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which cause significant morbidity and mortality.

® Emerging infections ® Pulmonary infection e Computed tomography

e Severe acute respiratory syndrome coronavirus-2 and H1N1 influenza are both immunologically novel viruses that can
cause an organizing pneumonia pattern of lung damage and have similar imaging findings.

e Other emerging and reemerging pathogens, such as human metapneumovirus and legionella typically cause
bronchopneumonia and multifocal segmental or lobar pneumonia, respectively, which appear similar to other community-

e Emerging diseases can also be chronic infections, such as nontuberculous mycobacterium and chronic aspergillosis,

Mighty things from small beginnings grow.
—JOHN DRYDEN

INTRODUCTION

The severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) consists of only 4 proteins. One of which,
the spike protein, recently achieved a configuration that
binds the human cell Angiotensin 2 receptor effectively
[1]. That small adaptation has helped propel the emer-
gence of SARS-CoV-2 and thereby change the world.
The emergence of some other pathogens also hinges on
subtle interactions between virus and host cell surfaces,
for example, influenza’s differential affinity for the sialic
acid found on the cells of humans compared with that
on cells of birds. Other pathogens reemerge due to
changes in climate, changes in public health measures,
or changes in demographics. Resurgence of dengue fever
in the Caribbean, South America, and more recently the
United States, is a well-known result of these forces [2].
Rising incidence of coccidioidomycosis, nontuberculous

mycobacteria, and chronic aspergillosis may also be
driven by developing changes in environment and hu-
man populations.

In this article, we discuss a few common emerging
and reemerging respiratory pathogens. Some of these
pathogens, SARS-CoV-2, influenza, human metapneu-
monvirus (HMPV), legionella, and coccidioidomycosis
cause acute illness. Nevertheless, although the current
pandemic has biased our concept of emerging disease
toward acute infections, emerging pathogens can also
cause chronic disease. Coccidioidomycosis spans both
acute and chronic presentations, and nontuberculous
mycobacteria and chronic aspergillosis are exclusively
chronic processes. For these examples, we attempt to
focus on imaging findings that can assist diagnosis or
provide important guides to therapy.

CORONAVIRUS DISEASE 2019 PNEUMONIA

We have learned an immense amount about SARS-CoV-
2 (commonly referred to as Coronavirus Disease 2019
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or COVID-19) and learned it at a faster pace than
possible for any pathogen in human history. Typical
and atypical imaging findings of COVID-19 pneumonia
on both chest radiographs and computed tomography
(CT) have been skillfully described, including sugges-
tions for structured reporting to accompany specific
findings [3,4]. Typical radiographic findings include
multifocal bilateral peripheral opacities, rounded opac-
ities, and basilar predominance (Fig. 1). Atypical find-
ings that suggest an alternative diagnosis include lobar
consolidation, solitary lung nodule or mass, diffuse
micronodules, edema pattern, and cavity formation [5].

Rigorous study of chest CT in multiple nations has
given rise to several COVID-19 scoring systems, which
largely converge on important findings. Many of the
typical imaging findings correspond with an organizing
pneumonia pattern of lung injury [6] (Fig. 2). For
instance, the COVID-19 Reporting and Data System
(CO-RADS) and the Radiolgocial Society of North
America (RSNA) classification system similarly define
typical CT features of multifocal ground glass opacities,
with or without consolidation, in a subpleural distribu-
tion; the RSNA system noting that atoll sign may be pre-
sent later in the acute presentation of disease (Fig. 3).
Confining diagnosis to patients with typical findings re-
sults in specificities in the 90% to 95% range with sen-
sitivities in the 65% to 70% range [7]. Broadening
inclusion criteria to include intermediate CT findings
increases sensitivity to 90% to 95% and suppresses
specificity to 70% to 75%.

Interestingly, in one meta-analysis the false negative
polymerase chain reaction (PCR) rate was lower among
patients with atypical imaging findings for COVID-19
than among those patients with negative CTs, approxi-
mately 6% versus 14%. This may relate to the higher
likelihood of an alternative, non-COVID-19 cause of

symptoms in patients with atypical abnormalities,
whereas patients with completely negative CTs could
include those in very early stages of SARS-CoV-2 infec-
tion. Few studies have directly compared cohorts with
COVID-19 to specific infections. One study of multiple
radiologists showed a median sensitivity of 80% and
specificity of 93% in differentiating COVID-19 from
multiple other viral pneumonias [8]. Differentiation
from H1N1 influenza may be more difficult (see later
in this article).

Although most patients with COVID-19 pneumonia
demonstrate characteristic imaging findings, most clin-
ical sites rely on reverse PCR testing rather than imaging
for diagnosis. False negative PCRs can occur, but the
likelihood of a missed diagnosis of COVID-19 is mark-
edly diminished if a second PCR is performed 24 hours
after the first [9]. Rather than playing an important role
in diagnosis, imaging of early-phase COVID-19 could
become clinically relevant to prioritizing patients for
treatment regimens, such as plasma therapy, which
preferentially benefit patients early in the course of their
disease [10]. In addition, recognition of the predomi-
nant imaging finding of organizing pneumonia pattern
of lung injury has supported current use of corticoste-
roids in the treatment of patients with COVID-19
lung disease.

Much dinical CT imaging of seriously ill patients
with COVID-19 is currently driven by suspicion of pul-
monary embolic disease. Compared with other seri-
ously ill patients, these thrombi preferentially involve
segmental and smaller vessels [11,12]. At least some
of these thrombi may be products of endothelial
damage via viral spike protein binding to angiotensin-
converting enzyme 2 (ACE-2) receptors [13]. Accord-
ingly, some clinical guidelines have recommended pul-
monary CT angiogram be considered in seriously ill

FIG. 1 Acute typical appearance of COVID-19 in a 50-year-old man. Frontal chest radiograph (A) shows
bilateral perihilar and peripheral hazy airspace opacities without pleural effusions. Axial chest CT (B)
demonstrates bilateral peribronchovascular and peripheral ground glass opacities.



FIG. 2 Progression of COVID-19 in a 60-year-old woman. Axial chest CT on
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initial presentation (A) with very

mild peripheral ground glass opacities. Axial chest CT obtained 3 weeks later (B) now shows extensive
bilateral peribronchovascular and peripheral ground glass opacities and consolidation, with areas of
subpleural sparing and perilobular pattern similar to organizing pneumonia.

patients with COVID-19 with D-dimer levels exceeding
2000 mg despite prophylactic anticoagulation. Inde-
pendent of pulmonary emboli, vessel dilatation is pre-
sent in most patients with COVID-19 pneumonia,
likely representing a nonthrombotic manifestation of
vascular pathology (Fig. 4) [14].

Although risk of thromboembolic disease is high,
initial data suggest that the likelihood of bacterial coin-
fection is overall low in the early phases of disease [15].
Serial imaging in COVID-19 has demonstrated a peak
in extent of abnormalities between 9 to 13 days.
Although worsening of imaging abnormalities with
onset past that expected peak could represent delayed

m. .‘ \"~V ’ R - -~ _‘.. S II
FIG. 3 Reverse halo in a 62-year-old man with COVID-19.
Axial chest CT shows an area in the anterior right middle lobe
of central low attenuation and peripheral high attenuation,
the “reverse halo,” or “Atoll,” sign. Extensive bilateral ground
glass and focal consolidative opacities in a peripheral and
peribronchovascular pattern, as well as perilobular pattern,
are also seen.

superinfection, this has not been systemically studied.
As opposed to superinfection, air block phenomena,
pneumothorax, and pneumomediastinum have been
shown to be common among severely ill patients with
COVID-19 [16] (Fig. 5). The reason for the latter is
uncertain.

Preliminary studies of convalescent disease have
shown favorable imaging results for patients with
mild to moderate disease, but persistent CT abnormal-
ities in patients with severe disease requiring mechani-
cal ventilation. A study of patients with mild to
moderate disease who did not require mechanical
ventilation demonstrated complete resolution of

FIG. 4 Vessel dilation in a 62-year-old woman. Coronal
chest CT demonstrates dilated pulmonary arteries that reach
the lung periphery. Bilateral peripheral and
peribronchovascular ground glass opacities are also
present.
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FIG. 5 Barotrauma in a 68-year-old man with COVID-19.
Axial chest CT demonstrates extensive
pneumomediastinum. Bilateral peribronchovascular and
peripheral ground glass opacities, consolidation, and
bronchiectasis are seen, compatible with the patient’s
COVID-19 infection.

pulmonary opacities on 48-day follow-up CT [17]. In a
different study of follow-up CTs 4 months after initial
presentation, only a minority of patients with mild to
moderate disease (13%) demonstrated persistent
mosaic attenuation, reticulation, and/or architectural
distortion [18] (Figs. 6 and 7). In contrast, most
(52%-66%) patients with severe disease in this study
demonstrated these persistent abnormalities. Other
studies have also shown persistent, fibroticlike changes
predominantly in patients with severe disease. One 6-
month follow-up study of CTs of patients who had
been hospitalized for COVID-19 pneumonia has found
that 35% of patients demonstrated fibroticlike changes
(traction bronchiectasis, parenchymal bands, and/or
honeycombing) [19]. These residual abnormalities

were associated with prior acute respiratory distress syn-
drome, treatment with noninvasive mechanical ventila-
tion, and age older than 50.

As the follow-up post-infection interval remains rela-
tively short (months rather than years), it is not known
whether these changes are permanent and reflect irre-
versible fibrosis. Perhaps more important, it is yet un-
known whether residual imaging abnormalities
correlate with clinically significant symptoms, which
are common. For instance, a study of 143 patients
showed that a large majority (87.4%) reported at least
1 persistent symptom 60 days after the onset of initial
symptoms, the most commonly reported symptoms
were persistent fatigue and dyspnea [20].

H1N1 PNEUMONIA

The long-term fate of SARS-CoV-2 among the human
population is uncertain; however, that of influenza is
not. Influenza will always be with us. Influenza A,
which is the usual source of epidemic influenza is sub-
typed on the basis of 2 surface proteins, Hemagglutinin
(H) and Neuraminidase (N). A total of 9 H and 16 N
exist. All of these can be found in waterfowl, whereas
humans are usually only infected with H1-H3 and
N1-N2. When viruses with different subtypes infect
the same cell, genetic re-assortment can yield virus sur-
face antigens novel to the human population that are
capable of initiating an epidemic [21].

To add complexity, not all hemagglutinins or neuro-
manidases with the same numeric designation are
immunologically identical. In 2009, an HIN1 variant
arose that contained a unique combination of influenza
genes not previously identified in animals or humans.
The H1N1 (2009) virus was sufficiently different from
recent prior HIN1 such that few young people had

FIG. 6 Convalescent COVID-19 in a 71-year-old man. Axial chest CT from initial hospitalization (A) shows
extensive bilateral ground glass opacities and mild bronchiectasis in the lingula. (B) Follow-up CT performed
4 months later demonstrates significant improvement in the ground glass opacities, but with increased
bronchiectasis in the lingula and left-greater-than-right lower lobes.
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FIG. 7 Convalescent COVID-19 in a 62-year-old man. Axial chest CT images from initial hospitalization (A)
demonstrate bilateral peribronchovascular and peripheral ground glass opacities with areas of perilobular
pattern. Mild traction bronchiectasis is also seen in the anterior upper and lower lobes. Follow-up CT image
performed 9 months later (B) shows essential resolution of the ground glass opacities, with mild residual
perilobular pattern. The bronchiectasis has also improved overall.

existing antibodies, compared with one-third of people
older than 60 years (likely from exposure to an older
HINT1 virus earlier in their lives). During its first year
of spread, H1N1 infected more than 60 million individ-
uals in the United States [22]. Globally, 80% of
HIN1(2009) virus-related deaths occurred in people
younger than 65 years, as opposed to typical seasonal
influenza epidemics, during which approximately
70% to 90% of deaths occur in people 65 years and
older. Forms of the HIN1(2009) virus have continued
to circulate worldwide, and as of 2018, the Centers for
Disease Control and Prevention (CDC) estimated it
that it had infected approximately 100 million people
in the United States and caused approximately 75,000
deaths [22].

In addition to immunogenicity, the HIN1(2009) vi-
rus differed in respiratory cell binding characteristics.
The H protein is responsible for viral cell binding that
occurs at surface receptors containing sialic acid, which
can have an a2-6 or and «2,3 linkage to galactose. The
former pattern is found in the tracheobronchial pseudo-
columnar epithelium in upper and lower airways,
whereas the latter is present in terminal bronchioles,
type 1 pneumocytes, and alveolar macrophages. Most
human influenza viruses bind preferentially to the o2-
6 receptors, but HIN1(2009) influenza binds well to
both «2-6 and @2,3 sialic [21].

During the 2009 H1N1 epidemic, most patients also
presented with normal chest radiographs. In those with
more severe disease, radiographs demonstrate patchy
opacities with a lower lobe and central predilection
[23] (Fig. 8). In general, HIN1(2009) pneumonia CT
findings were similar to those seen in other influenza
Aviruses. In general, on CTs of influenza A pneumonia,
bilateral irregular areas of ground glass and consolida-
tion are often visible, typically in a peribronchial

distribution [24] (Figs. 9 and 10). Centrilobular nod-
ules can also be present, but usually not to the extent
seen with some other viruses, such as human meta-
pneumovirus and respiratory syncytial virus [25,26].
In addition to peribronchial opacities, however, some
patients with HIN1(2009) demonstrated extensive
ground glass opacities in subpleural distribution, sug-
gesting organizing pneumonia [27] (Fig. 11).

The H1IN1 influenza circulating worldwide today
can present with extensive subpleural ground glass
opacities similar to those described in the initial
outbreak, and accordingly CT images can appear very
similar to COVID-19 pneumonia. Comparison of the
currently circulating HIN1 influenza to COVID-19
pneumonia did not show significant differences be-
tween these pathogens in extent of peribronchovascular
or subpleural ground glass or consolidation [28]. Pa-
tients with H1N1 were less likely to demonstrate a crazy
paving pattern or to demonstrate vascular enlargement.
Nevertheless, the imaging appearance of HIN1 influ-
enza and SARS-CoV-2 are sufficiently similar that dis-
tinguishing these pathogens will depend on
laboratory testing rather than CT.

Both HIN1(2009) pneumonia and SARS-CoV-2
pneumonia tend to produce more severe infections
among obese patients. This most likely represents obe-
sity’s impairment of both innate and adaptive immune
systems to combat viral infections in general, rather
than a defect in combating these specific pathogens. A
predilection toward pulmonary emboli was also re-
ported in patients with HIN1(2009) pneumonia dur-
ing the epidemic, but no predilection toward
peripheral emboli was noted [23]. Neither have addi-
tional signs of vascular pathology, such as the local
vessel enlargement seen in SARS-Cov-2, been described
in HIN1 [28]. This may reflect the absence of specific
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FIG. 8 . Progression of H1N1 influenza in a 58-year-old woman. Initial frontal chest radiograph (A)
demonstrates mild bilateral, right-greater-than-left peripheral hazy airspace opacities. Chest radiographs
obtained 2 (B) and 3 (C) days later demonstrate increasing bilateral hazy airspace opacities with progressive

perihilar involvement.

tropism of H1N1 for lung endothelium given its lack of
ACE-2 receptor binding.

HUMAN METAPNEUMOVIRUS

Human metapneumovirus is an illustration that inter-
species transmission of viral respiratory illnesses is not
a phenomenon new to the twentieth and twenty-first
centuries. Although the virus was only first described
in 2001, phylogenetic analysis indicates it originated
from avian metapneumovirus 200 to 400 years ago
[29,30]. The virus has since evolved to adapt to its

human host, to the degree that the human form can
no longer affect birds. Its adaptation to the human
host has been excellent, such that nearly all of us have
been infected by age 5 [31].

Immunity is dependent on both antibodies and T
cells, but the virus has various mechanisms to blunt
the immune system response, including the upregula-
tion of program cell death receptors on T cells. Accord-
ingly, immunity is not lifelong. Most recurrent
infections are mild; however, elderly adults (>65 years
old) with comorbidities such as asthma and chronic
obstructive pulmonary disease (COPD) are particularly
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FIG. 9 Forty-four-year-old man with H1N1 influenza. Frontal chest radiograph (A) shows bilateral perihilar
and peripheral hazy opacities. On axial chest CT (B), there are peripheral and peribronchovascular ground

glass opacities and consolidation.

susceptible to the virus. Pneumonia may occur in up to
40% of HMPV infections in this population [32]. Mor-
tality of outbreaks of HMPV in skilled nursing homes
has exceeded 10%.

Even though the minority of HMPV infections
outside the elderly population present with pneumonia,
the virus is sufficiently widespread to be a significant
cause of adult pneumonia in multiple age groups. This
is particularly true during seasonal spikes, which usually
occur 1 to 2 months after the peak of influenza. Among
adults 18 to 49 years of age hospitalized for pneumonia,
infections with HMPV are more common than Strepto-
coccus pneumoniae, mycoplasma, Staphylococcus aureus,
and legionella [33]. Coinfection with other viral patho-
gens (such as respiratory syncytial virus) is common,
but it is unclear whether the presence of an additional
pathogen alters the clinical course of the disease [32]. Co-
infection with bacteria also occurs, pneumococcal infec-
tion being documented in a quarter of adults requiring
intensive care unit admission [34] (Fig. 12).

Radiologic findings in HMPV are in keeping with its
viral pedigree. Like other members of the paramyxovirus

FIG. 10 Sixty-six-year-old man with H1N3 influenza. Axial chest CT images (A, B) show bilateral
peribronchovascular ground glass opacities in a pattern similar to organizing pneumonia. Bronchial wall
thickening is also apparent in the lower lobes (B).

family, respiratory syncytial virus and parainfluenza, it
shows a predilection for causing airway centric disease,
manifest by bronchial wall thickening, bronchiolitis,
and bronchopneumonia. Compared with the other para-
myxoviruses, HMPV appears to be associated with more
common presence of a bronchopneumonia pattern
[25,35] (Fig. 13). This airway centric ground glass and
consolidation differs from the alveolar filling seen with
adenovirus, which often occurs without accompanying
imaging findings of an airway centric process (Fig. 14).

Standard treatment for HMPV pneumonia remains
supportive. Trials of vaccines and treatment with intra-
venous antibodies have thus far been largely confined
to animal studies.

LEGIONELLA

Unlike many of the emerging diseases causing acute
respiratory symptoms, Legionnaires’ disease (LD),
the generally accepted term for legionellae infection,
is not an epidemic disease. Instead, it manifests as
sporadic disease and in environmentally triggered
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outbreaks. Epidemiologically, LD is a water-borne dis-
ease. Legionellae are aerobic, gram-negative gammap-
roteobacteria that live in freshwater environments and
infect and replicate within human alveolar macro-
phages [36]. Cases of LD have increased in the United
States by approximately ninefold since 2000 [37]. In a
2014 US study, LD was second only to nontubercu-
lous mycobacteria (NTMB; see chronic infections later
in this article) as a cause of death from water-borne
diseases [38]. The incidence of sporadic LD in the cen-
tral and northeastern United States has increased from
0.45 per 100,000 in 2002 to approximately 1 to 3 per
100,000 in 2014 [39,40]. Compared with other
community-acquired pneumonias, sporadic LD is
more likely to lead to hospitalization and in some se-
ries is the third most common pathogen among pa-
tients hospitalized with pneumonia [41]. Indicative
of this severity, LD pneumonia has a relatively high
mortality rate of 10%.

1

FIG. 11 Fifty-two-year-old woman with H1N1 influenza. Axial (A) and coronal (B) CT images show peripheral
and peribronchovascular ground glass opacities in a pattern similar to organizing pneumonia.

Although perennially a pathogen to be considered in
daily clinical practice, LD periodically becomes news-
worthy during environmentally triggered outbreaks.
Recent outbreaks of the disease include an outbreak of
90 cases in Genesee County, Michigan, in 2014, 58
cases in Bresso, Italy, in 2018, and 13 cases within an ac-
ademic hospital in Wisconsin in 2018 [42-44]. During
2015, New York City experienced a large outbreak of
LD: 138 cases with 16 deaths associated with a contam-
inated cooling tower [45].

Although LD is described by some as an “atypical
pneumonia,” its imaging characteristics are in general
indistinguishable from other community-acquired bac-
terial pneumonias [41,46]. Consolidation and ground
glass opacities are the most common findings, and
can be intermixed, bilateral, and affect multiple lobes.
Radiologic appearance usually continues to worsen dur-
ing the first week despite the administration of appro-
priate antibiotics [47] (Fig. 15). Centrilobular nodules

FIG. 12 Superinfection of HMPV with legionella. Frontal chest radiograph in a 71-year-old man (A) on
presentation shows bilateral ground glass opacities. Chest radiograph on day 2 (B) shows rapid progression
with complete opacification of the left lung and extensive ground glass opacities and consolidation in the right

lung.
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FIG. 13 Sixty-three-year-old man with human metapneumovirus (HPMV). Axial (A) and coronal (B) chest CTs
show bilateral peribronchovascular ground glass opacities, centrilobular nodules, and left lower lobe

consolidation.

are uncommon in patients with LD and could be a dis-
tinguishing characteristic between LD and mycoplasma
and viral pneumonias; however, a direct comparison
has not been made [48] (Fig. 16). Parapneumonic
pleural effusions are seen in approximately half of pa-
tients, but empyema is rare and likely carries a poor
prognosis [49].

Less common findings include crazy paving, inter-
lobular septal thickening, and the reverse halo sign
[50,51]. As suggested by the finding of the reverse
halo sign, LD can be an etiology of organizing pneu-
monia [52] (Fig. 17). Although immunocompetent
and immunocompromised patients in general have
similar imaging findings in LD, the latter patients
more commonly develop cavitary legionella pneu-
monia [53].

The laboratory diagnosis of LD is imperfect. The
CDC recommends testing for LD with both urinary an-
tigen testing and culture of lower respiratory secretions
(eg, sputum, pleural fluid, bronchial aspirates,

bronchiolar lavage). The most widely available urinary
antigen tests detect Legionella pneumophila (Lp1) spe-
cies; however, other Legionella species (such as Legion-
ella micdadei) also cause pneumonia and can result in
a false negative test. Other urine antigen tests that do
detect non-Lp1 species have lower sensitivities [36].
Although culture is the gold standard, sensitivity
ranges from less than 10% to 80% due to differences
in sample types and laboratory experience, and some
patients with LD may be unable to produce sufficient
sputum for testing [36]. Nucleic acid amplification
tests such as PCR for LD have been more recently
developed; however, are not yet widely available for
clinical use. In light of the preceding, a negative urine
antigen does not definitively exclude LD in the setting
of a hospitalized patient with imaging signs of progres-
sive bacterial pneumonia. This is particularly true in
patients who have suspected LD due to clinical signs
and symptoms such as altered mental status, hypona-
tremia, and rhabdomyolysis [50].

FIG. 14 Adenovirus pneumonia in a 40-year-old man. Axial (A) and coronal maximum intensity projection
(MIP) (B) chest CT images show right lower lobe consolidation. The MIP images underscore the absence of

centrilobular nodules.
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FIG. 15 Progression of legionella in a 33-year-old man. Initial chest radiograph (A) demonstrates a left
retrocardiac consolidation. Chest radiograph obtained 3 days later (B) shows marked progression with new

multifocal bilateral consolidation.

COCCIDIOIDOMYCOSIS

Coccidioides immitis and Coccidioides posadaii are 2 fungal
organisms that each can cause coccidioidomycosis, in-
fections that can present as acute pneumonia, like the
organisms discussed previously (Table 1). Alternatively,
the infection can have more chronic manifestations. As
a whole, disease caused by Coccidioides has increased in
incidence by more than a factor of 5 between 2000 and
2018.1In 2018, 15,611 cases were reported to the CDC;
however, this is felt to be underrepresenting the true
number of cases in the United States. Coccidioides is
endemic to California, Arizona, New Mexico, and
Mexico; however, its territory is growing and has been
found in relatively newer regions such as northwest
New Mexico near the Four Corners, northeast Utah,
and Eastern Washington State [54,55]. As the disease
has increased in incidence, it has been observed that
non-white are at particular risk of severe infection. Of
any ethnic group, Native Americans and Alaskan Na-
tives had the highest hospitalization rate from

coccidioides infection [56]. Increased rates of dissemi-
nated infection are seen in African American, Filipino,
and Pacific Island ethnicities [57].

Pulmonary coccidioidomycosis can manifest as an
acute pneumonia that can be difficult to distinguish
from other etiologies of community-acquired pneu-
monia. The most common radiographic finding of
coccidioidomycosis is unilateral or bilateral consolida-
tion most commonly involving the perihilar regions
and lower lobes. Hazy opacities also may be present.
Nodules can be seen, but often are better visualized
on CT. Lymphadenopathy is seen in only approxi-
mately 20% of chest radiographs; however, can be
seen in up to 40% of patients on CT [57] (Fig. 18).
CTs also demonstrate lobar or segmental consolidation,
with or without ground glass opacities, satellite nod-
ules, and cavitary nodules. Acute coccidioidomycosis
can manifest solely as a solitary or multiple 0.5 to 2.5-
cm well-circumscribed nodules. Pleural effusions are
seen in 15% to 20% of patients and are usually

FIG. 16 Legionella in a 68-year-old man with underlying emphysema. Axial chest CTs (A, B) demonstrate
right upper lobe ground glass opacities, consolidation, and a small right pleural effusion, with an absence of
centrilobular nodules. There is a background of centrilobular emphysema.
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FIG. 17 Legionella in a 53-year-old man. Initial chest radiograph (A) demonstrates left upper lung and right
mid lung consolidation. Follow-up radiograph 3 months after treatment (B) shows persistent opacities, with
bandlike consolidation in the left upper lung and more organized, contracted consolidation in the right mid
lung. These opacities may represent organizing pneumonia.

unilateral and small. Rarely cavitating nodules can
rupture into the pleural cavity, resulting in empyema
and potentially bronchopleural fistula (Fig. 19).

Acute coccidioidomycosis is self-limited in most pa-
tients and does not require antifungal therapy. Imaging
findings that are usually sufficient to prompt antifungal
therapy include bilateral consolidation, pleural effu-
sion, and evidence of disseminated disease [57]. Con-
current risk factors, such as untreated human
immunodeficiency virus/AIDS, organ transplantation,
biologic response modifier therapies, diabetes mellitus,
severe cardiopulmonary dysfunction, and (possibly)

TABLE 1

Acute Emerging Thoracic Infections

African or Filipino ancestry also warrant initiation of
treatment [58].

Disseminated acute coccidioidomycosis usually oc-
curs through hematogenous spread and results in
miliary nodules throughout both lungs (Fig. 20). In
addition, coccidioidomycosis can involve essentially
any part of the body, but the most common extrathora-
cic sites of disease include osteomyelitis and synovitis,
soft tissue infections, peritonitis, and meningitis.

Chronic coccidioidomycosis is defined as symptom-
atic or radiologic disease that persists for more than
6 weeks. The most common finding is a residual

Organism
SARS-CoV-2

Typical Imaging Finding
Peripheral and/or bronchocentric
ground glass and consolidation

H1N1 influenza Peripheral and/or bronchocentric
virus ground glass and consolidation

HMPV Bronchopneumonia and

bronchiolitis pattern

Legionella Multifocal consolidation
pneumophilia

Coccidioides Lobar and segmental
(acute) consolidation

Additional Imaging Findings

Barotrauma, pulmonary

Less likely than COVID-19 to

OP pattern uncommon

Can progress radiologically

Adenopathy <20% on CXR;

Epidemiology

Pandemic
embolic disease

Recurring epidemic
manifest vessel enlargement
or crazy paving

Seasonal, peak after
influenza peak

Sporadic, environmental
during first week of effective outbreaks

treatment

Endemic, environmental

more common on CT outbreaks

Abbreviations: COVID-19, Coronavirus Disease 2019; CT, computed tomography; CXR, chest radiograph; HMPV, human metapneumovirus; OP,
organizing pneumonia; SARS-CoV2, severe acute respiratory syndrome coronavirus-2.
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FIG. 18 Fifty-two-year-old woman with recent travel to California, presenting with fever and cough, found to
have coccidioidomycosis. Posteroanterior and lateral chest radiographs and chest CT (A-C) show left upper
lobe consolidation with a similar appearance as bacterial community-acquired pneumonia. Enlarged left

mediastinal lymph nodes are also present (D).

nodule, which can develop within a site of prior consol-
idation or from filling in of a prior cavity. Most nodules
are 1 to 2 cm, but nodules of several centimeters can
occur and can mimic lung cancer. The nodules are typi-
cally round, well-circumscribed, of homogeneous atten-
uation with variable borders (spiculated, lobulated, and
smooth borders have all been observed), located in the

lung periphery. Thin-walled cavitary lesions also can be
seen, which can fluctuate in size secondary to ball-check
mechanism trapping air within the cavity (Fig. 21) [59].
Patients with cavities may develop mycetomas, typically
from aspergillus rather than from coccidioidomycosis
itself. Although many patients with cavities are asymp-
tomatic, patients may develop symptoms such as low-

FIG. 19 Sixty-year-old man with coccidioidomycosis and empyema. Initial frontal chest radiograph (A)
demonstrates a large left pleural effusion. A chest tube was placed (B), and residual bilateral consolidation and

nodular opacities are present.
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FIG. 20 Disseminated coccidioidomycosis in a 46-year-old man with prior renal transplant. Frontal chest
radiograph (A), axial chest CT (B), and coronal chest CT (C) show innumerable bilateral randomly distributed
miliary nodules. Focal left upper lobe consolidation is also demonstrated on CT (B).

L.

FIG. 21 Thin-walled cavity of chronic coccidioidomycosis in a 42-year-old-woman. Posteroanterior chest
radiograph (A) and coronal CT (B) demonstrate left upper lobe thin-walled cavity with adjacent bronchiectasis
and pleural thickening.

115



116 Febbo & Ketai

grade fever, weight loss, and hemoptysis if a mycetoma
develops within the cavity or if there is bacterial super-
infection of the cavity.

Fewer than 1% of patients can develop more
complex-appearing chronic, fibrocavitary consolidation
that mimics the appearance of tuberculosis, nontuber-
cular mycobacterial disease, and histoplasmosis
(Fig. 22). This fibrocavitary change is disproportion-
ately seen in African American, Filipino, Latino, and
American Indian individuals, and patients with diabetes
[57]. Treatment is necessary and involves prolonged
administration of oral azole antifungals [60].

Diagnosis of coccidiodomycosis depends on the acu-
ity of the illness. Acute disease can be diagnosed with
serum antigen testing for immunoglobulin (Ig)G and
IgM antibodies and/or sputum culture. Relevant to
chronic infections, residual nodules (“coccidioido-
mas”) often contain viable organisms that can yield
positive cultures. This is in contrast to some other
endemic fungal infections, such as histoplasmosis, in
which residual nodules are usually sterile [60]. Patients
with chronic cavitary infection will typically have nega-
tive serum IgG and IgM antibodies, but will have posi-
tive sputum culture.

NONTUBERCULOUS MYCOBACTERIA

NTMB, aside from “hot tub” lung, are associated with
chronic rather than acute or subacute disease. Although
indolent rather than epidemic, these pathogens are
resilient and their prevalence and impact on world
health has grown steadily in the twenty-first century.
Disease prevalence in the United States has doubled
in the past 2 decades and tripled in South Korea, most
recently estimated at approximately 40 cases per
100,000 in the latter [61]. Increases in prevalence
have been largely driven by increases in Mycobacterium
avium complex (MAC) in North America and by

Mpycobacterium abscessus (MABS) in Asia. The latter or-
ganism, a member of the NTMBs classified as rapid
growers, is less common than MAC worldwide, but
causes significant morbidity due to their characteristic
antibiotic resistance and poor response to treatment
[62].

The reasons for the increasing prevalence are multi-
factorial. The NTMB cell wall is lipid rich and readily
forms biofilms. It can resist disinfectants and is particu-
larly adept at colonizing shower heads, where it readily
forms aerosols. Recently, human-to-human transmis-
sion of a multidrug-resistant MABS strain has been
documented [63]. Host susceptibility likely plays a ma-
jor role in NTM growing prevalence as well. It has long
been recognized that patients with preexisting cystic
fibrosis (CF) and non-CF bronchiectasis are at risk for
NTM infection, and even patients with CF transmem-
brane conductance regulator gene heterozygosity may
be at increased risk [64]. Other structural lung disease,
such as alpha-1-antitrypsin and lung cancer, may also
increase infection risk. In addition, immunologic defi-
cits play a major role in NTM susceptibility, including
those deficits caused by the expanding use of tumor ne-
crosis factor (TNF) inhibitors and other biologics in the
treatment of autoimmune diseases [65]. Naturally
occurring genetic variation, such as in alleles coding
for TNF-alpha and specific interleukins likely affect an
individual’s susceptibility to NMT as well [66].

For the past 2 decades, MAC pulmonary infections
may be classified into an (upper lobe) fibrocavitary
lung disease seen mostly in male patients with underly-
ing COPD, and a bronchiectatic form most commonly
seen in women with slender body habitus and chest
wall deformities [67] (Fig. 23). Recently a sophisticated
latent class analysis suggested that NTMB morphologi-
cally might be divided into 3 groups that better define
morbidity and mortality. The NTM group with the
lowest morality manifested mild radiologic

FIG. 22 Thin-walled cavity of chronic coccidioidomycosis with mycetoma in a 31-year-old man. Axial (A) and
coronal (B) chest CT show left upper lobe thin-walled cavity with internal circumscribed nodules with smooth

borders compatible with mycetoma.



FIG. 23 Typical appearance of MAC. Axial chest CT in a
64-year-old woman demonstrates multifocal areas of
cylindrical bronchiectasis, especially in the right middle lobe
and lingula, with tree-in-bud centrilobular nodules and at
least one larger discrete nodule.

abnormalities primarily confined to nodules, which
were occasionally cavitary. A second group with inter-
mediate mortality was defined as having extensive
bronchiectasis and widespread tree-in-bud opacities.
The third group demonstrated extensive cavities accom-
panied by moderate to severe bronchiectasis and had
the highest mortality. This report is concordant with
other studies showing that cavitary disease is associated
with a much a higher 5-year mortality than patients
whose manifestations of infection are confined to bron-
chiectasis and nodules (Fig. 24). Accordingly, the

FIG. 24 Severe cavitary MAC in a 58-year-old man with
emphysema. Axial chest CT shows a large, thick-walled right
upper lobe cavity with adjacent consolidation and internal
air-fluid level.
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presence of cavitary disease generally warrants the initi-
ation of treatment and necessitates a more intensive
therapeutic regimen than used if treatment is initiated
in noncavitary disease [67-70].

The radiologic manifestations of cavitary MAC are
similar to tuberculosis, but do have subtle distinctions.
Not surprisingly, when compared with patients with
cavitary tuberculosis, patients with NTM cavitary
lung disease are more likely to have widespread
bronchiectasis. Compared with tuberculous cavities,
MAC-infected cavities have thinner walls with less sur-
rounding parenchymal opacities and tend to develop
pleural thickening adjacent to the cavity (Fig. 25). In
one study, pleural thickening adjacent to the cavity,
right upper lobe bronchiectasis, and ill-defined tree-
in-bud nodules all carried odds ratios greater than 5
for predicting NTMB over tuberculous infection [71].

As noted previously, bronchiectasis, with or without
accompanying cavities, is the signature finding of NMT.
Bronchiectasis may be caused by these pathogens or
conversely, preexisting bronchiectasis may predispose
to colonization and establishment of infection with
NTMB. Bronchiectasis caused by MAC is typically
most severe in the lingula and middle lobe, but is
frequently present in other lobes as well, particularly
the right upper lobe [72]. Interestingly, the ability to
culture NMTB from the sputum is more closely related
to the concurrent present of cavities rather than the
extent of bronchiectasis [73].

Patients with mild underlying immune suppression,
such as diabetes, and bronchiectatic NTM are more
likely to demonstrate cavitary nodules and
opacities >2 cm, than are immunocompetent hosts.
Although there is considerable overlap in appearance
of different NMTs, the distribution of bronchiectasis
in Myocbacterium abscessus infection may not show the
predilection for the middle lobe and lingula seen with
MAC [74]. Another series suggested that M abscessus is
more likely than MAC to manifest as the bronchiectatic
nodular form rather than cavitary disease. When cavities
were present in M abscessus infections, they were less
likely to be thin walled [75] (Fig. 26).

CHRONIC PULMONARY ASPERGILLOSIS

Chronic infection with aspergillus, like NMTB infection
is being recognized with increasing frequency this cen-
tury (Table 2). Chronic pulmonary aspergillosis (CPA)
most often occurs in lung damaged from tuberculosis,
occurring in 20% or more of patients with prior cavitary
tuberculous disease. In areas of the world where the
prevalence of tuberculosis is low, COPD has been the
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FIG. 25 Thin-walled cavitary MAC in a 56-year-old woman. Coronal chest CTs before treatment (A, B) show
a thin-walled cavity that develops adjacent pleural thickening and nodularity. Coronal chest CT following
treatment (C) shows collapse of the cavity with residual nodule.

FIG. 26 Mycobacterium abscessus in a 50-year-old man. Axial chest CT (A) demonstrates largely thick-
walled cavity and nearby bronchiectasis. Follow-up chest CT 4 years later (B) shows improvement in cavity
size, but with increased bronchiectasis. (From Dr. Jane P. Ko, MD, New York University Langone Health; with

permission.)
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TABLE 2
Chronic Emerging Thoracic Infections

Organism Typical Imaging Finding
Coccidioides Nodules, thin-walled
(chronic) solitary cavities

NTMB Bronchiectasis, nodules
(macronodules and
tree in bud), cavities

Aspergillus Expanding preexisting
cavities or bullae with
progressive adjacent
parenchymal disease

Additional Imaging Findings

Upper lobe fibrocavitary
disease, rare

Pleural thickening adjacent
to cavities

Aspergillomas, adjacent
pleural thickening

Epidemiology

Endemic, fibrocavitary disease
more common in specific
ethnic groups

Endemic, prevalence surpasses
TB in the United States and
Europe

Seen in patients with COPD or
NTMB in the United States
and Europe, superimposed
on TB elsewhere

Abbreviations: COPD, chronic obstructive pulmonary disease; NTMB, nontuberculous mycobacteria; TB, tuberculosis.

predominant CPA risk factor due to associated bullous
emphysema as well as the use of inhaled and/or sys-
temic corticosteroids. More recently CPA infection has
been recognized as an important sequela of NTMB in-
fections, the 2 chronic infections co-emerging in many
parts of the world [76]. In the United Kingdom, for
example, approximately equal percentages of CPA cases
occur in the setting of prior NTMB infection as in the
setting of prior tuberculosis (TB). Although characteris-
tically associated with the NTMB classic pattern, CPA
can also occur in conjunction with bronchiectatic
pattern of NTMB infection [77].

CPA is an infection characterized by a tissue invasion
less severe than seen in angioinvasive aspergillosis but
more extensive than seen with aspergillomas or allergic
bronchopulmonary aspergillosis. Infectious disease

literature often divides this umbrella term into (1) sub-
acute invasive aspergillosis (when the disease develops
rapidly, in <3 months); (2) chronic cavitary pulmonary
aspergillosis (when then disease develops more slowly);
and (3) fibrosing aspergillosis (when extensive fibrosis,
often asymmetric, is present) [77,78]. Because these dis-
tinctions can be difficult to make radiologically, radiol-
ogists may prefer the more general term of CPA [79].
Radiologic presentation of CPA is influenced by the
underlying disease. When superimposed on preexisting
COPD, the disease can present as persistent consolida-
tion in the upper lobes that develops cavitation and re-
sults in single or multiple thick-walled or thin-walled
upper lobe cavities that slowly increase in size [80]
(Fig. 27). Progression of upper lobe cavitary disease is
associated with local architectural distortion but

s

FIG. 27 Chronic cavitary aspergillosis in a 62-year-old man with emphysema. Chest radiograph (A) and
coronal chest CT (B) show an irregular relatively thick-walled cavity with adjacent pleural thickening. Nodules
can also be seen in the right lower lung (A) and left lower lung (B).
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FIG. 28 Progression of chronic aspergillosis in a 49-year-old man with underlying emphysema. Chest
radiograph (A) and axial chest CT (B) show thick-walled left upper lobe cavity with adjacent consolidation.
Several months later, chest radiograph (C) and chest CT (D) show marked increase in cavity wall thickness,
internal aspergilloma formation, and adjacent pleural thickening.

extensive fibrosis can also occur into the adjacent lobes,
often asymmetrically (Fig. 28). In the setting of CPA,
irregular wall thickening with a cavity (“scablike”
sign) has been associated with hemoptysis [81].

When CPA is superimposed on previous classic
NTMB or tuberculosis, it results in extension of preexist-
ing cavities and adjacent fibrosis that mimics progres-
sion of the underlying disease. In the case of NTMB,
development of chronic aspergillosis usually occurs
more than a year after NMTB infection is diagnosed.
Radiologic signs of aspergillosis superimposed on
mycobacterial infection include pleural thickening adja-
cent to the areas of consolidation or cavitation and
aspergilloma formation [76]. Pleural thickening usually
presages the appearance of the aspergilloma, which may
be multiple (Figs. 29 and 30).

Imaging findings suggesting chronic aspergillosis
should drive laboratory evaluation focused on that diag-
nosis. Despite the presence of cavitary disease, culture of
respiratory secretions for aspergillus may be positive in
only 50% of patients. Cultures of Aspergillus fumigatus
are more likely to be true positives compared with non-
fumigatus species. The latter are less likely to be true path-
ogens, possibly because the larger size of these species im-
pedes penetration into alveoli. Fortunately, serum-
specific IgG is positive in 90% of all chronic aspergillus

e

FIG. 29 Chronic aspergillosis superimposed on
nontuberculous mycobacterial infection in a 57-year-old
man. Extensive pleural thickening is present adjacent to the
right upper lobe cavity, and an aspergilloma is also
conspicuous. (From Dr. Jeffrey P. Kanne, MD, University of
Wisconsin School of Medicine and Public Health; with
permission.)
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FIG. 30 Aspergilloma in a 65-year-old man. Frontal chest radiograph (A) and coronal chest CT (B) show
bilateral thick-walled apical cavities with internal debris including an organized aspergilloma on the left. (From
[A] Ketai L, Currie BJ, Holt MR, Chan ED. Radiology of Chronic Cavitary Infections. J Thorac Imaging. 2018

Sep;33(5):334-343. PMID: 30048346; with permission.)

infections [60]. Treatment usually involves long-term tri-
azole therapy but can be complicated by drug-drug inter-
actions if patients are receiving rifamycin group
antibiotics. This drug interaction occurs more commonly
in patients with NMTB than in those with TB due to the
longer duration of treatment and may contribute to the
higher mortality of CPA in the setting of NMTB.

SUMMARY

Emerging infections can cause acute or chronic disease
and be epidemic or insidious in their spread. Their emer-
gence can be driven by changes in the organism or
changes in the human population and its environment.
Both are changing constantly. This paper has attempted
to address imaging questions relevant to several
emerging infections commonly seen in current clinical
practice in North American, Europe, and northeast
Asia. Other major pathogens, many of them parasitic
(eg, Chagas disease, stronglydiasis) are reemerging in
other regions of the world and have a profound effect
on global health. These and yet unknown emerging
pathogens will continue to challenge diagnostic imaging
in the remainder of the twenty-first century.
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