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• FARINGITE 

• LARINGITE/TRACHEITE 

• RINITE
• SINUSITE

• RAFFREDDORE COMUNE

• INFLUENZA 

• BRONCHITE

• POLMONITE

INFEZIONI RESPIRATORIE

6 L aria; 8 microrganismi/min, 10.000/24h 
rivestimento muco-ciliare, cilia, sistema alveolare, MALT, Th-1-Th-2, 

linfociti T citotossici, citochine, MA/Mo, proprietà antimicrobiche della 
superficie mucosa.

Alterazione dei sistemi di DIFESA

n Infezioni virali prime vie aeree
n Aria fredda e secca, fumo, inquinamento
n Patologie croniche polmonari 
n UTI (Intubaz. tracheale, anestesia)
n Immunodepressione 

n Via ematogena (rara)
n Contiguità (rara)

n Ab-ingestis (polmonite 

necrotizzante)

Via aerogena
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Adapted from: WHO Global Burden of Disease Report, 2004.
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_part4.pdf. Table 12.

LRTIs: A Leading Cause of Disease Globally: All Ages, 
2004
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DALYS = disease-adjusted life-years
LRTIs = lower respiratory tract infections

CRITERIO ETIOLOGICO 
(VIRALI, BATTERICHE, MICOTICHE, PROTOZOARIE, 

ELMINTICHE)

CRITERIO ANATOMO PATOLOGICO
(ALVEOLARI, INTERSTIZIALI, NECROTIZZANTI)

CRITERIO EPIDEMIOLOGICO 
(ETÀ, INSORGENZA, STATO IMMUNITARIO)

POLMONITI CLASSIFICAZIONE 
GENERALE

1. ANATOMOPATOLOGICA - ETIOLOGICA

Polmoniti Alveolari

Polmoniti Interstiziali

Alveolo-Interstiziali

Polmoniti Necrotizzanti 

80% etiologia multipla
Malattie periodontali
Patologie esofagee 

Ca broncogeno

Bronchiectasie
Atelettasie

Immunosoppressione

Neoplasie 

Polmoniti, Broncopolmoniti
Es. Pneumococco, altri Gram+, Gram-

Virus, Mycoplasma, Chlamydia

2. Classificazione epidemiologica
1. Community Aquired Pneumonia (CAP)

2. Hospital Aquired Pneumonia (HAP)
Ventilated Associated Pneumonia (VAP)

- 3. Polmoniti dell’ospite immunocompromesso

ETÀ, STATO IMMUNITARIO1) Contesto Immunitario nell’anziano: 
Immunosenescenza

Il perchè della “vulnerabilità” dell’anziano

Maggiore prevalenza di comorbosità =  
maggior rischio di infezioni

Epatopatie 
croniche

Patologie 
cardiache 

““PatologiePatologie cronichecroniche”, ”, anzianianziani e e rischiorischio di di infezioniinfezioni

ASMA

BPCO Diabete 

A.J. van Hoek et al, J Infect. 2012 Jul;65(1):17-24.  Wyke RJ. Baillieres Clin Gastroenterol 1989;3(1):187-210 Bonnel AR, et al. Clin Gastroenterol Hepatol 2011;9:727-38

Atipica
Manovre e

strumezntazione
chirurgica

Personale
sanitario

Emolinfopatie,  terapie
immunosoppressorie

AIDS

Gram +
Pneumococco

altri Gram+/-
(Klebsiella pneum

Ps. aeruginosa,
H. influenzae)

Virus
Mycoplasma
Chlamydia
Legionella
Coxiella

Bordetella

Bacilli Gram -
Legionella

Staph.aureus

Virus (CMV) Miceti (P. jiroveci)
Legionella, Nocardie, TB

EPIDEMIOLOGIA delle POLMONITI
CAP                  HAP           IMMUNOCOMPROMESSO 

(VAP)

!

Tipica

Polmonite comunitaria (CAP)

Infezione acuta del parenchima polmonare
associata a sintomi del tratto respiratorio inferiore ed
accompagnata da un infiltrato radiologico e/o da
reperti auscultatori tipici della polmonite in un
paziente che non è stato ricoverato nelle due
settimane precedenti.

4 causa di mortalità globale età adulta
Una delle principali cause di ospedalizzazione e di 

spesa elevata per antibioticoterapia
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Patogeni maggiormente 
coinvolti

%
Streptococcus pneumoniae

Haemophilus influenzae

Moraxella catarrhalis
85% dei casi 

Mycoplasma pneumoniae

• Virus RSV
• Virus parainfluenzali
• Virus influenzali
• Adenovirus
• Rhinovirus
Enterovirus
Metapneumovirus
Coronavirus
Bocavirus

Staphylococcus aureus

10-15 %  dei casi

30-67% dei casi in età 
pediatrica

10-20% dei casi in età 
adulta

Epidemiologia della CAP. nell�adulto rilevata da 26 
studi clinico-epidemiologici in 10 Paesi Europei

0

5

10

15

20

25

30

Pneu
m

oco
cc

o

C. P
neu

m
onia

e

Viru
s

M
yco

pla
sm

a

Leg
io

nel
la

H
. I

nflu
en

za
e

G
. N

eg
. E

nte
ric

i

Dati da Woodhead M.A., 1998

0

5

10

15

20

25

30

0 5 10 15 20 25 60 65 70 75

Età (anni)

Incidenza ( x 1000/ anno )

CAP EPIDEMIOLOGIA

Gen Feb Mar Apr Mag Giu Lug Ago Set Ott Nov Dic

Virus VRS

Virus parainfluenzale 3

Stafilococchi

Pneumococchi

Mycoplasma

Moraxella

Legionella

Influenza B

Influenza A

Haemophilus

Febbre Q

Enterovirus

Stagionalità della CAP per patogeno Condizioni predisponenti

BPCO-tabagismo S.pneumoniae, H.influenzae, M.catarralis, L. 
pneumophila

Epidemia influenzale Virus influenzale, S.aureus, S pneumoniae, H 
influenzae

Polmonite da aspirazione Anaerobi

Alcolismo Anaerobi, bacilli gram pos/neg

Recente tp con ATB S.pneumoniae resistente a penicilline/macrolidi, 
P.aeruginosa

Splenectomia S. pneumoniae

Patol polmonare severa P. aeruginosa, S.aureus

Tossicodipendenza
Mestiere (zoonosi)

S.aureus, anaerobi, TBC, P. carinii (jiroveci)
C. psittaci, ecc

Respiratori               Frequenza (%)          Generali Frequenza (%)

CAP

Tosse > 80 Febbre > 70
Dispnea 50 Cefalea 30
Espettorato 40 Mialgia 20
Rantoli crepitanti 70 Affaticamento 20
Assenza del MV 60 Diarrea 20

Dolore addominale 20
Vomito 10

SINTOMI E SEGNI

 Giovane Anziano 
 

Esordio improvviso + - 

Febbre e brivido scuotente + + 

Interessamento pleurico + + 

Tosse + + 

Espettorato purulento + + 

> Frequenza respiratoria + + 
 

 

CAP

SINTOMI E SEGNI Quadro obiettivo classico

Ispezione: limitazione dell’espansibilità di un emitorace (per 
cause antalgiche). Tachipnea

Palpazione: aumento FVT

Percussione: ipofonesi o ottusità soprattutto se coesiste 
versamento pleurico. Limitazione mobilità alla base 

Auscultazione: reperti variabili: MV. normale; MV  ad 
impronta soffiante; soffio bronchiale; crepitatio indux e 
redux; silenzio (atelettasia e/o versamento)) 

M, 69 anni

Anamnesi negativa per patologie polmonari e cardiache
• Saltuaria febbricola (37.3°C) 
• Non tosse
• Astenia da 1 mese
• Esami ematochimici nella norma
• Difficoltà ad inchinarsi
• Non risposta ai FANS

Leucociti 15.000
PCR= 27
PCT 4,5
a2 elevate
Emocoltura non 
effettuata
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F, 52 anni
• Febbre elevata con 

brivido 
• Tosse nelle 2 settimane 

precedenti
• Tachipnea, dispnea 
• Dolore toracico puntorio 

da 2 giorni

Leucociti 11.000
PCR= 51
PCT = 15
Fibrinogeno 
1600
ALT=450

GESTIONE CAP

1- Comunità 
2- Ospedale

Gli scores nelle polmoniti

PORT

PSI = Pneumonia Severity Index

CURB 65

CRB 65

Caratteristiche del pz Punti Caratteristiche del pz Punti

Età M (anni); 

F (anni-10)

PAS<90 mmHg 20

Residente in casa di riposo 10 TC≤35°o  ≥40° 15

Neoplasia 30 pH<7.35 30

Epatopatia 20 Azotemia>65 mg/dl 20

Scompenso congestizio 10 Natriemia<130mEq/l 20

CVD 10 Glicemia>25 mg/dl 10

Nefropatia 10 HCT<30% 10

Stato mentale alterato 20 Insufficienza respiratoria 10

FR >30 atti/min 20 Versamento pleurico 10

Punteggio > 91: ospedalizzazione                     

PORT Patient Outcomes Research Team) 
CURB - 65

(Confusion, Urea, Respiratory rate, Blood pressure)

• Prevede la valutazione di 5 parametri: età, Frequenza
respiratoria, funzione renale (azotemia), PA sistolica,
stato mentale.

• Ogni alterazione significativa di ciascun parametro
condiziona l’attribuzione di uno score, cui si associa
un incremento del rischio di mortalità a 30 giorni.

CRB-65

(Confusion, Respiratory rate, Blood pressure)

CURB-65
• patients who have a CRB65 score of 0 are at low
risk of death and do not normally require
hospitalisation for clinical reasons

• patients who have a CRB65 score of 1 or 2 are at
increased risk of death, particularly with a score of
2, and hospital referral and assessment should be
considered

• patients who have a CRB65 score of 3 or more are
at high risk of death and require urgent hospital
admission

GESTIONE DIAGNOSTICA E TERAPEUTICA DELLE CAP IN 
FUNZIONE DELL’ACCERTAMENTO INIZIALE DELLA GRAVITÀ

DELL’INFEZIONE

Il giudizio clinico va associato agli scores CURB65 o PSI per 
valutare il setting appropriato di cura: 

• Domiciliare per pazienti con score CURB65 ≤ 1 
• Ricovero ospedaliero per pazienti con score CURB65 ≥ 2

Ricovero in UTI per pazienti con score CURB65 ≥ 3 

Prina et al; Lancet 2015

CRITERI OSPEDALIZZAZIONE PAZIENTI CON CAP

• Età > 70 anni
• Coesistenza patologie croniche debilitanti (BPCO, 

epatopatia cronica, insuff. renale cronica, HIV, altro)
• Non risposta agli antibiotici dopo 3 giorni di terapia
• Confusione o alterazione stato di coscienza

• leucopenia (< 4.000 GB/ml), o leucocitosi (> 20.000 
GB/ml)

• Stato socioeconomico disagiato
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Terapia empiricaTerapia mirata

Identificato il patogeno ?

Es. citologico 
espettorato/BAL

Emocoltura ed Espettorato
(spesso negativi)

Sierologia 

Ospedale

Spesso molto difficile

MONITORARE IL DECORSO ATTRAVERSO RX ED 
ESAMI EMATOCHIMICI, INDICI DI FLOGOSI

SI NO

GESTIONE AMBULATORIALE
GESTIONE OSPEDALIERA

Valutazione della 
gravità = SCORES

Anamnesi, Es.obiettivo

Eventuale Rx Torace

Sospetta polmonite

Comunità

Esami ematochimici
PCR

Etiologica- anatomopatologica
Polmoniti Alveolari

Polmoniti Interstiziali
Polmoniti Necrotizzanti

Classificazione epidemiologica
Polmoniti Comunitarie
Polmoniti Nosocomiali

Polmoniti dell�ospite immunocompromesso Forme tipiche da:
S. pneumoniae
Haemophilus influenzae
Moraxella catarrhalis
altro…

Scansione al microscopio elettronico di
Streptococcus pneumoniae

La tipica curva a U

10
0,

00
0

16

14

12

10

Maschi
Femmine

Lo pneumococco causa patologia principalmente  sotto 
i 2 anni e sopra i 50 anni

Pletz MW, et al. Int J Antimicrob Ag 2008; 32: 199-206.
A.G.S.C. Jansen et al. / Vaccine 27 (2009) 2394–2401
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Fasce d’età
45–64 ≥65

European Centre for Disease Prevention and Control. SURVEILLANCE  
REPORT. Annual epidemiological report on communicable diseases, 2009

Infezioni  
invasive

Infezioni

Endpoint della malattia pneumococcica

7000 casi per anno >50 aa in USA

1700 casi per anno >50 aa in USA

POLMONITI DA 
PNEUMOCOCCO
442.000 casi per anno 
>50 aa in USA

25%
75%

Infezioni
mucosali:
• polmoniti
• otiti medie
• sinusiti
•congiuntiviti

Carriage naso-faringeoAntibioticoresistenza

>50 aa in USA

S. pneumoniae Gram+, capsulato

• 84 sierotipi (Italia: 19, 3, 6, 4, 12, 33, 56)
• Maggiormente patogeni: ceppi più bassi 
• Agar sangue. Colonie a �goccia di rugiada�
• Habitat: rinofaringe soggetti sani

Antigeni di S. pneumoniae:

Capsula polisaccaridica (classifica 90 sierotipi)
Acidi teicoici (polisaccaride C) ricchi di galattosamina, fosfato 

e colina. 
Il polisaccaride C precipita una frazione di globulina sierica

(proteina C reattiva, CRP) in presenza di calcio. 
La CRP è presente a bassa concentrazione nei soggetti sani 

e in elevata concentrazione in soggetti affetti da malattie 
infiammatorie acute.

Acido lipoteicoico (LTA): si chiama antigene F perché può dare 
reazioni crociate con gli Ag di superficie di Forssman sulle 
cellule di mammifero.

Materiale orofaringeo 

≅ 50% viene aspirato durante il sonno
> 50% se condizioni particolari: sedazione, 
alcool, alterazione del sensorio

Regola generale
Con una concentrazione batterica elevata
(108-10) l’aspirazione di piccoli volumi (0.01-
0.1 ml) può causare polmoniti 

Orthomyxovirus
ed altri virus 
influenzali

Citochine
Up-regulation fatt. 

adesione

Soggetti con malattie respiratorie virali precedenti 
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Polmonite pneumococcica

broncopolmonite

Polmonite lobare

Epa$zzazione rossa

Epa$zzazione Grigia

Risoluzione

I STADIO (ingorgo e congestione):
1°- 2°giorno contenuto aereo alveolare ridotto;
essudato fibrinoso con pneumociti e G.R.

II STADIO (epatizzazione rossa): 3°- 4°giorno
essudato fibrinosomassivo con G.R.+ G.B.

III STADIO (epatizzazione grigia): 5°- 6°giorno G.R.
in lisi; G.B.+ cellule macrofagiche; riduzione rete
di fibrina

IV STADIO (risoluzione): 7°- 8°giorno
processi regressivi litici; scomparsa rete di
fibrina; ripresa circolazione interstiziale

Il trio infernale nell’adulto/anziano

• Influenza 
• Polmonite da S. Pneumoniae
• Herpes Zoster

Soggetti di eta ≥ 65 anni 

Aspirazione, Ab-ingestis,  Ematogena (rara)

INVASIONE
Effetto sinergico tra 
adesione ed 
infiammazione indotta 
da fattori 
pneumococcici 
(peptidoglicano, ac. 
teicoici)

DIAPEDESI 
LEUCOCITARIA

IL-1, IL-6, 
TNF-a

PMN e C
Pneumo-

cocco

POLMONITI ALVEOLARI

• S. pneumoniae 70-90%

• S. aureus 1-5%

• H. influenzae 1-3%

• K. pneumoniae 1%

Patogenesi delle polmoniti batterichePatogenesi delle polmoniti batteriche

Edema ed essudato fibrinoso Emorragia alveolare

granulociti
Necrosi ascessuale
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2/3 polmoniti batteriemiche
Max causa di ospedalizzazione di CAP

POLMONITE PNEUMOCOCCICA
n Esordio acuto, o subdolo
n Febbre
n Dolore toracico, tosse secca o produttiva 

(escreato rugginoso)
n Tachipnea, talora cianosi (da sovraccarico 

cardiaco)
n Dolori addominali, stipsi, vomito
n Batteriemia (20%)

Esame obiettivo
n Riduzione espansione toracica
n Aumento FVT
n Ipofonesi 
n Riduzione o assenza MV
n Rantoli crepitanti espiratori
n Rinforzo 2� tono polmonare

Modifiche 
durante il 
decorso

Diagnosi• Rx torace, TAC 

• Emocoltura  (IPD)

• AG URINARIO PNEUMOCOCCO

• Es. batterioscopico/colturale 
(espettorato)

• PCR

• Antibiogramma
• Tipizzazione ceppo (agglutinazione su 

vetrino (siero, urine, espettorato)

Anemia, Leucocitosi neutrofila (> 15.000)
Iperbilirubinemia, Ipoalbuminemia 
Iponatremia, Ipercreatininemia

Caso clinico 

M, 54 anni in gravi condizioni
Diabete mellito tipo 2
il 03.02.2017 ricovero per polmonite 

Sn preceduta da 2 gg da febbre, 
brivido e dolore trafittivo (Augmentin

non-responder)

• Leucocitosi neutrofila

• PCR e PCT elevati. 

• Ag urinario per Legionella 
negativo, S. pneumoniae

(dubbio)

Emocolture (3/02) RX torace

TAC

Inizio terapia empirica

GB (x103

µl/ml)
Neutrofili 

(x103 µl/ml)
Linfociti 

(x103 µl/ml)
PCR

(mg/dl)
PCT 

(ng/dl)
Terapia

03.02 21.8 20.1 1.8 34.06 41.00

VANCOMICINA 250 
MGX4
TAZOCIN 18 G IN 
POMPA ELASTOMERICA

04.02 10.1 7.76 1.37 27.31 25.7

VANCOMICINA 250 
MGX4
TAZOCIN 18 G IN 
POMPA ELASTOMERICA

07.02 9.25 5.39 2.46 3.23 LEVOFLOXACINA 500 
MG X 2

AZIENDA OSPEDALIERO-UNIVERSITARIA DI FERRARA

LABORATORIO DI ANALISI UNICO PROVINCIALE - Direttore  Dr.ssa Enrica Montanari

Segreteria Arcispedale S.Anna-CONA Tel.0532 236250 (dalle 10:00-alle 12:00)-Segreteria Centro prelievi San Rocco Tel.0532235655

SC LAB.ANALISI CHIM.CLIN.e MICROBIOLOGIA (Dr.ssa E.Montanari); SSD SPECIALISTICA (Dr.G.Guerra)

Provenienza: 453   DEG. MALATTIE INFETTIVE UNIV.

(45.3)
 . 

•••
•
•
•
•
••
•
••
••
•
•

20022884669354

Sesso:  M

Id.:   6100082408 Tes.  Sanitario: 7266160Data Nascita: 01/01/1963 Età:  54  Anni

Codice Fiscale: TRTDNL63A01A965I Richiesta: 288466 03/02/2017del:

VIGARANO MAINARDA44049

VIA CENTO, 4

01/01/1963TARTARI   DANIELESig.

RoutinePag. 1 / 210:14Ore:07/02/2017Data di Stampa:

   Esame                                                                                                     Esito             U.M.                        Intervalli Riferimento

Sangue vena perif.

[0] Esame colturale aerobio :

Positivo

Streptococcus pneumoniaeCeppo   1

Ceppo  1 Streptococcus pneumoniae

MICAntibiotici MicS MicR

<=0.06Amoxicillina > 2S <= 0.5

<=0.06Cefotaxime > 2S <= 0.5

<=0.25Eritromicina > 0.5S <= 0.25

<=0.03Imipenem > 2S <= 2

<=0.5Levofloxacina > 2S <= 2

<=2Linezolid > 4S <= 2

<=0.25Moxifloxacina > 0.5S <= 0.5

<=0.25Telitromicina > 0.5S <= 0.25

<=1Tetraciclina > 40S <= 20

20Trimetoprim/Sulfam. > 40S <= 20

<=1Vancomicina > 2S <= 2

<=0.06Penicillina G (polmonite) S

<=0.06Penicillina G (meningite) > 0.06S <= 0.06

<=0.06Penicillina G (altro) > 2S <= 0.06

<=0.06Ceftriaxone > 2S <= 0.5

Antibiogramma interpretato secondo criteri Eucast

MIC = Concentrazione Minima Inibente (ug/ml). Breakpoints: MicS= limite di sensibilità; MicR= limite di resistenza. 

Categorie di Interpretazione: S = Sensibile; I = Intermedio; R = Resistente

Tutti i valori di MIC preceduti dal segno <= sono espressione di piena sensibilità del microrganismo in vitro

Sangue vena perif.

[0] Esame colturale anaerobio :

Vedi Flacone Aerobio

Continua nella pagina seguente

7/2: 2 emocolture (3/2/17) positive per S. pneumoniae: Modifica terapia

M, 71 anni, fumatore

Febbricola, tosse produttiva da 1 mese circa

Dimagramento (2 Kg)

In terapia con farmaci per l’ipertensione ed 
aritmia

IRC 

Ricovero in Malattie Infettive per febbre 38.8°C

Leucopenia, PCR 41 U/ml, PCT <2,3

ESPETTORATO
• Raccogliere prima  di  iniziare  la  terapia  

antibiotica almeno  1  ml  lontano  dalla  
assunzione  di  cibo 

• Campione rappresentativo e adeguato

• Espettorato spontaneo 

• Espettorato dopo  aerosol (soluzione  

salina  ipertonica ( Esp Indotto: 3-5 ml di 

NaCl 0,9%).

- spazzolare denti e con tamponi umidi, la
mucosa interna delle guance, le gengive,
la lingua

- rimuovere eventuali protesi dentarie
- sciacquare il cavo orale con acqua ed

espettorare in contenitore sterile a bocca
larga e tappo a vite

- evitare introduzione di materiale salivare
o di secrezioni nasali

Inviare i campioni in laboratorio non oltre 1 ora dalla raccolta , conservando a
temperatura ambiente.

Espettorato profondo valido se:
PML> 25 cell/campo e le cellule epiteliali <25 cell/campo

Non ci sono caratteristiche della RX torace 
nella CAP che permettano una previsione 

sicura del probabile agente patogeno

BTS guide-lines, Thorax 2001

§ Pleurite

§ Empiema/Ascesso polmonare (considerare anaerobi, 

gram negativi, S.aureus)

§ ARDS

§ Atelettasia

§ Sepsi con diffusione ematogena (meningite, peritonite, 
endocardite, artrite settica)

§ Sepsi fulminante (splenectomizzati)

§ MOF

Complicanze CAP
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Diagnosi differenziale

• IM
• Scompenso cardiaco con edema 

polmonare
• Atelettasie e/o polmoniti da agenti virali, 

Micoplasmi, Gram -, ecc
• Se dolore addominale (colecistite, 

appendicite, perforazione ucera peptica)

Vaccino13 valente
Bambini

Questo vaccino, pur non essendo 
obbligatorio, è entrato nel calendario 
vaccinale e viene praticato in 
associazione al 
vaccino esavalente (contro poliomielite, 
difterite, tetano, pertosse, epatite b e 
meningite da Haemophilus influenzae) a 
partire dal terzo mese di vita.
Se ne fanno tre dosi, tutte nel primo 
anno e non ha bisogno di richiami negli 
anni successivi.

VACCINO PPV-23-VALENTE
Adulti (ogni 5 anni)

IM o SC, dose singola

declino dopo 2-3 anni

Soggetti  a rischio elevato

Ø65 anni
ØPneumopatici
ØCardiopatici
ØDiabetici
ØSplenectomizzati
ØLungodegenti
ØAIDS

INIZIO TERAPIA ANTIBIOTICA NELLE CAP

Differenziazione in base alle Linee guida

…sono così diverse tra loro? …

IDSA - ATS            NICE - BTS                   SWEDISH                FADOI SIMIT  REG

GLI ANTIBIOTICI PIU’ UTILIZZATI NELLE CAP

MACROLIDI

TETRACICLINE

FLUOROCHINOLONI

AM INOGLICOSIDI

CEFALOSPORINE NG

CARBAPENEM ICI

LINEZOLID

VANCOM ICINA

PIPERACILLINA/TAZOBACTA
M

AMOXICILLINA

AMOXI/CLAV 
O AMP/SULBACTAM

524 • JAOA • Vol 104 • No 12 • December 2004

hospitalized. Multiple studies have validated the Pneumonia
PORT prediction rule as providing a rational foundation for the
decision regarding hospitalization and as identifying valid
predictors of mortality.5-8

Management of Community-Acquired 
Pneumonia
The IDSA and the ATS vary in their stratification of patient cat-
egories and therefore subsequent treatment regimens. First, we
will outline the IDSA recommendations for the management
of CAP, then the ATS recommendations, and finally, briefly dis-
cuss the prevention of CAP.

Infectious Diseases Society 
of America Recommendations
The IDSA panel stratifies patients into three categories: those
who do not require hospitalization, those who are admitted to
the hospital on a general medical floor (GMF), and those
admitted to the ICU.5,6

For outpatients, the preferred treatment regimen is a
macrolide (clarithromycin or azithromycin if H influenza is
suspected), doxycycline, or a fluoroquinolone antibiotic (specif-
ically levofloxacin, moxifloxacin, or gatifloxacin). In these
patients, an alternate treatment regimen would be amoxicillin
and clavulanate potassium combination and a second-gener-
ation cephalosporin (eg, cefuroxime axetil, cefpodoxime, or
cefprozil), but these agents are not active against atypical
pathogens.5,6

For the treatment of patients hospitalized on a GMF, the
IDSA prefers a combination of a !-lactam plus a macrolide
antibiotic or monotherapy with a fluoroquinolone antibiotic.5,6

Patients who require hospitalization in the ICU should
always be treated with combination therapy. This therapy
should be with either a !-lactam plus a macrolide or with a !-
lactam plus a fluoroquinolone antibiotic. The goal of combi-
nation therapy in ICU patients is to provide optimal coverage
for the two most commonly identified causes of lethal pneu-
monia—S pneumoniae and Legionella species. The IDSA prefers
the following !-lactams and !-lactam–!-lactamase inhibitor
combinations: cefotaxime, ceftriaxone, ampicillin and sul-
bactam combination, or piperacillin and tazobactam combi-
nation. For patients with hypersensitivity to !-lactams, clin-
damycin and fluoroquinolone antibiotics are recommended.
For patients with structural lung disease such as bronchiectasis
or cystic fibrosis, the IDSA recommends antimicrobial agents
with coverage for Pseudomonas species.5,6

Figure 2 provides an outline of IDSA guidelines.

American Thoracic Society
Recommendations
The ATS stratifies patients into four groups based on the
absence or presence of two cardiopulmonary diseases (COPD
and CHF), the modifying risk factors previously discussed,
and the site of treatment (eg, outpatient setting, GMF, ICU).7
! Group I—Outpatient treatment for persons with no car-
diopulmonary disease and no modifying factors should be
with a macrolide (such as azithromycin or clarithromycin)
with doxycycline as a second choice. The ATS believes that
broader-spectrum coverage with a new antipneumococcal
fluoroquinolone antibiotic such as levofloxacin, moxifloxacin,
or gatifloxacin would be effective but unnecessary and could
lead to the overuse of this valuable class of antibiotics, thereby
contributing to the growing problem of antibiotic resistance.7
! Group II—Outpatients with either cardiopulmonary dis-
ease or modifying factors are treated with a combination of a
!-lactam plus a macrolide antibiotic or with a fluoroquinolone
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Checklist

! Outpatient Treatment
" Macrolide

OR 
" Doxycycline

OR
" Fluoroquinolone antibiotic
" Alternative: 
— amoxicillin and clavulanate potassium combination 
— cefuroxime axetil 
— cefpodoxime 
— cefprozil 

! Hospitalized Patients on General Medical Floor
" !-Lactam plus a macrolide 

OR 
" Fluoroquinolone antibiotic alone 

! Hospitalized Patients in Intensive Care Unit
" !-Lactam plus a macrolide 

OR 
" !-Lactam plus a fluoroquinolone antibiotic

(Substitute clindamycin for !-lactam in penicillin-
hypersensitive patients.)

! Recommended !-Lactams
" Ceftriaxone 
" Cefotaxime 
" !-Lactam and !-lactamase inhibitor combinations 

such as:
— ampicillin and sulbactam combination 
— piperacillin and tazobactam combination

! Recommended Fluoroquinolone Antibiotics
" Levofloxacin 
" Gatifloxacin 
" Moxifloxacin

Figure 2. Infectious Diseases Society of America (IDSA) guidelines for
treatment of patients with community-acquired pneumonia. (Sources:
Bartlett JG, et al. Clin Infect Dis. 2000;31:347-382. Epub 2000 Sep 07;
and Mandell LA, et al. Clin Infect Dis. 2003;37:1405-1433.)

Downloaded From: http://jaoa.org/ on 03/08/2017

REVIEW ARTICLE

JAOA • Vol 104 • No 12 • December 2004 • 525

Prevention
Prevention of CAP infection is mainly with the use of a US
Food and Drug Administration–approved vaccine, which is
about 60% effective in preventing bacteremia in immuno-
competent adults with pneumococcal infections. The vaccine
should be given routinely to patients older than 65 years and
to all patients with asplenia. The vaccine is also recommended
for patients aged 64 years or younger if they have certain coex-
isting illnesses that were listed previously.6 Revaccination is rec-
ommended for patients older than 65 years who initially
received the vaccine more than 5 years earlier and the initial

antibiotic alone. Doxycycline can be used in place of a
macrolide antibiotic. The recommended !-lactams are cef-
podoxime proxetil, cefuroxime, high-dose ampicillin (1 g
every 8 hours), and amoxicillin and clavulanate combina-
tion.7
! Group IIIA—For patients hospitalized on a GMF with car-
diopulmonary disease or risk factors for DRSP or infection
with enteric gram-negative organisms, therapy can be with
either an intravenously administered !-lactam plus a
macrolide or monotherapy with an intravenously adminis-
tered antipneumococcal fluoroquinolone antibiotic. The rec-
ommended !-lactams and !-lactam–!-lactamase inhibitor
combinations are cefotaxime sodium, ceftriaxone sodium,
ampicillin sodium and sulbactam sodium combination, and
high-dose ampicillin. The macrolide antibiotic can be given
either orally or intravenously, depending on the severity of
the illness.7
! Group IIIB—For the patient admitted on a GMF without
risk factors for DRSP or infection with enteric gram-negative
organisms and without cardiopulmonary disease, the ATS
recommends either intravenously administered azithromycin
(500 mg daily) alone or a fluoroquinolone antibiotic alone. An
alternative treatment regimen for patients with hypersensi-
tivity to azithromycin is the combination of a !-lactam plus
doxycycline to provide coverage for atypical organisms.7

For severely ill patients with CAP, therapy should cover
S pneumoniae and Legionella species, but patients should be
stratified based on the identification of risk factors for P aerug-
inosa infection.7
! Group IVA—In the absence of pseudomonal risk factors,
recommendations are to use a !-lactam that is active against
DRSP plus either a macrolide or a fluoroquinolone antibiotic.
The ATS does not support the use of !-lactams that are active
against P aeruginosa when this organism is not suspected.
Because data are lacking, the ATS does not recommend using
fluoroquinolone antibiotics as monotherapy in patients with
severe CAP until more studies are published.7
! Group IVB—If pseudomonal risk factors are present, rec-
ommendations are to use two antipseudomonal agents that
also provide coverage for DRSP and Legionella species. Such a
regimen could include selected !-lactams and !-lactam–!-
lactamase inhibitor combinations (such as cefepime hydrochlo-
ride, piperacillin sodium and tazobactam sodium combination,
imipenem, and meropenem) plus an antipseudomonal
quinolone antibiotic (ciprofloxacin is the only quinolone antibi-
otic active against P aeruginosa). 

An alternative could be a triple-drug regimen that consists
of selected !-lactams plus an aminoglycoside plus either
azithromycin or a nonpseudomonal quinolone antibiotic (such
as levofloxacin, moxifloxacin, or gatifloxacin). In patients with
hypersensitivity to !-lactam, aztreonam can be substituted if
the patient has risk factors for Pseudomonas infection.7

Figure 3 outlines the ATS guidelines. 
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Checklist

! Outpatient Treatment
" Group I—No cardiopulmonary disease (CPD), 

no modifying factors (MFs)
— macrolide 

OR 
— doxycycline
" Group II—CPD or MFs
— !-lactam plus either a macrolide or doxycycline 

OR
— fluoroquinolone antibiotic alone

! Hospitalized Patients on General Medical Floor
" Group IIIA—CPD or MFs
— intravenously administered (IV) !-lactam plus either 

a macrolide or doxycycline
OR

— fluoroquinolone antibiotic alone 
" Group IIIB—No CPD or MFs
— IV azithromycin alone (or !-lactam plus doxycycline 

for azithromycin-hypersensitive patients) 
OR

— fluoroquinolone antibiotic alone

! Hospitalized Patients in Intensive Care Unit
" Group IVA—No risk factor for Pseudomonas infection
— IV !-lactam plus either IV azithromycin or IV

fluoroquinolone antibiotic
" Group IVB—Risk factor for Pseudomonas infection
— IV antipseudomonal !-lactam plus IV antipseudomonal

fluoroquinolone antibiotic 
OR

— IV antipseudomonal !-lactam plus IV aminoglycoside
plus either IV azithromycin or IV fluoroquinolone
antibiotic (aztreonam plus aminoglycoside plus IV
antipseudomonal fluoroquinolone antibiotic for 
!-lactam–hypersensitive patients)

Figure 3. American Thoracic Society (ATS) guidelines for treatment
of patients with community-acquired pneumonia. (Source: Niederman
MS, et al; American Thoracic Society. Am J Respir Crit Care Med.
2001;163:1730-1754.)
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FC= Fluorochinolonico; DRSP= Drug resistent Streptococcus pneumoniae; 
DRPA= Drug resistant Pseudomonas aeruginosa
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PAZIENTI AM BULATORIALI

(Monoterapia)
b-lattamico

o
Macrolide, Doxiciclina, FC

PAZIENTI CON INGRESSO 

IN OSPEDALE 

(Combinazione)

b- lattamico + Macrolide
o

FC respiratorio

PAZIENTI CON CAP SEVERA 

RICHIEDENTE ICU O CON 
DRPA

(Varie combinazioni)

b - lattamico + Macrolide
b- lattamico + FC

b- lattamico + Aminoglicoside + 
Macrolide

NICE 2014
1. LOW-SEVERITY COMMUNITY-ACQUIRED PNEUMONIA

Offer a 5-DAY course of a single antibiotic

A. Consider AMOXICILLIN IN PREFERENCE TO A MACROLIDE OR A
TETRACYCLINE

B. B. Consider extending the course of the antibiotic for longer than 5 days as a
possible management strategy for patients with low-severity CAP whose
symptoms do not improve as expected after 3 days.

C. Consider a macrolide or a tetracycline for patients who are allergic to penicillin.

D. Explain to patients with low-severity community-acquired pneumonia treated in the
community, and when appropriate their families or careers, that they should seek
further medical advice if their symptoms do not begin to improve

2. MODERATE- AND HIGH-SEVERITY COMMUNITY-ACQUIRED PNEUMONIA

Consider a 7- TO 10-DAY COURSE of antibiotic therapy

A: Consider dual antibiotic therapy with AMOXICILLIN AND A MACROLIDE (moderate severity)

B. Consider dual antibiotic therapy with a BETA-LACTAMASE STABLE BETA-LACTAM AND A
MACROLIDE for patients with high-severity CAP.

From NICE/BTS 2014
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Take-Home Points
PATIENTS MEETING ALL OF THE FOLLOWING CRITERIA FOR AT LEAST 24 HOURS CAN BE 

TRANSITIONED  FROM INTRAVENOUS TO ORAL THERAPY 

• Absence of mental confusion

• Ability to take oral medication

• Temperature lower than 38.3°C 

• Hemodynamic stability (heart rate <100 beats/min and systolic blood pressure >90 mm 

Hg) 

• Respiratory rate lower than 25 breaths/min

• Oxygen saturation higher than 90%, PaO2 higher than 60 mm Hg, while breathing in 

normal room air or low-flow supplemental oxygen by nasal cannula.

J Am Coll Cardiol. 2014; 64:1917–25.

activation is biologically plausible. In particular,
bacteria-platelet interaction may occur via bacteria
binding to platelets, either directly, through a bacte-
rial surface protein, or indirectly by a plasma-bridging
molecule linking bacterial and platelet surface

receptors (28). However, whether either a specific
agent or the infection burden is implicated in platelet
activation and, eventually, coronary thrombosis re-
mains to be explored (28). In this context, the role of
endotoxins should be examined, as there is evidence
to support a role for endotoxins as platelet stimula-
tors via Toll-like receptor 4 (32,33) (Central
Illustration). An intriguing finding of the present
study was that although patients on ASA treatment
showed lower serum TxB2 compared with nonusers,
serum TxB2 in ASA-treated patients was persistently
elevated, suggesting that low-dose ASA was insuffi-
cient to fully inhibit COX1. Accordingly, many pa-
tients on ASA had values of serum TxB2 >10 ng/ml,
while optimal long-term ASA treatment is usually
associated with serum TxB2 <10 ng/ml (26). Further-
more, ASA-treated patients who experienced MIs had
significantly higher serum TxB2 than ASA-treated
patients who did not experience MIs.

Among the whole study population, 113 patients
(41%) displayed elevated hs-cTnT not associated with
electrocardiographic changes, which were considered
isolated hs-cTnT elevation. Isolated elevation of hs-
cTnT can be detected in several clinical settings not
associated with MI, including infections and sepsis,
and is usually considered a specific marker of
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FIGURE 4 In Vivo Platelet Activation Markers at
Hospital Admission and at the End of Hospitalization

Plasma levels of soluble CD40 ligand (sCD40L) (A), soluble
P-selectin (sP-selectin) (B), and serum thromboxane B2 (C)
at hospital admission and at the end of hospitalization in acetylsa-
licylic acid (ASA)–untreated and ASA-treated patients. *p <0.001.

Cangemi, R., et al., J Am Coll Cardiol. 2014; 64(18):1917–25.

CENTRAL ILLUSTRATION Potential Mechanisms for Platelet Activation
During Pneumonia

Platelets can interact directly with bacteria or with lipopolysaccharide (LPS)
(an endotoxin) on the surface of Gram-negative bacteria by a Toll-like receptor 4
(TLR4)–mediated mechanism; this results in platelet activation and aggregation and,
eventually, thrombus formation. sCD40L ¼ soluble CD40 ligand; sP-selectin ¼ soluble
P-selectin.

J A C C V O L . 6 4 , N O . 1 8 , 2 0 1 4 Cangemi et al.
N O V E M B E R 4 , 2 0 1 4 : 1 9 1 7 – 2 5 Platelet Activation and MI in Pneumonia

1923

Platelets

Bacteria/LPS Gram-negative 
bacteria via TLR4

Platelet activation and 
aggregation

Eventually, thrombus

Pneumonia: Challenges for The Future  
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Frequency of cardiovascular events in patient cohorts taking Macrolides. Values are numbers (percentages) Table 2| Frequency of cardiovascular events in patient cohorts. Values are numbers (percentages)

CAP cohortCOPD cohort

Events
Non-clarithromycin user

(n=651)
Clarithromycin user

(n=980)
Non-clarithromycin user

(n=1062)
Clarithromycin user

(n=281)

48 (7.4)123 (12.6)195 (18.4)73 (26.0)Patients with ≥1 cardiovascular
event

9 (1.4)25 (2.6)29 (2.7)12 (4.3)Myocardial infarction

11 (1.7)29 (3.0)40 (3.8)14 (5.0)NSTEMI or acute coronary
syndrome

21 (3.2)32 (3.3)56 (5.3)32 (11.4)Congestive cardiac failure or left
ventricular failure

23 (3.5)64 (6.5)108 (10.2)47 (16.7)Arrhythmia

6 (0.9)14 (1.4)3 (0.3)2 (0.7)Cardiac arrest/sudden cardiac
death

Sum total of events may be greater than number of patients with events, as some patients had more than one cardiovascular event.
CAP=community acquired pneumonia; COPD=chronic obstructive pulmonary disease; NSTEMI=non-ST elevation myocardial infarction.
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Abstract
Objective To study the association of clarithromycin with cardiovascular
events in the setting of acute exacerbations of chronic obstructive
pulmonary disease and community acquired pneumonia.

Design Analysis of two prospectively collected datasets.

SettingChronic obstructive pulmonary disease dataset including patients
admitted to one of 12 hospitals around the United Kingdom between
2009 and 2011; Edinburgh pneumonia study cohort including patients
admitted to NHS Lothian Hospitals between 2005 and 2009.

Population 1343 patients admitted to hospital with acute exacerbations
of chronic obstructive pulmonary disease and 1631 patients admitted
with community acquired pneumonia.

Main outcome measures Hazard ratios for cardiovascular events at
one year (defined as hospital admissions with acute coronary syndrome,
decompensated cardiac failure, serious arrhythmia, or sudden cardiac
death) and admissions for acute coronary syndrome (acute ST elevation
myocardial infarction, non-ST elevation myocardial infarction, and
unstable angina). Secondary outcomeswere all cause and cardiovascular
mortality at one year.

Results 268 cardiovascular events occurred in the acute exacerbations
of chronic obstructive pulmonary disease cohort and 171 in the
community acquired pneumonia cohort over one year. After multivariable
adjustment, clarithromycin use in acute exacerbations of chronic
obstructive pulmonary disease was associated with an increased risk
of cardiovascular events and acute coronary syndrome—hazard ratios
1.50 (95% confidence interval 1.13 to 1.97) and 1.67 (1.04 to 2.68). After
multivariable adjustment, clarithromycin use in community acquired

pneumonia was associated with increased risk of cardiovascular events
(hazard ratio 1.68, 1.18 to 2.38) but not acute coronary syndrome (1.65,
0.97 to 2.80). The association between clarithromycin use and
cardiovascular events persisted after matching for the propensity to
receive clarithromycin. A significant association was found between
clarithromycin use and cardiovascular mortality (adjusted hazard ratio
1.52, 1.02 to 2.26) but not all cause mortality (1.16, 0.90 to 1.51) in acute
exacerbations of chronic obstructive pulmonary disease. No association
was found between clarithromycin use in community acquired pneumonia
and all cause mortality or cardiovascular mortality. Longer durations of
clarithromycin use were associated with more cardiovascular events.
Use of β lactam antibiotics or doxycycline was not associated with
increased cardiovascular events in patients with acute exacerbations of
chronic obstructive pulmonary disease, suggesting an effect specific to
clarithromycin.

Conclusions The use of clarithromycin in the setting of acute
exacerbations of chronic obstructive pulmonary disease or community
acquired pneumonia may be associated with increased cardiovascular
events. These findings require confirmation in other datasets.

Introduction
Acute exacerbations of chronic obstructive pulmonary disease
and community acquired pneumonia are two of the most
frequent causes of admission to hospital in the United Kingdom.1
Antibiotics, including clarithromycin, are commonly prescribed
during acute exacerbations of chronic obstructive pulmonary
disease, especially in the presence of increased breathlessness,
sputum volume, and purulence.2 However, their widespread use
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bacteria and injured cells may evoke immune overactivation with hyperproduction of cytokines,
chemokines and lipid mediators, uncontrolled leukocyte recruitment and activation, inadequate activation
of complement and coagulation cascades and eventually pulmonary endothelial barrier disruption (fig. 1).
Increased permeability results in protein-rich fluid extravasation, lung oedema and acute respiratory
distress syndrome (ARDS) (reviewed in [7]), associated with mortality rates ranging from 27 to 45% [8].
In ARDS patients, mechanical ventilation may further promote the inflammatory response, thereby
increasing endothelial barrier disruption [9]. At present, only low tidal volume ventilation is a broadly
accepted strategy to reduce mortality in ARDS [10]. Positive end-expiratory pressure (PEEP) also improves
ARDS outcome, but how to set the “best” PEEP is still a matter of debate [11, 12]. Furthermore, early
extended prone positioning and early muscle relaxation may reduce mortality in severe ARDS [13–16].

In pneumonia, specific preventive or curative strategies for the treatment of lung failure in addition to
antibiotics are not established, but highly required. This mini-review highlights some preclinical and early
clinical evidence for successful modulation of the inflammatory response or improvement of pulmonary
barrier function in pneumonia and its most important complications, sepsis and ARDS. Space restrictions
preclude discussion of all important strategies.

Immunomodulatory strategies in pneumonia
Corticosteroids
The use of corticosteroids in the context of pneumonia has been clinically studied over the past decade
with conflicting results. In 2012, NIE et al. [17] published a meta-analysis of nine randomised controlled
trials (RCTs) published between 1952 and 2011 with 1001 patients overall. Patient characteristics and
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FIGURE 1 Time course of inflammation, tissue damage and resolution of pneumonia: potential adjuvant therapies.
Subsequent to ligand binding pathogen recognition receptors initiate the host inflammatory response, including cytokine
production, recruitment of leukocytes and activation of the complement system, thereby leading to elimination of the
pathogen and infected cells. However, immune overactivation may lead to tissue damage and barrier failure. From the
beginning of the inflammatory response, pulmonary repair and resolution processes are initiated to balance damage and
healing of the tissue, ideally resulting in restoration of the original condition (restitutio ad integrum). Potential adjuvant
therapies target different processes during pneumonia, thereby potentially exerting beneficial functions in addition to
antibiotic treatment. DAMPs: danger-associated molecular patterns; PRRs: pattern recognition receptors; GM-CSF:
granulocyte-macrophage colony-stimulating factor.
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ABSTRACT Dysregulation of the innate immune system drives lung injury and its systemic sequelae due
to breakdown of vascular barrier function, harmful hyperinflammation and microcirculatory failure, which
contribute to the unfavourable outcome of patients with severe pneumonia. A variety of promising
therapeutic targets have been identified and numerous innovative therapeutic approaches demonstrated to
improve lung injury in experimental preclinical studies. However, at present specific preventive or curative
strategies for the treatment of lung failure in pneumonia in addition to antibiotics are still missing. The
aim of this mini-review is to give a short overview of some, but not all, adjuvant therapeutic strategies for
pneumonia and its most important complications, sepsis and acute respiratory distress syndrome, and
briefly discuss future perspectives.
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A review of preclinical and clinical research on adjuvant therapies for pneumonia
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Introduction
Pneumonia is the most frequent infectious disease worldwide, causing a tremendous socioeconomic burden
in industrialised countries [1]. In addition, pneumonia is the leading infectious cause of death in children
worldwide, accounting for 15% of all deaths of children under the age of 5 years [2]. Concerns arise from
the increasing frequency of antibiotic-resistant bacteria and new emerging contagious and deadly pathogens
[3, 4]. Importantly, despite appropriate antibiotic treatment 14–35% of all hospitalised community-acquired
pneumonia (CAP) patients die, depending on age and comorbidities [5]. Thus, a great medical need for the
development of adjuvant therapeutic strategies in addition to antibiotics is evident.

When pathogens enter the lung, a variety of pattern recognition receptors (PRRs) [6] recognise microbial
structures (pathogen-associated molecular patterns (PAMPs)) and endogenous molecules released after cell
injury (danger-associated molecular patterns (DAMPs)). Cells may be injured by specific pathogen
components including toxins, or by inflammatory host effectors. In the alveolar compartment, PRRs are
expressed by macrophages, dendritic cells and recruited immune cells as well as by epithelial and
endothelial cells. Intracellular signalling cascades triggered by ligand binding of PRRs evoke the production
of inflammatory cytokines, interferons and chemokines on transcriptional and post-translational levels [6].
Subsequently, local cells are activated and macrophages and neutrophils recruited, leading to the
elimination of pathogens and infected cells. However, ongoing PAMP and DAMP release from dying
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…..two aspects contribute to a 
worse outcome: an uncontrolled
inflammatory reaction and an 
inadequate immune response

hyperglycemia requiring treatment but no increase in the
frequency of gastrointestinal hemorrhage.
In conclusion, all these studies confirm that the use of

corticosteroids in CAP is associated with the following
benefits: reduced length of hospital stay, reduced time to
clinical stability, and prevention of ARDS.
No definitive answer is available yet regarding the ef-

fect of corticosteroids on the reduction of death and lar-
ger studies are needed to define the effect on mortality.
In particular, some meta-analyses suggested that cortico-
steroids may decrease mortality in the subgroup of pa-
tients with severe CAP; however, these data have not
been confirmed in other studies.

Corticosteroids in pneumonia caused by influenza or less
frequent pathogens
The effects of corticosteroids in some specific infections
are the subject of debate. For example, a meta-analysis
showed a benefit in Pneumocystic jiroveci pneumonia
[28], although this result came from small RCTs.
In patients with CAP due to viral infection, the effects of

corticosteroids are still not clear. In H1N1 infection, cor-
ticosteroid use was associated with a higher incidence of
pneumonia and mortality. In a Chinese descriptive study
of influenza A (H7N9) viral pneumonia, the subgroup of
patients receiving very high doses of corticosteroids
(>150 mg/d methylprednisolone or equivalent) had in-
creased mortality but no significantly worse outcome was
detected with low to moderate doses of corticosteroids
(25–150 mg/d methylprednisolone or equivalent) [29].
A recent meta-analysis by Cochrane [30] of corticoste-

roids as adjunctive treatment in influenza found insuffi-
cient evidence to determine the efficacy of corticosteroids
in these patients. Delaney et al. [31] recently published an
observational multicenter study of patients with influenza
A (H1N1pdm09)-related critical illness. The crude hos-
pital mortality was higher in patients who received corti-
costeroids compared with patients without corticosteroid
treatment (25.5 versus 16.4 %, p = 0.007). Nevertheless,
after adjusting for potential confounders, the authors did
not find a significant association between corticosteroids
and mortality in this population.
It appears that the use of corticosteroids was associ-

ated with a higher mortality but this result has to be
carefully interpreted because only observational studies
of low quality were included and RTCs were not identi-
fied for the analysis. More studies are needed to clarify
this point.

Side effects of corticosteroids
The main side effects associated with corticosteroids, es-
pecially with prolonged use, are hyperglycemia, myop-
athy, weight gain, brushing, and osteopenia (Fig. 2) [32].
As well as these side effects, corticosteroids have strong

immunosuppressive effects, raising concerns regarding
their use in acute infections, despite their potential effect
in controlling excessive inflammatory response. The im-
munosuppressant effect of corticosteroids is related to
dose and treatment duration. For example, the use of
40 mg of prednisolone per day for more than 1 week or
20 mg prednisolone or equivalent per day for a month
can produce immunosuppression. In acute infection, a
low dose for a short period (some days) may be useful
for reducing inflammation and may not cause so much
harm by producing immunosuppression. Moreover, a
short period of corticosteroid treatment may reduce the
risk for side effects.
Hyperglycemia is a frequent effect associated with cor-

ticosteroid use. This occurs in about 50 % of hospitalized
patients receiving high doses of corticosteroids [33] and
patients with chronic obstructive pulmonary disease
(COPD) receiving oral corticosteroid treatment pre-
sented a more than fivefold risk of developing hypergly-
cemia. Hyperglycemia is associated with higher mortality
and, in particular, hyperglycemia secondary to cortico-
steroids increased the risk of death by 10 % for each
18 mg/dL increase in blood glucose after adjusting for
age, sex, and diabetes mellitus [34]. Detection of hyper-
glycemia in the first 24 h in patients with COPD reacti-
vation was associated with worse outcomes [35]. On the
other hand, strict management of glucose levels de-
creased morbidity and mortality in critically ill patients
admitted to the surgical ICU [36]. For patients in the
medical ICU, a benefit was shown in terms of morbidity
but not mortality [37].
Myopathy is another side effect associated with acute

and chronic corticosteroid treatment, especially in older
patients, patients with cancer and respiratory muscle
diseases, and physically inactive patients [38]. Cortico-
steroids induce myopathy by decreasing protein synthe-
sis and increasing protein breakdown. This mechanism
leads to muscle atrophy with a reduction of myofibrillar
protein content and cross-sectional fiber area. In critic-
ally ill patients, the development of myopathy produces
peripheral muscle weakness with longer duration of

-Accelerated time to clinical 
stability

-Reduce risk for treatment failure, 
in particular radiological 
progression

-Reduce risk for ARDS
-Reduced hospital length of stay 

-Hyperglicemia
-Myopaty
-Superinfection
-Osteopenia 
- Increased risk for 
gastrointestinal bleeding

POTENTIAL BENEFIT POTENTIAL HARM

CORTICOSTEROIDS TREATMENT IN CAP

Fig. 2 Potential harm and benefit of corticosteroids used in CAP
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Abstract

Despite improvements in the management of
community-acquired pneumonia (CAP), morbidity and
mortality are still high, especially in patients with more
severe disease. Early and appropriate antibiotics remain
the cornerstone in the treatment of CAP. However, two
aspects seem to contribute to a worse outcome: an
uncontrolled inflammatory reaction and an inadequate
immune response. Adjuvant treatments, such as
corticosteroids and intravenous immunoglobulins, have
been proposed to counterbalance these effects. The
use of corticosteroids in patients with severe CAP and a
strong inflammatory reaction can reduce the time to
clinical stability, the risk of treatment failure, and the risk
of progression to acute respiratory distress syndrome.
The administration of intravenous immunoglobulins
seems to reinforce the immune response to the
infection in particular in patients with inadequate levels
of antibodies and when an enriched IgM preparation
has been used; however, more studies are needed to
determinate their impact on outcome and to define the
population that will receive more benefit.

Keywords: Community-acquired pneumonia,
Corticosteroid, Immunoglobulin

Background
Despite the use of early and appropriate antibiotic treat-
ment, mortality related to community-acquired pneumo-
nia (CAP) is still high [1], especially in patients with
severe disease. Previous studies have shown that ap-
proximately 18 % of patients hospitalized for CAP
matched the criteria for severe CAP. These patients
more frequently present with septic shock and need for
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mechanical ventilation, with a mortality of approximately
29 % [2]. In addition to the infection, septic shock is gen-
erally thought to be caused by an excessive or uncon-
trolled pro-inflammatory response [3].
Pneumonia is a complex disease caused by the action

of pathogens and the local and systemic inflammatory
responses of the patient. A stronger inflammatory re-
sponse has been shown to be associated with treatment
failure and mortality [4]. In particular, high levels of
interleukin (IL)-6, IL-8, and IL-10 have been detected in
patients with severe pneumonia and excess IL-6 and IL-
10 was associated with increased mortality (from 4.8 to
11.4 %) [5, 6].
Moreover, in some patients with CAP, excessive levels of

cytokines can be released (called the Jarisch–Herxheimer-
like reaction) after the initiation of antibiotics, causing
damage similar to other infections characterized by high
bacterial load (e.g., meningococcal meningitis) [7, 8].
Another aspect regarding the immune response to the

infection is that low levels of immunoglobulins are
found, particularly in patients with recurrent episodes of
pneumonia, and may be responsible for the predispos-
ition to recurrent infections and worse outcome [9].
Considering that pathogens resistant to the empiric

antibiotic treatment are not a common cause of CAP,
two aspects seem to contribute to a worse outcome: an
uncontrolled inflammatory reaction and an inadequate
immune response. Adjuvant treatments, such as cortico-
steroids and intravenous immunoglobulins, have been
proposed to counterbalance these effects.

Corticosteroids in CAP
Corticosteroids: mechanism of action
During an infection, endogenous corticosteroids are
produced by the activation of the hypothalamic–pituitary–
adrenal axis with the aim of controlling excessive inflam-
mation. The free cortisol, which is the active form of the
hormone, induces the expression of anti-inflammatory
proteins and inhibition of proinflammatory proteins [10].
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1. The use of CORTICOSTEROIDS in patients with severe CAP and a strong inflammatory reaction can

reduce the time to clinical stability, the risk of treatment failure, and the risk of progression to ARDS.

2. The administration of INTRAVENOUS IMMUNOGLOBULINS seems to reinforce the immune response to

the infection in particular in patients with inadequate levels of antibodies and when an enriched IgM
preparation has been used

3. More studies are needed to determinate their impact on outcome and to define the population that will

receive more benefit.
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Tabelle e figure 

Tabella 1. Raccomandazioni per la terapia antibiotica delle polmoniti 

Terapia antibiotica iniziale  
Tipo di infezione Principali batteri in causa e eventuali 

problemi di resistenza 
Farmaci e dosi consigliate per la terapia  iniziale Durata 

 
Polmoniti    
Polmoniti di comunità (CAP)    
CURB 65 0-1 Pz senza comorbosità o 

fattori di rischio per   
P.aeruginosa/CA-MRSA 

S. pneumoniae (senza batteriemia) 
resistenza di S.pneumoniae a macrolidi in 
Italia 25-50% 
H. influenzae, M. catharralis 
C. pneumoniae, M. pneumoniae (giovani) 

AMOXICILLINA/AC.CLAVULNANICO 1g ogni 6 ore per os + 
CLARITROMICINA 500 mg ogni 12 ore per os 

 
 

5-7 gg 

CURB 65  0-1 Pz con comorbosità* 

CURB 65  2 Pz  senza comorbosità* 

S. pneumoniae (senza batteriemia) 
H. influenzae, M. catharralis 
C. pneumoniae, M. pneumoniae (giovani) 

Non ricovero:   
AMOXICILLINA/AC.CLAVULNANICO 1g ogni 6 ore per os + 
CLARITROMICINA 500 mg ogni 12 ore per os 
     In alternativa   
LEVOFLOXACINA 500 mg ogni 12 ore ev (o per os) o   
MOXIFLOXACINA 400 mg/die 
                                                                                                                    
Ricovero  
AMOXICILLINA/AC.CLAVULNANICO 2.2 g ogni 6 ore ev /1g 
ogni 6 ore per os 
+ CLARITROMICINA 500 mg ogni 12 ore per os/ev  
Oppure  
CEFTRIAXONE 2g/die ev   
+ CLARITROMICINA 500 mg ogni 12 ore per os/ev  
 

5-7 gg 
Se Ag 

urinario 
Legionella 
negativo 

STOP 
macrolide 

CURB 65 >3  S. pneumoniae (con batteriemia) 
L. pneumophila  S. aureus (MSSA o  
CA-MRSA - PVL) 
 
Enterobacteraiceae  
P. aeruginosa (fumatori, BPCO, fibrosi 
cistica) 
 
 
 

Ricovero Non ICU 
AMOXICILLINA/AC.CLAVULNANICO 2.2 g ogni 6 ore ev /1g 
ogni 6 ore per os  
+ CLARITROMICINA 500 mg ogni 12 ore per os   
Oppure  
CEFTRIAXONE 2g/die ev   
+ CLARITROMICINA 500 mg ogni 12 ore ev   
    

 
 

 
5-7 gg 

14 gg se 
Pseudomonas 
 
 
 

Se Ag 
urinario 

Legionella 

Versione n. 0 
del 20 Ottobre 2014 
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°°ESBL Enterobacteriacee  
 
 
°°°CA-MRSA  

Ricovero ICU 
PIPERACILLINA/TAZOBACTAM DC 4.5 g in 2 ore, poi 16/2g   
IC o 
CEFTAZIDIME DC 2g in 2 ore ev poi 6 g in IC 
 +  
AMIKACINA 15 mg/kg/die in monosomministrazione 
+ CLARITROMICINA 500 mg ogni 12 ore ev   
  

Se fattori di rischio per ESBL 
MEROPENEM DC 1g in 2 ore seguito da 1g ogni 6 ore 
(con tempo di infusione di 6 ore)  
+ CLARITROMICINA 500 mg ogni 12 ore ev   
   

Se fattori di rischio per CA-MRSA 
associare LINEZOLID 600 mg ogni 12 ore ev/os o 
VANCOMICINA DC 15 mg/Kg in 2 ore ev e poi secondo 
nomogramma 
 

negativo 
STOP 

macrolide  

In caso di allergia ai beta lattamici: 
LEVOFLOXACINA 500 mg ogni 12 ore ev (o per os) o MOXIFLOXACINA 400 mg/die. 
Se CURB 65 >3 CIPROFLOXACINA 400 mg ogni 8 ore ev (750 mg ogni 12 ore per os) o LEVOFLOXACINA 500 mg ogni 12 ore ev (o per os)  +  AMIKACINA 15 mg/kg/die 
in monosomministrazione 
Se elevata prevalenza di resistenza ai chinolonici o se fattori di rischio per Pseudomonas  
 MEROPENEM   ( rischio di cross reazione 3%)  DC 1g in 2 ore seguito da 1g ogni 6 ore (tempo di infusione di 6 ore)+  Claritromicina 500 mg ogni 12 ore per os 

* cardiopatie, malattie polmonari, insufficienza renale cronica, terapia immunosoppressiva, alcolismo, pz neoplastici 
°°° provenienza da aree endemiche (Sud America; Sud Est asiatico; Australia, USA), categorie a rischio: militari, carcerati, atleti, omosessuali, colonizzazione nota da CA-
MRSA, TD 

Polmoniti Correlate alle pratiche assistenziali (HCAP) 
 
NON sepsi o sepsi non severa 

PIPERACILLINA/TAZOBACTAM DC 4.5 g in 2 ore, poi 16/2g 
in  IC + LINEZOLID 600 mg ogni 12 ore ev/os o 
VANCOMICINA DC 1 g in 2 ore ev e poi secondo 
nomogramma   

 
 

Sepsi grave 

ESBL Enterobacteriacee; P. aeruginosa; S. 
pneumoniae; MRSA  

MEROPENEM DC 1g in 2 ore seguito da 1g ogni 6 ore 
(con tempo di infusione di 6 ore) 
+ LINEZOLID 600 mg ogni 12 ore ev/os o VANCOMICINA DC 
15 mg/Kg in 2 ore ev e poi secondo nomogramma   

8-10 gg 
14 gg se 

Pseudomonas 
 

 
 
 
  

-Klotz, Drug Metab Rev 2009

Physiologic 
change

Result PK parameter PK effect

Reduced muscle mass 
and total water

Accumulation of 
hydrophilic drugs

Volume of 
distribution

Increase of drug plasma 
concentrations

Increased body fat Accumulation of 
lipophilic drugs

Volume of 
distribution

Increase of drug half-life 

TISSUE PENETRATION OF ANTIBIOTICS: POSSIBLE CHANGES IN ELDERLY 
PATIENTS

• Decreased absorption
• Decreased distribution
• Decreased metabolism

• Decreased renal elimination

AGE-RELATED PHARMACOKINETIC CHANGES
IN ELDERS

AZIENDA OSPEDALIERO-UNIVERSITARIA DI FERRARA

RACCOMANDAZIONI LOCALI DI TERAPIA ANTIBIOTICA RAGIONATA DI 
PAZIENTI CON  POLMONITE, AFFERENTI AL PRONTO SOCCORSO E 

RICOVERATI NEI REPARTI DI MEDICINA INTERNA O INVIATI A 
DOMICILIO

CORSO INTERAZIENDALE SULLE POLMONITI TRA LE AREE DELLA EMERGENZA 
E I DIPARTIMENTI DI MEDICINA INTERNA 

CAP INVIATA AL DOMICILIO (CURB 65 = 0-1) ESENTE DA COMORBOSITÀ E 
GARANZIA DI ADERENZA DEL PAZIENTE ALLA TERAPIA ANTIBIOTICA AL 

DOMICILIO 

Amoxicillina/Clavulanato 1 g x 4 cp /die
+
Claritromicina 500 mg x 2 cp /die  oppure Azitromicina 500 mg 1 cp /die 

S e a lle rg ia  a lle  B e ta  – la ttam ine

Levofloxacina 500 mg x 2 cp al giorno

Se insufficienza renale

Moxifloxacina 400 mg 1 cp al giorno

Durata della terapia

7 giorni (o fino a 3 giorni dopo lo sfebbramento)

14 giorni (Se sospetta legionellosi)
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CAP ospedalizzata (CURB = 1) associata a comorbosità o CURB ≥ 
2 

Amoxicillina/Clavulanato 2,2 g e.v. x 4 al giorno
+

Claritromicina 500 mg x 2 cp /die oppure Azitromicina 500 mg 1 fl e.v. /die 

Se insufficienza renale 
Ceftriaxone 2 g e.v. /die

+
Claritromicina 500 mg x 2 cp /die oppure Azitromicina 500 mg 1 fl e.v. /die 
•Se allergia alle Beta – lattamine Levofloxacina 500 mg x 2 e.v. al giorno 

Durata della terapia

7 giorni (o fino a 3 giorni dopo lo sfebbramento) 
14 giorni, se si sospetta legionellosi 

[EV]

Polmoniti associate alle pratiche assistenziali (pazienti provenienti da RSA 
o strutture affini, dimessi recentemente dall’ ospedale, già trattati di 

recente con terapia antibiotica, pazienti in assistenza domiciliare ecc.) 
A. In assenza di sepsi 

Piperacillina/Tazobactam4,5 g e.v. x 4 al giorno
+

*Vancomicina 30 mg/Kg e.v./die, in pompa in infusione continua ( dose carico 1 g e.v.) 
oppure

*Linezolid 600 mg e.v. x 2 / die ( quest’ ultimo soprattutto se insufficienza renale) 

( *se fattori di rischio per MRSA: es. CVC, lesioni da pressione, recente infezione MRSA, 
terapie recenti con chinolonici o cefalosporine III°, portatori nasali MRSA) 

Se allergia alle Beta – lattamine
Meropenem1 g e.v. infuso in 2 ore ( dose carico) e a seguire Meropenem1 g e.v. x 4 /die ( 

con tempi di somministrazione di 6 ore )
+

*Vancomicina 30 mg/Kg e.v./die, in pompa in infusione continua ( dose carico 1 g e.v.)
oppure

*Linezolid 600 mg e.v. x 2 / die ( quest’ ultimo soprattutto se insufficienza renale) 

( *se fattori di rischio per MRSA: es. CVC, lesioni da pressione, recente infezione MRSA, 
terapie recenti con chinolonici o cefalosporine III°, portatori nasali MRSA) 

Paziente con Polmonite e Sepsi Grave
• Piperacillina/Tazobactam 4,5 g e.v. infuso in ora (dose carico) seguita da 

Pipe/Tazob 18 g e.v./die , in pompa in infusione continua +

Linezolid 600 mg e.v. x 2 al giorno 

• Se allergia alle Beta – lattamine

• Meropenem 1 g e.v. infuso in 2 ore ( dose carico) e a seguire Meropenem

1 g e.v. x 4 /die ( con tempi di somministrazione di 6 ore ) +
Linezolid 600 mg e.v. x 2 al giorno 

• Durata della terapia

10 giorni ( 14 giorni se sospetto Pseudomonas o MRSA) 

Frequenza con cui diversi siti di infezioni 
hanno dato origine a sepsi grave in 455 

pazienti

0
5
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50

site infections

Lung
Abdominopelvic
Urinary tract
soft tissue
Other 
Unknown

Wheeler, A. P. et al. N Engl J Med 1999;340:207-214
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Major Clinical Syndromes of Pneumococcal Disease: 
U.S. Data

Centers for Disease Control and Prevention. MMWR. 1997;46(8):1-24.

Meningitis: 3,000

Pneumonia: 500,000

Bacteremia: 50,000

Estimated
Annual
Cases

POLMONITE LOBARE

PNEUMOCOCCO

ALVEOLI

PORI INTERALVEOLARI

EDEMA E 
CONGESTIONE

PROLIFERAZIONE

BATTERI

DIFFUSIONE

INALAZIONE

pfludges

Caso Clinico…

• M, 54 anni in gravi condizioni

• Diabete mellito tipo 2

• il 03.02.2017 ricovero Malattie Infettive per polmonite Sn preceduta da 2 gg da 

febbre, brivido e dolore trafittivo (Augmentin non-responder)

• Leucocitosi (neutrofila) PCR e PCT elevati. Emocolture (3/02), RX torace

• Ag urinario per Legionella negativo, S. pneumoniae (dubbio)

• TAC

• Inizio terapia empirica

• 07/02: 2 emocolture del 03.02 positive per S. pneumoniae. 

• Modifica terapia

GB (x103

µl/ml)
Neutrofili (x103

µl/ml)
Linfociti (x103

µl/ml)
PCR

(mg/dl)
PCT 

(ng/dl)
Terapia

03.02 21.8 20.1 1.8 34.06 41.00

VANCOMICINA 250 MGX4
TAZOCIN 18 G IN POMPA 
ELASTOMERICA

04.02 10.1 7.76 1.37 27.31 25.7

VANCOMICINA 250 MGX4
TAZOCIN 18 G IN POMPA 
ELASTOMERICA

07.02 9.25 5.39 2.46 3.23 LEVOFLOXACINA 500 MG X 2

AZIENDA OSPEDALIERO-UNIVERSITARIA DI FERRARA

LABORATORIO DI ANALISI UNICO PROVINCIALE - Direttore  Dr.ssa Enrica Montanari

Segreteria Arcispedale S.Anna-CONA Tel.0532 236250 (dalle 10:00-alle 12:00)-Segreteria Centro prelievi San Rocco Tel.0532235655

SC LAB.ANALISI CHIM.CLIN.e MICROBIOLOGIA (Dr.ssa E.Montanari); SSD SPECIALISTICA (Dr.G.Guerra)

Provenienza: 453   DEG. MALATTIE INFETTIVE UNIV.

(45.3)
 . 
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20022884669354

Sesso:  M

Id.:   6100082408 Tes.  Sanitario: 7266160Data Nascita: 01/01/1963 Età:  54  Anni

Codice Fiscale: TRTDNL63A01A965I Richiesta: 288466 03/02/2017del:
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Sangue vena perif.

[0] Esame colturale aerobio :

Positivo

Streptococcus pneumoniaeCeppo   1

Ceppo  1 Streptococcus pneumoniae

MICAntibiotici MicS MicR

<=0.06Amoxicillina > 2S <= 0.5

<=0.06Cefotaxime > 2S <= 0.5

<=0.25Eritromicina > 0.5S <= 0.25

<=0.03Imipenem > 2S <= 2

<=0.5Levofloxacina > 2S <= 2

<=2Linezolid > 4S <= 2

<=0.25Moxifloxacina > 0.5S <= 0.5

<=0.25Telitromicina > 0.5S <= 0.25

<=1Tetraciclina > 40S <= 20

20Trimetoprim/Sulfam. > 40S <= 20

<=1Vancomicina > 2S <= 2

<=0.06Penicillina G (polmonite) S

<=0.06Penicillina G (meningite) > 0.06S <= 0.06

<=0.06Penicillina G (altro) > 2S <= 0.06

<=0.06Ceftriaxone > 2S <= 0.5

Antibiogramma interpretato secondo criteri Eucast

MIC = Concentrazione Minima Inibente (ug/ml). Breakpoints: MicS= limite di sensibilità; MicR= limite di resistenza. 

Categorie di Interpretazione: S = Sensibile; I = Intermedio; R = Resistente

Tutti i valori di MIC preceduti dal segno <= sono espressione di piena sensibilità del microrganismo in vitro

Sangue vena perif.

[0] Esame colturale anaerobio :

Vedi Flacone Aerobio

Continua nella pagina seguente


