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Tablel. Most common etiologies of community-acquired pneumonia.
Patient type Etiology

Outpatient Streptococcus pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
Chlamydophila pneumoniae
Respiratory viruses*
Inpatient (non-ICU) S. pneumoniae

M. pneumoniae

C. pneumoniae

H. influenzae

Legionella species
Aspiration

Respiratory viruses*
Inpatient (ICU) S. pneumoniae
Staphylococcus aureus
Legionella species
Gram-negative bacilli

H. influenzae

NOTE. Based on collective data from recent studies [8]. ICU, intensive care unit.
* Influenza A and B, adenovirus, respiratory syncytial virus, and parainfluenza
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Reproduced with permission from: Viruses, Mycoplasma, and Chlamydia. In: Imaging of

Pulmonary Infections, Miller NL, Franquet T, Lee KS (Eds), Lippincott Williams &

Wilkins, Philadelphia 2007.
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Table 2. Diagnostic tests for Legionella species [34].
Test culture Urine antigen
characteristic

Strains detected All species and Detects only L. pneumophila serogroup 1;
serogroups this accounts for 70 to 80 percent of cases
Speed to results >3 days 15 minutes with some assays

Technical demands | Difficult - high rates of | Easy - rare false negatives except with

false negatives strains other than L. pneumophila serogroup
1
Overall sensitivity | <10 to 80 percent 70 to 80 percent
Overall specificity | 100 percent >99 percent
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Does the patient have either of the following?
* Septic shock requiring vasopressor support
* Respiratory failure requiring mechanical ventilation

1
Yes

A

Urgent transfer to critical
care site (ICU or ED)

1
No

¥

Are there practical concems about outpatient management such as:
» Inability to maintain cral intake

* Concemn about adherence to therapy

* History of substance abuse

* Mental diness

* Cogritive or functional impairment

= Concemn about living or social situation (eg, homelessness,
residence far encugh from 2 healthcare facilty that prechudes
timely return to care in the event of clinical worsening)

I

T
Yes

No
A

Is the patient’s oxygen saturation <92% on room ar
and does it represent a significant change from baseline?
1

No

v

- i

Auy)

Inpatient managment is warranted

Choose a scoring system (PSI preferred) Y
1

I
Preferred
scoring system

\

|
Class ITI

v

[
ClassIorll

Y

Class IVor V

e
sconng system
¥
]c-bmuum-ssmhl

!
!

Score 19 or 2

Y

I
Score 0

v

Score 3t0 5

Manage as an cupatient$ or

Manage as an cutpabent§ weiths Beiaf ob sonal stay

Manage as an outpatient

Admit to the general medical ward

\

= Akered mental status
* Hypotension requiring fluid suppert
s Temperature <36°C (96.8°F)

* Respiratory rate 230 breaths/minute
* Pa0/Fi0; ratio £250
* Blood urea nitrogen 220 mg/dL (7 menol/L)

Are there features that support ICU level care? Often, when patients have 23 cf the following diinical criteria, they warrant admission to the 10U 4

® Leukocyte count <4000 cells/microl.
* Platelet count <100,000/mL
= Mukilobar infiltrates

T
Yes

lAdmittothcla.ll [mmhmmm
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Outpatient treatment

1. Previously healthy and no use of antimicrobials within the previous three

months:

A macrolide (azithromycin, clarithromycin, or erythromycin)

OR

Doxycyline

2. Presence of comorbidities such as chronic heart, lung, liver, or renal disease,
diabetes mellitus; alcoholism, malignancies, asplenia; immunosuppressing
condjtions or use of immunosuppressing drugs, or use of antimicrobials within the
previous three months (in which case an alternative from a different class should
be selected):

A respiratory fluoroquinolone (moxifloxacin, gemifloxacin, or levofloxacin [750 mg])
OR

A beta-lactam (first-line agents: high—dose amoxicillin, amoxicillin—clavulanate;
alternative agents: ceftriaxone, cefpodoxime, or cefuroxime) PLUS a macrolide

(azithromycin, clarithromycin, or erythromycin)*

3. In regions with a high rate (>25 percent) of infection with high—level (MIC >16
meg/mL) macrolide-resistant Streptococcus pneumoniae, consider use of

alternative agents listed in (2) above.

Inpatients, non-ICU treatment

A respiratory fluoroquinolone (moxifloxacin, gemifloxacin, or levofloxacin [750 mg])

OR
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An antipneumococcal beta-lactam (preferred agents: cefotaxime, ceftriaxone, or
ampicillin—sulbactam)PLUS a macrolide (azithromycin, clarithromycin, or

erythromycin)

Inpatients, ICU treatment

An antipneumococcal beta—lactam (cefotaxime, ceftriaxone, or ampicillin—
sulbactam) PLUS azithromycin
OR

An antipneumococcal beta—lactam (cefotaxime, ceftriaxone, or ampicillin—
sulbactam) PLUS a respiratory fluoroquinolone (moxifloxacin, gemifloxacin, or
levofloxacin [750 mg])

OR

For penicillin-allergic patients, a respiratory fluoroquinolone (moxifloxacin,

gemifloxacin, or levofloxacin [750 mg]) PLUS aztreonam

Special concerns

If Pseudomonas aeruginosa is a consideration:

An antipneumococcal, antipseudomonal beta—lactam (piperacillin-tazobactam,
cefepime, imipenem, or meropenem) PLUS either ciprofloxacin or levofloxacin
(750 mg)

OR

The above beta-lactam PLUS an aminoglycoside PLUS azithromycin

OR

The above beta-lactam PLUS an aminoglycoside PLUS a respiratory
fluoroquinolone (moxifloxacin, gemifloxacin, or levofloxacin [750 mg]); for
penicillin—allergic patients, substitute aztreonam for above beta—lactam

If CA-MRSA is a consideration:

Add vancomycin or linezolid

Lpadinal A0 <) 23l [42] djaall Gl dlandl dseal) Gluag (ads led Loy
2ty Ganyall el Sl g padinall 330 i ad st e uld (S8 el Gluagl) Glé
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Pneumonia severity (based on | Treatment Preferred treatment Alternative treatment
clinical judgement supported site
by CURBG65 severity score)
Low severity (eg, CURB65 =0 to Home Amoxicillin 500 mg orally three Doxycycline 200 mg loading dose then
1 or CRB65 score =0, <3 times daily 100 mg orally once
percent mortality) daily or clarithromycin 500 mg orally
twice daily
Low severity (eg, CURB65 =0 to Hospital Amoxicillin 500 mg orally three Doxycycline 200 mg loading dose then
1, <3 percent mortality) but times daily 100 mg orally once
admission indicated for reasons If oral administration not daily or clarithromycin 500 mg orally
other than pneumonia severity possible: amoxicillin 500 mg IV twice daily
(eg, social reasons/unstable three times daily
comorbid illness)
Moderate severity (eg, CURB65 Hospital Amoxicillin 500 mg to 1 gram Doxycycline 200 mg loading dose then
=2, 9 percent mortality) orally three times 100 mg orally or levofloxacin 500 mg
daily plus clarithromycin 500 mg | orally once daily or moxifloxacin 400 mg
orally twice daily orally once daily
If oral administration not
possible: amoxicillin 500 mg IV
three times
daily or benzylpenicillin
(penicillin G) 1.2 grams IV four
times daily plus clarithromycin
500 mg IV twice daily
High severity (eg, CURB65 =3 to | Hospital Antibiotics given as soon as Benzylpenicillin (penicillin G) 1.2 grams
5, 15 to 40 percent mortality) (consider possible: Co-amoxiclav IV four times daily plus either
critical (amoxicillin-clavulanate levofloxacin 500 mg IV twice
care potassium) 1.2 grams IV three daily or ciprofloxacin 400 mg IV twice
review) times daily plus clarithromycin daily OR Cefuroxime 1.5 grams |V three

500 mg IV twice daily
(If Legionella strongly suspected,
consider adding levofloxacin)

times daily or cefotaxime 1 gram IV
three times daily or ceftriaxone 2 grams
IV once daily, plus clarithromycin 500
mg IV twice daily
(If Legionella strongly suspected,
consider adding levofloxacin)
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s st LS (P=0.007) sl Ao 50l g Lilian) ala J<a ctil i (A Laall Ll )
(8) Usall 3

e As ganal BLad) B o ) g8y cpdl) g ) g8 g3 (Al uda yall 4 el ailiaddl g ciliLnd) 1(8) Jaad)
SN e Gy drainal) 4l @i

p-Valuer 1gdg cpl Blall ad o 168 (il A ) pailiadl)

(n= 44) (n=53)
0.0001 66.5 52.6 sl yanl)
0.0867 11 (25) 23 (43.4) n (%) o)
0.59 9(20.45)  8(15) N (%) J3ial b dms yal) Adial
0.0216 17 (38.6) 9(16.9) N(%) <l ) gad
0.398  17(38.64)  16(30.19) (%) ol sl ¢l
0.34 12 (27.27) 10 (18.87) N(%) bS]
1 2 (4.5) 3 (5.66) (%) oA Als il
0217  7(1591)  4(7.55) N(%) wiles Sie 5 Sasla
00269  15(34.09) 7 (13.21) (%) e 3e 555, ¢l

0 (0) 0 (0) N(%) Gaie G238 ) sead
00102  8(18.8) 1(1.89) (%) (e 30 55 5y
0207  12(27.27)  8(15.09) (%) 5 S 13
0.173 4 (9.09) 1(1.89) (%) i
0.623 1(2.27) 3 (5.66) N(%) olie s
0.007 36 (37.89) 15 (24.19) N(%) "D* biia 3l Lial sa¥l
0.09 31 (70.45) 24 (45.28) N (96) Cis Al a3 sl o

Wilcoxon/Kruskal ) sloal alasiul 25 4sd jeall Jlao 8 Y) (Fisher’s exact test) [Lid) aladiul 5@
-(— Wallis rank sum test

ol (LAl ¢ SEaY) ) sead) s [45] 4Dleys Fine Lyl s lanaas &3 3l Asejall alyeY) b
(R Laal) Agle sl Galall ¢ o2l ) aail) ¢ (55

Agalaall Y claladUl ¢ Slpal sl ¢ ) die Al 2l (b} a5 @AY diadall Galyedl @
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{ o lall Jagit)

g luil) pmleadl (15 > Sudle Gubite) ol muid cadall sl elall ) aas Gl dalay
1.47 é}ﬁ u@l:\‘)ﬁ\ &Lﬂ‘)\ 6‘)ALQ 60 Caah u_..\;.usm L.;i‘)aj\ Ll ua\.ﬁ;.a\ }T %90 Caal
a3t 30 Dl gl Lilas) sl Gl aed S Jyfis 66 Gsd Rosadll sl £ lisyly J/s
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Ball 1o | gy sl g 1 ghg3 il g sall Al g g peiall g g3 pead) i 92 5l 2(9) s

SN 1 e dpaianall A ) ida ja A garal

p-valuea ) sd 55 Cpdll A e ) ghy Cpdl) bl
(44 n=) ,n (%) (n=53) ,n(%)sad

1 10 (22.73) 13 (24.53) 38< 51 35 > 5l all

0.0214 7 (15.91) 1 (1.89) o= s

0.971 9 (20.45) 10 (18.87) O emliY) Ll

3« 90-100

0.986 1(2.27) 1 (1.89) 90 > sl aacal
ke

0.129 12 (27.27) 9 (16.98) 60 = hlus¥) baaall
ale

0.59 5 (11.36) 5 (9.43) Y125 < Gl

0.228 18 (40.91) 18 (33.96) < il &y 20
330

0.234 15 (34.09) 13 (24.53) O ol &l e 20

3/30-22

0.006 10 (22.73) 18 (33.96) %80-90 (st g L)

0.005 18 (40.91) 7 (13.21) %80 > gLy

0.504 3 (6.82) 6 (11.32) 250 € Jdeadll S
JY s

0.642 10 (22.73) 15 (28.3) Jog 10 > s

0.0015 20 (45.45) 8 (15.09) 1.47 < oady S
J

0.0005 24 (54.55) 14 (26.42) Jy/ee 66 < 45

0.051 30 (68.18) 45 (84.91) > A3 aall PH
7.35

0.34 3 (6.82) 7 (13.21) 130 > 50 suall

0.0243 17 (38.64) 24 (45.28) 34k 60 > PAO2

0.794 9 (20.45) 9 (16.98) Cainll Lol

0.085 3 (6.82) 1 (1.89) 538 all Ainll J 58

0.07 1(2.27) 9 (16.9) B (a paS 3l

(Fisher’s exact test and Univariate Analysis of Variance) _lis) aladiul 25 a

e S aaly agag o cun (Mutivariate Analysis) saasiall ciyusiall Jalas efya) ey
5L ge Jise (S 385 [45] 4Dy FiNe adysy s 523aalls "D* 455Ul Cilualya)
) (8 eSO ad) darall 5 %90 caat g lady) (mleas) b G, el das
e ps 30 A il A 80l ae Jiiee IS0 Lad G5 < Gale 60 a3 Syl

ERIAY]
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syghdll miiie oiape ang PSI o (IH-T) 3150
e %46.39 53k L iy 97 dual (e i 45 ([45] 4Dl Fine duy s
O e 30 DA A @l gl dual e (%25) e 11 pgie o5 Auhall A Jlea)

s LS a7 aanze S (1) ooyl paa (g &) s ol L A0 culdy LY

Jota (il oiayall 2ae €

(1) Bkl (10) Jsaadl 3

a5 30 A cild ol Alid) g Aoy Ay igaiil) dagll) g due 531 Apaabual) ¢y 43 8l G 1(10) S
g jaal) @l jrdial) Calidal 530 gAY e Cuans dsmaliaal) 40 Cd LlaY) (e

O . .

S Rl Ae®) L Dalaall o e 30 DG clig ,
(;:ﬁ‘ Yoot Yo ol ” Laal) el 2N (%) il

PSI
N/A 35 0 100 > 0/7 (0) I
92 45 35 100 Sl 3/20 (17.6) il
88 58 45 93 >II1 8/18 (44.4) 111
75 63 64 75 >|Va 14/26 (53.8) I\
64 73 86 43 Vv 19/26 (73.1) Vv
CRB-65
N/A 45 0 100 >0 7129 (24.1) 0
75 54 41 84 >1a 18/39 (46.2) 1a
63 65 81 43 >2 13/23 (56.5) 2
58 100 100 13.6 >3 4/4 (100) 3
55 100 100 4 >4 2/2 (100) 4
DS-CRB-Age

N/A 45 0 100 > 6/35 (17.1) I
82 61 54 86 >I1 22/43 (51.2) il
64 84 94 36 >II1 13/16 (81.3) 11
56 100 100 6 >V 3/3 (100) IV

N/A, not applicable. [42]<[45] &) !l crun 3 shadll e ia jall 48 paal) Aol el Jis @
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laa) 50 %70.1 @ 3 Ly Liaiye 97/68 ([42] HsSaall el aem 5shadl)  mddiia
Anlia) 558 (PIA TSI il gl e (%56.8) Uiy 25 danydll o2 e 5 Ayl die
7 gt 3535 CRB=65 (sbite aa 3kt (0) le Aoyl 038 (o Glaiye 29 Jean Laiy
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s25 DS-CRB-Age (ibie cua ddaii (2-1-0) (Ao pgani b lshan 0olll oayall Ll
Byshall ocabiie oiayall dayd asjliel (Sa 43l ((10) Jsaadl s (1) Aa)dd) s
CRB- (ihite s 5yshdll il ompall ST jlad (ale Ailia) ddlaal ) Toliid
97/35 Gasydl) oda & mpall 23e il 285 ([47] Jlaall 13 b Agliall iluhall a5 65
Wl 3l il e (%13.6) ape 6 pgie SB55 Al e aaa (g0 %36 Gawy (gl
ol a4 aanxe by 3 DS-CRB-Age Libie s 3k (0) Ao lshaan cpdll Zually
((3) Lbadls (10) Jsanll 8 anse s LS Aagliall (50 a0 30 DU faal agie sy
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s ppanl e BN b aaa ey Lol Lymatinal) Al s A gara (e 355 1(3) okl
.DS-CRB-Age j.ia

il sl Al Aulayl) 5l Aagdlly dae il Aol (e (3 (10) Jsaadl e Lol LS
A5 A () A yaall BN Gunlaal) (e JSI Apadina) A5501 il BLaY) e as 30 DA
o Al %75 Ay OIS (V-TV) (inpil) e Igiia (a2l oaiayall PSI jaial i)
DS- jaie Gis leiy cidatn [ < €30 adiall dad (35S Laxie CRB-65 _ulsidl %84
Ladie %86 dags 15yl <y Llayl (e as 30 Pha @il el 285 4w CRB-Age
(V= TI-TT) bl e Gutiadd) oiayall g Adas 2 < )sS0al) el dad (550
CRB-65_=idl guli e 43l (AUC) iy (1) Jalls (11) Jsand) (e aadl LS
Aaluall 4ad ae 23)ae (95% Confidence Interval, 95% Cl1:0.58-0.70)0.70 4.3
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P-value= 3ud zs (95%CI:0.67-0.85) 0.78 DS-CRB-Age saiall siall caas
Ol Jied o 3,1 0.02

oo Al dalid) daiil dfilee DS-CRB-Age aiall jisiall cias daluall dad of WS
(95%Cl1:0.66-0.84) 0.77 PSI jaia alass

4Lla¥) (e 053 30 DA il gl il A g jaal) &l jridial) (e JS1 (AUC) (inall it dabusall o 1(11) Jgaadl
SN e daaiaall 40 @iy

AUC SE *Z-value 95% CI
PSI 0.77 0.046 5.811 0.662-0.846
CRB-65 0.704 0.053 3.891 0.58-0.793
DS-CRB-Age 0.784 0.46 6.131 0.675-0.859

*To test AUC >0.5.
SE, standard error. (cs_kasll Uasl))
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msll eall L €3 %52 5 S| %48 Anall cieygs a8 ((flu like illness) sy lasyl
sl yead) (%37.5 Blall (e s 30 DA 4N gl dus cale 49 e ganall s3]
30 ax sladl 38 e Vi Al gl eall clale 48 BLaY! o a2 30 3x i gl
o) 151 (anye 4825 ((P=0.9) Lilaa] ol Gl (s <llds 41w 49 L) (50 a5
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sl ¢ SEAY) Q) sad) [45] 4oy Fine duls b saxadl AS)La el
Zaui 53L) e Liliaa) ala <G il A (R Laal) Ao o) Glasal) cclilall (cpajall (50

(12) Jsal b mmse 8 WS (P=0.2) bl
Vsa die il ol La 5aL5) Al Liliaa) ala Ll 4l IS a8 cpajall (5551 lall Zaally Ll
cand el g L) Galiad OIS LS ((12) sl b manse 58 WS (P=0.003) aa el
Jsall b miage o LS (P=0.0004) a5 30 wldy daadgp 4 dals dilas] 2ad %90

(14)
I3 udapal Blall A8 e )58 ¢l g ) 5868 Cplll ouda sall Ay o pead) Gaaibiadl) g bl 1(12) Jgaad
83351 A gl A4
p—Valuer g i) sladl a8 o ) g8y cpdll &) pailiadl)
(n=18),n(%) (n=30),n(%)
0.9 55 52 (b sl) aal
1.0 9 (50) 14 (46.7) n (%) <y
0.136 2 (11.10) 0.0 (0.0) N (%) Jsall b Ay yal) 4,al)
0.658 3 (16.7) 3 (10.0) N(%) Gl b
0.761 7 (38.90) 10 (33.30) N(%) bl sl glés )
0.4 4 (22.20) 3(10.00) N(%) ALiS)
1.0 0 (0.00) 1 (3.30) N(%) oAl 4uli )
1.0 0 (0.00) 1 (3.30) N(%) seles Sle 5 iala
0.003 7 (38.90) 1 (3.30) N(%) im0 ¢l
0.136 2 (11.10) 0 (0.00) N(%) (n G3S ) ol
0.288 6 (33.30) 5 (16.70) N(%) ein § IS gucd
0.513 6 (33.30) 7 (23.30) N(%) &S ¢l
0.375 1 (5.60) 0 (0.00) N(%) <bila
0.375 1 (5.60) 0 (0.00) N(%) = lie Lo
0.214 14 (77.80) 17 (56.70) N(%) "D* bia all () saY)
0.059 9 (50.0) 8 (26.6) N (%) ScsAl dia je il al

Wilcoxon/Kruskal ) sloal alasiul 25 4sd jeall Jlao 8 Y) (Fisher’s exact test) [Lid) aladiul 5@
-(— Wallis rank sum test

(Rt Ladl) Agle sl Garlall ¢ o2 ) amil) < (55

Aaalanall YT ccladU) ¢ Slpal) 6l o L)) Jie AT Lulall (aleV} s (58] Aiada) (il @
cu_'.\b»u;y\ ‘_,,Js Adiza pe gl Adiza Lﬁ_)S.w gla (gl ji ga\m\ 5232 Lf):‘_) &la c(...‘:g.lﬂa.a.c @AS! sl

{ o luall Lal
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ey oI A 5350y gyl Shaadsall Al Jelis Ala) G Lilias) ala Ly gl asi ol LS
ase sa LS bl s 30l ae Silf3an5 10001 (353 eaall JliSshun g8 s Sl e

oSl Jbe plinl on Wilaa] b Lads a0 Bl e il @l (e a2l ey

A 535l Gag ol Slysadsdl Al Jelis Aulag) ae silfsans 1000 38 Leadll LS ghu sh
Jsaal) b munly LS (+LR=11) (Likelihood Ratio) Zus i dus ae Lads (P=0.002)

-(4) Lhadls (13)
el Aylag) g Silf5an 9 1000 (358 leaall JUisS ghongh (g 1) 38 i gl ) A8 1(13) Jgand
(A a gl Aaial 3 et gl Al
p-valuea | &aa ¥ duwd [ Joli aba aajal) | Joli asla) sl
Likelihood |  Jlsadssl e s sl Lol
Ratio A 5 slail A 535 5la
(n=23),n(%) (n=25)n(%)
Ol SIS i
0.002 11 1 (4.3) 11 (44) 1000< 4 sius il
B

(Fisher’s exact test and Univariate Analysis of Variance) JLis) aladiul s a
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Blad) a8 o ) gy Cpdll g ) g 68 Cdll g pall Ao landidl g A puiiall g A sl 12 g2 5l 2(14) J g2l
B 3 ML A g ) A3 I3 pua yal

p-valuea 5855 Gl A e gk Gl bl
(n=18) ,n (%) (n=30) ,n(%)sadl

1.0 5 (27.80) 8 (26.70) 38< 4l 35 > 5l yall

0.059 4 (22.20) 1 (3.30) = sl

0.051 0 (0.00) 8 (26.70) O aly) asall

4L 90-100

0.40 1 (5.60) 2 (6.70) 90 > (aliVl Laal
ala

0.086 3 (16.70) 5 (16.70) 60 = by laxuall
ale

0.872 1 (5.60) 3 (10.00) Y125 < )

0.245 9 (50.00) 16 (53.30) < L) ) pe 220
30

0.245 4 (22.20) 11 (36.70) O ol ¢ e dae

3/30-22

0.0004 1 (5.60) 13 (43.30) %80-90 ¢ g ludy)

0.005 11 (61.10) 4 (13.30) %80 > glusy)

0.40 4 (22.20) 3 (10.00) 250 < Jeadl Su
Jy/ e

0.468 5 (27.80) 5 (16.70) Jofg 10 > ad

0.361 8 (44.60) 9 (30.00) 1.47 < sl S
Jy/

0.448 7 (38.90) 10 (33.30) Jy e 66 < A5l
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True Positive Rate (Sensitivity)
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—p————

20% 40% 60% 80% 100%

AUC SE *Z-value 95% ClI

PSI 0.612 0.082 1.364 0.425-0.749

CRB-65 0.546 0.089 0.521 0.349-0.697

DS-CRB-Age 0.625 0.082 1.524 0.438-0.760
*To test AUC >0.5.

SE, standard error. (ke Uaal)
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