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CT Findings of Pulmonary Infections

Kiyoshi Murata, Masashi Takahashi,
Akira Furukawa, Ryuta Itoh, Michio Yamasaki,
Keizen Sho and Rikushi Morita

Although many pulmonary infections are diagnosed us-
ing chest radiographs in combination with clinical findings
and are treated empirically with antibiotics, there are situa-
tions in which chemotherapy is not effective and further
examinations are necessary. In those cases, CT, especially
high-resolution CT (HRCT), can provide additional infor-
mation about detailed morphological changes of the lung that
are sometimes indicative of the causative organisms of pneu-
monia, such as pulmonary tuberculosis. Although it is true
that the same organism can present a wide spectrum of ra-
diological findings, it is also important for differential di-
agnosis to understand the basic features of pathological
changes of the lung and the CT findings caused by each of
the various organisms. Such CT information would also be
useful in differentiating infectious pneumonia from non-
infectious pneumonia.

This review article presents the principal CT findings of
pulmonary infections and their pathological correlations with
various pneumonias, including bacterial, tuberculous, fun-
gal, and viral pneumonias.
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SolEgE, & MOl OEEZE L L TIIPEX
WERIERTHY), REBRE BRI, OMZ 5
TR S VRER ZHEE L1V ¥ v 768 % Flk
THOWEETH S, PUEWE T 2 S RIFTHI
iE, THhULEOEGBINIILESR . L L, ERIZIE
T BB EVBAF LITLED Y, S0k RiE
I CIRCTHRAD AT S, bivbiulgHsRIIER LK
HEND I LHS\, MEICRL DR, BEOHEEELIIR
BN, w4 aTFKT, vANA, BE L Vo7
WA, Lwv) HL, FEYEMEM RO EEEL RV
VI 2ETHE. ZLDELRY 2 FALZEMERD
ATIHENIIEE LS, CT, & IZHEFHECT (HRCT) 2%
AEI IS X DIk o 2BAE T, IEFwWEE « 7
IZIBAT A 2 EHTEETH D, EINCELOWHHHRMET
X2EeNHE. bbHA, RLEEETH- T, WE
ORFERFEA, BEORERE, HROFEIZL>T, CT
FPRIBIEA VAR b5 L% 22 EENTIER LR
5, FREENICE 4 DIRE T L ITREOFARN R
PHEETEIEDHETHY, ZOEREOCTERDMA
variation & SIS 2 3L B, F T, AT, HEN
HEU 2L LTCOMOEE % ¥ IR<THhL, W{2P
DI BT 5 AT OCTEIZER L, WHERRY FHERE
LRSI R AL CTIR 2T 5.
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BEEHOEARH TH 5 RE LTG0 550 % 8 &
L 7 A5 5 SRRSBREE (9 4%, TRERHAIE L < /B L
THMABIE L2 1A S L & 2 o R % iR 3 5 v (D)
DB Y Lo TWA(Fig. 1). RO X - THiFE
PO AN LN L iR 5 HEIRED
ERLEZL FTEETHL. [EFEIHERH M- T
AL—RIZ@A L, BEEIZAMEOI0%RE TH ), XHRHE
TREE B2 AW RETREZF Db O L FE O EHBL
THHENTVAYY, FEFEEARRIZE L 2 RT3 R
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Fig. 1 Radiograph of normal inflated fixed human lung.
Bronchial branching is composed of dichotomous main
branches and side branches (arrows). Note the thin,
smooth walls of normal bronchi.

, TOPICIBELRELBMIRE ) » S HAELT
W5, EBEECRE IR & EET 248, BRI
COFHPHIRTNEZEHWY, GHELIE " JhEL N
WAZHES B LIRET L 4D, AEMSERIZ~2E0
THRIC & o THIMAEZLICBNET 5 (Fig. 2). #FHEE
XIS HIZI~3ROERIS S, Mila, MilZe L 5k
T2, BATHEL TH 2003 188 T,
RBIEHETH S, Lo T, HME TESMEECT
(HRCT) T TE AHEEIT T RAINEL AV ETTH B L
EEZD LY, WHEBWTICLE A/ NERENL, EERBIIR &
& BITHIET BRF A LEE 1 RIPRAESUE X T TOSE,
TNZERY BUMIEO ", NEDGD—8% MK T 2 i
RSB & UVNEERIFREE L WA T Lk B,

SRl ¢

MR RIE, ZORGREICL - C, B5EY, miT
%, EEEORE T ONEH, £ HREEBISET
H5. WD VIZBAI L > TEBEAIHEA L7-HIH -
Lo THELBHIRICIIHHEENIZ 2 205 4 THHB L
BECHLNTVEY, —DiEhikEk %P7 L7 1
7 Rii g TRFE & B i MR %% (air space pneumonia) T
D, b9 =23 &A% (bronchopneumonia) T& 5. fifi
PR 9& DI B BN LRI BB D A 72 Wi BB AT 20,
KEZEA SN, BIERDNA S i1, M8 o s

Fig. 2 Magnified radiograph of normal inflated lung showing lobular struc-
tures.

L: lobular bronchiole and accompanying pulmonary artery, T: terminal
bronchiole and accompanying pulmonary artery, R: respiratory bronchi-
ole and accompanying pulmonary artery, V: pulmaonary vein.

Fig. 3 Radiograph of inflated lung including Klebsiella
pneumonia with cavity.

Note direct extension of the pneumoniz process to the
neighboring lung parenchyma.

IIE BRI R T 5 M1 A (Fig. 3). L7=d%- T,
CTHfZIZ BT b IEH Al CHIBE LR 2 7t 12 354
BRI E AN H T AEORIMEEL LTHBEN, MEICE
WEE D o TROWEELAETER L LTHALNS (Fig. 4).
T, FEHEOERITNEMBET BT, L
T LITERO R BBRALNE. —F, KELHETIIE
DA ETH 2D L TERDEHEMBRA L Sh
BICOIIREDERIDIIITIIRBIL S 258 % b .

AARER AR #59% H8 %5
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Fig. 4 HRCT image in a patient with pneumococcal pneumonia.
Lung area with dense consolidation shows the bulding pleura and
air bronchogram.
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Fig. 6 HRCT image of bronchopneumonia.

Pneumonic changes show a segmental distribution. Note the
centrilobular nodular opacities (arrows) and conglomerated opaci-
ties.

SR HIA A SR I R L, MRSUESIRE, MR SR
IR L, &5ICEAMERPNELERICEED, H
WA DI BUIFR SN 599 (Fig. 5). L72d%> T, CTHIE
TIEE IR - T B 9 E RS XEMS A 2R L, /N
L AT, BEORZIE/NIE PO ASBA I 2 kLR
¥, THIR BB IEo TRESHHT L L L ITHRER
RRT LIRS, LaL, TRTOREFTER O
T F B L) IR D B DI EE I ATRER IR L
72 & 9 BBERSG A &R~ T (Fig. 6).

BRI RDOCTRTY LIEEL2BET 5013, MRIFEL
ARSI EDSAONLEETH A, 2L 2, Mt

FR114E7H25H

Fig. 5 Radiograph of a 1 mm-thick section of inflated -
lung with bronchopneumonia.

Note the patchy distribution of the pathological processes.
In the area of lung showing early changes, centrilobular
ill-defined opacities (arrows) are demonstrated.
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Fig. 7 HRCT image of air space pneumonia in an emphysema-
tous lung.
Note the cheddar-cheese appearance.

SHEE o722 b B L BB RIRAELT,
FNERL E Vo LB D BN A DT, HERET R
RYREoTL A, & TG MEI iR 7 h38 C 78
A IEWEEE R & 5 5 b L “cheddar-cheese appearance” % £
%“‘ (Flg 7). EHICIIEVERESENC L, FRRD
WZ b, FERERICREELIHL L, REFEE

ﬂ: 72 5.
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Fig. 8 Radiograph of a 1 mm-thick section of inflated lung with
pulmonary tuberculosis.

Early caseous nodules are located around the terminal and first-
order respiratory bronchioles (arrows). According to the disease
extension, nodules are conglomerated and finally reach the lobular
border. Note also the small cavities located in the centrilobular
area V: pulmonary vein.

fi %% #% IE

TR 12 b IATYEME IR LT & 2 BER SRS 2 78, £ ¢
REREZNLTREERT 2. RABITRET 2013,
FHEB M2 L BB OB IEINT L A LT, B
SRER I A U 7 T ML 2 ASERFE ) B O S SR Ok
o, FOEHAAREITRERER VLS | RIPEHSEE L~
N DRITEST & PR % % X 58 A 72 BBEME P 3E R 4 S
RPN OIEE YD, FOLIC X o TIEHT 2 G E X O %55E
PEEE LIS RSB X PIE DSR2 & 2 FElEATE | 29-9)
(Fig.8). T &) % iEHAIHRHIZCTE ClL DB Cl
WA D/NFERLEREARES, NENSIEREE, 5\ id tree-
in-bud appearance” &\ > 7:{$% 29 % (Fig.9). X5 I2ff4
DIFHNLHEAT IS T, NEFLEOB AT L 2558
KLU, NEEE, OIS/ EREXACBBEZ R
5., T/, EEREICB S ERINERLED S5 E
D, ZOWEIZE > TRZERIFE SN2 (Fig. 8). L7zt
2T, CTTIIIN LA DREDFEDIRIEL-FFREE
L, MEDGH A5 AD L MBEMERELMAL b %
Vo L L, REBHE TS 20 % B3 2 S Eoiiie
WAL YBEEOT L, FANERERIREICERET S
&, KEXMJTIZMIBRE D 7201503 Tk
DI LT, #B%TIIMERESE % K L TRl H 5 16
MDY, ENOBEILD.

FZAE TIRIREATTER D & I 2 258460 %
V. B ERLRR TG RE o T/REE PO ERDIRES R 53
MEIRERT B 0ICH LT, EEWHIEHI TR VIR T IR
K, SESR, MERE, SEMELEET. Lizdis
T, WEMEOHFEOHKTIZB W TIZMiL, CRPE Vo4
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Fig. 9 HRCT image in a patient with pulmonary tuberculosis.
Early, active tuberculous changes are demonstrated, including
centrilobular nodules, intralobular branching structures, and tree-
in-bud appearance (arrow).

TR, LEOBERE ORBEFEETHAZILIIED) T
b, BEERMCRETIRE Vo B L E kb
2 VNEELUDIERLR B I L E B A R TR G
BEEZT IV,

RS EDRIERIGIC L > THK S AHRET
HY, RIERETEECRET 2MHELEICBVTIE,
RIERENFER2EBECBIAEEHTRLERL LS L 25T
BMENG., BEIL>THRIZVLEL 2, SR
TREORBIETIE, BE OIS S CIEM I A
bNBR%, BRI, TELRBICHOIRES A
BT L%, EXBESAER LY, BhER
DEEL BN, Fh ) U SHlAOEEL BV E
SNTWwg,

Rl B E D FHE B C I3 ISR ARSI E B85 5 2
EFEHESNTVED, HEIZ1~2%TH 2, CTHET
&, SRRAE & B\ I/NERMERREATL I A S h B
DITMAT, MEFIZOEAEDR) I AERRSENS S
EHRBE STV, BFRIIRHETH LY, EHEORKLE
FEVZPE o 720N AN SEISHES (DAD) S LT3 b 0
CHENTE %, RFEAWEL D OBETIENFCTHEO 2L
RIEHDITHER L7z,

FEE B U ERBIAE

IEERIGUNE B E (MACHE) (3 Mycobacterium avium complex
(Mycobacterium avium-intracellulare complex) | & - T4 |
ZHIRZET, W BV B R S AR T B B L7
BREBLLTHONTWSS, 4, ERACORELS 2
BUREREEEEL LTEE ERTWE919, 20ME/(E
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Fig. 10 HRCT image in a patient with atypical myco-
bacterial infection.

In addition to centrilobular nodules, dilated bronchi and
bronchioles (arrows) are seen.

A E EME L LTV B, BEHEBROEWIEER
BT RURSHE L LT 298, EBERROEWEERIPIEEE

FEIE P EE O CHEEDTE {, ANEROERIRELAE
FIRAEAF T 5 & & AR k HE ST 51319 (Fig,
10). F7z, JEIRBITEPELLEFRIZHA LD HE
FEwEwnwbhTwi

YA AT AR

7437§fvmﬁdﬁﬁ&%ﬁﬁuﬁﬁ¢é:&ﬁ
%<, HEBRKRTIRIFERUMADIRER & L THBRIHE
PEWERETHD., 27074 FRR2 T4 70
AR ED T HAERATH ) MBEMEM L L O&EHIZE
EThbH., ¥4 377 AMROEFHREDHEZ I
T 5 RLEEIE A % A%, mycoplasma pneumoniad¥&iE E
B H D Z &2 LT, BERTIE, WE
ZALIZSE SSE B, 58 SR B O M2 R & FE B A e
BE O RSB & B R R A OB T 5 &
WESINT WSO, EBRIZFMAAEBRAES] & Bt L 72 #t
& TR FERR M SUE S oML R & JE B R BE o JEE A
HRoNTWBEY, LizhoT, CTTALNWATAITT
X2 DFERN ZREDOHEEFNIIFE I - 72 X%
HDIFEDIERN TH Y, ﬁﬁﬁm%’é’i%@ﬁﬁ‘li K
MO EZHBIARFOER, SUEE B ATE O BB % »
LAYHZ AL W) Z 127 589 (Fig. 11). 2D
&, MEHIR 2 Z O FE BRI L v EHFF L
D—=DDFA Y MIkd, &IIZEAPFTTAEICHR
EEIRE P ZIEDS B 2D IR A A 2 B R D )

FHE114E7H25H

Fig. 11 HRCT image in a patient with typical mycoplasma pneu-
monia.

The disease extends along the bronchovascular bundles so
that bronchial wall thickening and surrounding high attenua-
tion areas are seen. Note the relative sparing of pulmonary

veins (arrowheads).
y I!llr'lv
B J

Fig. 12 HRCT image showing diffuse blonchmlar |nvolve
ment of mycoplasma pneumonia. Peripheral
bronchovascular bundles are thickened even in the lobular
level (arrows).

HFENTWBD, ( %T%MLEQWﬁM$®Ek%
mié:&u;og,vimm®MEﬁxxwﬁE
W95 Z LAURETH B (Fig. 12).
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Fig. 13 HRCT image in a patient with measles pneumo-
nia.

Thickening of peripheral bronchovascular bundles and sur-
rounding patchy ground-glass opacities are seen through-
out the lung.

™ I ZF %

ESGED SR L~V D EDFEBITEALATRS A LB H
BETANAZL 2 TEOHHEZ EHFHSNT VRS,
—IN=TF Y THRE ITREDRBIED SIRE T A WV R % Heill
FTHIEIETELRW, LAL, REEHICABEIA VA
125 TREREICITIBHLEE DY), DADE MRS
SERDIAFDVE AEIZA SN A IFRE L oI5 2 LA
T& %2, DADTIE, MIICIZEMME S o ifn, FiklE,
HFBER, U200 -CHIFLRE & IR bR 08T
B, REHOEBE & ICBRELAE L AWRETH 545, =
D &) B L NV DEALIZCT TI3fE 4 OFLE O BRI
ELTERBEN, FLEEEN R AV HFAETH
b. bH5ASREDBREDNG 2 UTERATELE L7-iE
Wb LIXMRTHD, —F, WAEXEE, KM
[ESMBIRRORERAE T B 72012, INERTIEEE D
JERR B OBEME LTHLN, AERLERIRES 2
THROHL. COMEDOEENT A N AfigL VS 2 &
2% 575, LIZLIECTTA LN A RIZIEA L 72 k&
SCIBIIR R D EBF i\ A ) A5 ZEHSBERICH Y Bl &
) BET, —2DHRIUELEZ T wEBbhs (Fig. 13).
JEBIIZ & o TDADD 58 2 EEH L VI A& RIS L 4
ERBBEVoHELDY, L ITRIBESET L
BETIIDADD S BN D Z L Hi%\o.

FIERENET LAZBETIEHA P AF Ty £ )L A (CMV)

Fig. 14 HRCT image in a patient with cylomegalovirus pneumonia.
Although unevenly distributed ground-glass opacities are seen,
thickening of peripheral bronchovascular bundles and surround-
ing ground-glass opacities can also be recognized in less severe
areas.

fii % (Fig. 14) WEETH 5%, FDOCTIHRE LTEELE
PHE SN TWBEDD), Lal, ERBIZOCT ABICHHA
LZZANRESE E AN 7T 2 v LBERORETH Y,
MAREXRLLDADE KM T 2R EELORS, 727,
McGuinness & (ZHTIAPIH L% - & 3 5 JERERE R A s |
THBN?, FHEL LTEETILESH S,

HY =%

A1) ==l g PR EFIR G L > THERET LT
WHLON, KRE LTHMABEE:L L TEELRKERT
&% . Pneumocystis carinii®® I Bffiifs - 2 €42 = &
(2 & o THRBREMIC I 4 DI 4 ) = — R H, kD
TN B e UHEPITFETAMETHAL, ZDEH %
B4 L LT, CTIRIZHEEE T, MIIkG A %
RS AN H T AEHIERIIEDT 2 DHFEATN 72 2929
ANH I ALNITEARICH— O HmT 25500,
HRCT = (8 % & A1) T AFEPIT/INERIREE DR HS A
LB EbHHAN, TNITFMEE LMKREEICL 2D
DEEZLNTWA, F72, AIDSOBETIIR ) HT R
WZEREE ALY, 7, JEAOREERED v
T4 DBEEDOZE 2 T 5 = & b %\ (Fig. 15). 7275,
A Z—HiRTCERTRE Z LI, B ARSIk e
THoHIENL, H)=—DAOMOFEEEDIR SR
HLBIZEPMTIIRL, LAdoT, CTHELIEEICS
Hiohy, SIS ET 2,

it B B iE
% QBRI ESEICEE LIREEAE V2512, vl

BARBER SRR 55 59 % 85
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Fig. 15 CT image in a patient with AIDS and pneumocystis carinii pneumonia.
Note geographic ground-glass opacity and cavities within the opacity.

ODOFISNE BRI, FEEEIEY, RERETERIC
BIFAHMBMRYEE LCHET A, HEBRCHEMRT 55
EREVOIE, 2V FrayhAE, TASVENRE,
BIUH L IPTIETHNOD, ZO=2(Z20WTiHh<5,

77 b3y h AR TR BRI & £ 1B Crypto-
coccus neoformans|Z & > THEL BD8, D% { DILHE & &
S TRFEANCDEET LOHNFTH 52028, @8 AT
SR TIREDI I IRE 5 Z £ B0, RIERIETR
FTIRE WEETEH (L ATHPREARER) B 260
ARV, JRHEEACIIWA SR 2 ) T Ty h AT
ARBEEDRZFIEFFICAE L, WfE Tk, 1) EE
¥ (Fig. 16), 2) %554, 3) XEEREYE, owThrn
N = ERT, & IR ERER SR & D& A 2
DEEL V. ZE, MUK, V) o NEIE R EE A TIIm S
A, RERETEECIRLIFLIEASNS.

T AN FN AJEFHEORVAAREYE S L TEE
THAA, BEMORIEREIZL > THADKELX LD L
PEIbNTW5E, 72k ziE, HEDOT PE—BEFEO—HT
AEND X ITARNVENLAHFEIBESEE b 2EET
i, 7 VAEF—HRETN T AV F I ASE (ABPA) D35
T5, FEIAFET AT ANNFELVAIHT LT LV F—
Oz & o THGERECIZAFREER, V) v /33k, BEMELE
& ¥ HARaRE, BB S T REER T e At &
N5, 0L RHEERELT, HETEIBHEOR
HEEPHAE B OINEEZENALN, SHIEAL L HICK

TR 1147 H25H

_—

Fig. 16 HRCT image showing nodular type of
cryptococcosis.

It is difficult to differentiate this nodule from lung cancer
based on the CT findings.

U & B X8R L v o 7o RSB SRS & £ ONER
[HEHAR DS A LS Z LA TH B,

RIEREATIER % BHE TR OZ R T AR ICHEEER
PR SN, ZRNOBEMEEEEE LTIRALLS, &
FEREDREEALT L2 BE CTIRIRBHEO A ERED & B O
il IS~ D EHEAE U % semi-invasive (chronic necrotizing)
aspergillosis AT T3, —J5, EIMERAYEHIZH
AU RIERETRE T, WPICRASIAT ANVF
v A DSJR R C JR B B R AR & L TR L ALRRERIE 7k
Z L7 hs e 3 A B I N 7 A ~OV F IV ASE (IPA, invasive
pulmonary aspergillosis) LA, 7AW FVAX LT —
NE b IMERBEHEOEHNERTH L2012, HIMACI
B A0V TH L. HHERTAL E, B>
I CHH F A7 B BB R A, BRREISE T AR R
LidBERo R4S % 27 5 (Fig. 17). BWETIEZ
ORI L L - £ 5ol RtoREEL 25 5 0bkk
ARTHY, CTTHD &, I &4 ZREEIIES 5 8%
WA AT AR #i#5 (CT halo sign, Fig. 18) MR
ETHLHEGYETH. AMKKOUWEL &b ITHEOA
812 =H H D2 (air crescent sign, Fig. 19) 25HHIH$ 5 2
LA s b, 7272, CT halo signi3IPAICAT L b %
RELZFRATIRL, MOBRETHALWLILFHDHZ
EIEETALENH LY.

fifin s V5REDITEAERIZFREETREICREL, &
SUERESIC X AL AR E Mg E LY, MATEERE
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Fig. 17 Photograph (A) and
radiograph (B) of inflated
fixed lung with invasive pulmo-
nary aspergillosis.

Note multifocal hemorrhagic
nodules. On the radiograph,
ground-glass opacity (arrow)
surrounding the dense nodule
caused by hemorrhage is
seen.

Fig. 18 HRCT image in a patient with IPA showing CT halo sign.

Fig. 19 HRCT image in a patient with IPA showing cres-

cent sign.
TRIEREITER S NS, BEFTR D7 AV FENRFED PP
£ IHF B %2 b DI IR THA ThH B, H Y ST )
TEDNHONDIZEAEDBERZEET, RAKRERE- W& UTHHNSHARISIERIE & v o 72055k T hE
TWABIZENENTDIZH ¥ T FIEDOEHEHATHI D12 v ZRRTIE, HIKLENE R B & v o 7 JE R 7 BIE RS
ZEb—HEEbNA. EATWAEDLITTC, HE»SHREELEET S LidEkA

BICTE v, Lo L, ARTHRARS LS ISREMAIC L -

14 HAERSIE $59% #8%
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T, R HPEREZRIGEVDYS Y, FEOCTTD
BANERBHNIC L o T, 20 L9 RiEHERZ 2 Z LW T
ELGENHAH. HrDOEREDHGHROZE S EHITY
V58T 5 & T TORED AT RAPEFR L ko T
LEv, HORIZH BRMDIER % T AF72THE L

LToTLEH. FPREBIZESWIERLE Lo &
B2, BRTRSPHREF— 7 2HFRB LIS, CTBEAT
W Z EPRETIE RV ERDNS, KiEHFo—pic
BNEEWTH 5B,
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