudis on es descriuen els canvis en les seves concentracions en funci6 de
I'habit tabaquic del pacient, aixi com els canvis que es produeixen quan el pacient

n’atura el consum [181].

La comorbilitat esta freqiientment associada a la MPOC, afectant la progressié de la
malaltia i el seu pronostic [119]. Per tant, tedricament els valors de determinats
biomarcadors, que al cap i a la fi reflexen processos fisioldgics, podrien estar afectats
per la preséncia de determinades malalties coexistents. En el cas de la neopterina,
s’han trobat nivells elevats en pacients amb malalties cardiaques i renals, fet que
també es reflexa en els nostres resultats (Article 4) [147]. En el cas de la PCT, no s’ha
descrit que els seus nivells estiguin relacionats amb desordres cronics perd si s’han
associat a dos tipus de tumors: carcinoma medul-lar de tiroides i carcinoma pulmonar
de cellula petita [182]. En el cas del MR-proANP, al tractar-se d’'un mediador
cardiovascular implicat en els mecanismes encarregats de controlar la pressio
sanguinia i 'homeostasi dels electrolits, els seus nivells es veuen irremediablement
afectats per la preséncia de comorbilitats d’origen cardiac i renal, com serien la
insuficiéncia renal i insuficiéncia cardiaca congestiva [159,161,183]. En la nostra
experiéncia en poblacié adulta amb pneumonia, els nivells de MR-proANP van ser
significativament més elevats en aquells pacients amb insuficiencia cardiaca
congestiva i insuficiéncia renal, en comparaci6 amb els pacients que no les
presentaven (Article 1, Article 3). Una troballa important del nostre estudi és que la

presencia d’aquestes malalties coexistents, i no com a complicacions degudes a la
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pneumonia, no interfereix en I'associacié dels nivells de MR-proANP amb el grau de
severitat valorat pel PSl i el CURB-65 (Article 1). Aquest fet també va ser investigat per
Kruger et al, que concloien que el valor prondstic del MR-proANP era independent
d'un diagnostic pre-existent de insuficiéncia cardiaca congestiva o d’altres malalties
cardiaques [184]. En el cas del MR-proADM, els nivells es troben augmentats en
diverses comorbilitats, entre les que destacarien també les d’origen cardiac i renal
(Article 3) [167,168]. No obstant, els nivells més elevats s’han observat en pacients

amb xoc séptic, on jugaria un paper important en la fisiopatologia [168].

Els corticosteroids, ja siguin inhalats o orals es prescriuen en alguns casos de
diagnostic de pneumonia greu quan s’associa a broncoespasme, aixi com en pacients
amb MPOC [75,121]. S’ha descrit que el tractament amb corticosteroids disminueix els
nivells d’alguns biomarcadors, amb I'excepci6 de la PCT. En un model huma
d’endotoxemia, es va demostrar que els nivells de MR-proADM, MR-proANP, CT-
proAVP i PCT s’incrementaven després d’'una injeccié de LPS, i que els nivells de MR-
proADM, MR-proANP i CT-proAVP s’inhibien per ['administracié previa de
prednisolona [185]. No obstant, en un estudi previ es va descriure una inhibicié dels
nivells de PCT per part d’alguns agents anti-inflamatoris [186]. Perren et al, també van
avaluar quina era la influencia dels corticosteroids en els nivells de PCT i PCR
considerant pacients amb pneumonia. Els pacients es van classificar en dos grups:
pacients amb PAC que van rebre Unicament tractament antibidtic i pacients amb
MPOC i PAC que van rebre antibiotics i corticosteroids. En pacients amb MPOC, la
disminucié en els nivells de PCT i PCR al llarg de 7 dies no va mostrar diferéncies
significatives i concloien que els corticosteroids no modificaven el procés de
disminucié de les concentracions de PCT i PCR quan la PAC es tractava
adequadament [187]. En la nostra experiéncia en pacients MPOC exacerbats, els
nivells de neopterina i PCT van mostrar diferéncies significatives en funcié del
tractament previ amb corticosteroids, pero la significacio estadistica es va perdre en
considerar els pacients en estat estable (Article 4). En poblaci6 amb diagnostic de
pneumodnia no vam trobar diferencies significatives per cap dels biomarcadors
analitzats (Article 2, Article 3).

L’impacte dels corticosteroids en els nivells de PCR es manté confus. Alguns treballs
declaren nivells més baixos de PCR en pacients MPOC tractats amb corticoides
inhalats, mentre que de Torres et al no van trobar diferéncies en aquest dos grups de
pacients [188-190]. La mateixa controvérsia es déna en considerar els pacients

tractats amb corticoides sistémics. Noguera et al no van trobar canvis significatius en
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els nivells de PCR durant la recuperacié de pacients exacerbats amb tractament
intravends, mentre que Sin et al van trobar una reduccié del 63% en els pacients
tractats amb corticoides orals [188,191]. En la nostra experiéncia en pacients amb
diagnostic de pneumonia i pacients MPOC exacerbats no vam trobar diferéncies
significatives, tot i que varem observar que els nivells de PCR eren inferiors en aquells

pacients que havien pres corticosteroids previs.

En diversos estudis s’'observa com I'administracié de tractament antibiotic correcte fa
disminuir els nivells de PCT mentre que, si no es tracta adequadament, els nivells
romanen elevats (Figura 20) [153,192]. La cinética de la PCT consisteix en una
induccié molt rapida en resposta a un estimul, dins de les primeres 2-6 hores. Després
d’'un increment inicial, els valors depenen del balang entre la seva vida mitja a plasma
(25-30 hores) i la nova produccié de PCT [193,194]. Aquesta troballa potencia la seva
utilitzacié en la monitoritzacié de I'evolucid, perd també pot emmascarar els resultats
en cas de tractament antibiotic previ a la determinacié del marcador. En el nostre medi,
no és infreqiient que els pacients arribin a Urgencies, ja amb tractament antibiotic
previ. S’han descrit comportaments diferents en funcié del biomarcador considerat. En
pacients amb pneumonia sense tractament antibiotic previ s’han descrit nivells més
elevats de copeptina, PCT, perd no PCR, en comparacié amb aquells pacients que si
havien rebut tractament previ. Kriiger et al van descriure com els valors de copeptina i
PCT s’incrementaven en acord amb la gravetat de la pneumonia, perd només en
aquells pacients que no havien rebut tractament previ [195,196]. En la nostra
experiéncia, considerant pacients amb diagnostic de pneumonia i pacients amb MPOC
no varem trobar diferéncies significatives en comparar els nivells de PCT, PCR,
neopterina, MR-proANP i MR-proADM en funcié de la presa prévia d’antibiotic.
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Figura 20. Representacié esquematica de la vida mitja en serum de PCT, PCR i citocines
després d’induccié. De: Meisner, M. Procalcitonin (PCT). A new innovative infection parameter.
Biochemical and clinical aspects. Georg Thieme Verlag Eds. Stuttgart:-New York 2000.
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5.2. Utilitat dels biomarcadors en el maneig de la pneumonia i les exacerbacions
de la MPOC

En el maneig de pacients admesos a Urgéncies, amb febre i simptomes clinics
suggestius d’infeccid respiratoria de vies baixes, és important assolir un diagnostic final
perqué les decisions referents al tractament i a la necessitat d’'ingrés hospitalari son
diferents. En la nostra experiéncia, ens hem centrat en les pneumonies, les
exacerbacions de la MPOC i les infeccions bronquials. En alguns casos, pot ser dificil
diferenciar aquests diagnostics, perqué de vegades els signes clinics son inespecifics,
i la placa de torax ja pot ser de forma basal patologica, especialment en ancians i
pacients amb MPOC. En aquest context, disposar d’'una eina per ajudar a diferenciar
de forma precog¢ aquests diagnostics seria util. Els nostres resultats mostren que els
nivells de PCT i MR-proADM van ser superiors en pacients amb pneumonia, en
comparacio amb les exacerbacions de la MPOC i les infeccions bronquials en pacients
sense pneumopatia cronica (Article 3). Durant un episodi de pneumonia té lloc una
resposta inflamatoria considerable, amb un alliberament d’endotoxines bacterianes i
citocines pro-inflamatories [197]. En canvi, les exacerbacions de la MPOC i les
infeccions bronquials sén infeccions locals més restringides, i aquest fet explicaria

perque no es desencadena una resposta sistémica tant important.

En el maneig de les PAC, un diagnostic precog i la valoracié del grau de severitat és
de gran importancia, donat que ambdéds guien les decisions terapeutiques referents al
tractament apropiat, aixi com a la necessitat d’hospitalitzacié. S’han desenvolupat
diferents risk scores per tal de valorar el risc de mort i la indicacié d’ingrés, perd no sén
capagos de predir un mal prondstic un cop el tractament s’ha iniciat ni tampoc
permeten valorar la necessitat de intervencions futures o canvis en la terapia [57,59].
En aquest sentit, en els darrers anys han guanyat protagonisme determinats
marcadors d’inflamacié i de disfuncié cardiaca que han demostrat ser utils en la
orientacié diagnostica i pronostica de determinades infeccions respiratories de forma

complementaria als parametres clinics i microbiologics [130].

La MPOC provoca alteracions a nivell pulmonar, pero recentment també s’han descrit
manifestacions sistemiques, que entre d’altres es tradueixen en I'alteracié dels nivells
de diversos biomarcadors, que sén mesurables en sang circulant [113,123]. Esta
ampliament acceptat que la MPOC esta associada a un augment de la inflamacio en
comparacié amb els individus sans, i que aquesta resposta inflamatoria es veu

incrementada durant les exacerbacions, amb un augment de citocines i altres
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mitjancers inflamatoris [115-117,198]. En aquest sentit, una nova via en el maneig de
la MPOC és utilitzar els biomarcadors per identificar la probable etiologia de I'episodi
d’exacerbacio; i d’altra banda valorar el pronodstic a curt i llarg termini després d’un
episodi [44] (Article 6).

5.2.1. Diferéncies en funcié de I’agent etiologic

5.2.1.1. Influéncia en la pneumonia

En el cas de les infeccions respiratories de vies baixes, i en concret en les
pneumonies, el patré de resposta dels diferents biomarcadors és diferent en funcié de
I'etiologia. En el cas de la PCT, els nivells es mostren significativament més elevats en
aquells casos amb diagnostic bacteria de seguretat (Article 2, Article 3). De fet, fins i
tot agrupant els casos amb diagnostic de seguretat i els de probable origen bacteria,
els nivells de PCT romanen significativament elevats, confirmant aixi la seva
associacio amb I'origen bacteria (Article 2). Els nostres resultats sén consistents amb
un estudi previ, en que vam observar nivells de PCT elevats en la infeccio
pneumococcica, especialment quan era bacteriémica, perd amb nivells molt
discretament elevats en casos per Legionella i nivells practicament indetectables en
infeccions per micobactéries i infeccions per P. jirovecii [36]. En el cas del MR-proADM
s’ha descrit que la preséncia d’endotoxines bacterianes i citocines pro-inflamatories
incrementen I'expressié del gen de 'ADM en diversos teixits tant en models animals
com en humans [157,199]. Aix0 explicaria perque els valors de MR-proADM so6n
significativament superiors en aquells pacients amb diagnostic bacteria de seguretat
(Article 3). Els gens que codifiquen per la PCT i el MR-proADM pertanyen a la familia
del gen de la calcitonina, i s’expressen ampliament en diversos teixits durant les
infeccions bacterianes severes [156]. Aquest fet explicaria perqué els nivells d’ambdés
biomarcadors es veuen incrementats durant les infeccions de diagnostic bacteria
definitiu. De fet, en les pneumonies bacteriemiques els nivells de MR-proADM també
es van mostrar significativament superiors, troballa també descrita per Christ-Crain et
al [200]. S’ha postulat que I'activitat bactericida de 'ADM s’exerceix per la formacio de
porus a la membrana bacteriana, que causaria la lisi del patogen [201]. Tot i que el
MR-proADM té efectes pleiotropics, el seu rol com a agent antimicrobia també pot en
certa manera explicar els nivells elevats durant la sépsia [170]. Tant en models
animals, com en estudis amb pacients amb xoc séptic, es produeix un augment dels

nivells d’ADM, probablement actuant com a mecanisme de defensa envers la infeccid.
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No obstant, si la concentracioé esdevé excessiva, es pot produir una major hipotensid,
caracteristica del xoc séptic [168]. La PCR, aixi com la neopterina també presenten
nivells elevats en la infecci6 pneumocodccica tot i que sense assolir significacio
estadistica (Article 2).

L’Us de la determinacié dels nivells de PCR per a orientar sobre el diagnostic etiologic
de la pneumonia, s’ha estudiat ampliament, encara que els resultats han estat
discordants [142,202-205]. En poblacié pediatrica els nivells elevats de PCT i PCR
també mostren una correlacio significativa amb I'etiologia bacteriana en les infeccions
de vies respiratories baixes, mostrant una bona sensibilitat per distingir I'etiologia
pneumocodccica de les etiologies d’origen atipic i viral [206]. En un estudi de Kruger et
al, van trobar nivells significativament més elevats de PCT i PCR en aquells pacients
amb pneumonia d’origen bacteria en comparacié6 amb pneumonies d’origen viral o
atipic [207]. En canvi, en un estudi de Masia et al, els autors no van trobar diferéncies
significatives per la PCT en comparar la poblacié en funcio de I'etiologia. No obstant, si
els pacients eren classificats en funcié del PSI, els nivells elevats de PCT tendien a
predir I'origen bacteria només en aquells pacients classificats com a baix risc [208]. Els
nivells de MR-proANP van ser independents quan es va considerar I'etiologia de la
pneumonia (Article 1) [209]. En un estudi de Masia et al, els pacients amb pneumonia
atipica van mostrar nivells significativament més baixos en comparacié amb la resta
d’etiologies, pero el solapament de valors que existia entre els diferents grups limitava
'is del MR-proANP com a marcador per suggerir etiologia [210]. Aquests fets
indicarien que MR-proANP prediu el grau de severitat de la malaltia, més que la
necessitat de terapia antibidtica, o I'extensio del teixit inflamat, a diferencia del que
passaria amb altres biomarcadors com serien la PCT o la PCR. Aquest fet té un valor
addicional donat que hi ha algunes etiologies que es presenten amb nivells baixos de
PCT, com les pneumonies per L. pneumophila i P. jirovecii, aixi com les pneumonies
viriques greus i que si més no poden donar lloc a presentacié clinica molt severa que
requerira de mesures de suport. De fet, els nivells es troben influenciats pel
microorganisme perd també pel fet que aquest doni lloc a bacteriémia. En un estudi
amb pacients amb sospita de bacteriémia admesos a Urgéncies es van trobar nivells
significativament més elevats de PCT en aquells en qué es confirmava la bacteriémia,

independenment del microorganisme (Annex Il) [211].

LBP també s’ha avaluat com a biomarcador per diferenciar I'etiologia en les
pneumonies, trobant-se en concentracions més baixes en pacients amb pneumonia

causada per microorganismes atipics [212]. En un estudi de Fernandez-Serrano et al
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van trobar que durant les infeccions causades per Legionella, els nivells inicials de
TNF-a, IL-6, IL-8 i IL-10 eren més elevats respecte a les altres etiologies [213].
Després de 24h, els nivells de IL-6, IL-8 i IL-10 s’incrementaven en les pneumonies
pneumococciques, mentre que en el mateix interval de temps disminuien en aquelles
pneumonies per Legionella. Probablement, els dos microorganismes i els seus
components intervenen en diferents punts de la resposta inflamatoria. De fet s’ha
descrit que la resposta inflamatoria enfront microorganismes Gram positius i Gram
negatius, tot i compartir elements comuns també s’observen diferents patrons
d’expressié de citocines [214]. En els pacients amb pneumonia pneumococcica
bacteriemica també es van observar nivells més elevats respecte a aquells casos no
bacterieémics, confirmant que la resposta inflamatoria és més prolongada en els

episodis bacteriémics.

5.2.1.2. Influéncia en I’exacerbacio de la MPOC

La identificacié de I'etiologia de les exacerbacions de la MPOC és dificil i esdevé un
repte. A partir del resultat del cultiu bacteriologic, no és possible diferenciar entre
infeccié i colonitzacié [105]. De manera que, tenint en compte que la colonitzacié
bacteriana esta present en I'estat estable i que el cultiu bacteriologic d’esput té un
valor limitat, es fan necessaries noves eines per a identificar I'etiologia d’aquests
episodis. L’alta frequiéncia de deteccié de virus durant les exacerbacions de la MPOC,
també reforca el fet que els antibidtics estiguin sobre-prescrits en aquests pacients i
per tant distingir les infeccions virals de les mixtes i les bacterianes té una gran
importancia. La consequéncia directa d’identificar I'etiologia d’'un episodi d’exacerbacio
és que el tractament escollit estigui en acord amb el factor desencadenant. Aixi, la
potencial utilitat dels biomarcadors en aquest camp, és la d'ajudar a identificar i

detectar aquelles exacerbacions que realment es beneficiarien de tractament antibiotic.

El principal inconvenient per qualsevol tipus d’estudi de I'etiologia de I'exacerbacié de
la MPOC és la manca de gold standard. Encara que en el nostre estudi vam utilitzar el
resultat del cultiu bacterioldgic d’esput, criteris d’Anthonisen i la preséncia de diversos
simptomes clinics, la PCT no va mostrar diferencies significatives en la identificacio de
la probable etiologia de les exacerbacions. No obstant, diverses evidéncies reforcen la
seva correlaci6 amb l'origen bacteria [215]. En pacients amb MPOC també s’ha
avaluat previament, i tampoc es van trobar nivells significativament elevats en aquells

casos amb aillament de bacteris patdgens [216]. En la nostra experiéncia, vam trobar
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que els nivells de PCT no mostraven diferéncies significatives en funcié del tipus de
microorganisme. No obstant, els valors de PCT es van mostrar superiors en aquells
casos amb aillament de S. pneumoniae, S. aureus i enterobacteris (Article 4). Una
probable explicacié seria que en pacients amb MPOC, la infeccié fos local, es trobés
restringida, i fos prou inespecifica perque es traduis en un increment considerable de
PCT. En un primer estudi intervencionista en pacients amb MPOC exacerbats, es va
definir un algoritme basat en dos parametres: les concentracions de PCT i el criteri
meédic. La troballa principal de I'estudi va ser que I's d’aquest algoritme incorporant la
concentracié de PCT aconseguia reduir les prescripcions antibiotiques sense afectar al
pronostic a curt i llarg termini d’aquests malalts [216]. Es impossible saber, per les
seves connotacions étiques, si el pronodstic seria el mateix si en cap cas es tractés amb
antibiotic. Pero I'evidéncia assolida amb altres sindromes cliniques amb gold standard
de diagnostic etiologic, fa pensar que efectivament nivells elevats es correlacionen

amb I'etiologia bacteriana.

Donat que els nivells de PCT es veuen disminuits durant les infeccions viriques,
alguns estudis han avaluat si la determinacié de PCT podria ajudar a diferenciar les
exacerbacions d’origen viric de les d’origen bacteria. A diferéncia del que succeeix
amb les infeccions bacterianes, I'associacié entre infeccions virals i inflamacid
sistémica ha estat poc investigada [217,218]. En un estudi recent de Kherad et al,
avaluant la preséncia de virus en pacients exacerbats van trobar que els nivells de
PCT no mostraven diferéncies significatives entre aquells pacients amb una infeccié
virica provada dels que no [219]. Una de les explicacions per aquest resultat, és que
aproximadament un ter¢ dels pacients havien pres tractament antibiotic previ, i que

aquest fet es podria haver traduit en una disminucié dels nivells de PCT.

En el cas de les pneumonies, els nivells de PCT es veuen altament incrementats degut
a la important resposta inflamatdria que es desencadena [36,220]. En el cas de
pacients MPOC amb pneumonia, tal i com hem vist en la nostra experiéncia, els valors
de PCT també assoleixen valors molt elevats. El fet d’incloure un grup de pacients
amb MPOC i pneumonia, és que aquest grup és un “control positiu” d’infeccio
bacteriana. En el cas de pacients exacerbats que requereixen ingrés a la UCI, Daubin
et al també han proposat la PCT com a marcador d’infeccié bacteriana. Es tracta d’un
estudi prospectiu, en el que es proposa un punt de tall de >0.1 pg/L, en comptes de
0.25 pg/L (proposat préviament per a les infeccions del tracte respiratori inferior [221])
per predir la probabilitat d’infeccié bacteriana en pacients MPOC sever amb diagnostic

de pneumonia [222].
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En diferents estudis, s’ha descrit que la PCR juga un paper durant les exacerbacions
bacterianes, donat que nivells elevats d’aquest biomarcador s’han trobat elevats en
exacerbacions amb expectoracid6 mucopurolenta i amb criteris d’Anthonissen tipus |
[198,223-225]. En la nostra experiéncia, els nivells gairebé van arribar a la significacié
estadistica quant a mucopuruléncia, encara que en considerar els criteris
d’Anthonissen i el resultat del cultiu bacteria no varem trobar diferencies significatives
(Article 4). Justo et al, van estudiar si la determinacio dels nivells de PCR en pacients
amb MPOC permetia distingir un episodi d’exacerbacié d'un episodi de pneumonia. Els
resultats mostren que quan es tractava d’'una pneumonia i s'iniciava tractament
antibiotic, hi havia una disminucié del 36.7% en els nivells de PCR en comparacié amb
els nivells observats a les 24 hores. En canvi, quan es tractava d’'una exacerbacid, la

disminucié en els nivells de PCR era més discreta (5.9%) [226].

En el cas del MR-proANP, va mostrar nivells més elevats en els casos de flora
comensal o cultiu negatiu (Article 5). En estudis previs analitzant el comportament del
MR-proANP no es va trobar cap relacié amb I'etiologia de la infeccid, ja fos d’origen
bacteria o viral [209,210,227]. EI MR-proANP reflexa disfuncié cardiaca i renal més
que no pas etiologia, a diferéncia del que hem observat per altres biomarcadors, com
serien la PCT i la PCR.

En el cas de la neopterina, si que s’han relacionat els seus nivells amb les infeccions
viriques, i per patdgens intracel-lulars en general [147,228]. En el nostre estudi, també
es van observar nivells de neopterina significativament elevats en aquells pacients
amb resultat de flora comensal o cultiu negatiu, que podrien reflectir episodis d’origen
viral (Article 4). Donat que els virus, tals com els rhinovirus, influenza i adenovirus
juguen un paper en els periodes d’estabilitat i durant les exacerbacions, hauria estat

interessant examinar-ne la seva preséncia [110,219].

5.2.2. Diferéncies en funci6 de la severitat

5.2.2.1. Influéncia en la pneumonia

L’extensioé radiologica de la pneumodnia esta associada a un major compromis
ventilatori. Fine et al no van trobar que el nombre de lobuls afectats fos un factor
independent de mal prondstic a diferéncia del que succeia amb la preséncia de

vessament pleural [57]. No obstant, té sentit que a major nombre de Idbuls afectats,
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major sigui la resposta inflamatoria. En el cas de les citocines, la secrecio és
compartimentalitzada, pero les proteines de fase aguda presenten nivells elevats en
sérum, fet que permet aquesta comparacio. En la nostra experiéncia prévia, en el cas
de les pneumonies pneumocodcciques, la PCT i la neopterina van mostrar nivells
significativament més elevats en les pneumonies multilobars [36]. No obstant, en
I'estudi avaluant les determinacions seriades de biomarcadors, i en l'article avaluant
els nous indexs de severitat (Article 2, Article 3) no vam trobar aquesta significacio. Un
motiu que explicaria aquesta manca de significacio resideix en el fet, que la poblacio
d’estudi és més petita en aquests dos ultims estudis. En el cas del MR-proANP, no es
va trobar cap associacié amb I'extensio del teixit inflamat (Article 1, Article 2) mentre
que pel MR-proADM nivells més elevats s’han observat en les pneumonies multilobars
(Article 1, Article 3) [200]. Quant a preséncia de vessament pleural, els nivells de PCT,
PCR i neopterina si que van ser significativament superiors, mentre que no se’n van
observar pel MR-proANP (Article 2). En la nostra experiéncia, els nivells de MR-

proADM també van ser superiors, encara que sense significacio estadistica (Article 3).

Existeixen diversos risk scores basats en les alteracions cliniques, radiologiques i
bioquimiques, com serien el PSIl, el CURB-65, el SCAP i el SMART-COP
[57,59,62,63]. EI PSI i el CURB-65 son els indexs més ampliament validats mentre que
el SCAP i el SMART-COP sén més novedosos, i encara estan en fase de validaci6. El
calcul del PSI és complex, donat que inclou un gran nombre de variables, limitant el
seu Us generalitzat. A més, sobre-emfatitza la importancia de I'edat, de manera que
pot arribar a infravalorar la severitat en pacients joves sense comorbilitat. L’alternativa
seria el CURB-65 que és un index més senzill i facil de calcular, donat que inclou un
nombre de variables més reduit. Tot i aix0, un inconvenient és que no considera la
preséncia de malalties coexistents, que es poden descompensar a causa de la
pneumonia. En determinats casos, també s'utilitza I'index modificat CRB-65. En una
meta-analisi recent, s’afirmava que tots tres indexs eren capagos de predir de forma

acurada la mortalitat, sense trobar-se diferéncies significatives [229].

Aquests indexs de severitat es centren basicament en classificar els pacients en funcio
del risc de mort. Els nous indexs, encara en fase d’avaluacié i validacié estarien més
centrats en identificar els pacients amb pneumonia severa que serien tributaris d’'ingrés
a UCIl o de mesures de suport ventilatori o hemodinamic. En qualsevol cas, cap
d’aquests indexs no tenen en compte la resposta de I'hostatger envers la infeccio. Es

en aquest context, que en els ultims anys s’han avaluat diversos biomarcadors
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sistémics que en combinacié amb els indexs establerts permeten millorar el maneig

dels pacients amb pneumonia.

En el moment de I'admissio hospitalaria, el valor prondstic d’'una determinacié puntual
varia en funcié del biomarcador considerat. Quant a la PCT, els seus nivells han
mostrat una clara relacié amb el pronostic i la severitat de les infeccions sistemiques
[230]. De fet, en els estudis realitzats pel nostre grup i que es presenten com a articles
complementaris (Annex I, Annex Il), es va veure la correlacié de PCT i MR-proADM
amb la severitat (admissi6 a UCI, decés en els 7 dies posteriors o necessitat
d’intervencio quirirgica en les 48h posteriors a l'ingrés) en pacients admesos a
Urgéncies amb sospita de bacteriemia [231]. Concretament en el cas de les PAC, els
nostres resultats mostren que els nivells de PCT correlacionen significativament amb
el PSI, tal i com s’ha descrit en d'altres treballs (Article 1, Article 2) [36,208,232,233].
En la nostra experiéncia, en considerar I'index CURB-65 els valors de PCT també
s’incrementen amb la severitat. En un estudi de Kruger et al, els nivells de PCT a
'admissio predien la severitat i I'evolucié clinica de la PAC, amb un valor pronostic
similar a la de I'index modificat CRB-65 [234]. En el cas de la PCR, els seus nivells no
van ser capacos de classificar els pacients en funcié del PSI (Article 2, Article 3). En
canvi, en un estudi de Hohenthal et al, els nivells de PCR si que van correlacionar
significativament amb el PSI, essent util per la valoracié de la severitat [204]. En la
nostra experieéncia actual, la neopterina no va mostrar diferéncies significatives en
comparar els valors en funcié del PSI (Article 2, Article 3). En un estudi previ, el nostre
grup va descriure que en pacients amb pneumonia pneumococcica o per Legionella
els nivells de neopterina correlacionaven encara que no de forma significativa amb el
PSI, amb valors més elevats en el grup PSI V [36]. En el cas del MR-proANP i del MR-
proADM els seus nivells correlacionen amb la severitat valorada pel PSI i el CURB-65
(Article 3). Els nostres resultats son consistents amb altres estudis publicats que
demostren que els nivells d’lambdds biomarcadors estan elevats durant les infeccions
del tracte respiratori inferior, especialment durant les pneumonies i que la seva
determinacié és util per a la estratificacio de la severitat [184,200,210,235-238]. La
proET-1 i la copeptina també s’han avaluat en pacients amb pneumonia, i els seus
nivells s’incrementen de forma gradual en considerar el PSI i el CURB-65
[210,239,240]. En diversos estudis, s’ha descrit que els valors de biomarcadors en el
moment de I'admissié, en combinacié amb els indexs de severitat, principalment PSI,
CURB-65 i CRB-65 incrementa la prediccio de la mortalitat als 30 dies, i del
desenvolupament de complicacions [234,238,241-243]. Aquests resultats obren la

possibilitat que en un futur els indexs de severitat incorporin com a variable més a tenir
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en compte els nivells de biomarcadors, de la mateixa manera que proposem incorporar

la PCT en un model predictiu de bacteriémia (Annex |) [211,244].

Fins al moment, aquest és el primer treball avaluant la correlacié entre els nivells de
biomarcadors i els nous indexs de severitat (Article 3). Els pacients amb criteris de
pneumonia severa (SCAP) van mostrar nivells més elevats de PCT, neopterina, MR-
proANP i MR-proADM. En considerar tots els pacients, independenment de la
preséncia de criteris de SCAP, els nivells de PCT, neopterina, MR-proANP i MR-
proADM van ser significativament superiors en pacients classificats com alt risc en
comparacié amb pacients amb baix risc. Fins i tot, els nivells de MR-proANP i el MR-
proADM van mostrar diferéncies entre els pacients amb baix risc en comparacié amb
els de risc intermedi. Quant a l'altre index de severitat: SMART-COP i la seva versio
reduida SMRT-CO, els biomarcadors presenten comportaments diferents. En
considerar I'index SMART-COP, cap dels biomarcadors va mostrar diferéncies
significatives. No obstant, la neopterina si que mostrava una significacié estadistica en
classificar els pacients en funcié de la puntuacié recodificada (<3, 23 punts). En
considerar SMRT-CO, els nivells de MR-proADM van mostrar nivells més elevats en
pacients amb major risc de necessitar suport intensiu. Tot i que I'analisi inclou un
nombre de pacients amb pneumonia reduit, és cert que existeix una correlacié entre

els nous indexs de severitat i els nivells de biomarcadors.

Durant un episodi de pneumonia, es desencadenen un seguit de mecanismes
relacionats amb la resposta inflamatoria que tenen com a principal objectiu confinar la
infeccio al pulmo, i eliminar-ne els agents causals. D’altra banda, també s’observen
alteracions del sistema cardiovascular, que inclouen canvis en I'homeostasi i
disfuncions a nivell endotelial. Exemple de complicacions que es poden donar durant
una pneumonia serien per exemple el desenvolupament d’empiema, la preséncia
d’insuficiéncia respiratoria i/o xoc amb la consequient necessitat de ventilaci6 mecanica
i suport inotropic. A més no s’ha doblidar que les comorbilitats es poden
descompensar durant el curs de la infecci6. La coexistéencia de malalties d’origen

cardiac, pulmonar i renal poden empitjorar I'evolucié i incrementar la mortalitat.

La PCT també s’ha proposat com a marcador pronostic en les pneumonies, donat que
nivells significativament més elevats s’han trobat en pacients desenvolupant algun
tipus de complicacio [36,208,245]. Especificament quant a mortalitat, nivells baixos de
PCT en el moment de I'admissié serien indicadors de baix risc, independenment de la
categoria de PSI i CRB-65 [234,243]. En el treball analitzant 300 casos de PAC, els
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nivells de PCT només van mostrar diferéncies significatives al comparar PSI | vs V, i
PSI Il vs V (Article 1). En un altre dels estudis, un 40% dels pacients clasificats com a
PSI IV van tenir valors de PCT<0.05 ng/mL, i cap d’ells va ser admés a UCI o va morir
en I'episodi (Article 2). Donat que els nivells de PCT van ser significativament superiors
en aquells pacients desenvolupant alguna complicacié (ingrés a UCI o decés), es va
establir un rang de concentracions per tal d’obtenir el valor maxim de sensibilitat i
especificitat. Un cut off de 0.1150 ng/mL es va correspondre a un valor de sensibiltat
de 85.7%, mentre que un cut off de 1.03 ng/mL tenia una especificitat de 79.1%. En la
nostra experiéncia, els nivells de MR-proANP també van correlacionar amb el
desenvolupament de complicacions i I'estada hospitalaria (Article 1, Article 2)
[184,209,210,227,235]. EIl MR-proANP esta involucrat en canvis fisiopatologics que
tenen lloc durant les infeccions, i aquest és un dels motius que explica perqué els seus
nivells estan elevats durant les pneumonies. En dos dels treballs avaluant MR-proANP
en pacients amb pneumonia hem proposat dos punts de tall molt similars per a la
identificacié de pacients amb complicacions i risc de mort: 128.15 pmol/L i 139.7
pmol/L (Article 1, Article 2). En un estudi recent Claessens et al, van determinar que un
punt de tall de 135 pmol/L, dintre del rang que hem establert, els permetia discriminar
els pacients en funcié de la necessitat d’hospitalitzacié [235]. Quant a mortalitat, tot i
que la taxa de mortalitat va ser baixa, els nivells de MR-proANP es van mostrar
superiors en aquells pacients exitus respecte els que van sobreviure. Aquestes
troballes s’han confirmat en altres estudis [184,227]. De fet s’ha proposat fins i tot com
a marcador pronostic a curt i llarg termini [184,236]. Els resultats obtinguts per la xarxa
alemanya d’estudi sobre les pneumonies, anomenada CAPNETZ, també atorguen al
MR-proANP la capacitat de predir mortalitat deguda a la pneumonia als 28 i 180 dies
[184]. En el cas del MR-proADM, també s’ha proposat com a marcador prondstic per al
maneig de la sépsia, i la pneumonia [200,237,238,246,247]. De fet, en la nostra
experiéncia, els nivells de MR-proADM també van ser significativament superiors en
els pacients que van desenvolupar alguna complicacio, definides com a ingrés a UCIl o
decés per insuficiéncia respiratoria i/o xoc. En dos treballs diferents, s’han proposat
punts de tall per a la identificacié dels pacients amb pitjor pronostic: 1.8 nmol/L i 1.3
nmol/L [200,237] En la nostra experiéncia, els cut off que otorgaven major sensibilitat i

especificitat eren 0.95 nmol/L i 1.5 nmol/L, respectivament (Article 3).

Altres biomarcadors que també s’han estudiat com a marcadors pronostics en les
pneumonies serien la proET-1 i la copeptina, en ambdds casos correlacionant amb la
severitat de la pneumonia i el pronostic [210,239,240]. D’altra banda, les citocines

també s’han avaluat com a marcadors pronostics en les pneumonies, donat que s’ha
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descrit una clara relacié entre la intensitat de la resposta inflamatoria i la severitat del
propi episodi, valorada segons la necessitat d’'ingrés a UCI i la mortalitat [213,248].
Martinez et al, en un estudi prospectiu van identificar un seguit de factors que
s’associaven a un increment de IL-6 i IL-8 en pacients amb pneumonia, destacant la
confusid, la hipotensid, el vessament pleural i la preséncia de bacteriémia [249]. En un
estudi del mateix grup, van trobar que els nivells de IL-6 a dia 1 i 3 estaven

independenment associats a un major risc de fracas terapéutic [250].

Donat que la determinacié puntual d’alguns biomarcadors ha resultat ser util per a la
valoracioé del pronostic en el moment de I'admissié, sembla raonable explorar si les
determinacions seriades d’aquests biomarcadors també ens permeten valorar

I'evolucio clinica del episodi.

La PCR s’ha descrit com una eina util pel seguiment de les pneumonies, donat que els
nivells disminueixen en acord amb la millora clinica [204,250-252]. En la nostra
experiéncia, els nivells de PCR i neopterina també van disminuir, perdo no de forma
significativa. Bruns et al van descriure que una normalitzacié tardana en els nivells de
PCR entre els dies 3 i 7 de seguiment era suggestiva de tractament antibiotic
inapropiat [251]. L'estudi de 'adequacié del tractament mitjancant I'estudi de la cinética
de la PCT i la PCR també s’ha avaluat en pacients admesos a UCI amb resultats
prometedors [253,254]. L’estudi de la dinamica de la PCT té implicacions pronostiques,
donat que nivells persistentment elevats estan associats a un pitjor pronostic, al
contrari del que succeeix quan els nivells disminueixen [156,192]. Diversos estudis han
estudiat la utilitat de les determinacions en pacients amb pneumodnia admesos a UCI.
Jensen et al, van descriure que la mortalitat s’incrementava a cada dia que els valors
de PCT augmentaven [153]. A més, van trobar que un valor maxim de PCT a dia 1 de
lingrés a UCI juntament amb un augment en les concentracions de PCT durant
'estada era un predictor independent de mortalitat en un periode de 90 dies després
de I'entrada a UCI. D’altra banda, Boussekey et al van descriure que un increment de
PCT de dia 1 a dia 3 en pacients amb PAC severa, era signe de mal pronostic [255].
En la nostra experiencia, tot i que nomes 1 dels pacients amb valors de PCT adia1i3
va ingressar a UCI una disminucio6 significativa dels nivells de PCT de dia 1 a dia 3 es
va observar en pacients que no van desenvolupar complicacions, mentre que en
pacients que van acabar desenvolupant algun tipus de complicacié els nivells de PCT
van romandre similars (Article 2). Menéndez et al van descriure que nivells baixos de
PCR i PCT a dia 3 en combinacié amb el criteri clinic facilitava la identificacié de

pacients que no desenvoluparien complicacions [256]. Concretament en les
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pneumonies per Legionella, De Jager et al van trobar que els nivells de PCR
disminuien independenment del pronostic, mentre que valors persistentment elevats
de PCT es relacionaven amb un mal pronodstic [257]. A excepcié d’un estudi, no hi ha
massa experiéncia sobre I'is de les determinacions seriades de MR-proANP en les
pneumonies. Vazquez et al van trobar que els nivells de MR-proANP eren inferiors a
dia 3, 5 and 7 en pacients que sobreviuen en comparacié amb els que moren [236]. A
més, van observar un augment dels nivells en el temps en aquells pacients que serien
exitus, mentre que en els supervivents els nivells tendien a ser més estables o a
disminuir en el temps. Tots aquests resultats estan en acord amb els nostres resultats,
reforgant 'alt valor prondstic que té el MR-proANP en el maneig de les pneumonies.
De fet, és important remarcar que pacients amb valors elevats durant les
determinacions seriades van correspondre a pacients admesos a UCI, o bé a pacients
exitus o a pacients classificats com PSI d’alt risc, o a pacients desenvolupant
complicacions, com per exemple empiema. En un article recent de Schuetz et al, les
determinacions seriades de proET-1 en pacients amb PAC també van ser predictores
de mortalitat i admissié a UCI [258] .

Diversos estudis també han explorat la utilitat dels biomarcadors per al diagnostic i
monitoritzacid de la pneumodnia associada a ventilaci®6 mecanica, amb resultats
prometedors per a la PCT i el MR-proANP [259-264].

5.2.2.2. Influéncia en la exacerbacio de la MPOC

Diversos parametres i caracteristiques cliniques s’han proposat i posteriorment avaluat
com a factors pronostics de morbilitat i mortalitat en les exacerbacions [98,124,265-
267]. Tot i l'interés epidemiologic, el valor predictiu dels parametres clinics varia en
funcio de I'estudi considerat, i la majoria d’ells no permet una valoracio individual del
risc [267,268]. Factors pronostics avaluats serien per exemple: I'index BODE, aixi com
la severitat i la freqiiéncia dels episodis d’exacerbacioé [98,126]. En el cas del BODE, la
seva determinacié és feixuga, requereix la realitzacié de la prova dels 6 minuts en
estat estable i no és apropiada per a les exacerbacions severes. De manera, que en
els darrers anys, hi ha hagut un interés creixent en utilitzar altres parametres, com

serien els biomarcadors.

Alguns autors han suggerit que mesurar determinats biomarcadors durant un episodi

d’exacerbacié o bé durant un periode d’estabilitat clinica pot donar informacié sobre el
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pronostic a curt i llarg termini [225,269-271]. En aquest sentit, els resultats entre
estudis poden variar no només en funcid del biomarcador considerat i de la
corresponent técnica de determinacio, sindé també en funcié de les caracteristiques de

la poblaci6 avaluada.

En la nostra experiéncia, quant a la severitat de I'episodi d’exacerbaci6, valorada
segons els dies d’hospitalitzacié, tots els biomarcadors analitzats: PCT, PCR,
neopterina i MR-proANP van mostrar una correlacié positiva. Altres biomarcadors com
la MR-proADM, el proET-1 i la copeptina també han mostrat una correlaci6 amb el
temps d’hospitalitzacié [225,271]. En considerar la readmissié per un nou episodi
d’exacerbacio, I'inic biomarcador que va mostrar significacio estadistica va ser el MR-
proANP. El nombre d’exacerbacions en I'any posterior també s’ha avaluat, perd cap
dels biomarcadors va ser prou acurat per mostrar una tendéncia. En un estudi de
Perera et al, van proposar que avaluar la concentracié de PCR 14 dies després d’'un
episodi d’exacerbacid podia ser clinicament rellevant, donat que van trobar una relacio
entre nivells elevats de PCR i la preséncia d’episodis d’exacerbacidé recurrents en els
seglents 50 dies [117]. En relacié també amb la PCR, de Torres et al van trobar que
en pacients MPOC moderat- molt sever, els nivells d’aquest biomarcador no estaven
associats a la supervivéncia, en comparacié amb altres parametres com I'index BODE
[272]. Es ben conegut, que nivells elevats de PCR sén predictors de complicacions en
les malalties cardiovasculars, i que també s’associen a disminucié de la funcié
pulmonar i empitjorament de la MPOC [273-275]. En un altre estudi, els nivells de PCR
en el moment de I'admissio hospitalaria no van correlacionar amb el pronostic a curt i
llarg termini [225]. Una possible explicacié era que els nivells de PCR augmenten
rapidament durant les infeccions, per després disminuir un cop I'estimul inicial ha
desaparegut. Donada la seva alta sensibilitat, perd poca especificitat, la PCR no és
informativa sobre el pronostic després d’un episodi d’exacerbacié. Bernasconi et al van
veure que els nivells de MR-proANP en el moment de I'admissio van ser similars al
comparar els pacients amb exacerbacions recurrents greus (als 14-18 dies de I'episodi

previ) respecte als que no tenien cap, en els 2 anys posteriors [276].

Quant a mortalitat durant I'episodi d’exacerbacio, els nivells de MR-proADM i copeptina
a l'ingrés mostren una significacio estadistica i una tendencia, respectivament a trobar-
se més elevats en aquells pacients que moren respecte als que sobreviuen [225,271].
En la nostra experiéncia, quant a la mortalitat global, la comparaci6é dels nivells de
biomarcadors entre els pacients que moren i els que sobreviuen no van mostrar

diferéncies significatives, tot i que els valors de PCT, PCR i MR-proANP van ser més
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elevats en aquells pacients que moren respecte als que sobreviuen. En el cas de la
neopterina no es va trobar aquesta relacio. Els nivells de PCT, PCR, neopterina i MR-
proANP es van mostrar més elevats en aquells pacients que van morir en el mes
posterior a la recollida de la mostra. Els nivells de MR-proANP, proET-1 i MR-proADM
han mostrat en d’altres estudis nivells significativament més elevats en pacients que
moren respecte als que sobrevivien [225,271]. En el cas de la copeptina, nivells
elevats es van associar a un mal pronostic a llarg termini, independentment de I'edat,
la comorbilitat, el grau d’hipoxémia i del grau d’afectacié de la funcié pulmonar. Fins i
tot, es va proposar que la combinacid entre els nivells de copeptina i la informacié
sobre hospitalitzacions prévies per exacerbacié en I'any previ incrementava encara
més el valor pronodstic d’aquest biomarcador [225]. Tot i aixd, no ha mostrat major
utilitat en estudis posteriors. En un estudi avaluant MR-proANP en pacients amb
MPOC, els nivells van mostrar diferencies significatives en comparar els pacients en
funcié de la mortalitat als 6 mesos i als 2 anys [276]. EI BNP també ha estat avaluat en
pacients amb MPOC, i fins i tot s’ha proposat com a predictor d’exacerbacié en
estabilitat clinica [270,277]. En un altre estudi avaluant aquest mateix biomarcador en
pacients exacerbats, els nivells eren capacos de predir la necessitat d'ingrés a UCI. No
obstant, no era prou sensible per predir la mortalitat a curt i llarg termini [270]. EI SAA
també s’ha avaluat en pacients exacerbats, i s’ha proposat com un altre biomarcador

que pot resultar util en la identificacioé de pacients amb major risc [278].

Per tant, a partir dels diversos estudis realitzats, és assumible hipotetitzar que la
determinacié puntual d’algun dels biomarcadors durant un episodi d’exacerbacioé ha
d’'ajudar a identificar aquells pacients severs amb més risc de mort, essent util per a
valorar el pronostic a curt termini. Per tal de valorar el pronostic a llarg termini, també
es fan necesaris més estudis longitudinals, que permetin establir de forma acurada el

valor pronostic i predictiu real dels biomarcadors en aquests pacients.

5.3. Biomarcadors en el pacient MPOC amb pneumonia

En pacients amb MPOC la presentacié clinica de la pneumonia es pot confondre amb
un episodi d’exacerbacid. A més, sovint la radiografia de tdorax és patoldgica de forma
basal i, si no es disposa d’'imatges prévies, pot resultar dificil d’'interpretar. Finalment,
en aquest pacients sovint coexisteix la insuficiéncia cardiaca, com a comorbilitat que
també es descompensa com a conseqiiéncia d’infeccid i el diagnostic diferencial és
més dificil [279].
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En pacients estables, els biomarcadors reflecteixen una inflamacié basal, que es veu
incrementada durant les exacerbacions, tal i com hem vist per la PCT i la PCR, fet
també observat per Stolz et al [225]. Tot i aix0, existeix un cert solapament entre els
valors en estabilitat clinica i durant un episodi d’exacerbaci6. En el cas del MR-
proANP, els nivells només van mostrar diferéncies significatives en comparar els
nivells en pacients en estabilitat respecte als que tenien un diagnostic de pneumonia.
De fet els nivells en exacerbacié i pneumonia van ser similars, segurament reflectint
una resposta inflamatoria similar i considerable. Bernasconi et al, en un estudi avaluant
la utilitat del MR-proANP en les exacerbacions de la MPOC, van observar nivells
significativament més elevats en pacients exacerbats respecte als pacients estables,
encara que en un estudi previ del mateix grup, els valors entre pacients estables i

exacerbats no van mostrar diferéncies [227,276].

La pneumonia en el pacient amb MPOC és una entitat que mereix ser avaluada de
forma separada. De fet, en I'estudi de MR-proANP i pneumonies, hi ha un subgrup de
135 pacients amb MPOC. En dades no publicades, es va observar que tant el PSI com
el CURB-65 es correlacionaven amb els nivells de MR-proANP. Si més no crida
'atencié que 2 pacients amb PSI baix, presentaven nivells molt elevats de MR-
proANP: tots dos van presentar complicacions en I'evolucié (progressié radiologica i
empiema, respectivament). Per tant en pacients amb MPOC i pneumonia, els nivells
de MR-proANP poden ser més informatius que el PSI, tenint en compte que aquest

ultim no inclou la MPOC com a comorbilitat.

Altres biomarcadors també avaluats en estabilitat vs exacerbacié serien sTREM-1,
TNF-a, neopterina, copeptina, MR-proADM, endotelina i SAA [271,278,280-282]. En el
cas de la comparacié intraindividual entre els valors en estat d’exacerbacié i el proper
estat d’estabilitat, hem observat que no tots els biomarcadors tenen el mateix
comportament en el temps. En la nostra experiéncia, els nivells de PCT, PCR i MR-
proANP van disminuir en un mes. La disminucié de PCT, PCR i MR-proANP ja va ser
descrita en dos estudis previs [225,276]. En canvi, els nivells de neopterina es van
incrementar. Una possible explicacio d’aquest increment seria la influencia del
tractament anti-inflamatori. Hurst et al, també van avaluar de forma individual un
conjunt de 36 biomarcadors, i les diferéncies en els nivells entre estabilitat i
exacerbacié van resultar significatives per als seglients biomarcadors: adiponectina,
PCR, soluble intercellular adhesion molecule-1, myeloid progenitor inhibitory factor-1,

pulmonary and activation-regulated chemokine i IL-6 [198].
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Donat que no tots els pacients tenen els mateixos nivells en periode d’estabilitat, i que
existeixen diferents perfils de progressio i presentacié clinica, probablement la millor
opcid seria monitoritzar de forma individual els valors dels biomarcadors, com un
parametre més en el seguiment de la malaltia, en comptes d’establir punts de tall per
la poblacié general. En aquest sentit, és necessari que es facin estudis multicéntrics i

longitudinals.

5.4. Impacte dels avengos metodologics en les técniques de determinacio de

biomarcadors

Per al diagnostic de les infeccions, els valors de sensibilitat i especificitat de la PCT,
aixi com els punts de talls son totalment dependents de I'assaig emprat i del grup
d’estudi considerat. En la Figura 21 es mostren algunes de les técniques actuals amb
els seus limits de deteccié corresponents. Donat que s’han realitzat diversos estudis
intervencionistes, considerant la concentracié de PCT a I'hora de valorar la necessitat
de prescriure antibidtics, també és important tenir en compte que els punts de tall no

son fixes i variaran en funcié de la sindrome clinica.

Les determinacions realitzades en els diversos estudis presentats en aquesta Tesi
s’han fet amb el métode de referéncia Kryptor, i amb la tecnica ELFA, sent ambdues
les més sensibles, donat que permeten detectar PCT en persones sanes. La técnica
ELFA mostra una bona correlacié i concordanga amb el métode de referéncia, de
manera que els cut off determinats amb la técnica ELFA sén totalment extrapolables
[283]. EI Lumitest era l'assaig més utilitzat abans de la introduccié del Kryptor. Es
tracta d’'un test menys sensible, donat que el seu rang de deteccié és més estret. Tot i
aixd s’han realitzat diversos estudis amb resultats concloients. De fet, en els estudis
previs del nostre grup, es va avaluar la utilitat de la PCT en pacients adults i pediatrics

amb diagnodstic de pneumonia mitjangant aquesta técnica [36,206].

Des d'un punt de vista més practic també existeix una técnica rapida per a la
determinacié semi-quantitativa dels nivells de PCT. Es una técnica ICT que a
diferéncia de les anomenades anteriorment no necessita equips ni aparells externs. En
pacients amb sépsia greu aquest test resulta d’utilitat, perqué els nivells poden ser
molt elevats [284]. Malauradament per al maneig de les infeccions respiratories no és
una técnica prou sensible per detectar nivells lleugerament elevats de PCT. Al tractar-

se d’una tecnica semi-quantitativa, els resultats no sén valors absoluts sino rangs de
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concentracions. Els punts de tall establerts permeten diferenciar en funcié de la
preséncia de sépsia, sépsia severa i xoc séptic, sent menys sensibles per detectar
PCT durant les infeccions respiratories. Els diversos estudis, incloent els presentats en
aquesta Tesi mostren que, en el cas concret de les infeccions respiratories, els nivells
sOn mes baixos que els observats en la sépsia, pel que es requereixen tests més

precisos per tal que resultin discriminatoris.

Diagndstic PCT Us antibiotic? Assaig?
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Figura 21. Importancia de I'assaig per a la determinaci6 de PCT.
Modificat de: Christ-Crain et al. Swiss Med Wkly 2005; 135:451-460.

Recentment s’ha introduit el terme point-of-care test que fa referéncia a la necessitat
de disposar de técniques de deteccio senzilles en diferents arees, com serien I'atencio
primaria i els departaments d'urgencies [285]. De fet, essent les infeccions
respiratories les més prevalents i les que donen lloc més freqientment a la prescripcié
d’antibiotics, sovint innecessaris, disposar d’eines que ajudin al diagnostic diferencial
és de gran importancia. Donat que la PCT ha demostrat ser un biomarcador util per al
maneig de les infeccions, actualment s’esta desenvolupant un nou assaig ICT, que ha
de permetre detectar un rang de concentracions més estret que el del test ICT
actualment disponible. A més, hi ha una altra millora considerable i és que es podra
mesurar directament en mostra de sang total, facilitant-ne el seu Us, permetent
aquesta determinacio a la capgalera del malalt si cal. Aquesta tecnologia és adaptable
per a la resta de biomarcadors disponibles. Durant I'estada al departament de R+D es

van realitzar un seguit d’experiments, per tal de comprovar el temps d’estabilitat de la
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mostra i la influencia del material del tub contenidor en les determinacions de PCT.
D’altra banda, també es van establir les condicions Optimes per a la preparacié de
determinats reactius i per al posterior enmagatzematge del test. En els estudis clinics
preliminars, els resultats van ser dptims de manera que es va procedir a augmentar-ne

la produccid. Actualment I'assaig esta pendent de nous estudis clinics.
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6. CONCLUSIONS

Influence of comorbidities and previous corticosteroid and antibiotic treatment

on biomarkers levels

o Higher levels of neopterin, mid regional pro-atrial natriuretic peptide (MR-proANP)
and mid regional pro-adrenomedullin (MR-proADM) are found in patients with
cardiac and renal coexisting illnesses, while for C-reactive protein (CPR) and
procalcitonin (PCT) no statistical differences were found.

o In our experience, previous corticosteroid and antibiotic treatment did not influence

biomarkers levels.

Influence of etiology on biomarkers levels

o In patients with definite bacterial infection, we found higher levels of CRP, PCT and
MR-proADM.

o PCT levels are increased in pneumococcal pneumonia, specially when bacteremic
in comparison to other etiologies.

o MR-proANP is not influenced by etiology.

o The identification of COPD exacerbation etiology by means of biomarkers is

encouraging, but the absence of microbiological gold standard limits its value.

Influence of severity on biomarkers levels

o Biomarkers are influenced by the radiographic extent.

o Levels of MR-proANP and MR-proADM correlate with pneumonia severity rules:
PSI, CURB-65 and SCAP.

o Neopterin correlate with SMART-COP, while PCT, CRP and MR-proADM correlate
with its modified version SMRT-CO.

o MR-proANP and MR-proADM levels are higher in patients developing
complications, defined as ICU admission or death.

o Serial levels of MR-proANP remain elevated along time in patients developing
complications and in patients classified in high risk groups.

o Levels of PCT, CRP and MR-proANP are higher in COPD patients with pneumonia

in comparison to patients in clinical stability.
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Conclusions

o Levels of PCT, CRP and MR-proANP decrease one month after an exacerbation,
while neopterin levels increase.
o Biomarkers levels can be useful for assessing short term prognosis after a COPD

exacerbation.

Immunoassays methodological aspects for biomarker detection

o New immunochromatographic test for PCT detection has a good correlation with
reference tests and limits of detection are optimal for its use in respiratory
infections.

o New assay is robust, reliable and easy to use, and might be a useful tool for daily
clinical practice.

o For the detection of biomarkers, point of care tests are a good option for primary

care and emergency room, although more studies are required.

In summary, biomarkers can be a useful and a complementary tool together with
clinical and microbiological parameters for the management of patients with pneumonia
and COPD exacerbations. For their optimal use, it is important to take into account
biomarkers limitations, such as influence of comorbidities or previous treatment. In the
future, to have at one’s disposal a panel of biomarkers, ones reflecting etiology and
others being more related to severity might be useful for the management of LRTI, as
well as for the assessment of immunomodulating therapies. Punctual and serial
measurements complement clinical assessment, and they allow the monitoring of
clinical evolution. From a technical point of view, automated assays are sensitive
enough. However, a quicker test easier to implement would be also an interesting

alternative.
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INFORMACION DEL ARTICULO RESUMEN

Historia del articulo: Fundamento y objetivos: Valorar la relacién entre algunas variables clinicas y analiticas, y la existencia de
Recibido el 24 de noviembre de 2009 bacteriemia para establecer un modelo predictivo.

Aceptado el 6 de abril de 2010 Pacientes y método: Se analizaron durante 2 meses los casos atendidos en Urgencias con muestras para
On-line el 16 de junio de 2010 hemocultivos. Se elaboré con el grupo de derivacion un modelo predictivo de bacteriemia y se validé en el

grupo restante. Las variables significativas del analisis univariado se sometieron a regresion logistica y de

Palabras clave: esta se derivo una puntuacion. Se calculd la prevalencia de bacteriemia para cada puntuacién en ambos

Bacteriemia grupos. Se evalud la calibracién del modelo por la prueba de Hosmer-Lemeshow, se calcularon las curvas
PTOCEIC‘tO"'“a de eficacia diagnostica y el rendimiento del modelo.
Fiebre Resultados: Se incorporaron al estudio 412 casos, los hemocultivos fueron positivos en el 12,8 %. Las
I“fem‘?“ variables significativas en el analisis multivariado fueron un indice de Charlson superior o igual a 2 y una
Urgencias procalcitonina superior a 0,4ng/ml. Con el sistema de puntuacién (1 y 2 puntos, respectivamente) se
establecieron 4 grupos de probabilidad creciente de bacteriemia; del 0-35% en el grupo de derivacion y del
2,9-27,2% en el de validacién. En la curva de eficacia diagnéstica, el area bajo la curva fue de 0,80 en el
grupo de derivacion y de 0,74 en el de validacion. El modelo presenté un valor predictivo negativo del
95,2% en el grupo de derivacion y del 95,3% en el de validacion.
Conclusiones: Se propone un modelo de prediccién con las variables indice de Charlson y procalcitonina
que permite delimitar un grupo con muy baja probabilidad de bacteriemia.
© 2009 Elsevier Espaiia, S.L. Todos los derechos reservados.
Prediction of bacteremia in patients with suspicion of infection in emergency
room
ABSTRACT
Keywords: Background and objectives: To evaluate the relationship between some clinical and analytical data and the
Bacteremia presence of bacteremia in order to establish a clinical decision rule.
Procalcitonin Patients and methods: All the patients with blood cultures obtained from the emergency room in a two
Fever months period were analyzed. Patients were randomly assigned to derivation or validation sets. A logistic
Infection regression of the significant values in the univariate analysis was performed and a score obtained. The
Emergency prevalence of bacteraemia for every score was calculated. The diagnostic efficacy curves and the

performance of the predictive model were calculated.
Results: 412 patients were enrolled. The blood cultures were positive in 12.8% of them. The significant
values in the univariate analysis were Charlson index > 2 and PCT > 0.4 ng/ml. Four groups of increasing
risk of bacteraemia were designed, from 0 to 35% in the derivation set and from 2.9% to 27.2% in the
validation set. In the diagnostic efficacy curve, the AUC was 0.8 in the derivation set and 0.74 in the
validation set. The model presented a negative predictive value of 95.2% in the derivation set and 95.3% in
the validation set.
Conclusions: A model that includes Charlson index and PCT makes possible to define a group of patients
with a very low risk of bacteremia.
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Introduccion

La deteccion de bacteriemia tiene a menudo un importante
significado diagndstico, terapéutico y prondstico. Por este motivo,
la solicitud de hemocultivos es frecuente entre los clinicos. Sin
embargo, las indicaciones para la practica de hemocultivos, su
rendimiento clinico y su interés diagndstico han sido motivo de
controversia en los Gltimos afios, especialmente en lo que
respecta a los servicios de urgencias hospitalarios (SUH). De
forma concreta, se han planteado diferentes objetivos de
mejora, como incrementar el porcentaje de positividad, reducir
el nimero de contaminaciones y limitar la extracciéon de
hemocultivos en pacientes a los que finalmente no se ingresa en
el hospital' .

La cifra de hemocultivos positivos varia segin las diferentes
series, pero suele situarse entre el 2-25%, lo cual induce a pensar
que, ciertamente, pueda considerarse mejorable. En cuanto a los
hemocultivos de pacientes que no ingresan en el hospital,
diferentes autores han cuestionado esta practica, pero repetida-
mente varios grupos dentro y fuera de nuestro entorno han
comunicado su experiencia en la deteccion de bacteriemia a
través de este circuito asistencial®''. Este no es un hecho
anecdético, se estima que entre el 3-29% del total de las
bacteriemias detectadas en urgencias se ha remitido a domicilio.
La mayoria de ellas corresponden a bacteriemias de origen
urinario, en las que se suele haber prescrito un tratamiento
antibiético adecuado y en el que no se producen episodios
desfavorables, pero en una fraccién variable que puede alcanzar el
45% se trata de bacteriemias primarias no controladas, en las que
cabe replantear totalmente el diagnostico y el tratamiento del
paciente. Los diagnosticos realizados a través de este circuito
clinico no son intrascendentes e incluyen endocarditis,
procesos abdominales, osteomielitis, infecciones de las partes
blandas, infecciones de catéter venoso y bacteriemias de origen
incierto, entre otros® '". Asi, pues, parece que existe un grupo de
pacientes en el que, aunque no se prevea ingreso hospitalario,
puede estar indicada la practica de hemocultivos, especialmente
cuando el diagndstico al alta es el de sindrome febril
no aclarado.

Los modelos clinicos de prediccion de bacteriemia, que podrian
resultar utiles en este sentido, no se han acabado de incorporar a
la préctica asistencial, tal vez por resultar complejos y, proba-
blemente, por no disponer de una validacion en ambitos
diferentes al que fueron elaborados. En los dltimos afios se ha
afadido a este debate la posibilidad de que la determinacion de
algunos marcadores plasmaticos pueda ser decisiva en la
prediccion de bacteriemia. Se han propuesto diferentes moléculas,
como la proteina C reactiva (PCR), la procalcitonina (PCT), la
interleucina (IL)-1, la IL-2, 1a IL-6 y el factor de necrosis tumoral .
Las maés estudiadas han sido la PCR y la PCT, especialmente esta
altima, para la que se ha propuesto un papel central en la
prediccion de bacteriemia, en la diferenciaciéon entre infeccion
bacteriana y virica, y en la estimacién de gravedad. No obstante,
los Gltimos metaanalisis le han atribuido tan solo una moderada
capacidad de prediccion de bacteriemia y se plantea como opcién
de futuro la elaboraciéon de modelos en los que intervengan otras
variables'#13,

La trascendencia del tema reside en poder estimar la
probabilidad de bacteriemia y, con esto, administrar mejor la
indicacion de practicar hemocultivos, la necesidad de ingreso
hospitalario y la de tratamiento antibiético empirico. Resultaria,
pues, de gran utilidad disponer de un sistema de prediccién
clinica, a través de los datos clinicos y analiticos disponibles en los
SUH, que permitiera mejorar en estos aspectos. El objetivo de
nuestro trabajo fue valorar la posible relaciéon entre algunas
variables clinicas y analiticas, y la existencia de bacteriemia, para

establecer un modelo predictivo que fuera de ayuda en las areas
de urgencias.

Pacientes y método

El estudio es observacional, prospectivo, descriptivo y anali-
tico. Constituyeron la poblacién de estudio los pacientes que
consultaron al area médica del Servicio de Urgencias de nuestro
centro (con exclusion de las areas quirtrgica, ginecoldgica y
pediatrica) y a los que, con sospecha de infeccion bacteriana, se les
tomaron muestras para hemocultivos. Nuestro centro es un
hospital piblico y universitario de 624 camas que atiende
anualmente alrededor de 25.000 urgencias médicas. Segtn el
protocolo asistencial del area médica de Urgencias, se practicaron
hemocultivos a los pacientes que consultaron por fiebre (salvo
sospecha de infeccion virica respiratoria), a aquellos en que se
detectd una temperatura axilar superior a 37°C en algin
momento de la valoracién clinica y a aquellos con deterioro
inespecifico (si presentaban limitada expresividad por demencia,
disminucién psiquica, enfermedad psiquiatrica o edad avanzada)
en los que el clinico que valor6 al paciente consideré que debia
descartarse un proceso infeccioso agudo.

Se incluyeron los casos desde el 1 de marzo hasta el 30 de abril
de 2009. A diario se registré el listado de pacientes con muestras
para hemocultivo y se inici6 el seguimiento a través de la historia
clinica informatizada. En todos los casos se recogi6 edad, sexo,
comorbilidad valorada en funcién del indice de Charlson'4,
existencia o no de leucocitosis superior a 15 x 10°/1, presencia o
no de bandas, existencia o no de neutropenia (menos de 1 x 10%/1),
valor de la PCR y determinacion de la PCT, todo ello segin el
estudio analitico inicial en Urgencias. Se recogio el diagnostico
definitivo segin el juicio clinico expresado en el informe médico
de Urgencias, del ingreso hospitalario o del seguimiento en las
consultas externas del centro.

Los hemocultivos se procesaron mediante el sistema auto-
matico Bact/Alert™ (bioMérieux, Durham, N. C.). El aislamiento de
estafilococo coagulasa negativo solo se consideré significativo
cuando se detectd en al menos 2 hemocultivos y el cuadro clinico
era compatible. Se considerd contaminacion el aislamiento de
Corynebacterium spp. y Propionibacterium spp. La determinacion
de PCR (valores de normalidad < 3 mg/l) se realizd en muestras
de suero mediante un ensayo turbidimétrico (RCRP, Dimension
Rxl Max", Siemens) y la de PCT en el plasma (normal < 0,5ng/ml)
mediante un ensayo inmunofluorescente (PCT sensitive Kryptor®™,
BRAHMS AG).

Los datos se analizaron con el paquete estadistico SPSS para
Windows™. Se aleatorizé a los pacientes mediante un sistema
automatizado en 2 grupos para crear un grupo de derivacion
con el 66% y uno de validacion con el 33%. En el grupo de
derivacion se compararon las variables edad, sexo, comorbilidad
(indice de Charlson categorizado en inferior o igual a 1 e igual o
superior a 2), leucocitosis, bandas, neutrocitopenia, PCR (si era
superior o no a 8 mg/l) y PCT (si era superior o no a 0,4ng/ml)
entre los grupos con y sin bacteriemia. Para las variables
categéricas se realizé la prueba de la %2 al cuadrado y para las
continuas la prueba de la t de Student; se considerd significativo
un valor de p<0,05. El analisis multivariado se realizd para
determinar los factores independientes mediante regresion
logistica. Los resultados se expresaron como odds ratio con
intervalo de confianza (IC) del 95% y valor de p. Los valores de
los coeficientes B se utilizaron para asignar la puntuacién de cada
variable en el modelo. Se calculd, entonces, la puntuacion de cada
paciente y, posteriormente, la probabilidad de bacteriemia para
cada grado de puntuacion en los grupos de derivacion y
validacién. Para evaluar el ajuste del modelo se aplic6 la prueba
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de Hosmer-Lemeshow en los valores observados y predichos. Se
realizaron las curvas ROC de eficacia diagndstica con sus
correspondientes IC del 95% para los grupos de derivacion y
validacion. Finalmente, se valord el rendimiento del modelo con
los calculos de sensibilidad, especificidad y valor predictivo
positivo y valor predictivo negativo (VPN) en los grupos de
derivacion y validacion.

Resultados

Durante el periodo analizado se practicaron hemocultivos en
457 pacientes, de los cuales se desestim6 a 45 por no haberse
obtenido todos los datos necesarios, y se incluy6 en el estudio a
412 casos (90,1%). Los hemocultivos fueron positivos en 53
(12,8%) de ellos. Los microorganismos mas frecuentes fueron
E.coli con 18 casos (33,9%), seguido de Klebsiella spp. con 6 (11,3%),
S.pneumoniae con 6 (11,3%) y Pseudomonas spp. con 5 (9,4%).
Fueron polimicrobianos 7 casos (12,9%). La tabla 1 muestra la
distribucion por diagndsticos clinicos, porcentaje de bacteriemia y
microorganismos. Para la elaboracion del modelo se obtuvo una
muestra aleatorizada para la derivacion de 275 pacientes y se
validé en los 137 restantes. La tabla 2 muestra las caracteristicas
clinicas de la serie y de los grupos de derivacién y validacion.

La distribucion de las variables analizadas en los grupos con y
sin bacteriemia se muestra en la tabla 3. En el analisis univariado
se observaron diferencias significativas en el indice de Charlson, la
existencia de leucocitosis, las bandas y la PCT. El analisis
multivariado se muestra en la tabla 4 y revela como variables

Tabla 1
Distribucion de las bacteriemias segtin foco de origen y microorganismos

Foco de origen Bacteriemia, Microorganismos
n (%)
Neumonia 6/87 (7,1) S. pneumoniae (3), Klebsiella spp. (1), S. mitis
(1), S. salivarius (1), Pseudomonas spp. (1)
Urinaria 18/44 (40) E. coli (14), Klebsiella spp. (4), Enterococcus
spp. (1)
Neutrocitopenia 1/17 (5,8) Comamomas testosteroni
febril
Bacteriemia 16/16 (100)  Enterococcus spp. (4), S. aureus (3),
primaria Pseudomonas spp. (3), S.gallolyticus (3), E. coli
(2), Klebsiella spp. (1), Proteus spp. (1).
Salmonella spp. (1)
Celulitis 4/9 (44,4) S. pyogenes (3), S. agalactiae (1), S. aureus
(1)
Enteritis 1/7 (14,2) E. coli
Via biliar 1/4 (25) E. coli
Meningitis 3/3 (100) S. pneumoniae (3)
Catéter venoso  2/2 (100) Enterobacter spp. (1), Pseudomonas spp. (1),
central S. epidermidis (1)
Endocarditis 1 S. epidermidis
Tabla 2

Caracteristicas clinicas de la serie y de los grupos de derivacién y validacién

independientes tan solo el indice de Charlson y la PCT. Se
establecié un modelo de prediccion con las variables indice de
Charlson igual o superior a 2 (1 punto) y PCT superior a 0,4 ng/ml
(2 puntos). Se clasificaron los casos en 4 grupos (0, 1, 2 y 3) segiin
la puntuacién obtenida. La frecuencia de bacteriemia en los
4 grupos fue creciente, del 0-35% en el grupo de derivacion y del
2,9-27,2% en el de derivacion (tabla 5). No se detectaron
diferencias entre los valores observados y los predichos por el
modelo en la prueba de calibracién de Hosmer-Lemeshow (%%=2;
grados de libertad=2; p=0,181). La curva de eficacia diagnostica
del modelo se muestra en la figura 1, con un area bajo la curva de
0,80 (IC del 95%: 0,73-0,86) en el grupo de derivacion y de 0,74 (IC
del 95%: 0,61-0,86) en el de validacion. La tabla 6 muestra el
rendimiento diagndstico del modelo, se consideraron los grupos
de baja puntuacién (0 y 1) respecto a los de alta (2 y 3), y
destacaron los VPN en torno al 95% tanto en el grupo de
derivacion como en el de validacion. Si considerdsemos el
rendimiento de la prueba con el grupo de puntuacién O respecto
a los restantes, los VPN alcanzarian el 100% en el grupo de
derivacion y el 97,1% en el de validacion.

El andlisis de las puntuaciones por grupos diagnésticos mostro
que mientras en la bacteriemia primaria la puntuacion fue de 3 en
el 75% de los casos, en la neutropenia febril y en los sindromes
febriles sin evidencia de infeccién bacteriana las puntuaciones
fueron de 0 o 1 en el 75-92%, respectivamente, lo que coincidio
con la baja prevalencia de bacteriemia en estos grupos.

Discusion

Los diferentes estudios elaborados para la prediccion de
bacteriemia han obtenido resultados poco coincidentes. En las
primeras series se propuso el papel que podian tener diferentes
variables clinicas como la edad, la temperatura, los escalofrios, la
hipotension arterial, las enfermedades de base, la leucocitosis, las
bandas, la velocidad de sedimentacion globular, la hipoalbumi-
nemia, la trombocitopenia, la creatinina, el foco urinario, el
abdomen agudo o la presencia de catéteres vasculares, entre
otras'>~'7, Pero los resultados han sido muy dispares, en parte por
tratarse de estudios realizados en ambitos diferentes (areas de
urgencias, unidades de hospitalizados, con o sin pacientes
quirdrgicos) y en parte por utilizar criterios variables en lo que
respecta a temperatura, a comorbilidad o a valores analiticos.

En nuestro entorno, el interesante modelo propuesto por
Lizarralde et al'® establece una probabilidad de bacteriemia
creciente entre el 2-65% en funcién de un sistema de puntuacion
en el que tienen especial relevancia la presencia de foco urinario y
la temperatura superior a 38 °C, asi como la desviacion izquierda, la
velocidad de sedimentacion globular, la hipoalbuminemia, la
trombocitopenia y la elevacion de urea, la glucemia y la PCR.
Algunas variables como la comorbilidad, la presencia de escalofrios

Total (412) Derivacién (275) Validacion (137)
Afios de edad, mediana (rango intercuartilico) 69 (54-78) 68 (54-78) 71 (52,5-78)
Varones, n (%) 249 (60,4) 167 (60,7) 82 (59,8)
Indice de Charlson, n (%)
=<1 155 (37.6) 103 (37.4) 52 (37.9)
>2 257 (62,3) 172 (62,5) 85 (62,0)
Leucocitosis, n (%) 99 (24,0) 67 (24,3) 32 (23.3)
Bandas, n (%) 141 (34,2) 94 (34,1) 47 (343)
Neutropenia, n (%) 27 (6,5) 16 (5,8) 11 (8,0)
Bacteriemia, n (%) 53(12,8) 37 (13,4) 16 (11,6)
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Distribucion de las variables analizadas en los grupos con y sin bacteriemia (andlisis univariado)

Bacteriemia (37) Sin bacteriemia (238) P
Varones, n (%) 2 (59,5) 145 (60,9) 0,86
{\ﬁas de edad, mediana (rango intercuartilico) 9 (58,5-78,5) 67,5 (54-78) 0,15
Indice de Charlson, n (%)
<1 8 (21,6) 95 (39,9)
>2 29 (784) 143 (60,1) 0,03
Leucocitosis, n (%) 16 (43,2) 51 (21,4) 0,004
Bandas, n (%) 20 (54,1) 4(31,1) 0,006
Neutropenia, n (%) 1(2,7) 5(6,3) 0,38
PCR > 8 mg/l, n (%) 34(919) 212 (89.1) 0,60
PCT > 0,4 ng/ml, n (%) 28 (75,7) 58 (24,4) <0,0001
PCR: proteina C reactiva; PCT: procalcitonina.
Tabla 4
Andlisis multivariante
Coeficientes B OR IC del 95% P Puntuacién
indice de Charlson =2 09 2,494 1,038-5,991 0,041 1
PCT > 0,4 (ng/ml) 22 9,781 4,329-22,099 <0,0001 2
IC: intervalo de confianza; OR: odds ratio; PCT: procalcitonina.
Tabla 5 Derivacion Validacion
Prevalencia de bacteriemia en los grupos siguiendo el sistema de puntuacion 1,04 -
Puntuacion 0 1 2 3
Grupo de derivacién, n (%) 73 (26,5) 115(41,8) 30(109) 57 (20,7) 0,8 —
Bacteriemia, n (%) 0(0) 9(7,8) 8(26,6) 20 (35)
Grupo de validacién, n (%) 34 (25,5) 52(37.2) 18(13,1) 33 (24) B 0,6
Bacteriemia, n (%) 1(29) 3(57) 3(166) 9(27.2) 2
o
‘®
3
n 04—
o la leucocitosis no resultan asociadas. Pero el modelo se establece
para pacientes ingresados en un servicio de medicina interna, un 02
grupo relativamente seleccionado respecto al conjunto de enfer- ’
mos que se valoran en las areas médicas de urgencias, y tiene una
abrumadora mayoria de casos con bacteriemia de origen urinario.
El modelo de Tokuda et al'® plantea un sencillo algoritmo en 0,0 T T T T 1
funcion de la presencia o no de escaloftios, el valor de la PCR y la 0,0 0,2 0,4 0,6 0,8 1,0

sospecha clinica con el que obtiene un VPN del 99%, aunque la
tipificacién de esta Gltima variable resulta muy ambigua. Shapiro
et al?° proponen un modelo que estratifica el riesgo de bacteriemia
en bajo (0,6-0,9%), moderado (6,8-9,1%) o alto (15,4-26%) en
funcioén de unos criterios mayores (temperatura superior a 39,4 °C,
presencia de catéter venoso o sospecha de endocarditis) y de unos
criterios menores (edad superior a 65, temperatura superior a
38,3°C, escalofrios, vomitos, hipotension, leucocitosis superior a
18.000/ml, mas del 5% de bandas, trombocitopenia o insuficiencia
renal). Mientras que en los pacientes de alto riesgo plantean
medidas terapéuticas mas activas, en los de bajo riesgo cuestionan
la necesidad de practicar hemocultivos. La propuesta es interesan-
te, aunque el modelo resulta algo laborioso y no cuenta con la
posible aportacion de los nuevos marcadores de inflamacion.

En nuestro caso, y con el propoésito de potenciar su aplicabi-
lidad, se planted contar con un namero limitado de variables,
seleccionar las mas contrastadas, que fueran asequibles en los
SUH, y desestimar aquellas que pudieran tener una fiabilidad
inconstante. En este sentido, la temperatura a menudo puede
estar modificada por la toma previa de antitérmicos o antibiéticos
y los escaloftios se pueden confundir con la sensacion distérmica

1-Especificidad

Figura 1. Curvas de eficacia diagnéstica en los grupos de derivacion y validacion.
El area bajo la curva en el grupo de derivacion fue de 0,80 (intervalo de confianza
del 95%: 0,73-0,86) y en el de validacion fue de 0,74 (intervalo de confianza del
95%: 0,61-0,86).

segiin los matices de la anamnesis, que no siempre resulta
muy precisa. Para valorar la comorbilidad consideramos que, mas
que discriminar por enfermedades concretas, podria ser til
cuantificar el grado de comorbilidad global, que resulta mas
operativo y refleja en conjunto la existencia o no de pluripato-
logia, que a su vez lleva implicita la existencia de diferentes
factores favorecedores de la bacteriemia.

Por otra parte, en los Gltimos afios se ha propuesto incorporar
la determinacién de diferentes marcadores de inflamacién
sistémica a la prediccién de bacteriemia. La PCR ha mostrado
finalmente escasa capacidad predictiva y en diferentes estudios se
ha observado una mayor sensibilidad y especificidad de la PCT, al
considerar un punto de corte por encima de 2ng/ml*'?% No
obstante, la elevacion de la PCT que se observa en la sepsis puede
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Tabla 6
Rendimiento del modelo predictivo

Grupo de derivacion

Ausencia de bacteriemia Bacteriemia Total

Puntuacién

Oo1 179 9 188

203 59 28 87
Total 238 37 275

% IC del 95%
Sensibilidad 75,7 58,4-87,6
Especificidad 75,2 69,1-80,5
VPP 322 22,8-432
VPN 95,2 90,8-97,6
Grupo de validacién
Ausencia de bacteriemia Bacteriemia Total

Puntuacion

0o1 82 4 86

203 39 12 51
Total 121 16 137

% IC del 95%

Sensibilidad 75,0 47,4-91,7
Especificidad 67.8 58,6-75,8
VPP 235 13,2-37.8)
VPN 953 87,9-98,5

IC: intervalo de confianza; VPN: valor predictivo negativo; VPP: valor predictivo
positivo.

también hallarse en procesos no infecciosos como algunas
neoplasias, pancreatitis, cirugia, traumatismos y quemaduras.
Teniendo esto en cuenta, en otros trabajos se plantea una mayor
utilidad de la PCT como predictor negativo, en concreto se
proponen puntos de corte de 0,2-0,4 ng/ml para excluir bacterie-
mia, con VPN del 97-98%. En nuestro estudio el punto de corte
para la PCR (8 mg/1) y la PCT (0,4 ng/ml) recogio la propuesta de la
literatura médica en este sentido? 2",

A pesar de todo ello, recientes metaanalisis otorgan a la PCT
tan solo una moderada capacidad predictiva de bacteriemia e
indican utilizarla en combinacion con otros datos clinicos o
analiticos?®°, La valoracién conjunta de PCT y comorbilidad en
nuestro estudio resulta ser concordante con este planteamiento.

Asi pues, proponemos un modelo que podria estratificar la
probabilidad de bacteriemia y diferenciar unos pacientes con
probabilidades altas (puntuaciones 2 y 3), en los que la actuacién
terapéutica deberia ser activa y precoz, de otros con probabilidad
muy baja (puntuaciéon 0) en los que seria cuestionable la
indicacion de practicar hemocultivos. Cabe resaltar que este
altimo grupo no es de tamaiio despreciable, ya que en nuestro
trabajo supuso aproximadamente un 25% de los hemocultivos
practicados. Quedaria finalmente un grupo con puntuacién 1 en el
que cabria individualizar las decisiones. La constatacion de que
el modelo presenta un alto VPN para bacteriemia apoya esta
aplicacion practica.

En estudios previos planteamos la necesidad de sospechar y
detectar la bacteriemia primaria en los casos de sindrome febril
no aclarado en urgencias®'". Nuestra propuesta actual entronca
con esto e intenta delimitar el grupo de pacientes en el que este
enfoque puede tener un mayor rendimiento. Consideramos que el
modelo podria resultar un elemento de ayuda para los clinicos en
la toma de decisiones en cuanto a indicacion de practicar
hemocultivos, ingreso hospitalario del paciente e inicio de
tratamiento antibiotico empirico.

El Gnico caso que escapé al modelo de prediccién, con
puntuacion 0 y bacteriemia, correspondid a un varon de 51 afios,
sin comorbilidad, que presentd fiebre después de viajar a India,
con una PCT de 0,16 ng/ml y bacteriemia por Salmonella typhi.

Como limitaciones de nuestro trabajo cabe destacar que la
categorizacion del indice de Charlson puede ser cuestionable, asi
como los puntos de corte para la leucocitosis, las bandas y la PCR,
que pueden haber determinado su ausencia en el modelo, pero
que recogen la propuesta de otros trabajos previos y, en definitiva,
suponen facilitar la aplicacion practica. No se evalud la sospecha
diagnostica inicial, que en otros estudios ha resultado ser una
variable predictiva. Respecto a otros estudios, el tamafio de la
muestra puede resultar limitado.

Evaluar la relacién coste-beneficio del modelo respecto a la
practica actual resulta complejo, dado que en ella intervienen
multiples factores. Por un lado, la propuesta plantea asumir los
costes econémicos de las determinaciones de PCT, pero por otra
parte reduciria los correspondientes al procesamiento de hemo-
cultivos, a la carga de trabajo de enfermeria para la toma de
muestras, al coste de las determinaciones de PCR, a la problema-
tica derivada de la potencial contaminacién y a una parte de los
ingresos con caracter de observacion. Asimismo, se deberian
contemplar los beneficios tanto econémicos como ecoldgicos de la
limitacion de los tratamientos antibioticos empiricos y los
derivados de poder evitar en ocasiones las molestias emocionales
y sociales generadas a pacientes con ingresos reiterados.

La aplicacion experimental de nuestro modelo en otros centros
podria contribuir a su posible validacion y, de esta forma,
determinar su utilidad practica.
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Biomarkers for the prediction of bacterial infection, bacteremia and severity in the

emergency department
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Objectives. To analyze potential utility of clinical and analytical variables, C-reactive protein (CRP), procalcitonin (PCT),
proadrenomedullin (proADM) and neopterin measurements to predict bacterial infection, bacteremia and disease severity
in the emergency department (ED).

Methods. Patients with blood culture drawn were included. Data recorded were: age, gender, Charlson index,
leukocytosis, band cells, neutropenia, microbiological findings and levels of CRP, PCT, proADM and neopterin. Severity
events were defined as admission to intensive care unit, death or need of urgent surgery. Patients were classified as
group |: microbiologically documented infection; Il: possible infection without microbiological documentation; IlI: fever of
uncertain origin and IV: non infectious disease. Univariate and multivariate analysis, ROC curves and diagnostic
accuracy were calculated.

Results. A total of 412 cases were analyzed. Frequencies for group I, Il, Ill and IV were 28.3%, 39.3%, 9.9% and 22.3%,
respectively. Blood cultures were positive in 53 cases (12.8 %), and 34 cases were severe (8.2%). For the prediction of
bacterial infection, the independent variables were CRP = 70 mg/L, PCT = 0.4 ng/mL and presence of bands, although
the diagnostic accuracy was limited. For the prediction of bacteraemia, independent variables were PCT >1 ng/mL and
proADM >2 nmol/L, with negative predictive values (NPV) of 94% and 93%, respectively. For the prediction of severity,
independent variables were PCT >1 ng/mL and proADM >1.94 nmol/L, with NPV around 96% for both.

Conclusions. For patients with suspicion of infection in the ED, PCT and proADM show a considerable diagnostic
accuracy for the exclusion of bacteremia and disease severity.

INTRODUCTION

Clinical management of patients with fever or suspicion

patients discharged from the ED [3, 4]. It has been
estimated that between 3 and 29% of patients with

of acute infectious disease in emergency departments bacteremia detected in the ED are sent home. In most

(ED) is a complex and unsolved issue. It is well
established that an early antibiotic treatment improves
patient prognosis when bacterial infection is present.
However, microbiological confirmation is usually not
immediate and empirical therapy has to be initiated
while waiting for laboratory results [1]. At the same time,
it is considered that empirical antimicrobial therapy
should not be indiscriminate in order to avoid ecological

resistance and unnecessary economical expense [2].

On the other hand, there is plenty of evidence about the
difficulties in diagnosis in the emergency setting. One of

them being the unexpected detection of bacteremia in

cases, the focus origin is urinary and the prescribed
antimicrobial therapy is correct, thus no further
complications present. But in a variable percentage,
which might reach up to 45%, diagnosis and treatment
options have to be reassessed as we are dealing with
primary bacteremias. In this particular case, clinical
diagnosis include endocarditis, abdominal processes,
osteomielitis, soft tissue infections, venous catheter
infections and bacteremias of unknown origin, among
others [3-6]. In addition, in recent years, indications for
the performance of blood cultures, its clinical output and
diagnostic interest have become a controversial issue,

especially in the ED. In fact, several projects for its
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improvement have been proposed, such as increasing
the percentage of positive results, decreasing the
number of contaminations, and limiting the number of
blood cultures in patients that are finally not admitted to
the hospital [7, 8].

For clinicians it is important to have criteria to facilitate
and improve clinical decisions regarding the need of
microbiological studies, hospital admission and site of
care, as well as empirical antimicrobial therapy. Several
studies have aimed to identify clinical variables that
could suggest bacterial infection and/or disease severity,
in order to establish rules for prediction, with

inconsistent results.

In recent years, the potential usefulness of biomarkers
such as C- reactive protein (CRP) and procalcitonin
(PCT), among others, to improve diagnostic accuracy
with respect to clinical variables such as body
temperature, tachycardia, hypotension, anaemia or
leukocyte count, has been debate [9-13]. The
usefulness of neopterin as a marker of viral infection
has also been [10] postulated, allowing its use as a
criteria to avoid antibacterial therapy [14, 15]. A recent
description of a new biomarker, proadrenomedullin
(proADM), which might be useful as a marker of
bacterial infection and disease severity, opens new
expectations and establishes the comparison of the
diagnostic and/or prognostic values of the different
molecules [16]. Several studies have evaluated the
usefulness of biomarkers to discard the presence of
bacterial infection in critical adult patients and paediatric
population, but its usefulness has not been well

established in the ED setting.

The aim of our study was to analyze the potential
usefulness of several clinical and analytical variables as
well as the biomarkers CRP, PCT, proADM and
neopterin, to predict bacterial infection, bacteremia and

disease severity, in the ED setting.

METHODS
Study setting and population. The study is
observational, prospective, descriptive and analytical.

We assessed the potential usefulness of several

systemic biomarkers in the prediction of infection. The
study was approved by the ethical committee of the
institution. Population consists of patients with suspicion
of bacterial infection that consulted the medical area of
the ED (excluding surgical, gynecological and pediatric
areas) and from whom blood cultures were obtained.
Our institution is a public university hospital with 624
beds that deal annually with approximately 30.000
medical emergencies. Patients were included from 1%
March to 30" April 2009.

According to the ED medical protocol, blood cultures
(two aerobic and one anaerobic bottles) were
performed to those patients who came with fever (with
the exception of suspected upper viral respiratory tract
infection), or an axilar temperature above 37°C,
detected during the clinical examination, as well as
those with an unspecific deterioration (limited
expressivity because of dementia, mental disorder,
psychiatric disease or advanced age) in whom the
attending clinician ruled out an acute infectious process.
A list of patients with blood culture samples was
registered daily, and patient’s follow-up was initiated
through the computerized medical file system. Data
recorded from all cases were: age, gender,
comorbidities according to Charlson index [17],
presence of a leukocyte count above 15x10°/L, of
neutrophil band cells, of neutropenia (below 1x109/L),
and levels of CRP. These analytical values were
recorded during the initial evaluation in the ED. Serum
and plasma samples were also collected at the time of
admission. Samples were frozen at -20°C for later

measurement of PCT, proADM and neopterin.

Patients were followed up for 30 days after admission.
Final diagnosis was set according to the clinical
judgment mentioned in the emergency and hospital
medical files, or in the records of outpatient care.
Doubtful cases were analyzed by three different
observers, so a final diagnosis was reached by
consensus. According to the clinical diagnosis and
microbiological results, patients were grouped as
follows: a) group I microbiologically documented
infection (bacterial, fungal or viral); b) group II: possible

infection, without microbiological documentation; c)



group llI: fever of uncertain origin and d) group IV: non
infectious disease (negative microbiological results and
existence of an alternative diagnosis). Charlson index
was stratified into 4 categories according to a previous
model [18]. Bacteremia was defined as bloodstream
infection with positive blood culture. Disease severity
events were also recorded and defined as: admission in
the intensive care unit, death within the following seven
days or surgery within the first 48 hours since

admission.

Measures. Blood cultures were processed by the
automatic system Bact/Alert (bioMerieux, Durham,
N.C.). Isolation of coagulase negative staphylococci
was only considered significant when detected in at
least two blood cultures and had compatible clinical
features. CRP was measured in serum samples by
turbidimetric assay (RCRP, Siemens Dimension RxI
Max, Siemens, Germany). PCT and proADM were
measured in plasma by an immunofluorescent assay
(PCT sensitive and MR-proADM Kryptor, BRAHMS AG,
Germany). Neopterin was measured in serum by a
competitive enzymoimmunoassay (Neopterin ELISA,

IBL, Germany).

Data analysis. Sample size was estimated considering
the prevalence of study conditions and a risk of 5% and
a statistical power of 90%. Data are expressed as
proportions, or median and interquartil range. Receiver
Operating Curves (ROC) for diagnostic efficacy were
performed, and area under the curve are expressed
with a confidence interval of 95%, for the prediction of
bacterial infection, bacteremia and disease severity,
establishing an optimal cut-off points to convert the

continuous variables into dicotomich.

Variables included were compared in three scopes: a)
between groups with microbiologically documented
bacterial infection (included in group I) and without
infectious disease (group 1V), b) with and without
bacteremia and, finally ¢) with or without disease
severity. Comparisons were performed by Chi-square
test or Fisher test for categorical variables, and t-

Student for continuous variables. A P value <0.05 was
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considered  significant. Multivariate analysis was
performed to identify the independent factors by logistic
regression. Results were expressed as Odds ratio (OR)
with 95% confidence interval and P value. Finally, the
diagnostic accuracy was evaluated and sensitivity,
specificity, positive and negative predictive values and
positive and negative likelihood ratios were calculated.
Data were analyzed with the statistical package SPSS
14.0 (SPSS Inc, Chicago, IL).

RESULTS

During the study period, blood cultures were performed
to 457 patients but 45 cases were excluded because
some data were missing. Finally, 412 cases (90.1%)
were included in the study. Clinical characteristics of
patients and distribution according to final diagnosis are
shown in Table 1. Microbiologically documented
infection (group |) represented a 28.3%, and was mostly
constituted by bacterial infection; cases classified as
possible infection (group Il) represented a 39.3%; fever
of uncertain origin (group Ill) a 9.9%, and cases without

infectious disease (group 1V) a 22.3%.

Blood cultures were positive in 53 cases (12.8 %).
Microorganism  more  frequently isolated was
Escherichia coli with 18 cases (33.3%) and seven
cases (12.9%) were polymicrobial. Among the 34
severe cases (8.2%), 16 (47.0%) were documented
infections, 9 (26.4%) possible infections and 9 (26.4%)
were finally diagnosed of non infectious disease.
Presence of severity was classified as mortality (5%),
ICU admission (3.3%) and need of surgery (0.4%).
Percentages of microbiological documentation, positive
blood culture and microorganisms isolated in groups |
and Il according to the final clinical diagnosis are shown
in Table 2. The most frequent groups were those of
respiratory and urinary tract origin followed by febrile

neutropenia and primary bacteremia cases.
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Table 1. Patient characteristics

N (%)

Age, median (range) 69 (54-78)
Sex

Men 249 (60.4%)
Charlson

0 59 (14.3 %)

1-2 232 (56.3%)

3-4 65 (15.8%)

25 56 (13.6%)

() Microbiologically documented
117 (28.3%)

infection
Bacterial 113 (27.4%)
Fungal 3(0.7%)
Viral 1(0.2%)
(I) Possible infection 162 (39.3%)
() Fever of uncertain origin 41 (9.9%)
(IV) Non infectious disease* 92 (22.3%)
Bacteremia 53 (12.8%)
Severity 34 (8.2%)
Mortality 21 (5 %)
ICU 14 (3.3%)
Surgery 2 (0.4%)
* Final diagnosis for non infectious disease
Neoplasic disease 24 (26 %)
Cirrhosis 14 (15.2%)
Non infectious arthritis 8 (8.6%)
Inflammatory bowel disease 6 (6.5%)
Inflammatory disorders & 5 (5.4%)
Congestive heart failure 5 (5.4%)
Acute renal failure 4 (4.3%)
Atrial fibrillation 3 (3.2%)
Epilepsy 2 (2.1%)
Hipotension 2 (2.1%)
Miscellaneous # 19 (20.6%)

& Includes: systemic eritematous lupus, leucocytoclastic
vasculitis, polyarteritis nodosa, rheumatic polymyalgia and Still
disease.# Includes: anemia, heatstroke, cardiac blockage,
myocardial infarction, cholestasis, ischemic colitis, irritable
bowel syndrome, diabetes, dementia, dehydration, pulmonary
fibrosis, Addison disease, lumbalgia, anxiety, cranial
traumatism, toxicodermia, pericarditis, insect bite, venous

thrombosis.

For the prediction of bacterial infection, AUC values for
each biomarker were as follows: 0.685 (95% confidence
interval [Cl], 0.613-0.757) for PCT; 0.648 (95% ClI,
0.572-0.725) for CRP; 0.585 (95% ClI, 0.507-0.663) for
proADM and 0.574 (95% Cl 0.495-0.652) for neopterin.
In the univariate analysis, variables with statistical
differences when comparing groups with
microbiologically documented bacterial infection and
without bacterial infection were: presence of neutrophil
band cells (p=0.001), CRP 270 mg/L (p<0.0001), PCT
>0.4 ng/mL (p<0.0001) and proADM >2.1 nmol/L
(p=0.003). Among variables with significant statistical
differences, multivariate  analysis  showed as
independent variables: CRP (p=0.012), PCT (p=0.015)
and neutrophil band cells (p=0.008). Univariate and
multivariate analysis results are shown in Table 3.
Diagnostic accuracy values (specificity, sensitivity,
negative predictive value, positive predictive value,
positive and negative likelihood ratios) of these last
three significant variables, considered separately and in
combination are shown in Table 6. When considering
variables separately, their diagnostic accuracy was very
limited. The fact of combining either PCT or CRP with
bands considerably improved sensitivity although

specificity value was very low.

For the prediction of bacteremia, AUC values for each
biomarker were as follows: 0.799 (95% Cl, 0.734-0.864)
for PCT; 0.711 (95% CI, 0.625-0.796) for proADM;
0.617 (95% CI 0.526-0.708) for neopterin and 0.558
(95% CI, 0.475-0.640) for CRP. In the univariate
analysis, variables that showed statistical differences
when comparing patients with and without bacteremia
were: age (p=0.039), leucocytosis (p=0.004), presence
of neutrophil band cells (p=0.006), CRP> 65.5mg/L
(p=0.019), PCT> 1ng/mL (p<0.0001), proADM> 2
nmol/L  (p<0.0001) and neopterin > 71.9nmol/L
(p<0.0001). Among variables with significant statistical
differences, multivariate analysis only showed as
independent variables two of the biomarkers: PCT
(p<0.0001) and proADM (p= 0.002). Univariate and

multivariate analysis results are shown in Table 4.
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Table 2. Main clinical diagnosis and microbiological results for patients in group | and II.

Positive

Di . Proven Microbiological Isolated
iagnosis N . . blood . .
infection tests microorganisms
cultures
S.pneumoniae (18), H.influenzae (2),
. 30 A: 11; SC: 10; P.jirovecci (2), Streptoccocus s 2),
Pneumonia 87 (34.8%) 6(7.1%) BAL: 2 E.jcoli (1), ( A)/Ioraxeﬁa catarrhal?sp 21;
Klebsiella sp (1), Pseudomonas sp (1).
Bronchial infection 78 8 (10.2%) 0 scC: 8 g’gZ‘r’;’l'sz"(’;)(?;}S s (5’;’;‘;27;5’"33;;(22)5_
42 E.coli  (32), Kilebsiella spp (7),
Urinary infection 44 (95.5%) 18 (40%) UC: 42 Enterococcus spp (3), S.anginosus (1)
i Citrobacter sp (1), Providencia sp (1).
E:S{;':penia 17 1(5.8%) 1(5.8%) - Comamomas testosteroni.
Enterococcus spp (4), S. aureus (3),
Primar Pseudomonas spp (3), S.gallolyticus (3),
bactergmia 14 14(100%) 14 (100%) ° E.coli (2), Klebsr;gll(a )sp (g), P}r/oteus(s)p
(1), Salmonella sp (1).
i?gc?iziue 9  7(77.7%) 4 (44.4) EC:3 Streptoccocus spp (5), S. aureus (3)
Digestive tract 7 2(28.5%) 1(14.2) SA:1 E.coli (1), Clostridium difficile (1)
infection
Biliar infection 4 1(25%) 1(25) - E.coli
Meningitis 3 3 (100%) 3 (100) SCFC: 1 S. pneumoniae (3)
Venous catheter Enteroba'cter sp (1), Pseudomonas sp
R y 3 3 (100%) 3 (100) - (1), S.epidermidis (1) Stenotrophomonas
infection L
maltophilia(1)
Endocarditis 1 1 1 - S.epidermidis
Peritonitis 1 1 0 AFC Bacteroides sp
Joint infection 1 1 0 SFC S. aureus
Empyema 1 1 0 PFC Fusobacterium nucleatum
Aspergillosis 1 1 0 A; SC Aspergillus sp
Hepatitis 1 1 - IgM Hepatitis A virus
Miscellaneous™ 7 0 - - -

* Includes: acute faringitis (2), dental infection, Rickettsial fever, viral encephalitis, oral herpes, Psoas abscess. A: antigenuria, SC:

sputum culture, BAL: bronchoalveolar lavage, UC: urine culture, EC: exudate culture, SA: stool antigen, SCFC: spinal central fluid

culture, AFC: ascitic fluid culture, SFC: synovial fluid culture, PFC: pleural fluid culture

Regarding diagnostic accuracy, PCT and proADM
showed high specificity values, 84.1% and 85.2%,
respectively. In addition, high negative predictive values
were also obtained, for PCT (94.1%) and for proADM
(92.7%) (Table 6).

For the prediction of severity, AUC values for each
biomarker were as follows: 0.729 (95% ClI, 0.627-0.832)
for proADM; 0.716 (95% CI, 0.612-0.820) for PCT;
0.668 (95% CI 0.567-0.770) for neopterin and 0.661
(95% CI, 0.565-0.756) for CRP. In the univariate
analysis, variables that showed statistical differences
when comparing patients with and without development
of complications were: (p=0.046),
(p=0.019), (p=0.043),
neutrophil band cells (p=0.043), presence of bacteremia

sex Charlson

leucocytosis presence of

(p=0.001), PCT> 1ng/mL (p<0.0001), proADM> 1.94

nmol/L

(p<0.0001)

and neopterin  >32.5nmol/L

(p<0.0001). Among variables with significant statistical

differences,

multivariate analysis only showed as

independent variables: sex (p=0.009), PCT (p=0.004)
and proADM (p=0.001). Univariate and multivariate

analysis results are shown in Table 5. Regarding

diagnostic accuracy, PCT and proADM showed high

specificity values, 80.7% and 82.5%, respectively. In

addition, high negative predictive values were also
obtained, 95.9% for PCT and 96% for proADM (Table

6).

DISCUSSION

Regarding the study population analyzed, our results

seem to be representative of the usual setting in the



244 I
Annex Il

Table 3. Comparison of patients with or without bacterial infection.

Variables Univariate analysis Multivariate analysis
Non infection Bacterial infection Total
(Group IV) (included in group 1)
N=92,n (%)  N=113,n(%)  N=205,n(%) © OR [95%CI] P

Sex Men 46 (50) 70 (61.9) 16(66) oo

Women 46 (50) 43 (38.1) 89 (43.4) ’
Age Median [IQR] 68.5 [54-76] 60.5 [71-79] 69 [54-78]  0.138
Charlson 0 5 (16.3) 18 (15.9) 33(16.1)  0.231

12 5 (48.9) 64 (56.6) 109 (53.2)

3-4 5 (16.3) 21(18.6) 36 (17.6)

25 7 (18.5) 10 (8.8) 27 (13.2)
Leucocytes No 0(76.1) 72 (63.7) 142093
(215.000/mL) yeg 2 (23.9) 41(36.3) 63 (30.7) '
Bands No 69 (75) 58 (51.3) 270 e (1.256-4.514] 0,008

Yes 23 (25) 55 (48.7) 78 (38) ’ ’ ’ ’ ’
Neutropenia NO 88 (95.7) 109 (96.5) 197961) oo
(<1.000/mL)  yeg 4(4.3) 4(3.5) 8(3.9) ’
CRP <70 %8(63) 40(354) BUTE) 0001  2.254 [1.195-4.251] 0012
(mg/L) 270 34 (37) 73 (64.6) 107 (52.2) ' ' ’ ’
PCT <04 67 (728) 50 (44.2) 17674 <0.0001  2.254 [1.168-4.350] 0.015
(ng/mL) 0.4 25 (27.2) 63 (55.8) 88 (42.9)
proADM <21 79 (86.8) 78 (69) 157071
(nmoliL) >2,1 12 (13.2) 35 (31) 47 (23)
Neopterin 19 41 (44.6) 36 (31.9) 77 (37.6) 006
(nmol/L) >19 51 (55.4) 77 (68.1) 128 (62.4)

ED and are similar to those obtained by other series
with a comparable design. In general, a clinical
suspicion of infectious disease in ED is confirmed late
in 57-83% of the cases, although with microbiological
documentation only in 34.5-49%. This means that the
proportion of patients presenting with no infection
reaches a percentage of 16-45.8% and suggests a very
high level of suspicion of infection in ED. The frequency
of bacteremia and mortality is around 15-19% and 5.6-
12.3%, respectively [19-25].

In our study, none of the biomarkers analyzed had
enough accuracy by itself to predict bacterial infection.
Previous studies obtained variable results, although
very difficult to compare. This is mainly due to the

presence of differences in the inclusion criteria (fever,

leukocytosis, suspicion of infection), cut-off points for
CRP or PCT, or clinical settings (emergency room,
critical care unit, hospitalized patients) [19-25]. When
combining both CRP and PCT levels with neutrophil
band cells, we obtained a better sensitivity although
with a lower specificity. Altogether, the diagnostic
accuracy of this combination test is very limited and
cannot be considered as criteria to establish diagnostic
and therapeutic limitations. Recently, de Kruif et al [20]
in a study with similar characteristics obtained a
prediction model of bacterial infection that includes CRP,
PCT and chills, which is better than clinical judgment.
Nevertheless, the inclusion of this latter variable might
represent, in our opinion, a subjective element that

would limit its practical application.
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Variables Univariate analysis Multivariate analysis
No bacteremia Bacteremia Total
N=359, n (%) N=53, n (%) N=412, n (%) OR [95%CI] P
Sex Men 21616)  28(528) 249604)
Women 138 (38.4)  25(47.2) 163 (39.6)
Age median [IQR] 68 [53-78]  72[62-79] 69 [54-78]  0.039
Charlson 0 52 (14.5) 7(13.2)  59(14.3)  0.929
12 203 (56.5) 29 (54.7) 232 (56.3)
3-4 55 (15.3) 10(18.9) 65 (15.8)
25 49 (13.6) 7(132) 56 (13.6)
Leucocytes No 281(783)  32(604) 313(6)
(215.000/mL) veg 78 (21.7) 21(39.6) 99 (24) '
No 245(68.2) 26 (49.1) 271 (65.8)
Bands 0.006
Yes 114 (31.8)  27(50.9) 141 (34.2)
Neutropenia NO 335(933)  50(943)  WGO3)
(<1.000/mL) :
Yes 24 (6.7) 3(5.7) 7 (6.6)
CRP <65.5 177 (49.3) 7E21) %@
(mg/L) >65.5 182(50.7)  36(67.9) 218 (529)
pPCT =10 02(841) 190358 32179 001 5.887 [2.904-11.932] <0.0001
(ng/mL) >1.0 57 (15.9) 34 (64.2) 91 (22.1)
< 305 (85.2 453)  329(80
P’°A|'/3LM ®.2)  24(45.3) ®0) " 0001 3.000 [1.518-6.291]  0.002
(nmol/L) >2 53 (14.8) 29 (54.7) 82 (20.0)
Neopterin <719 335(93.3)  37(69.8) 372 (90.3) w0001
(nmol/L) >71.9 24 (6.7) 16(30.2) 40 (9.7)

However, when assessing the suspicion of bacterial
infection in ED, we are facing a heterogeneous
phenomenon, complex and difficult to predict, probably
because there are several factors are involved.
Biomarkers response is highly variable, and might be
attributable to the bacterial species involved, the
inflammatory response triggered in each patient, the
source of infection and, finally to kinetic aspects that
lead to limitations in punctual measurements.
Accordingly, the limited sensitivity of CRP, PCT and
proADM in our study could be explained by the
presence of cases with slight systemic involvement or
initial measurements corresponding to an early stage of
the process [23, 26, 27].

appropriate to perform at least two serial measurements

Therefore, it could be

(within 12 to 24 hours) when the main objective is to

exclude certainly bacterial infection. On the contrary,

the diagnostic accuracy for the detection of bacteremia
is markedly better. While in previous studies CRP
showed a limited prediction power [28], a cut-off of 1
ng/mL for PCT, shows high specificity and negative
predictive values, suggesting its usefulness as an
exclusion test. Some previous studies have suggested
PCT cut-off points of 0.2 or 0.4 ng/mL to exclude
bacteremia, with a negative predictive value of 97-99%
[29-32]. In a recent study, Mdller et al state that PCT is
a good marker to predict bacteremia in patients with
community acquired pneumonia [33]. They suggest
performing blood cultures only when PCT levels are
above 0.25 pg/L, given that in patients with lower levels
the probability of bacteremia is very low. On the
contrary, levels above 0.5 pg/L and especially above 1
ug/L, might help identify patients at higher risk, which

would benefit from an early diagnosis and treatment.
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Table 5. Comparison of patients according to the absence and presence of severity criteria.

Variables Univariate analysis Multivariate analysis
No s_evc?rity Seyeri_ty Total
N=g;|é(’a:a(%) N=(.::;':er:|(a%) N=412, n (%) P OR [95%CI] P
Sex Men 223(59.0)  26(76.5) 249 (60.4) 0046 0308 [0427-0747] 0,009
Women 155 (41.0) 8(235) 163 (39.6)

Age Median [IQR] 69 [53-8.3] 68 [57-74.3] 69 [54-78] 0.846
Charlson 0 56 (14.8) 3(8.8) 59 (14.3) 0.019

12 213(56.3)  19(55.9) 232 (56.3)

34 63 (16.7) 2(59) 65(15.8)

25 46 (12.2) 10 (29.4) 56 (13.6)
Leucocytes No 202(77.2)  21(61.8) 313 (76.0) 0,045
(>15.000/mL) Yes 86 (22.8) 13(38.2) 99 (24.0)
Bands No 254 (67.2)  17(50.0) 271 (65.8) 0043

Yes 124 (32.8)  17(50.0) 141 (34.2)
Neutropenia No 355(93.9)  30(88.2) 385 (93.4) 0,264
(<1.000/mL) Yes 23 (6.1) 4(11.8) 27 (6.6)
Bacteremia No 339(89.7)  20(58.8) 359 (87.1) 0,001

Yes 39 (10.3) 14(412) 53 (12.9)
CRP <1265 273(72.2)  15(44.1) 288 (69.9) 0.001
(mg/L) >126.5 105 (27.8)  19(55.9) 124 (30.1)
PCT < 305 (80.7) 13(382) 318(77.2) <0.0001 3.601[1.499-8.654]  0.004
(ng/mL) >1 73 (19.3) 21(61.8) 94 (22.8)
proADM =1.94 311(825)  13(382) 324(788) <0.0001 4.582[1.902-11.038] 0.001
(nmol/L) >1.94 66 (17.5) 1(61.8) 87(21.2)
Neopterin <325 256 (67.7)  12(35.3) 268 (65.0) 00001
(nmoliL) >32.5 122(32.3)  22(64.7) 144 (35.0)
Despite all these results, according to recent meta implemented for the improvement of empirical

analysis, PCT has only a moderate predictive power to
detect bacteremia thus suggest to use it in combination
[34, 35].
Accordingly, Peters et al proposed a predictive model

with other clinical and analytical data
using different variables and PCT levels above 2.45
ng/mL, with a sensitivity and specificity of 80% and 96%,
group
developed a predictive model for the ED that combines

respectively [36]. In a recent study, our
PCT< 0.4 ng/mL and Charlson index, which would allow
identification of patients with low probability of
bacteremia (0-2.9%), with a negative predictive value of
95% [37]. Despite these limitations, recent studies have

shown that PCT measurement can be useful and safely

antimicrobial prescription [38-41]. It is well known that
the

performed intuitively and not entirely justifiably. In the

indication of antimicrobial therapy is often
study from Hausfater et al, antimicrobial therapy was
prescribed to 83% of patients, although only 71% of
them were considered to have bacterial infection and
35% of them were considered to have viral infection
[22].

bacterial infection, antimicrobial therapy was prescribed

Despite acceptable clinical criteria to predict

in excess, probably because of the absence of other

supporting elements. In this sense, the use of a
biomarker measurement such as PCT might have been

useful to rationalize the antibiotic use.
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Table 6. Diagnostic accuracy for the prediction of bacterial infection, bacteremia and severity.

Sensitivity Specificity }
(95%C) (95%Cl) PPV NPV LR+ LR

Prediction of
bacterial infection
Bands 48.7 (39.2-58.2) 75.0 (64.7-83.2)  70.5(59.0-80.0) 54.3 (45.3-63.1) 1.9 06
CRP 2 70 mg/L 64.6 (55.0-73.2) 63.0 (52.3-72.7) 68.2(58.4-76.7) 59.2(48.8-689) 1.7 05
PCT 2 0.4 ng/mL 55.8 (46.1-65.0) 72.8 (62.4-81.3)  71.6 (60.8-80.4)  57.3 (47.8-66.3) 2 06
CRP 270 mg/L
and/or bands 80,5 (71.8-87.1) 50,0 (39.5-60.5) 66.4 (57.8-74.1)  67.6(55.1-782) 1.6 0.3
PCT 20,4 ng/mL 735 (64.2-811) 587 (47.9-68.7) 686 (594-76.6) 643 (53.0-742) 17 04
and/or bands
Prediction of
bacteremia
PCT > 1.0 ng/mL 64.2 (49.7-76.5) 84.1(79.8-87.7) 37.4(27.6-48.2) 94.1(90.8-96.3) 4.2 04
proADM >2 nmol/L 54.7 (40.6-68.2) 85.2(81.0-88.6) 354 (25.3-46.8)  92.7 (89.2-95.2) 3.9 0.5

Prediction of
severity

PCT > 1 ng/mL 61.8 (43.6-77.3)

proADM > 1.94 nmol/l  61.8 (43.6-77.3)

80.7 (76.3-84.5)

82.5 (78.2-86.1)

223(147-323) 959(92.9-97.7) 32 04

241(159-347) 96.0(93.1-97.8) 35 04

PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio; LR-: negative likelihood ratio

Regarding the prediction of disease severity, PCT and
especially proADM, showed elevated specificity and
negative predictive values, questioning their usefulness
as markers of severity in patients with suspicion of
infection in the ED. These results are consistent with
previous studies which propose PCT and proADM as
predictors of severity [16, 42-45]. Initial prognosis
prediction of severity in the ED is crucial because it
settles decisions regarding the route of administration of
the initial treatment, the site of care and the need of
supporting measures. In fact, it is for this clinical
subgroup that an early antimicrobial treatment has a
major clinical benefit. Several models combining clinical
variables such as tachycardia, taquipnea, shock or
altered mental status have been evaluated with
acceptable results [46, 47]. But the presence of these
signs might be interpreted variably. In addition, the
appearance of these signs frequently implies that the
severity situation has already been established.
Therefore, we consider that prediction using biomarkers
such as proADM and PCT, among others, might be
useful to establish an earlier and more objective

estimation of severity [48]. It is worth emphasizing that

in our study, the group of patients with disease severity
criteria, although mostly constituted by infectious
processes, includes also a 26.4% of cases without
infection, which could mean some overlapping occurred.
However, this is the real scenario in the ED, since the
prediction of disease severity has to be established at a
moment when the suspicion of infection can still not be
demonstrated, so it would be useful to have prediction
criteria that are independent on the real cause at one’s

disposal.

Our study has some limitations. On one hand, most of
the diagnoses have been attributed according to the
evaluation made by clinicians in charge, so the
possibility of some misclassified cases might exist. On
the other hand, it is possible that some cases in group Il
might correspond to bacterial infection, representing a
loss of cases for group |. The main reasons for this
absence of microbiological documentation could be
previous antimicrobial treatment and lack of biological
samples. However this is a question still undefined
since a gold standard for bacterial infection is not

available. For patients with a clinical diagnosis of
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infection but absence of microbiological confirmation, it
is difficult to establish a definitive diagnosis [26, 27]. In
our study, the distribution of patients into the four
groups may look a bit excluding, but in our opinion it is
the most accurate, while waiting for a better future
definition. Our classification is similar to the one used in
recent studies [20, 21]. Cases of viral infection are
probably underestimated because an exhaustive
investigation for virus was not performed, so these
cases might have been included in groups Il or lll. This
might explain why neopterin does not appear as
discriminative. Biomarkers levels might be
overestimated by the presence of comorbilities, such as
renal failure or cardiac dysfunction. In addition, a
frequent situation in ED is that patients might have
received previous antimicrobial treatment and this fact
may have also introduced modifications in the
biomarkers levels. Categorization into Charlson index,
as well as the cut-off value for leukocyte count may be
questionable, but these decisions were based on the
proposal from previous studies and their easy and

practical use.

In conclusion, the global prediction of bacterial infection
in the ED combining neutrophil band cells, CRP and
PCT levels has a limited diagnostic accuracy. On the
contrary, PCT < 1 ng/mL and proADM < 1.9 nmol/L,
shows considerable diagnostic accuracy for a more
specific prediction, excluding bacteremia and disease
severity respectively, in patients with suspicion of
infection in the ED. So, while waiting for new molecular
methods that would allow an early bacterial detection,
PCT and proADM might be helpful tools when taking
crucial clinical decisions such as the beginning of
empirical antimicrobial treatment, need of hospital

admission and prediction of severity.
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A pesar de la disponibilidad de técnicas diagnosticas cada vez
mas eficaces y de tratamientos antibi6ticos de amplio espectro, en
la practica clinica diaria se presentan situaciones de atn dificil
resolucion en el diagndstico y el tratamiento de las enfermedades
infecciosas. En las altimas décadas se ha hecho evidente que en
determinadas situaciones para una correcta orientacion diagnos-
tica y terapéutica se hacen necesarios, ademas del diagndstico
clinico y microbiol6gico, los marcadores de la inflamacién, que
nos han de orientar sobre el grado de respuesta inflamatoria’.
Numerosos estudios han centrado su interés en demostrar la
utilidad de la determinacion de los marcadores de inflamacién, ya
sean los clasicos o los de nueva descripcion, en la orientacién
diagnostica y terapéutica de diversos sindromes clinicos.

En este mismo nimero de la revista, Aznar-Oroval et al?
publican un interesante articulo en el que analizan los valores de
procalcitonina (PCT), interleucina 8, interleucina 6 y proteina C
reactiva (PCR) en un grupo de pacientes con cancer, y concluyen
que la PCT es el marcador de infeccion que puede aportar mas
informacion en el diagnéstico precoz de la bacteriemia en este
grupo de pacientes.

En el caso de las enfermedades infecciosas, la respuesta
inflamatoria implica la activacién de un conjunto de mecanismos
humorales y celulares en respuesta a la presencia de un micro-
organismo viable en los tejidos o bien a alguno de sus
componentes con el objetivo de limitar los potenciales efectos
nocivos. Los mecanismos de defensa del hospedador pueden
autolimitar los efectos y confinar la infeccién a un 6rgano o incluso
erradicarla, o bien, si fracasa esta contencion, puede persistir y
evolucionar dando lugar a la liberacion de microorganismos,
toxinas y multiples mediadores al torrente circulatorio, y producir
una respuesta inflamatoria sistémica y un fallo multiorganico®. Los
mecanismos variaran en funcién de factores dependientes tanto
del microorganismo como del hospedador, sin olvidar que la
relacién que se establece entre ambos es dindmica en el curso de la
infeccion. En todo este proceso interviene una serie de mediadores

* Autor para correspondencia.
Correo electrénico: vausina.germanstrias@gencat.cat (V. Ausina).

que se interrelacionan entre si en una compleja y orquestada red
que da lugar a diferentes manifestaciones clinicas.

La respuesta inmunitaria innata se caracteriza por actuar
frente a cualquier agente infeccioso sin depender de un contacto
previo con este Gltimo. No se trata de una respuesta inespecifica
dado que es capaz de reconocer un conjunto de componentes
microbianos mediante la expresion de receptores codificados en el
genoma del hospedador. Estos componentes son los llamados
patrones moleculares asociados al patégeno (pathogen associated
molecular patterns). Son estructuras conservadas en la evolucion y
se encuentran Unicamente presentes en los microorganismos.
Incluyen moléculas estructurales, como el lipopolisacarido, el
peptidoglicano, la flagelina, los lipopéptidos, los mananos, los
glucanos y el ARN virico, entre otros. El sistema inmunitario
innato a su vez utiliza una gran variedad de receptores de
patrones moleculares (pattern recognition receptor), que pueden
expresarse en la superficie celular, en componentes intracelulares
o bien secretarse al torrente circulatorio o a otros fluidos
organicos, de forma que sélo se necesita un ntimero limitado de
receptores para reconocer una gran variedad de microorganis-
mos®. Entre estos receptores destacarian los toll-like receptors, el
receptor CD14 y los receptores de péptidos formilados. La fijacién
a un receptor da lugar a la activacion de factores de transcripcion,
como el nuclear factor kappa B, fundamental para las respuestas
inflamatoria e inmunitaria. Este se une al ADN y act@a como
promotor de multiples genes que codifican moléculas implicadas
en la inflamacién: citocinas, quimiocinas, proteinas de fase aguda
y moléculas de adhesion (selectinas e integrinas).

Los patrones de citocinas y los mediadores liberados pueden
ser diferentes en funcion de la especificidad de los patogenos y de
las vias de reconocimiento implicadas. Las moléculas fundamen-
tales en la respuesta inmunitaria, como las defensinas o las
citocinas, pueden ser perjudiciales si se liberan de forma excesiva
a la circulacioén sistémica; por el contrario, niveles excesivamente
bajos de estas moléculas en el lugar de la infeccién pueden dar
lugar a una insuficiente eliminacién de los microorganismos
invasivos. La alteracion de la homeostasis de estos marcadores da
lugar a las manifestaciones de shock séptico si la respuesta
inflamatoria es excesiva o desproporcionada (colapso
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vascular, dafio tisular y disfuncién multiorganica) o bien si es
insuficiente a una infeccién grave. Estas manifestaciones, como
seria el sindrome de respuesta inflamatoria sistémica, tienen ain
una elevada mortalidad, y es necesario que se detecten precoz-
mente.

La descripcion funcional de marcadores modulados por
citocinas que presentan elevacion sérica en respuesta a la
infeccion, medibles en suero por técnicas sencillas, con pocas
variaciones en los niveles diarios y con una mayor estabilidad
in vivo y ex vivo ha significado una nueva aproximacion a este
objetivo. Destacan las proteinas de fase aguda clasicas, como la
PCR, la amiloide A del suero o la neopterina, y las mas
recientemente descritas «hormokines», como la PCT. En los
altimos afios se ha ido perfilando también el papel de los
marcadores que reflejan disfuncion a nivel hemodindmico y
endotelial. Destacaria el péptido natriurético atrial, la adrenome-
dulina, la copeptina y la endotelina, no influenciados por la
etiologia, pero si por la gravedad y el prondstico de la infeccién.
La determinacidn de estos marcadores es de especial importancia
en las situaciones en las que la clinica y los parametros habituales
del laboratorio son mas inespecificos, como las edades extremas
de la vida (nifios y ancianos), las situaciones de inmunodepresion,
como en el articulo que se presenta en este niimero?, y las de
respuesta inflamatoria alterada a nivel basal (traumatismos,
quemaduras y poscirugia). Ademas, si se tiene en cuenta que
diferentes vias de sefializacion se activan en respuesta a
diferentes patrones moleculares asociados al patdgeno, algunos
marcadores pueden orientar la etiologia antes de disponer de los
resultados microbioldgicos.

De los mdltiples estudios realizados en los Gltimos afios para
medir la respuesta inflamatoria en pacientes con sepsis, se
desprende que lo que predomina es una desregulacién de la
inmunidad innata en respuesta a productos microbianos.

Diferentes estudios recientes han evaluado la utilidad de la
medida de los marcadores de la inflamacién, fundamentalmente
los de mas reciente descripcion, en el diagnéstico y la monitori-
zacion de diversos sindromes de origen infeccioso asi como la
influencia de la edad, del agente etioldgico, la extension y la
gravedad de la infeccién en la respuesta inflamatoria®'°.

La utilidad de cada marcador se ha de contextualizar en base a
la situacioén clinica, la coexistencia de comorbilidad y el sitio de la
infeccion (SNC, respiratoria, urinaria, etc.). Es por eso que los
puntos de corte 6ptimos para cada marcador variaran en funcién
del contexto clinico, la edad, el foco de infeccion asi como el tipo
de ensayo utilizado para su medida.

La PCT se muestra superior a la PCR cuando se trata de
distinguir entre infeccion bacteriana y virica, entre infeccién
bacteriana sistémica o localizada y también entre infecciones
bacterianas y causas no infecciosas de inflamacién'®. Como
limitaciones de la PCT podemos destacar que no aumenta o sélo
lo hace discretamente en infecciones confinadas a un érgano o sin
manifestaciones sistémicas, y es poco util en este tipo de
infecciones, en las que la PCR aportaria mas informacion.
Tampoco es til en la monitorizacion de infecciones viricas ni
de enfermedades inflamatorias crénicas; en estos casos, la
neopterina o la PCR pueden ser complementarias'’. Hay que
tener en cuenta también que los niveles de PCT disminuyen en
suero cuando el tratamiento es adecuado, pero esto no indica
necesariamente erradicacion de la infeccién, inicamente que la
respuesta séptica esta bajo control.

Asi pues, las determinaciones seriadas de los marcadores de la
inflamacion tienen un valor prondstico, y se pueden utilizar en la
monitorizacién de la respuesta al tratamiento'®-2°, Concretamen-
te, se han publicado ya diferentes estudios intervencionistas que
tienen en cuenta los valores de PCT para la toma de decisiones
terapéuticas®'.

La disponibilidad de biomarcadores que nos permitan medir el
grado de respuesta inflamatoria nos permitird en un préximo
futuro instaurar medidas terapéuticas mas adecuadas a cada
situacion, especialmente tratamientos inmunomoduladores que
actiien de forma complementaria a la administracién de agentes
antimicrobianos y medidas de soporte. El disefio de estrategias
que permitan prevenir la cascada de respuesta a los productos
microbianos implica la identificacién de las diversas moléculas
implicadas en la fisiopatologia de la sepsis y su monitorizacién
con el objetivo de poder diseflar firmacos que reviertan los
efectos nocivos de los mediadores inflamatorios sin bloquear sus
efectos beneficiosos en la lucha contra la infeccion.

Los ensayos clinicos realizados con nuevos tratamientos
antiinflamatorios mediante la utilizacion de agentes anticitocinas
proinflamatorias o bien citocinas antiinflamatorias recombinantes
generalmente no han tenido en cuenta, al incluir los pacientes en
los estudios, la medicion de marcadores de inflamacion, aun
siendo éstos las dianas. Este tipo de farmacos deberia adminis-
trarse, logicamente, durante el pico proinflamatorio, dado que su
administracion durante la fase compensatoria o antiinflamatoria
podria alterar los mecanismos de defensa del hospedador.
Actualmente, estin en proceso de evaluacion diversos ensayos
clinicos con tratamientos antiinflamatorios, incluyendo el uso de
glucocorticoides®?23,

Las infecciones clinicamente aparentes son demasiado com-
plejas en las interacciones microorganismo-hospedador como
para reducirlas a la determinacién de un tGnico marcador. Por
tanto, el uso de marcadores no ha de sustituir nunca a un correcto
diagnostico y seguimiento clinico y microbioldgico, pero puede
aportar una mas adecuada informacién diagndstica y pronostica.
Ademads, se abren también nuevas opciones terapéuticas en
cuanto a posibilidades de inmunoneutralizacion y utilizacién de
tratamientos inmunomoduladores en general.

Es probable que en un préximo futuro la dptima rentabilidad
se obtenga con la adecuada combinacién de marcadores, teniendo
en cuenta las ventajas y las limitaciones de cada uno de ellos
(incluidos los que estan actualmente en proceso de evaluacion),
en funcion de la edad, el sindrome clinico, la/s enfermedad/es de
base y el contexto clinico (atencion primaria, hospitalizacion,
cuidados intensivos, etc.) asi como la utilizacion de determina-
ciones seriadas en funcion de la cinética de cada marcador.

Los marcadores de la inflamacion acttan a diferentes niveles
durante la infecciéon con funciones pleiotropicas sobre los
diferentes eslabones de la respuesta inflamatoria. En el momento
actual, la seleccion y estudio de diferentes marcadores de la
inflamacion constituye un campo de gran actividad investigadora
con una multiplicidad de aplicaciones potenciales en el diagnos-
tico, el prondstico y las nuevas formas de tratamiento de las
enfermedades infecciosas.

Como suele suceder casi siempre, la experiencia y el conoci-
miento del tema seran determinantes del ambito disciplinario en
el que recaiga la responsabilidad de estas determinaciones.
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a seguir dient-me “Ja estas a la fase final, et queda molt poquet.”.

Als meus pares per la seva ajuda incondicional en tot moment. Pels valors transmesos
al llarg dels anys: esforg, constancia, treball i sacrifici, i que en aquesta Tesi es

tradueixen en recompensa i satisfaccio per la feina ben feta.

A la meva mare, per la seva visié6 de la vida, optimista i sempre mirant endavant
malgrat els entrebancs de la vida, sense oblidar les carmanyoles que m’han fet el dia a
dia més facil. Al meu pare, per animar-me sempre a seguir endavant i tranquilslitzar-me
en aquells moments de més desanim. Quan estudiavem junts els diumenges al mati (i
d’'aixd en fa molts anys!) em deies que els estudis eren una carrera de fons, i que tot i

els obstacles I'important era arribar al final...i aixd és el que he anat fent fins ara.

A I'Oriol, per viure aquesta Tesi en primera persona, per les hores que aquesta Tesi
ens ha robat, per animar-me en moments de desanim, per escoltar-me quan ho he
necessitat, per relativitzar els meus dubtes i “patiments”, per veure el got mig ple, quan
jo el veia mig buit, per ajudar-me amb els aspectes més técnics, pel teu suport
incondicional...Tens raé i no en tinc cap dubte, tu també podries defensar aquesta

Tesi! Per aixo, i per tot el demés gracies per ser al meu costat!








