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After completing this journal-based SA-CME
activity, participants will be able to:

m Identify radiographic and characteristic
CT patterns of viral pneumonia accord-
ing to pathogen.

m Review new viruses including HMPV,
SARS coronavirus, MERS coronavirus,
and HIN1 virus.

m Discuss the clinical characteristics of
viral pneumonia such as patient age and
immune status, seasonal variation, and
community outbreak periods.

See www.rsna.orgleducation/search/RG.
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this article appeared online.
This article was corrected on
September 10, 2018.

Viruses are the most common causes of respiratory infection. The
imaging findings of viral pneumonia are diverse and overlap with
those of other nonviral infectious and inflammatory conditions.
However, identification of the underlying viral pathogens may not
always be easy. There are a number of indicators for identifying viral
pathogens on the basis of imaging patterns, which are associated
with the pathogenesis of viral infections. Viruses in the same viral
family share a similar pathogenesis of pneumonia, and the imaging
patterns have distinguishable characteristics. Although not all cases
manifest with typical patterns, most typical imaging patterns of viral
pneumonia can be classified according to viral families. Although

a definite diagnosis cannot be achieved on the basis of imaging
features alone, recognition of viral pneumonia patterns may aid in
differentiating viral pathogens, thus reducing the use of antibiotics.
Recently, new viruses associated with recent outbreaks including
human metapneumovirus, severe acute respiratory syndrome coro-
navirus, and Middle East respiratory syndrome coronavirus have
been discovered. The imaging findings of these emerging pathogens
have been described in a few recent studies. This review focuses

on the radiographic and computed tomographic patterns of viral
pneumonia caused by different pathogens, including new patho-
gens. Clinical characteristics that could affect imaging, such as
patient age and immune status, seasonal variation and community
outbreaks, and pathogenesis, are also discussed. The first goal of
this review is to indicate that there are imaging features that should
raise the possibility of viral infections. Second, to help radiologists
differentiate viral infections, viruses in the same viridae that have
similar pathogenesis and can have similar imaging characteristics
are shown. By considering both the clinical and radiologic charac-
teristics, radiologists can suggest the diagnosis of viral pneumonia.
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Introduction
Viruses are the most common causes of acute respiratory infections,
and causative agents of lower respiratory tract infection vary accord-
ing to patient age and immunity (Table 1). Computed tomographic
(CT) findings of viral pneumonia are diverse and may be affected by
the immune status of the host and the underlying pathophysiology
of the viral pathogen. Moreover, coinfection with bacteria is com-
mon. In a previous study, Pavia (1) suggested that biphasic patterned
illness, consolidation on chest radiographs, and high inflammation
markers may increase the likelihood of bacterial coinfection (1).

The clinical and CT findings of numerous respiratory viral patho-
gens such as influenza, human parainfluenza virus (HPIV), respira-
tory syncytial virus (RSV), rhinovirus, and adenovirus have been
described (1,2). RSV shows an airway-centric pattern of disease with
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TEACHING POINTS

B Adenovirus pneumonia shows bilateral multifocal GGO with
patchy consolidations on CT images and may show lobar or
segmental distribution indicative of bronchopneumonia that
resembles bacterial pneumonia.

B At CT, HPIV pneumonia shows multifocal patchy consolida-
tion with GGO that hinders differentiation of viral from bac-
terial pneumonia, and approximately one-fourth of patients
show centrilobular nodules with bronchial wall thickening.

B Radiographs in patients with HMPV pneumonia show mul-
tilobar infiltrations. CT findings in immunocompetent pa-
tients with HMPV pneumonia have not been described yet;
however, bilateral ill-defined centrilobular nodules, branching
centrilobular nodules, and GGO are noted in patients with
hematologic malignancy.

B Radiographs in patients with influenza pneumonia show bi-
lateral reticulonodular areas of opacity with or without focal
areas of consolidation, usually in the lower lobes. Poorly de-
fined patchy or nodular areas of consolidation that become
rapidly confluent and represent either diffuse alveolar damage
or superinfection are seen frequently and resolve in 3 weeks.

B MERS pneumonia appears on CT images as subpleural and
basilar airspace lesions, with extensive GGO and consolida-
tion. Cavitation is uncommon.

“tree-in-bud” opacity and bronchial wall thicken-
ing. Adenovirus appears as multifocal consolida-
tion or ground-glass opacity (GGO), and GGO
was more frequently noticed in patients with
adenovirus pneumonia than in those with other
viral infections or bacterial infections. A diffuse
airspace pattern was seen more frequently in
patients with bacterial infections. On the basis
of the imaging patterns of pneumonia, we can
suggest a differential diagnosis of the pathogen
during early stages of the infection. Diagnostic
tests including radiologic studies and blood or
serologic tests that could help establish the cause
of pneumonia would reduce the use of antibiot-
ics and may improve the clinical course. More-
over, rapid diagnosis can lead to early control of
potential transmission, thus decreasing overall
treatment costs.

With the recent advancement in molecular
biology and the ability to amplify multiple viral
genomes by using multiplex reverse-transcrip-
tion polymerase chain reaction assays, several
new human respiratory viruses, such as human
metapneumovirus (HMPV), human coronavi-
ruses, and bocavirus have been discovered (3,4).
A number of these new viruses, including severe
acute respiratory syndrome (SARS) coronavirus
and Middle East respiratory syndrome (MERS)
coronavirus, have been associated with regional
outbreaks in the past and could reemerge to pro-
duce outbreaks in the future (5). In this review,
we focus on the radiographic and CT patterns of
viral pneumonia according to pathogens, includ-
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ing newly identified viral organisms, and discuss
clinical characteristics such as age, immune sta-
tus, seasonal variation in incidence, and commu-
nity outbreak periods of specific infections.

Pathogenesis of Viral Pneumonia
CT patterns of viral pneumonia are related to the
pathogenesis of pulmonary viral infection (Table
2). Although not all cases demonstrate typical
imaging patterns, most viral pneumonia patterns
exhibit similarity on the basis of viridae (Fig 1).
For example, RSV and HPIV replicate in the na-
sopharyngeal epithelium, spread to the lungs, and
induce bronchiolitis with sloughing of epithelial
cells of the small airways (6). HMPV also infects
the lung epithelium and induces an inflammatory
cascade (7). The CT findings of RSV pneumonia,
HPIV pneumonia, and HMPV pneumonia are
similar. The viruses usually appear as multifocal
patchy consolidation with GGO, and centrilobu-
lar nodules with bronchial wall thickening are
also noticed. Influenza virus diffusely invades the
respiratory epithelium, resulting in necrotizing
bronchitis and diffuse alveolar damage, which
manifest as consolidation (8). Adenovirus affects
the terminal bronchioles and causes bronchiol-
itis, which may be accompanied by necrotizing
bronchopneumonia. Herpes simplex virus (HSV)
has cytopathic effects in both the airways and
alveoli; these manifest as a multifocal scattered
airspace pattern of opacity and predominant
areas of peribronchial consolidation. Intranuclear
inclusions can be observed in lung biopsy tissue
or at cytologic examination of bronchoalveolar
lavage fluid. In a patient with HSV pneumonia
who underwent open lung biopsy, areas of GGO
on CT images corresponded to pathologic diffuse
alveolar damage (9). The presence of mono-
nuclear or multinuclear epithelial cells containing
an intranuclear inclusion suggests the diagnosis
of HSV pneumonia. Similarly, cytomegalovirus
(CMV) exhibits acute interstitial pneumonia with
diffuse alveolar edema with fibrinous exudate.
Multifocal nodular infiltration represents infected
areas of cells with cytoplasmic CMYV inclusion. In
a murine model of CMV pneumonia, interstitial
fibrocytes, alveolar epithelial cells, and endothe-
lial cells were target cells of CMYV infection (10).

Adenoviridae

Human Adenovirus

Adenovirus is a double-stranded DNA virus with
more than 50 identified serotypes that account
for 5%-10% of all respiratory tract infections in
children (11). It can cause respiratory epithelial
cell lysis and effects distal to terminal bronchi-
oles. Patients present with pharyngitis, laryn-
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Table 1: Lower Respiratory Tract Viral Infec-
tions in Children and Adults

Pediatric
Immunocompetent
RSV
HPIV
Influenza
HMPV
Adenovirus
Rhinovirus
Immunocompromised
Adenovirus
CMV
Epstein-Barr virus
HSV
RSV
Adult
Immunocompetent
Influenza
HPIV
Adenovirus
RSV
HMPV
Immunocompromised
Influenza
RSV
Adenovirus
Rhinovirus
HPIV
HMPV
Coronavirus
CMV
HSV
Varicella-zoster virus

Human bocavirus

Note.—CMYV = cytomegalovirus, HPIV = human
parainfluenza virus, HMPV = human metapneu-
movirus, HSV = herpes simplex virus, RSV =

respiratory syncytial virus.

gotracheobronchitis, bronchiolitis, or broncho-
pneumonia. In most immunocompetent patients,
adenovirus pneumonia is mild, is associated with
upper respiratory symptoms, and resolves within
2 weeks. Monocytopenia, multilobar infiltration,
and pleural effusion are associated with respira-
tory failure in immunocompetent adults (12).
Community outbreaks of adenovirus infection
have been reported, and severe cases caused by
adenovirus serotype 14 have been associated with
older age, chronic underlying conditions, and low
absolute lymphocyte counts (13,14). Adenovirus
infection exhibits more severe and fatal condi-
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tions with acute respiratory distress syndrome in
immunocompromised patients. An adenovirus
infection occurs in 10.5% of patients undergoing
hematopoietic stem cell transplantation; younger
age, alternative donor grafts, and acute graft-ver-
sus-host disease are risk factors for infection (15).

Adenovirus pneumonia shows bilateral
multifocal GGO with patchy consolidations on
images and may show lobar or segmental distri-
bution indicative of bronchopneumonia (Fig 2)
that resembles bacterial pneumonia. Hyperinfla-
tion and lobar atelectasis are common in infants
and children. Long-term sequelae of adenovirus
pneumonia, such as bronchiectasis, bronchiol-
itis obliterans, and unilateral hyperlucent lung
(Swyer-James-Macleod) syndrome, could be
combined.

Herpesviridae
Human herpesviruses are large DNA viruses that
can cause either primary (acute) or nonprimary
(chronic or latent) infection. Herpesviridae have
the ability to remain latent in tissue after the
acute infection has resolved and can be reacti-
vated by internal and external triggers. There are
a number of severe pathogenic human herpes-
viruses including HSV types 1 and 2, varicella-
zoster virus, Epstein-Barr virus, CMV, and
herpesviruses 6 and 7. Respiratory tract infection
caused by herpesviridae has been demonstrated
after primary infection and reactivation. Clini-
cally diagnosed infections have been described
in both immunocompetent and immunocom-
promised patients. Lung involvement of HSV-1,
HSV-2, Epstein-Barr virus, and CMYV has been
demonstrated predominantly in immunocompro-
mised hosts.

HSV Pneumonia

HSV pneumonia is caused predominately by HSV
type 1 and rarely by HSV type 2 (16,17). HSV
type 1 pneumonia is uncommon, usually localized,
and well tolerated in healthy individuals; however,
it is observed in immunocompromised patients

or individuals whose airways have been trauma-
tized by intubation, smoke inhalation, or chronic
cigarette smoking (18). Predisposing host factors
include severe burns, acquired immunodeficiency
syndrome (AIDS), malignancy, organ transplanta-
tion, trauma from intubation, smoke inhalation,
and chronic cigarette smoking (19). Primary

HSV infection occurs by means of close personal
contact through saliva or cutaneous or oral vesicle
fluid, which can cause gingivostomatitis in chil-
dren and herpes labialis in adults. There are two
possible routes for lower respiratory tract involve-
ment: aspiration or extension of oropharyngeal
infection into the lower respiratory system and



radiographics.rsna.org

722 May-june 2018

e1dos qefo2ae
(syuoned pue 9[0Iyou0Iq JO U0 rerusoerdsuen
JO 9%,G6) pur[S puoIeJ Iy N ey ++ ey [BO0OJIM\  -BIYUI [[90 JBI[ONUOUON [0s0Ide 10 s1opdoi (sdunyy
UOnNBUWIO] yser unys
[[99 1UBIS palea[onumnnux JO UOTAIOIS M
surreydoous ‘sl qum d8ewep [eryde 101000 ‘(s191doIp
-u20mses ‘qyT e[ D on + + ey [eo0JO[N\  JIB[OdA[B PUR JB[OIYOUOIY  [OSOIIR) UIOQIIy SO[SBON
Sudsnyd
++18] [B00] snonuw Yim d8ewep
duysap 10N DN D -NQo[LIIUdYD) + + -O[Nu ABmITy  IB[OJAJR PUB IB[OIYOUOIG 191doIp 10BIU0D) AIdH -oxXAweIRJ
uors 1081
9IUYSp 10N D on ey ++ ++ asnPrg  -S91dxo QU 01D pIadNpU]  -UO0D PUB [0SOIY  SNIIABOOYG  [-0AIRJ]-0AIR]
e1dos re[nqofroiur pue
AreSowouads Qv T (1e1 ST BIU S9[punq JBNOSBAOYIUOIq uoneluedsuen
[BULISBIPIW ‘SISO -owmoaud) Suoe uonenyul [[95 A101 ueSIO ‘UoISN}  SNIIA 1Ieg [-sedioyewr
-NUOUOW SNOMIJYUT A on arey ++ arey asnpgiq -BUWWERYUI JBI[ONUOUO]N  -SUBI POO[q [BIQ -upisdg  -wen] -sadioy
uoIsnjsueIl
d3eWIRp IB[OJA[R ISNJ poojq [ei1uad [-sadisyeiag]
91IUYSp 10N 1By N ++ +4++4+ ++ asnpI  -JIP UMM 10919 oraedolf)  -epdsuen 10B1U0D AWD -sadio
(uon uoneI Ul [[90
-BOYIO[BD IB3[ONUOUOW M 103]J (s191 STLIIA
‘aseyd a1e] orey 3ur orpedo1fo ‘snjoaafe 01 -doip ‘[osoiae) 19150Z
Usel un[S a1ey DN u) ww (Q]-] -punoimg arey [esoJIMA peaids snoudS01BWOH  QUJIOQIIR 10BIU0D) -B[[OOLIBA
(IASH) sterqe| sad [eruowdos
-Ioy pue snidukieyd 10 ‘wopuex Jd8ewep IB[0AA[R sy (UOMAIOAS [BITUT [-sadroyeydyy]
‘SII1BWOISOAISULD) g N + ++4 ++ [eooInny  -JIp Y 10939 orqaedolfD) 10 [BIO) 10BIU0D) ASH -sodioyg
d8ewep  [BAROUN(UOD ‘[BIO
AIUYIP 10N ©) D +IB[NQO[IIUdD) drdidn drdidt [e00JI[NA  JB[OSAJB PUR IB[OIYOUOIY  -[BOJJ ‘A101IIdSYy  SNIIAOUSPY -ouapy
JUQWIDA[OAU] uors Suruo JIMPON 0HOH UonepIosuo))  uonnqrusi(q sIsoudSoyieg 4 UOISSIWISURI], ElesiINg [Arurejqns]
JTwIdISAS -ngg YOI T [ uowrwo)) Anrwrey
[BINS]J [eIYyoUOIg
sSuIpuLy 1.D [BO1dAT,
eluowinduy |ediA Jo sbuipulq 15 pue sisauaboyied :z 3|qel

sodermnorpey]



723

Koo et al

RG ¢ Volume 38 Number 3

*2IN1BIAI] 9YI UT $110daT 958D MIJ 9I8 9I9YI SPAYSI[qeIS [[om Jou dre sdurnu Jo Juswaajoaur Lreuowrnd Jo eruownaud sniaesoq jo sSurpuy 1.0,
“1SIg PI1SI] J& UOISSTUSULBI] JO SAINOJ UTe 3 T .
%G ueql 1918318 = ++++ nmm.lo\oOm

= +++ %05—%GT = ++ %GST-%0T = + :JUSWA[OAUT SUN] JO BIIR I JO ATBIUDIJ I[BLIBA = A ‘UOWIOOUN = 7)) ‘QUWOIPUAS BIu2d01A00qUIOI] YIIM IAJJ I3A3s = S TS “Ayredou
-opeydWA] = Jy7T QUWOIPUAS [BUII YIIM IJAJJ JISeyIIoway = S JH ‘sowoipuis Areuowndorpied sniiaeiuey = SIDH ‘Quanbaiy = ,J ‘Uowwrod = 7)) “QIN{Ie] [BUI INJOB = JYY— 10N

AIUYp 10N dIBy

UYIp JON]  dIey

IUYIP JON]  dIBY

SNUgep 10N DN
eruadol
-£50qQuIOIY] QInyrey
ue3Ionnu Yooys 1
(SdA0H)
yooys ‘uorsualodAy
‘eruadorfooquioay
“(SYAH) 19V g

AMmUYIp N ON

QUAP ION )

on

on

on

on

on

arey

ey

ey

++

ey

ey

+++18]
-NQOINuUD)

+++18]
-NQO[INUD)

++

++

ey

ey

+

+++

Tedognn

[edoIMW

[esonnur
‘Texroydridg

8203

+ -nOnu ‘Aemiry

ey

ey

BUIOPD
Areuowr[ng

BUIOPD
Ayeuowr[ng

18203

-nnur ‘Aemiary

8003

-nnu ‘Aemary

1081 A101811dSaT JoMO]
911 JO J010B] SUNBISIR 191doap
-ABO9p 01 IUSWYOLNY  ‘10BIUOD [BIO-[BIJ]  SNIIAOINUY
109332 o1edolfd
OU {UOI2I09s snonwl pue
98BI IB[NOSBA ISBIIOUL
Sursned uonouny IoLIIRq
rereyads yo uondnisi(q

10B1U0D IO
‘[osoror 19[dox  SNITAOUIYY
sisordode ur Sunnsax
Jwo1drIosuen JemRd
1s0( Y3 Jo uonems3ax
-SAP (QYHW QWAZUd
FunisAuod-uIsu10ISUL ST
Surajoaur Aq a8ewep 1081U0D -IABUOIOD
JB[OJAJR ISNYIP :SYVS  “Quroqare 19[doiq uBWNE
J8ewep
JIB[OJAJR ISNJJIP puB
SIIYOU0Iq SUIZIIOIOAU Ul
Sunnsaz ‘IaLLIeq By
-1da Aemare Jo uononmsdJ
Anqeawiad [eIRYIOPUD
pasearour ur Sunnsax
SQUR|0140 Jo uonemgaxdn
Aipqeswnrad [BIyI0puU
pasearour ur Sunnsax
WNIPYIOPUD IB[NOSBA
JO 1USUIOAJOAUL 10311
uon
-BI[YUI JB[OIYOUOIqLIad
pue 1enosearrad 01 sped|
SoUR|0140 Jo uonemgardn
uononns
-qO0 ABMITE [[BUIS (M
wniEyIIds IB[0dA[R pUB
[BIYOUO0Iq JO UONONISI

Juroqare 19[doiq BZUINYU

SIROEAEN]L, SI1AS

SYdH

[0S0IY ‘SdIOH

[0S012E
391do1p 1081U0D

9502 J0 10211 AdJWH

[OSOIdE 10BIU0D) ASY

-BUIOdI]

[-euoio)]
-BUOI0D)

-0XAWOYIO

-IuayJ

-elue

-owmnaug

soydernompey




RadioGraphics

724 May-June 2018

radiographics.rsna.org

Figure 1. Schemas show typical CT patterns of viral pneumonia. (a) Pneumonia due to varicella-zoster virus shows multifocal
1-10-mm well-defined or ill-defined nodular opacity (arrows) with a surrounding halo or patchy GGO (arrowheads) in both
lungs. (b) Pneumonia due to CMV shows diffuse ill-defined patchy GGO with interlobular septal thickening (arrowheads) in
both lungs. (c¢) Pneumonia due to HMPV shows multiple ill-defined nodules (arrows) or GGO (arrowhead) along the bron-
chovascular bundles in both lungs. These findings are similar to those of HPIV pneumonia, which belongs to the same viridae.
(d) Pneumonia due to influenza A virus shows multiple irregular areas of consolidation (arrows) along the bronchovascular
bundles and diffuse GGO (arrowheads) with interlobular septal thickening in both lungs. (e) Pneumonia due to rhinovirus
shows multiple ill-defined patchy areas of GGO (arrows) with interlobular septal thickening (arrowheads) in both lungs.

hematogenous spread in patients with sepsis (20).
HSV infection can show three forms of pulmonary
involvement at pathologic evaluation: necrotiz-
ing tracheobronchitis, necrotizing pneumonia, or
interstitial pneumonitis (21). Patients with respira-
tory infection may show fever, productive cough,
shortness of breath, and signs of upper airway
obstruction caused by pseudomembranes related
to tracheal ulcers.

HSV pneumonia commonly shows patchy
bilateral consolidation and GGO with lobular,
segmental, or subsegmental distribution on chest
radiographs (22) (Fig 3a). Reticular opacity also
can be present. CT demonstrates predominantly
multifocal segmental or subsegmental areas of
GGO and less dominant focal areas of consoli-
dation. Pleural effusion is common (16). The
presence of small or larger centrilobular nodules
is controversial; however, they can be due to viral
pneumonia itself, multiple hemorrhagic nodules,
or coexisting fungal pneumonia (16,17). No
differences have been observed between the CT

findings of immunocompromised and immuno-
competent patients (9).

Varicellovirus (o Herpesvirinae)
Varicella-zoster virus infection (ie, chickenpox) is
usually a self-limited benign disease in children.
However, disseminated varicella-zoster virus in-
fection may result in mortality rates of 9%-50%,
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Figure 2. Pneumonia due to adenovirus in a 20-year-old
man with fever, cough, and dyspnea. (a) Initial chest radio-
graph shows ill-defined patchy consolidation and GGO (ar-
rows) in the left middle to lower lungs and the right lower
lung zone. (b, c) Axial chest CT images (5-mm thickness)
obtained on the same day at the interlobar bronchi level (b)
and the inferior pulmonary vein level (c) show ill-defined

and pneumonia is the most common and serious
complication. The risk of disseminated disease
increases in patients with lymphoma and in im-
munocompromised or pregnant patients (23).
The diagnosis of varicella infection usually can be
established on the basis of clinical findings (rash,
pulmonary symptoms, and history of contact
with a patient with chickenpox). However, in
problematic cases, varicella-zoster serologic eval-
uation can be performed to confirm the diagno-
sis. With recovery from the initial disease, spheri-
cal nodules are observed scattered randomly
throughout the lung parenchyma. Histologically,
the nodules consist of an outer lamellated fibrous
capsule enclosing hyalinized collagen or necrotic
tissue. Scattered small calcifications of varying
sizes (1-10 mm) can be seen (24).

Although the pattern of most viral pneumonia
exhibits similarity on the basis of viridae, there
are some exceptions for varicellovirus, which
shows a different pattern compared with HSV.
Chest radiographic findings of varicella-zoster
virus pneumonia consist of multiple 5-10-mm
ill-defined nodules that may be confluent (Fig
4a). Hilar lymphadenopathy and pleural effusion

patchy GGO (arrowheads) and lobar consolidations
(arrows).

%

i
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are unusual but may also be present. After the
improvement of the skin lesions, the small lung
nodules typically disappear within a week but
may persist for several weeks.

CT usually shows 1-10-mm well-defined or
ill-defined nodules with a surrounding halo of
GGO, patchy GGO, and coalescence of nodules
diffusely throughout both lungs. The lesions may
calcify, and well-defined scattered 2—3-mm hyper-
attenuating calcifications can persist (25). These
small calcified nodules also can be seen in patients
with other diseases such as pulmonary tuberculosis
or pneumoconiosis, but in patients with varicella
infections, these calcifications are usually tiny
(2-3 mm), numerous, well defined, and randomly
distributed rather than centrilobular or show peri-
lymphatic distribution in otherwise normal lungs
without definite fibrotic changes or other paren-
chymal abnormalities. In patients undergoing lung
transplantation, mediastinal lymphadenopathy and
interlobular septal thickening have been reported
(26).These findings also disappear with healing of
the skin lesions after antiviral therapy (24). In pa-
tients with active chickenpox, predisposing factors,
and new pulmonary infiltrates with small nodules,
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Figure 3. Pneumonia due to HSV in a 72-year-old woman
with multiple myeloma. (a) Initial chest radiograph shows
ill-defined diffuse reticular areas of increased opacity (ar-
rows) in both lungs. (b, ¢) Axial thin-section (1-mm col-
limation) CT images at the carina (b) and the left inferior
pulmonary vein level (c) show diffuse interstitial and inter-
lobular septal thickening (arrowheads) with patchy GGO
(arrows) in both lungs. A small amount of bilateral pleural

effusion (*) is noted.

the diagnosis of varicella-zoster virus pneumonia
should be considered and/or excluded.

CMV (B Herpesvirinae)

CMV is a common human pathogen that usu-
ally causes an asymptomatic infection or mild
flu-like symptoms in immunocompetent patients.
However, it can cause life-threatening pulmonary
infection in immunocompromised patients ow-
ing to reactivation of the latent virus or infusion
of CMV-seropositive marrow or blood products.
Transplantation and long-term corticosteroid
therapy are important risk factors. Early (30-100
days) after transplantation is the critical time for
CMV infection, and CMYV infection is a frequent
complication of both hematopoietic stem cell
transplantation and solid-organ transplantation.
For solid-organ transplantation, recipients of lung
and small intestine transplants are at highest risk,
and this may be associated with the intensity of
immunosuppression and the amount of lymphoid
tissue in transplanted organs.

The host factors can affect the pathophysiology
of CMV infection. In patients who have received
transplants, a T-cell-mediated response to infection
induces antigens expressed in the lungs, resulting in

severe necrotizing pneumonia. However, in patients
with AIDS, who have a more profound immune de-
ficiency, it may be difficult to mount a serious im-
mune response, and lung damage appears to be the
direct result of the cytopathogenic effects of CMYV,
with a high density of CMYV inclusion bodies and
more severe and diffuse alveolar damage observed
at histopathologic examination (27).

The predominant radiologic findings are
bilateral asymmetric GGO, poorly defined small
centrilobular nodules, and airspace consolida-
tion (27) (Fig 5). Thickened interlobular septa
also are observed. However, masses and masslike
infiltrates can be more common in patients with
AIDS than in non-AIDS patients (28,29). During
the early period, up to 100 days after bone marrow
transplantation, the two most common pathogens
are CMYV and angioinvasive aspergillosis. Preumo-
cystis jirovect also can occur in the early periods
after bone marrow transplantation, but because
of effective prophylaxis with sulfamethoxazole/
trimethoprim, it is now relatively rare in transplant
recipients. The differentiation between pneumonia
due to CMV or Pneumocysts is difficult, especially
in the early phase of the disease, when bilateral
GGO is seen on CT images. However, small
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Figure 4.
Herpesvirinae) in a 53-year-old man who underwent liver
transplantation 5 months before contracting the disease.
(a) Initial chest radiograph shows multifocal reticulonodu-
lar infiltrations (arrows) in both lungs. (b, ) Thin-section

Koo et al 727

Pneumonia due to varicella-zoster virus (o

(1-mm collimation) axial CT image (b) and coronal recon-
structed CT image (5-mm thickness) (c) obtained on the
same day show multifocal ill-defined small areas of nodular
opacity (arrows) with the GGO halo sign in both lungs.

nodules or ill-defined GGO and consolidation are
typical features of CMV pneumonia, whereas api-
cal distribution and homogeneous GGO are more
frequently noted in patients with Preumocystis
carinii pneumonia (29).

Epstein-Barr Virus (y Herpesvirinae)
Epstein-Barr virus infects B lymphocytes and
pharyngeal epithelial cells. It is spread by means
of direct person-to-person contact between
susceptible individuals and those who are asymp-
tomatic Epstein-Barr virus shedders. Infectious
mononucleosis caused by Epstein-Barr virus
infection usually occurs in adolescents with a
triad of symptoms including fever with insidious
onset of weakness (malaise), tonsillar pharyngitis,
and lymphadenopathy. It resolves within several
weeks or months without sequelae but may be ac-
companied by neurologic, hematologic, hepatic,
respiratory, or psychologic complications (30).
Intrathoracic involvement of infectious
mononucleosis is very uncommon. The role of
Epstein-Barr virus as an infective pathogen in

v

the development of lung disease is controversial.
Rapidly progressive respiratory illness in patients
with infectious mononucleosis rarely has been
reported (31). Mononuclear inflammatory cells
are apparent along bronchovascular bundles

and interlobular septa in the interstitial pulmo-
nary infiltrate at pathologic examination. These
mononuclear cells are also present in the alveolar
exudates (32). The most common radiologic
abnormalities are mediastinal lymphadenopathy,
and, rarely, interstitial infiltrates and widespread
GGO can be seen. Splenomegaly is common.
There are various types of lymphoproliferative
disorders associated with Epstein-Barr virus
infection, such as lymphomatoid granulomatosis,
lymphoma, and posttransplantation lymphopro-
liferative disorder (31).

Parvoviridae
Bocavirus is a single-stranded DNA virus and a
member of the family Parvoviridae, first isolated
in 2005 from nasopharyngeal aspirate speci-
mens from children (33). The virus is commonly
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Figure 5. Pneumonia due to CMV in a 28-year-old man
with graft-versus-host disease after bone marrow trans-
plantation for chronic myeloblastic leukemia. (a) Initial
chest radiograph shows diffuse ill-defined GGO (arrows)
in both lungs. (b, ¢) Axial thin-section (1-mm collima-
tion) CT images obtained on the same day, at the lower
trachea level (b) and interlobar area level (c), show ill-
defined GGO nodules, interlobular septal thickening (ar-
rowheads), and diffuse GGO (arrows) in both lungs, with
a scanty amount of bilateral pleural effusion (x in c).

radiographics.rsna.org

detected in nasopharyngeal aspirates of children
who are suspected to have respiratory tract infec-
tions, and multiple viral coinfections are common
(34). A recent prospective study of hospitalized
children showed that human bocavirus is the
fourth most commonly detected virus, with an
incidence of 9.9%, followed by RSV (39.8%),
rhinovirus (30.6%), and adenovirus (15%); 75%
of bocavirus infections are coinfections with other
viruses (35). Human bocavirus also is detected
frequently in adults with mild respiratory symp-
toms. This virus may be associated with a spec-
trum of severity from a mild common cold, bron-
chiolitis, bronchopneumonia, or exacerbation of
asthma to severe respiratory tract infection or bo-
cavirus in combination with encephalitis (36,37).
This pathogen contributes to severe pneumonia
in immunocompromised adults (38). Although
authors of some case reports have discussed the
imaging findings of human bocavirus pneumonia
as reticulonodular infiltration predominantly in
both lower lobes (38), this virus is a recently dis-
covered pathogen, and the imaging findings have
not been well established. In our case (Fig 6),

human bocavirus infection manifested as diffuse
bilateral patchy consolidation and GGO at chest
radiography and patchy consolidation along the
bronchovascular bundles with interlobular septal
thickening at CT.

Paramyxoviridae

HPIV

HPIV is a single-stranded RNA virus and a mem-
ber of the family Paramyxoviridae. HPIVs consist
of four serotypes that cause respiratory illness by
binding to the ciliated epithelium of the respira-
tory tract. The manifestations of HPIV infection
are diverse, including otitis media, conjunctivitis,
pharyngitis, croup, bronchitis, and pneumonia.
HPIV infection is a common cause of disease and
death in recipients of hematopoietic stem cell
transplants and patients with hematologic ma-
lignancy (39). In hematopoietic stem cell trans-
plant recipients, HPIV pneumonia exhibits 50%
mortality during early stages and 75% 6-month
mortality. HPIV is the second most commonly
identified virus (20.8%) in patients admitted to
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the intensive care unit, and bacterial coinfection
is common (40). This infection occurs predomi-
nantly (46.7%) from June to September.

At CT, HPIV pneumonia shows multifocal
patchy consolidation with GGO that hinders
differentiation of viral from bacterial pneumonia,
and approximately one-fourth of patients show
centrilobular nodules with bronchial wall thick-
ening (41) (Fig 7).

Measles

Measles virus is a cause of childhood infections.
Before the development of the measles vac-

cine, many people with measles presented with
fever, maculopapular skin rash, cough, coryza,

or conjunctivitis. Severe forms of measles in-
clude pneumonia, blindness, gastroenteritis, and
encephalitis. Although global vaccination is being
performed, measles remains a cause of death

in children (42), and outbreaks are frequently
reported, even in adults (43). Serious complica-
tions are reported, especially in pregnant women
and immunocompromised patients, and mortality
is high in immunocompromised patients (44,45).
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Figure 6. Pneumonia due to human bocavirus in a
63-year-old man who presented with fever and had un-
dergone chemotherapy for primary central nervous system
lymphoma. (a) Chest radiograph shows diffuse irregular
patchy consolidation (arrows) and GGO in both lungs.
(b, ) Axial thin-section (1-mm collimation) chest CT im-
ages obtained on the same day show irregular patchy con-
solidation (arrows) along the bronchovascular bundles and
in peripheral areas of the lungs, bronchial wall thickening,
and interlobular septal thickening (arrowhead), with a small
amount of bilateral pleural effusion ().

Hilar lymphadenopathy and pleural effusion are
commonly associated with measles (27). Typical
measles pneumonia shows peribronchial nodular
infiltration and reticulonodular infiltration with
thickened interlobular septa; fibrosis may be seen
on follow-up CT images (45).

Pneumoviridae

RSV Infection

Human RSV infection leads to bronchiolitis,
pneumonia, and asthma in all age groups; in-
fants, young children, and immunocompromised
hosts are likely to present with severe respiratory
infection (46). A recent prospective study (47)
showed that RSV was the most common viral
pathogen (28%) in children hospitalized for
community-acquired pneumonia in the United
States. In the study, children younger than 5
years were more prone to infection than were
older children (37% vs 8%, respectively). RSV
infection was noted to be common in adults
who require admission to an intensive care unit
from November to February (40).
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Figure 7. Pneumonia due to HPIV in a 22-year-old woman who presented with fever and had undergone haploidenti-
cal bone marrow transplantation for acute lymphoblastic leukemia 1 month before infection. (a, b) Initial axial chest CT
images at the main bronchial level (a) and the interlobar area level (b) show multifocal ill-defined nodular GGO lesions
(arrows) along the bronchovascular bundles and mild bronchial wall thickening (arrowheads). Prolonged neutropenia is
noted. (c, d) Follow-up axial chest CT images obtained 10 days later show an increased extent and intensity of lesions
and increased irregular consolidation (arrows) along the bronchovascular bundles. The patient died despite intensive

medical care.

CT could provide clues to differentiating
among pathogens that cause viral pneumonia on
the basis of imaging patterns, especially RSV and
adenovirus infections (2). RSV shows an airway-
centric distribution, with areas of tree-in-bud
opacity and bronchial wall thickening, with or
without consolidation along the bronchovascular
bundles (Fig 8).

HMPYV Infection

HMPYV was first identified in 2001; the struc-

ture of the virus is similar to that of RSV, and

this virus can cause upper and lower respiratory
tract infection. HMPV pneumonia accounts for
4% of community-acquired pneumonia in im-
munocompetent adults and is prevalent during
winter months. Immunocompetent patients usually
recover without risk of death (48). In comparison,
HMPV infection causes severe pneumonia with
mortality of 10%—40% in hematopoietic stem

cell transplant recipients, with a 5% incidence of
infection. Approximately 60% of hematopoietic
stem cell transplantation recipients with HMPV
infection progress to pneumonia; the risk factors of
progression to pneumonia are systemic high-dose
corticosteroid use and low lymphocyte counts (49).

Radiographs in patients with HMPV pneumo-
nia show multilobar infiltrations (48). CT find-
ings in immunocompetent patients with HMPV
pneumonia have not been described yet; however,
bilateral ill-defined centrilobular nodules, branch-
ing centrilobular nodules, and GGO are noted in
patients with hematologic malignancy (50) (Fig
9). Pleural effusion is not common.

Bunyaviridae
Until recently, Bunyaviridae was the largest
group of RNA viruses, but it was replaced by
Hantaviridae and Phenuiviridae. Hantaviruses
are transmitted by rodent vectors, while the oth-
ers in Bunyaviridae are transmitted by arthropod
vectors. Many types of Bunyaviruses can cause
febrile infections, including hemorrhagic fever
and encephalitis, in humans (51).

Severe Fever with Thrombocytopenia
Syndrome Virus

Severe fever with thrombocytopenia syndrome
virus is a type of tick-borne Phlebovirus. The
virus was first isolated from the Hubei and Henan
provinces in central China in 2010 and has since
been reported in South Korea and Japan, mostly
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Figure 8. Pneumonia due to RSV in a 58-year-old woman
with acute myeloid leukemia who presented with fever.
(a) Initial chest radiograph shows multiple irregu-
lar nodular peribronchial air spaces or GGO (ar-
rows) in both lungs and a small amount of bilateral
pleural effusion. (b, ¢) Axial chest CT images ob-
tained on the same day at the lower trachea level (b)
and the interlobar area level (c) show multiple irregular ar-
eas of nodular tree-in-bud opacity and patchy consolida-
tions (arrows) along the bronchovascular bundles and mild

731

=
b

arising as sporadic cases in the spring and sum-
mer (52-54). Farmers and those who work in the
field are the major at-risk group. Outdoor activity
such as hiking and camping also is a potential risk
factor for tick exposure. Direct contact with in-
fected blood also can cause infection (51). Clinical
symptoms include fever, gastrointestinal problems,
myalgia, thrombocytopenia, and increased liver
enzyme levels. Severe fever with thrombocytopenia
syndrome must be differentiated from hemor-
rhagic fever with renal syndrome or leptospirosis
(52).The initial chest radiograph may be normal,
but several days later, bilateral pulmonary infiltra-
tion indicating pulmonary edema develops (55).
Pleural effusion is common.

Hantavirus

Hantavirus is another genus of Bunyaviridae; its
member viruses exist in the environment because
of persistent infection of their hosts, typically
rodents, insectivores, and bats. More than 40
hantavirus species are known, and greater than

20 of these are considered pathogenic in humans.
Annually, more than 20000 cases of hantavirus in-

bronchial wall thickening.

fection are reported globally, the majority of which
occur in Asia, but increasing numbers are reported
in the Americas and Europe (56,57). Humans can
contract a hantavirus infection by inhaling air con-
taminated with the virus concealed in the excreta,
saliva, or urine of infected animals. Pathogenic
hantavirus is one of the few viral pathogens that
target endothelial cells throughout the body, with
two different clinical manifestations that usually
are related to the kidney (hemorrhagic fever with
renal syndrome) or lung (hantavirus cardiopulmo-
nary syndrome). The morbidity of hemorrhagic
fever with renal syndrome is 1%-15%. Hantavirus
cardiopulmonary syndrome is much more lethal,
with morbidity of 40%-50% (58).

Hantavirus cardiopulmonary syndrome charac-
teristically involves the lung and manifests as respi-
ratory distress from noncardiogenic edema. After
a 17-42-day incubation period, clinical phases
initiate with the prodromal phase and continue
to cardiopulmonary and convalescent phases.
Clinical symptoms include dry cough and rap-
idly increasing dyspnea (57). Radiologic findings
are usually normal initially or consist of minimal



RadioGraphics

732 May-june 2018

radiographics.rsna.org

Figure 9. Pneumonia due to HMPV in a 50-year-old woman who presented with fever, cough, and sputum.
(a) Initial chest radiograph shows multinodular airspace opacity (arrows) in the right lung. (b, ¢) Thin-section
(1-mm collimation) axial (b) and coronal (c) reconstructed (5-mm section thickness) chest CT images obtained
on the same day show multiple ill-defined centrilobular nodules (arrows) or GGO (arrowheads) along the bron-
chovascular bundles and mild bronchial wall thickening in both lungs, especially in the right lung.

interstitial edema. Pleural effusion is common (Fig

10). Pulmonary interstitial edema can be striking,
although it usually is transient. In some cases, the
findings rapidly progress to bilateral airspace con-
solidation and fulminant respiratory deterioration
within 48 hours. These pulmonary findings are
occasionally secondary to renal failure (59).

Orthomyxoviridae

Influenza A, B, and C

Influenza viruses are members of the Ortho-
myxoviridae family. They are single-stranded
RNA viruses that are divided into three groups
(A, B, and C) according to internal membrane
and nucleoprotein antigens. Of these three
groups, type A and occasionally type B organisms
cause influenza virus pneumonia. Influenza virus
is an important pathogen that causes seasonal
upper respiratory tract infections, including those
of the trachea and major bronchi, which cause
periodic, endemic, and pandemic infections.
Infections are usually mild and restricted to the
upper respiratory tract. However, in individuals
with chronic diseases, the elderly, and infants,
severe complications from influenza A viruses,
including hemorrhagic bronchitis or fulminant
pneumonia (primary viral or secondary bacte-
rial), may occur. Infections usually occur as
annual winter outbreaks; however, pandemic
influenza viruses occasionally arise. Influenza A
virus can be classified into subtypes on the basis
of two surface proteins of the virus, which are
the hemagglutinin and the neuraminidase, or H

and N. Swine influenza caused by influenza type
A virus includes subtypes HIN1, HIN2, H2N1,
H3N1, H3N2, and H2N3. An HIN1 pandemic
reported in more than 70 countries with 30 000
cases of infection occurred in 2009 (60).
Influenza virus replicates in the respiratory
epithelial cells, and replication peaks ap-
proximately 48 hours after inoculation into the
nasopharynx. The early stages of disease often
demonstrate tracheobronchitis and neutro-
philic bronchopneumonia. The airway walls are
congested, and mononuclear cell infiltrates and
degeneration of epithelial cells are noted. In the
later stage, parenchymal change shows typical
features of diffuse alveolar damage, with intra-
alveolar edema and hemorrhage (61,62).
Radiographs in patients with influenza pneu-
monia show bilateral reticulonodular areas of
opacity with or without focal areas of consolida-
tion, usually in the lower lobes. Poorly defined
patchy or nodular areas of consolidation that
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Figure 10. Hantavirus in a 52-year-old man who pre-
sented with fever and acute renal failure. Initial chest
CT findings were normal (not shown). Chest radio-
graph obtained 1 day after presentation, when the pa-
tient suddenly progressed to having decreased blood
pressure, shows pulmonary edema and bilateral pleu-
ral effusion (). The test result for hantavirus antibod-
ies was positive, and the titer was increased to 1:512.
Intensive medical treatment was performed and the
patient recovered.

become rapidly confluent and represent either
diffuse alveolar damage or superinfection are
seen frequently and resolve in 3 weeks (63) (Fig
11). Bilateral patchy consolidation, ill-defined
small nodules, and patchy GGOs associated with
the areas of consolidation have been reported in
patients with underlying hematologic malignancy
(64). However, similar findings have been reported
in healthy hosts during the HIN1 epidemic (65).
Patients who progress to having more diffuse
lung damage can demonstrate findings of acute
respiratory distress syndome or, in cases of HINT1,
organizing pneumonia (66). Pleural effusion is
rare. Secondary bacterial pneumonia can occur;
Streptococcus pneumoniae infection, in particular,
has an important interaction, and coinfection or
secondary infection may exist. Superimposed
bacterial infection can be suspected when second-
ary fever is noted after a period of defervescence,
an increase in white blood cell count, and changes
in radiologic abnormality. Lobular consolidation
can be especially helpful in diagnosis of bacterial-
superimposed infection (67). Gram stain and
culture of sputum or bronchoalveolar lavage also
are helpful methods to confirm the superimposed
bacterial infection when it is suspected.

Avian flu is caused by the H5N1 subtype of
influenza type A, and most human infection oc-
curs after close contact with infected birds. Overall

Koo et al 733

mortality for influenza A (H5N1) is as high as
60%, and there have been outbreaks in Hong
Kong. The most common imaging finding of
Avian flu is multifocal consolidation. Reported CT
findings include focal, multifocal, or diffuse GGO
and areas of consolidation. Centrilobular nodules,
pseudocavitation, pneumatocele formation, and
lymphadenopathy also are seen often (68). During
the course of disease, pleural effusions and cavita-
tion also can develop. Patients usually present with
a rapidly progressive pneumonia that results in
acute respiratory distress syndrome.

Coronaviridae
Human coronaviruses are considered as impor-
tant pathogens that cause infections in pediatric,
geriatric, and immunocompromised patients
and include upper and lower respiratory tract
infections (pneumonia and bronchiolitis) and
even acute respiratory distress syndrome (69).
SARS coronavirus was identified as a mem-
ber of the family Coronaviridae in late 2003
after a world-wide epidemic. In 2012, another
coronavirus-related epidemic occurred in the
Middle East that was identified as MERS (70).
Angiotensin-converting enzyme 2 is a potential
SARS virus receptor and is a negative regulator
of the renin-angiotensin system that affects vas-
cular permeability (71). Angiotensin-converting
enzyme 2 is expressed in the lungs and kidneys,
and the SARS virus induces direct lung injury
by involving angiotensin-converting enzyme,
which contributes to diffuse alveolar damage.
Also, SARS coronavirus—encoded proteins in-
duce cell apoptosis, including that of the lungs,
kidneys, and liver. MERS coronavirus can evade
immune response and cause a severe dysregula-
tion of the host cellular transcriptome, resulting
in apoptosis of cells (72).

SARS Coronavirus

A worldwide outbreak of SARS coronavirus,
which was first identified in Guangdong Prov-
ince, China, occurred during 2002-2003. There
were more than 8000 cases of identified infec-
tion, with 21% occurring in health care work-
ers. SARS mortality in 2003 was estimated at
6.8%—13.2% for patients younger than 60 years
and 43%-50% for patients older than 60 years.
Patients with comorbidities such as diabetes or
chronic hepatitis exhibited increased mortality.
The animal hosts of SARS coronavirus appear
to include the masked palm civet, raccoon dogs,
and the Chinese ferret-badger (73).

After a 2-10-day incubation period, patients
present with flu-like symptoms, dyspnea, and
recurrent or persistent fever. Patients typically
have a history of exposure and new infiltration of
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Figure 11. Pneumonia due to influenza A virus in a 38-year-old pregnant woman at the gestational age of 29
weeks and 5 days who presented with a cough and dyspnea. (a) Initial chest radiograph shows extensive patchy
consolidation (arrows) with air bronchogram (arrowheads) in both lungs, especially in the middle to lower lung
zones. After the patient underwent an emergency cesarean delivery, intubation and extracorporeal membrane
oxygenation were performed for acute respiratory distress syndrome. (b) Chest radiograph obtained 3 weeks
later shows decreased intensity of irregular consolidation (arrows). (c) Axial CT image obtained on the same day
as b shows irregular consolidation (arrows) along the bronchovascular bundles and diffuse GGO with interlobu-
lar septal thickening (arrowheads) in both lungs. The patient underwent reverse-transcription polymerase chain
reaction for viral infection with sputum and blood culture and bronchoalveolar lavage to find superimposed

RadioGraphics

infection. However, there was no evidence of coinfection.

pneumonia on a chest radiograph. A diagnosis is
made on the basis of one or more positive tests
for SARS coronavirus (73).

The radiologic features of SARS are similar
to those of other community-acquired types of
pneumonia. Initial chest radiographs are normal
but soon progress to show multifocal airspace con-
solidation, predominantly in the lower lung zone.
In most patients, peripheral lung involvement is
common. Unifocal involvement is more common
than multifocal or bilateral involvement. On CT
images, GGOs with consolidations are main find-
ings, and reticulation is noted after the 2nd week
(74). Cavitation, lymphadenopathy, or pleural
effusions are not common findings (75).

MERS Coronavirus

MERS coronavirus is a new member of the B-coro-
naviruses and is different from SARS and other en-
demic human B-coronaviruses (eg, OC43, HKU1).
The first case was identified in September 2012, in
Riyadh, Saudi Arabia. Bats and dromedary camels
are considered to be reservoirs of MERS coronavi-
rus. The virus was named SARS-like coronavirus,
novel coronavirus, or human coronavirus Erasmus
Medical Center (EMC) when it was first discov-
ered. During 2012-2014, the number of cases of
MERS coronavirus infection increased in Saudi
Arabia, with overall mortality of 35%—44% (76).
MERS was reported in at least 10 other countries
in Europe and Asia and in the United States and

was associated with travel to the Middle East (77).
In May 2015, a large outbreak of MERS corona-
virus infection occurred in South Korea, with 186
identified patients and 38 deaths.

Clinical symptoms resemble other lower
respiratory tract diseases involving fever, cough,
dyspnea, and pneumonia. The infection may prog-
ress rapidly to acute respiratory distress syndrome,
multiorgan failure, and death. MERS progresses
more rapidly to respiratory failure than does SARS
and induces acute kidney injury. Approximately
20% of all virus cases were identified in health
care workers and persons who come into close
contact with camels (76).

MERS pneumonia appears on CT images
as subpleural and basilar airspace lesions, with
extensive GGO and consolidation (78) (Fig 12).
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Figure 12. Pneumonia due to MERS coronavirus in a 27-year-old man who presented with a cough and sputum.
(a) Initial chest radiograph shows increased areas of ill-defined nodular opacity (arrows) in both lower lung zones,
especially in the left retrocardiac area. (b-d) Axial CT images (3-mm section thickness) obtained on the same day at
the level of the right inferior pulmonary vein (b) and the junction of the right atrium and inferior vena cava (c) and a
coronal reconstruction image at the vertebral body level (d) show multifocal patchy and nodular consolidation with

GGO (arrows) in both lower lobes.

Cavitation is uncommon. In a patient with a history
of close contact with a MERS coronavirus patient,
lymphopenia with early manifestation of peripheral
GGO on a chest radiograph might be suspected

to be a MERS coronavirus infection (79). Pleural
effusion and pneumothorax are more common in

patients who died than in those who recovered (79).

After recovery, these abnormalities show marked
improvement, but fibrotic changes remain (80).

Picornaviridae

Rhinovirus A, B, and C

Human rhinovirus is a major pathogen of respi-
ratory infection detected in 18%—-26% of pedi-
atric patients and in 2%-17% of adult patients
with community-acquired infectious pneumonia
(81,82). Rhinovirus is the predominant cause
of the common cold during all four seasons but
more frequently is detected in spring and au-

tumn. The incidence of severe pneumonia does
not differ among human rhinovirus A (18.6%),
human rhinovirus B (21.4%), and human
rhinovirus C (20.0%), and in-hospital mortal-
ity rates also do not differ significantly (81).
Bacterial coinfection is not common (18.5%)
and less than that with influenza (83). Immu-
nocompromised patients are more prone to
infection. Rhinovirus has no cytopathic effect on
the respiratory epithelium; however, it can cause
disruption of the epithelial barrier, which leads
to increased vascular permeability and mucous
secretion (84).

In patients with severe pneumonia who re-
quire admission to the intensive care unit, human
rhinovirus was the most commonly identified viral
pathogen (40). In patients with severe rhinovirus
pneumonia, bilateral patchy consolidation with
multifocal GGO and interlobular septal thickening
are noted (83) (Fig 13).
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Figure 13. Pneumonia due to rhinovirus in a 51-year-
old man with acute myeloid leukemia who presented with
dyspnea 3 months after bone marrow transplantation.
(a) Initial chest radiograph shows irregular ill-defined
patchy increased opacity (arrows) in both lungs. (b, c) Axial
CT images obtained on the same day at the lower trachea
level (b) and both lower lobe basal segments (c) show ir-
regular areas of increased opacity with interlobular septal
thickening (arrowheads) and ill-defined patchy GGO (ar-

rows) in both lungs.

Antiviral Treatment
Several antiviral drugs are currently available
(Table 3). Antiherpes drugs inhibit viral replication
by acting as competitive substrates for viral DNA
polymerase. Influenza virus drugs inhibit the ion
channel M2 protein or the enzyme neuraminidase.
Ribavirin is multipotent for the treatment of RSV,
adenovirus, HPIV, and HMPYV. Cidofovir also can
be used for the treatment of CMYV, herpesviruses,
drug-resistant varicella-zoster virus, and Epstein-
Barr virus (85,86). Antiviral therapy can reduce
attack rates and decrease outbreaks and could
reduce the public health burden. For example, the
use of antiviral therapy for influenza is important
in reducing the infection rate and preventing out-
breaks (87). Recently, clarithromycin-naproxen-
oseltamivir combination therapy for influenza
A (H3N2) showed a reduction in mortality and
length of hospital stay (88).

Conclusion
CT patterns of viral pneumonia are related to the
pathogenesis of viral infections. Although not all
patients present with typical patterns, most viral
pneumonia imaging patterns share similarity on
the basis of viridae, because viruses of the same

viridae have a similar pathogenesis. Although a
definite diagnosis cannot be achieved by using
imaging features alone, recognition of viral pneu-
monia patterns may help in the differentiation
among viral pathogens and reduce the unneces-
sary use of antibiotics. Further studies aimed at
elucidating the imaging findings of newly identi-
fied viral pathogens, including human bocavirus
and coronaviruses, could be of value for proper
diagnosis and improvement of clinical outcomes.
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