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Pathogens causing Pneumonia
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MINEYMONIA

Gram (+) BakTnpia

+ Streptococcus
pneumoniae

+ Staphylococcus
aureus

+ Streptococcus
pyogenes

Gram(-) AepoBia
“Klebsiella pneumoniae
“E.coli

**Pseudomonas
aeruginosa

<*Haemophilus influenzae




MINEYMONIA

MukoBakTnpidia
“*Mycobacterium tuberculosis

“*Mycobacterium avium intracellulare complex(MAC)

“*Mycobadterium Kanaseii




NMNEYMONIA

Ioi Atuna MikpoBia
*Influenza “*Mycoplasma

S AdEVOiOI pneumoniae
“AvanveuaoTIKOG

> UYKUTIaKOG I0¢ “*Legionnaires’ disease
S CMV

“*Varicella-herpes zoster *Chlamydia
“*No1uwdn¢

HOVOMNuUpnNvwaon




NMINEYMONIA

MUKNTEG
“*Pneumocystis Jirovecii

“*Cryptococcus
neoformans

“*Aspergillus fumingatus

Npwtolwa- Mapaocita
“*Toxoplasma gondii
“*Echinococcus granulosis
*Entamoeba histolytica

“2xIoTOOWHIaon




CAP

Organisms Clinical fearures Imaging findings
Streptococcal Accounts for 40—48% cases of CAP Peripheral homogenous consolidation and basal predominoanoe
P uImonia (Fig. 1)
Uspally seen in young adulis and previowsly healoho Preserved lung volumes
paticnts [8]
Small parapnecumonic effusion {5005y
Rarcly cavitates
Manifests as round Pocumonias in children [9]
K lebsiella Incidence: 3—105% Unilateral or bilatcral
PFTE RFIAPLE T
Commonly scen in diabetics, alcobolics, and Consolidation with increased lung volumes causing bulging
immunocompromised paticnts fassures [10#~] (Fig. 5)
Aussociated with characternistic red corrant jelly spotum in Cawvitation scen commonly ($0% cases)
majority of cases [&]
Rarely. pulmonary gangrens can be seen
Legionalla Accounts for 3% of cases of CAP MMultifocal consaolidation uswally involving middle and lower
Prcumonia lobes (Fig. Ga)
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Wiral
P UM Ondas

Tuberculosis
(TE)

Fungal

Uswpally acguired bw breathing contaminated dropless
example from humidifiers and air conditioners colonized
by these germms

Mostly associated with fever and severe myalgia [8]
Accounts for 3—13% of CAP

Uswally affects children and adualts less than forty yvears of
agre

Associated with fever and dry cowgh [11, 12==]

Accounts for 13% of CAP and is usually seen as oo
infection

Scrological tests arc wsed to confirm the diagnosis of
Chlamydia poewmonia [11]

Caused by variety of organisms, most commaonly influenza,
adeno, RS, varicella, etc.

Muostly seen in children and patienis in extremes of age
associated with upper respirntory tract infections

Most of the viral infections are comphcated by secondary
bacterial infections [13, 14]

Predominantly seen in developing countrices and in paticnts
with immunocompromised status

Two forms are secen. Proimary and post-primary tuberculosis

[15]

Crvprococcus affects immuonocompetent patients [ 16]

Plewural effusion is commonly scen

Slow resolution of radiological findings even after treatomeent
Persistent abnormalities in imaging in long-term follow-up [8]

Diffuse or patchy bilateral reticolonodular pattern of involvernent

Paichy air space consolidation and GGOs can also be scen
(Fig. ab)

MMinimal pleural effusion [11]

Pawhy areas of consaolidation or reticulonodalar predominant
patiern is seen

Aldso lobar pocumonia, peritbronchial nodales, GGOs, or
sametimes infectious bronchiolitis pattern are seen [[12ee]

In patients with milder form of disecase, chest radiograph
is usually normal or shows bilateral hyvpernnflated lungs with
increased peribronchovascular markings [13] (Fig. Ta)

Adeno virus and Influeneza viruses produce patchy or lobar areas
of consolidation with associated (GGO=s and peribronchial
nodules (Fig. Tbh, d)

Waricella pnecumomnia is usually associated with random nodules in
both lungs [13] (Fg. Te)

Primnary TH is associated with consolidation usually subplewral
with ipsilateral hilar lymphadenopathy

Pleural effusion is cormmon

Post-primary TH ousually occurs secondary to reactivation of
underlyving focus of infection (Fig. Sa—

Centrilobular nodules, cavitation, consolidation., and mdliary
pattern can be seen [15]

Radiologically seen as lobar poneumonia and may show caviny
formanon or Modules of varying sizes and GGOs (Fig, %a, b

Aldlergic bronchopulmonary aspergillosis (ABPA) shows
hyvperinflated lungs with centrilobular nodobes; muoucows
plugming can be scen giving finger in glove appearance in chest
radiograph: high-attenuation mucoos: and mosasc attenoation
sccondary o air trapping are also scen [16] (Fig. 9c. d)



NP

Organisms

Clinical characteristics

Imaging findings

FEscherichia coli

FPseudomonas aeruginosa

Sraphyvlococcus aurens

Hemophilus influenza

Acinetobacter species,
Stenatrophomonas
maltophilia, and
Burkholderia cepacia

/

Wiral pathogens {(influenza,
parainfluenza and RSWV)
Fungal pathogens { Candida

species and Aspergillis
species)

Mostly seen in ventilated and immunocompromised
patients [21]

Immunocompromised patients predominantly with
acquired immunodeficiency syndrome and
intravenous drug abusers

Associated with greenish colored sputum

Mostly seen as secondary infection in patients with
viral illness

Hematogenous spread of infection can occur [24]

Patients with immunoglobulin defects are at risk of
acquiring infection
Two types of bacteria seen: encapsulated and

unencapsulated variants, where unencapsulated
variants are associated with severe forms of disecase

Rare cause of nosocomial pneumonia [26]

Rare in the setting of nosocomial ppeumonia

In patients with compromised immune status and
other comorbidities

Bilateral and lower lobe involvement is commonly
seen

Peribronchial nodules or patchy areas of consolidation
Cavitation is common (Fig. 11a, b)
Pleural effusion seen i 30% cases [22]

Most commonly presents as bronchopneumonia
pattern (Fig. 2)

Lower lobe involvement is more common
Mecrosis and cavitation 1s more frequent [23]

Bilateral patchy consolidation or peribronchial
nodules are seen (Fig. 12a)

Hematogenous spread of disease causes septic embaoli
in the form of multiple random nodules with or
without cavitation {Fig. 12b)

During the resolution phase, there is a tendency to
form thin-walled cavities called ppeumatoceles
which increases the risk of pneamothorax [22]
(Fig. 12c)

Bronchopneumonia pattern is seen in 50% of cases
(Fig. 11c)

In severe cases, lobar pnrenmonia can be seen

Cavitation is seen in 15% cases
Pleural effusion is seen in 50% cases [25]

Mon-specific bilateral patchy consolidation can be
seen

Bilateral consolidations and GGOs are commonly
seen [13]

Nodules, patchy consolidation., sometimes GGOs seen
surrounding the nodules producing “halo sign’
(Fig. 13)

Rarely central clearing in a nodule called ‘reverse
halo® =sien can be seen [27. 28]



Pneumonia in immunocompromised patients

Organism

Clinical characteristics

Imaging findings

Preumocystis jiroveci

Aspergillus species

Candida

Cryprocaccus neaformans,
Histaplasmosis

Mucormycosis

Nocardiosis

Pulmonary TB and
Atypical non-Tubercular
mycobacteria

Viral (Cytomegalovirus)

Mostly seen in patients with acquired
immunodeficiency

Patients presents with fever and dry cough
[33]

Aplastic anemia and patients with febrile
neutropenia [35]

Pulmonary candidiasis is seen in patients
with deficient cell-mediated immunity

Immunocompromised patients with reduced
cell-mediated immunity [37]

Patients with febrile neutropenia and
diabetes mellitus [35]

Patients with defects in cell-mediated
immunity and patients on steroids

Infection from Pulmonary TB and non-TB
mycobacteria are difficult to differentiate
clinically

Usually affects infants or adult patients with
impaired immunity

Viral DNA is isolated from bronchoalveolar
fluid lavage

Coinfection with pneumocystis pneumonia

s seen
ey, 0 .y

Bilateral symmetrical perihilar nodules, GGOs and cysts (Fig. 15)
Consolidation and pleural effusion are rare |34]
Semi-invasive, airway invasive, and angioinvasive pattern

Consolidation or nodules with adjacent GGOs (halo sign) seen in
angioinvasive forms. GGOs representing areas of hemorrhage
secondary to vascular invasion (Fig. 16a)

Cavitation seen commonly

Peribronchial thickening/consolidation and nodules are seen in
airway invasive forms [36] (Fig. 16b)

Predominantly presents as random nodules < 1 cm in size [35]
(Fig. 13a)

Reticular and reticulonodular opacities in chest radiograph

Focal consolidation, random as well as centrilobular nodules
[37] (Fig. 16¢)

Focal consolidation, nodules with adjacent GGOs

Cavitation is commonly seen [35] (Fig. 17a, b)

Bilateral cavitating nodules, patchy consolidation

Chest wall involvement seen in 15% cases [38] (Fig. 17¢)

Common cause of chronic infection. Associated with
bronchiectasis, cavitation, centrilobular nodules, and
lymphadenopathy [39] (Fig. 18)

Centrilobular nodules, GGOs, and rarely patchy consolidation [40)]
(Fig. 15c)
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O&cia AoipWEN KATWTEPOU AVANVEUCTIKOU
AoPwdnec mvevpovia (kKupeAdkn mvevuovia)

» KueAduko eEDowpa 2 TeQLPEQLKT] OUOLOYEVTG TUKVWOT = TTUAEG

BOOYXOTTVEDIOVIT (ZX0BTGIONC TIVEDIOVITY)
» Agpaywyol =2 meQLBoyXiko TaQéyxvua

NIAEOT] TVED IOV

» loyevnc mvevpovia, mvevpovia and MukomAaoua

Mewktov TUMoUv mvevpovia

=~ ZZuvduaouog AoBwdovg, BEOYXOTVEVHOVIKOD KAL DIAUETOL TIROTVTIOU




NoBwdn¢c Nveupovia

“H mukvotikr]  Oepgyaociae  mEOoPaAel TG
KUPEALDEG, exTelvETAL OTA TIVEVHOVIKA TUTHATA
HéEow Twv Toowv tov Kohn twv kavaAwwv tov
Lambert”

Bronchiolar-alveolar channels of Lambert

Alveolar pores of Kohn




Xtadlo U’rcegalp.iag (24 oeg oty TV
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7 Ayyewaxr) oop@donon, KupeAdikd
oldnua, BaktnoLakog
TOAAATTARCIAOOG

EguOga nnatomnoinon

» Z0QE0T OLOETEQOPLAWYV, EQUOPWV Kal
tviditvng

» KupeAdwo e&idowpa 2 Opoloyevr|g
oklaon

Dara nmAaToTOoLNoNn

Ivomuwdeg Aeypovadeg KLPeALOKO
eEdowpa

UKVWOT)




NoBwdnc NMveupovia

&QM:QN;Q&

HLIL RML

‘, ¢ v:” \

LINGULAK




» AWV opLlwv XKTLVOOKLEPN
TTEPLOXN - XOKPOTTOLEL TOLC
XYYELKKOUG OXNUXTLOMOUG

» AepoPpoyxXOypOMHX

» SNMUELO OLAOVETXC (XTTWAELKX
OPLOU TIVELUHOVKX MOXAXKWYV
MOpLWV)

» Alxtnpnon oykov (?)
> YTTECWKOTXC/MECTOANOPBLEC -

-KTXOT




NoBwdnc NMveupovia

* Streptococcus Pneumoniae

* Klebsiella pneumoniae
* Legionella pneumophila
* Haemophilus influenzae

* Muvcobacterium tuberculosis



* AoBwong 1) TUNHATKN
* Opoloyevr)g, amo TNV TEQLPEQELX =2 KEVTQO
* YteCwKoTikr) OVAAOYT) / Haganvevpovucq U)\/\oyn
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Streptococcus Pneumoniae



NoBwdnc NMveupovia




: 3, , . A10/2/1980
HAuwtwpévot, avoookateoTaALEVOL, EVOOVOTOKOMLAKOLaoDEVEeLS

BoOYXOMVELUOVIKES e0Tieg - AOBWONG TrvevpOVia
Kowlotnteg

AgQoPooyxXOyQaupa
Bulging fissure sign
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[Tvevpovikn quuatiwon

[TowTtomaOr)c Puvpaticvon
*83-96% veoyva & madux (<5 etwv), 10-43% evnAkeg
* [ Tokvwon (omovdrnmote ota TALdLA/ TTEQUPEQIKA T& KATW /HECO AOO
Kol YAwooda 0Ttovg evrALkeg) =
TLEOELOOTIOMNUEVO KOKKIWwUA (eTtaoPeoTveTal)
kotAouartortoinon (10-30%)
* Aeppadevortabela pecobwoaktov, TuAwv Wiwg AE

(TvEOENG VEKQWOT) AeUPadEVWV)

# YmeCwkotkr) ovAAoYN (30-40% evnAikwv & 5-10% madwv)

3-7 unveg amo v aQx k) ékbeor



[Ivevpovikr pupatiwon
_ Iowtomabng




[Tvevpovikr puupatiwon
[Towtomadng




[Tvevpovikn pupatiwon
[TowrtomtaOng

YoumAeypa Ranke ;




[Tvevpovikn upatiowon
Metangwrtonadrc Pvpativon

» Ex véov evepyomoinon eite véa Aolpwén

¥ OnioOwx tunpata dvw AoPwv & avw TUNHATAR KATw AoBwv

» Katd t01oug mukvwoels 1) Ok TuwTtég kat owdelg oktdoels = kotlopatomnoinon (20- 45% /
oTloOwx TuNUaTa avw AoPwv ~85%) - Ilaxv/Aemtd tolxwua-

YyoaeQuko eTtimedo 2 dxPowoT) PEOYXOL (LETAOOTIKOTNTX)
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Keyxo0e1drjc Puvpatiwon

¥ Auatoyevng Olxomopa (Ttaduy,

AVOOOKATEOTAAUEVOL)

> IlowtomaO1)g, Metamowtoradng TB

¥ OCidix 1-3 mm pe tuxato kKatavoun
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Xgovieg IvwdookAnguvtikég PAaPeg

ACRECTOTTOLOC TTXXUTTAELPLTLOX
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BpoyXOonveupuovia
(AoB1wONC Nnveupovia)

o Boe@kn/madikn — yepovtikny nAkia

<+ 'Evag 1) moAAamAol pikgoogyaviouot

<« TToAAamAég 0Cadelc/dikTLOlwWdELS OKIATELS, CUQQEOLOEG 1] OXL
* A@oQovV Tunua, AoB0, DIACTIAQT KATAVOUT), CUXVA
AUPOTEQOTIAELOA KL ACVUUETOX

<« E&wowuatués — IMuwdelg cvAAoyég TANEoLV

Booyxovg, POy xLOALx, KUPEALDES




Bpoyxonveupovia
dAeyuovn yupw ano AoBidiakouc Bpoyxoug

EEidpwpa EIO‘épXE;CII O€ NEPIPEPIKOUC
Bpoyxoug 1

KaTtaAnwyn Tou nveUPoOVIKoU AoBiou

Mo ouxvn Hop®pn
Anoucia agpoBpoyxoypauuaToq
[1.x Staphylococcus aureus







Lra@uvlokkokikn IIvevpovia

-
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| Staphylococcal pneumonia

Multiple patchy parenchymal
consolidations.
Progress rapidly.

Cavity and pneumatocoele

formation.
Pleural effusion is common.

Pneumothorax can occur.




Alaueon nveupovia

HAw(a, avooomomTiko, TaQayovTeg KivdUvov,
________ emlbetcotnTa oteAéxovg (Adenovirus, Iog yoinmng,
A CMYV, Coxsackie, HBV, HSV)




Aiapeon NMveupovia

TTxxuvon TOLXWHXTOC PpoyXwv-PBpoyXLoAlwyv &
Txxuvon OLXMETOUL LOTOU

!

ALKTLWTN —ALKTLOTWONC KTTELKOVLON

ATTOLOLX XEPOPRPOYXOYPXMMXTOC

[1.x. Mycoplasma pneumoniae




NMepIBpOYXIKO NPOTUNO

AIKTUWTEG OKLACELS UE TIEQLRQOYXOXYYELOKT)
KOATAVOMT], ATIO TIC TTUAEG 0TIV TLEQLPEQELX

NEPPOKUTTAPO

AmMOnon toxwuatwv KLPEADWV and AgPokLTTAQX
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BpOYXONVEUHOVIKO NPOTUNO

AvaAoyo g PEoyxoTvevHoviag, OKTLUWTO TQEOTUVTO TUKVOTNTAG
OoAnc vadov, pe duxomagrteg olOpoEEYes TMUKVWOELS (T.X LOYEVelg
TIVELHOV{EQ)




COVI D_ ] 9 TTATNH- KAwik COVID

CXR Characterization CXR Findings

Bilateral “patchy” and/or “confluent, bandlike” ground glass
Characteristic opacity or consolidation in a peripheral and mid-to-lower lung
zone distribution

Nonspecific Any pleuropulmonary abnormality other than the above
Negative No perceived pleuropulmonary abnormality




'Kpu®pn nveupovia’

v oruioOokadiaké
v TaQakaxQdLak&
v magamuAaia
v TIVEVUOVIKES KOQUPEG
v TTAEVQEODLAPOAY UATIKES YW VIS
(Tteoo0Lec/oTtio0LeQg)

v TaQad ooy LT
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Epmonua Amootnua

[Tagamvevpuovikn cvAiloyn ITvevpatoknAn

[TvevpoBweakxag

EmimAokég mvevpoviag

ITegika@diTda/
Mvokagditida AvamvevoTiKT) aveMAQKELD

AtedekTaola
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EninAokec AoBwdouc
NVEUHOVIAG

“Jlvev uov LKO ATIO0 TN MAX (evdomvevpovigr) koAOTNTA e
TLEMAXVUEVA TOLXWHATA KAL TTVWOES VYQLKO TEQLEXOUEVO, e 1] XWOLS
TIAQOLO Lt AEQX)

* XxetiCopeveg pe tov vmeCwkota

- H(XQOLT(VEUP.OV[KT/] O'U/\AOYf] (tvidtvn kat Aeypovaon
oTol el 2 MAEVQLTIKT) CVAAOYT] TAQA TNV TTVEVHOVIKN €0Tlo)

- EHTCI/)I] MKX (tvortuwdng @Aeyuovwdng avtidgaon Adyw eméKTaong
0TOV LTECWKOTIKO XWQO, He LT oLVNOWGS LYQELKT) CLAAOYN)
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NMVEUHOVIKO anooTnHa

» Anaerobes are most frequent cause; most lung abscesses are
polymicrobial in etiology
o Peptostreptococcus
o Bacteroides
o Fusobacterium
» Also
o Staphylococcus
o Streptococcus pyogenes
o Klebsiella

sitiaemophilusiinfiuenzae » On conventional radiography b

o Actinomyces species
» And, rarely

o Aspergillus

o Cryptococcus

o Histoplasma

o Blastomyces

o Coccidioides

o Mycobacterium

Usually single cavity
Cavities typically have a

= Thick-wall (which may become thinner as the surrounding

inflammation resolves)

= Smooth inner margin

= Air-fluid level
More frequent in superior segments of lower lobes or posterior
segments of lower lobes
Unlike pleural collections, lung abscesses frequently have a fluid
level which is approximately the same length on both the frontal and
lateral projection
About 1/3 may have an associated empyema







MveupaTokiAn

* OUaAO e0WTEQIKO TEQLyQaUUA
* Aemto TolXwua

* ITepuéxel eAaxtotn 1 kaBoAov
oLAAOYN

* Tlagapevel maa v amovoia
CUUTITWUATOAOYIAG










DAD-ARDS
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FACTS

Cﬁ: ) PNEUMONIA

Pneumonia kills more E About 98% children who
Children under 5 than = die of pneumonia live in
any other disease — developing countries
(_}/";
It can be caused by It can be prevented with
viruses, bacteria or fungi. immunization, dequate nutrition

and controlling environmental factors
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