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Abstract

Purpose of Review Emerging infectious diseases have seen
a record increase in prevalence, and understanding their
management is critical in an increasingly global commu-
nity. In this paper, we review current literature detailing the
role of radiology in the diagnosis and treatment of the
Ebola (EVD), Zika (ZVD), Chikungunya (CHIKF), HIN1,
Middle East Respiratory (MERS), and Severe Acute Res-
piratory Syndrome (SARS) viruses.

Recent Findings Complex protocols are required to safely
use portable imaging in EVD to prevent nosocomial spread
of disease. In ZVD, antenatal ultrasound can detect fetal
abnormalities early, allowing implementation of care and
support to affected families. Imaging is useful in assessing
the extent of involvement of chronic CHIKF and moni-
toring treatment effect. Chest radiography and CT play a
more direct role in the diagnosis and monitoring of the viral
infections with primarily respiratory manifestations
(HIN1, MERS, and SARS).

Summary Radiology plays a variable role in emerging
infectious diseases, requiring an understanding of disease
transmission and safe imaging practices, as well as imaging
features that affect clinical management.
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Introduction

Emerging infectious diseases, defined by the Centers for
Disease Control and Prevention (CDC) as those whose
“incidence in humans has increased in the past two decades
or threaten[s] to increase in the near future,” have seen a
record increase in prevalence over the past two decades
related to increased international travel, developing
antibiotic resistance, and increased industrialization and
globalization of food production and distribution [1, 2].
Emerging infectious diseases are now recognized at an
alarming rate of one per year, resulting from emergence of
novel infectious agents or re-emergence of previously
described diseases [1]. In this paper, we explore the utility
of various imaging techniques in the evaluation and man-
agement of emerging infectious diseases. These include
diseases with systemic manifestations caused by the Ebola,
Zika, and Chikungunya viruses, and infections with pre-
dominantly respiratory manifestations caused by HINI,
MERS, and SARS viruses. While Multi- and Extensively
Drug Resistant Tuberculosis continue to play an important
role as emerging infectious diseases, this topic is beyond
the scope of this work. An approach to imaging in
resource-limited settings will also be discussed, with an
emphasis on the necessary safety precautions to prevent
nosocomial spread of these infectious agents.
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Ebola Virus Disease (EVD)

The Ebola viruses are a group of RNA viruses in the
Filoviridae family, initially isolated in humans in the
Democratic Republic of Congo (formerly Zaire) in 1976
[3]. Small outbreaks have occurred in Africa since its
discovery, with population growth and direct interaction
with wildlife contributing to increased spread of the virus.
There are four viral strains in the genus Ebolavirus that
cause disease in humans, with an overall average fatality
rate of 50% [4]. The more virulent Zaire Ebolavirus has a
67% fatality rate and was responsible for the West African
Epidemic of 2013 that started in Guinea and quickly spread
to Liberia and Sierra Leone. The epidemic peaked in 2014
and ended in 2016, and was the largest recorded EVD
outbreak with over 28,000 cases and 11,000 deaths
(although the magnitude of the outbreak is likely under-
estimated) [3]. EVD is ongoing, with recent smaller out-
breaks in the Democratic Republic of Congo in 2018 [5].
African fruit bats are believed to be the reservoir host for
humans and other primates.

The Ebola virus is spread through the bodily fluids of
infected persons, and enters its new hosts via mucous
membranes or broken skin [6]. The incubation period lasts
3-21 days, followed by symptoms of fever, severe head-
ache, myalgia, malaise, diarrhea and vomiting, and, in
severe cases, hemorrhage [7]. A key component of EVD
management is containment and control of the highly
contagious infection, including contact tracing, use of
personal protective equipment, and safe burial practices.
Treatment is supportive, including intravenous fluid and
electrolyte repletion. Additional supportive methods such
as mechanical ventilation and temporary hemodialysis are
sometimes utilized in the developed world, but are
unavailable in resource-limited settings, where treatment is
often limited to oral rehydration [8+¢]. A recombinant Zaire
Ebola vaccine, with high efficacy for the Zaire strain, was
first used in 2018 to stop an outbreak in the Democratic
Republic of Congo.

The role of radiology in the evaluation and management
of patients with EVD is limited [8e, 9] ]. Due to its sys-
temic, non-specific manifestations, imaging is most useful
for monitoring supportive treatment, rather than evaluating
the direct effect of the disease on specific organs [7, 8e].
Although infrequently available in resource-limited set-
tings, when supportive measures like central venous access
or mechanical ventilation are accessible, more specific
indications for imaging exist. For example, point of care
ultrasound (US) is useful for central venous catheter
placement and assessing for associated complications, such
as pneumothorax or deep venous thrombosis [10]. Chest
radiography is useful in monitoring cardiopulmonary
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status, assessing central line and endotracheal tube place-
ment, and determining when aggressive measures like
endotracheal intubation are indicated [10].

When imaging of patients with EVD is indicated and
adequate resources are available, implementing safe and
effective procedures presents a unique challenge. Addi-
tional supplies and personnel are required due to increased
protective measures needed to safely acquire images [9].
Ebola virus is transferred via infected bodily fluids, which
can survive on surfaces for days to weeks. Medical imaging
equipment must be decontaminated before use on other
patients, limiting imaging modalities to portable techniques
(radiographs and US) [6, 8+]. The utilization of CT and
MRI would increase the risk of transmission to patients and
healthcare workers [11] and is often unavailable in regions
affected by EVD.

In 2015, Emory University published their protocols for
safely obtaining portable US and chest radiographs in their
Ebola isolation unit, which includes a multi-step process
involving multiple staff members, multiple plastic cover-
ings over imaging equipment, and utilization of an ante-
room to prepare and sanitize equipment entering or leaving
the patient’s room [8ee, 12]. Other hospitals have developed
similar protocols and successfully prevented the spread of
Ebola virus to healthcare workers treating their Ebola
patients [7, 9]. When developing a protocol for safely
imaging patients with Ebola virus, it is important to use
products that adequately kill the virus without damaging
the medical equipment. For example, chlorine-based
cleaning products may cause erosion of the electrical
contact plates of US batteries and charging docks [10].
Ideally, a fully digital system where the x-ray detector can
transmit images wirelessly should be used. This would
allow the equipment to remain in the patient’s room
throughout treatment. However, this is usually not avail-
able in areas affected by EVD [7, 8e°].

The World Health Organization (WHO) estimates that
3-4% of patients infected with Ebola are healthcare
workers, which highlights the importance of prevention of
nosocomial spread [13]. Minimizing the number of hospital
staff that come in contact with patients or infected bodily
fluids is an important step. Although ultrasounds and
radiographs are typically acquired by technologists, other
members of the treatment team can be trained to acquire
images, in order to decrease the risk of exposure [8e°].

The role of imaging patients with EVD in resource-
limited settings is therefore reserved for specific indica-
tions, utilizing portable US and portable chest radiography.
Imaging of patients with this highly contagious infection
must adhere to strict protocols that provide the necessary
diagnostic  information = while preventing disease
transmission.
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Zika Virus Disease (ZVD)

The Zika virus is an arbovirus in the family Flaviviridae
that was initially isolated in 1947 in a macaque monkey in
the Zika forest in Uganda, and in 1952 in humans. Initially
confined to an equatorial belt from Africa to Southeast
Asia, the infection spread eastward to the Americas
between 2007 and 2016 [14]. Two small outbreaks in
Micronesia in 2007 and in Oceania in 2013-2014 preceded
the largest epidemic of ZVD in 2015, which started in
Brazil and quickly spread throughout North, Central and
South America, and the Caribbean [14]. Anthropogenic
climate change with warmer temperature and increased
precipitation facilitated the epidemic spread, which lasted
from 2015 through 2016. ZVD affected an estimated 1.5
million people in Brazil, resulting in over 3800 cases of
microcephaly [14]. The primary route of Zika virus trans-
mission is through the bite of an infected Aedes aegypti or
Aedes albopictus mosquito [14]. Once infected, human-to-
human transmission occurs through either vertical trans-
mission (from an infected pregnant woman to the fetus) or
sexual transmission [15]. The majority of infections are
asymptomatic.

If clinically apparent, the presentation of ZVD is usually
mild and non-specific, including fever, maculopapular rash,
conjunctivitis, arthralgias, and fatigue that last up to
1 week [14]. In fetuses and neonates, infection with Zika
virus may cause congenital Zika syndrome. Congenital
infection causes direct cellular injury to brain tissue,
resulting in microcephaly and retinal damage, with less
common defects including congenital contractures and
hypertonia. In adults and older children, Zika infection may
cause several neurologic manifestations, including Guil-
lain—Barre Syndrome and neuropathy [16]. The WHO
recommends continued vigilance for Zika virus infection,
which continues to spread due to climate change, urban-
ization, and globalization [17]. There is no specific treat-
ment for Zika infection, although several vaccines entered
clinical trials in 2017.

Zika virus conveys a disproportionate risk to low-re-
source areas, as many of the countries it affects lack the
medical facilities to run diagnostic tests [14]. There is
significant overlap in symptomatology between Zika,
Chikungunya, and Dengue infections, and without proper
laboratory diagnosis, distinguishing between these endemic
viral illnesses is challenging. The primary role of radiology
in ZVD is prenatal screening in those suspected of having
congenital infection. Prenatal ultrasound allows for early
detection of Zika-associated fetal abnormalities and facil-
itates early implementation of care and support to affected
families, one of the objectives outlined in the WHO Zika
Strategic Response Plan [17].

US is particularly suitable for antenatal screening in
resource-limited settings, as it is a safe, inexpensive, and
accessible method of evaluation. In suspected congenital
Zika syndrome, the CDC recommends US be considered
every 3—4 weeks to monitor fetal growth and assess for
signs of infection and anomalous fetal development [15].
The most common prenatal ultrasound finding is micro-
cephaly, defined as head circumference more than two
standard deviations below the mean for gestational age
[18+]. However, prenatal normocephaly does not exclude
congenital Zika infection, as microcephaly can develop
after birth. A study of expectant mothers with confirmed
Zika infection in Colombia found a 15- to 24-week delay
between maternal diagnosis and development of fetal
microcephaly, with the earliest detection at 24-week ges-
tational age [15]. Therefore, detailed fetal neuroimaging
throughout pregnancy is warranted in cases of suspected or
confirmed infection, as a normal fetal US before 24-week
gestation age does not exclude the possibility of developing
congenital Zika syndrome.

Additional intracranial US findings include cerebral
parenchymal atrophy and associated ventriculomegaly,
subependymal pseudocysts, ocular abnormalities, and
hypoplasia or agenesis of the corpus callosum, cerebellum,
and brainstem [18e]. Parenchymal calcifications can also
occur, and are typically located at the gray—white matter
junction. Non-neurologic US findings are less specific and
include echogenic bowel, hepatosplenomegaly with hepatic
calcifications, and talipes equinovarus [15, 19].

Magnetic Resonance Imaging (MRI) provides a more
detailed assessment of the neurologic manifestations of
congenital Zika syndrome, either prenatally or postnatally.
However, MRI is often not available in resource-limited
settings [20]. MRI findings are similar to US, although
MRI provides a clearer delineation of patterns of cortical
atrophy, white matter abnormalities related to abnormal
myelination, and hypoplasia of the corpus callosum, cere-
bellum, and brainstem (Fig. 1) [18e, 21].

Postnatal Computed Tomography (CT) can also assess
for congenital anomalies, although it is not as easily
accessible as US. CT is a sensitive method for detecting
parenchymal calcifications and, unlike US, does not require
open fontanelles for imaging. The lower cost of CT and
increased availability compared to MRI make it more
feasible in resource-limited areas. CT findings of congen-
ital Zika include dystrophic parenchymal calcifications
with typical distribution at or below the corticomedullary
junction, which decrease in size and number over time
[20]. Other findings include secondary effects of global
cerebral cortical volume loss, such as ventriculomegaly,
discrepancy between cranium and facial size, cranial bone
collapse with protuberance of the occipital bone, and small
fontanelles [18+, 20]. CT is also useful in monitoring for
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Fig. 1 Infant with confirmed
congenital Zika virus infection,
with diffuse cortical atrophy and
hypoplasia of the corpus
callosum, cerebellum, and
brainstem. a Coronal fluid-
attenuated T2, b sagittal fluid-
attenuated T2, ¢ axial fat-
saturated T1 and d sagittal T2
weighted MRI demonstrate
these findings Images courtesy
of Drs. Nielsen and Adachi,
UCLA Department of
Pediatrics. Originally published
in “Zika Virus Infection in
Pregnant Women in Rio de
Janeiro — Preliminary Report”
[21], reprinted with permission
from NEIM

hydrocephalus once the fontanelles have closed, which
occurs in up to 40% of children, often mandating VP shunt
placement [20].

In contradistinction to Ebola virus, infection control
does not pose limitations in the imaging of patients with
Zika virus, as human-to-human transmission occurs only
through sexual or vertical transmission. Diagnostic US,
CT, or MRI can be performed while utilizing standard
safety precautions and personal protective equipment.
Radiology personnel must be aware of standard precau-
tions, including the appropriate use of personal protective
equipment, appropriate contact and airborne precautions,
and the “5 moments for hand hygiene”: before touching a
patient; before any clean or aseptic procedure; after body
fluid exposure risk; after touching a patient; and after
touching a patient’s surroundings [22]. Congenital Zika
syndrome can have profound effects on cerebral develop-
ment. Appropriate risk assessment along with early and
frequent prenatal US evaluation can help detect fetal
anomalies, including microcephaly and a spectrum of other
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intracranial manifestations. If available, more advanced
imaging techniques such as CT or MRI can further char-
acterize cerebral abnormalities and monitor for postnatal
complications.

Chikungunya Fever

Chikungunya fever (CHIKF) is an infection caused by an
RNA virus from the Togaviridae family transmitted to
humans through the bite of infected Aedes aegypti and
Aedes albopictus mosquitos [23], the same species
responsible for the spread of Zika and Dengue viruses. The
word “chikungunya” means to “walk bent over” in the
Makonde language, spoken in southeast Tanzania and
northern Mozambique, reflecting the severe arthralgia
associated with the disease [24]. The virus was first isolated
in 1955 following an outbreak on the Makonde Plateau in
1952. While periodic outbreaks have occurred over the last
50 years in Africa and Southeast Asia, large outbreaks in
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Kenya in 2004 and in the west Indian Ocean region (Co-
moros, Mayotte, Mauritius, the Seychelles, and Reunion) in
2005 have led to a worldwide increased rate of disease, as
well as travel-associated infection in non-endemic areas
[23, 25, 26]. Cases in Brazil account for 94% of all con-
firmed cases in the Americas, and an additional large
outbreak was described during the Olympic Games in Rio
de Janeiro in 2016 [27].

Clinically, CHIKF can be divided into acute and chronic
phases. The acute phase typically lasts 7 to 10 days and
manifests with fever, rash, severe polyarthralgia involving
the hands and feet, and fatigue (Fig. 2). Progression to the
chronic phase, or “chronic migratory rheumatism,” occurs
in approximately 50% of patients over a span of 3 months
to 3 years [23, 26, 27]. High expression of prostaglandins
stimulates nociceptors that increase sensitivity to pain and
increase osteoclastic activity, resulting in osseous erosion
[28]. Additional sites of inflammation include lymph
nodes, skin, liver, and spleen [29]. The chronic phase of
disease is typically distal, symmetric, and polyarticular,
involving the hands, wrists, and ankles [23]. Less common
neurologic outcomes include seizure, encephalitis with
decreased limb movements and extensor plantar response,
and neuropathic pain [27]. The diagnosis is largely clinical
with biochemical confirmation. Treatment is symptomatic,
including anti-inflammatory medication. Antiviral treat-
ment and vaccination are not currently available.

Musculoskeletal imaging (radiography, US, and MRI) is
useful in assessing severity and extent of disease in the
chronic phase. On hand radiographs, findings include
periarticular osteopenia (18%), osteoarthritis (14%), soft
tissue swelling (10%), and rarely marginal erosions (2%)
[27]. Ultrasound shows tenosynovitis involving the small
joints of the fingers, bulging of the joint capsule (84%),

Fig. 2 Maculopapular rash of Chikungunya involving the right foot
Image courtesy of Clarissa Canella, MD, Universidade Federal
Fluminense, Rio De Janeiro, Brazil

wrist effusions with incompressible synovial thickening
(74%), finger flexor tenosynovitis (70%), cellulitis, wrist
extensor tenosynovitis (38%), and thickening of the median
nerve (36%) (Fig. 3) [23, 27]. MRI demonstrates similar
findings, including tenosynovitis and polyarticular joint
effusions, although erosive changes may be more apparent
(Fig. 4) [24].

Neuroimaging manifestations of CHIKF are non-speci-
fic and include restricted diffusion and fluid attenuation
inversion recovery (FLAIR) signal abnormality in the
bilateral frontoparietal white matter on MRI, with or
without contrast enhancement. These imaging findings
overlap with other viral encephalitides, demyelinating
disease, vasculitides, and lymphoma. In the spine, charac-
teristic enhancement and clumping of the nerve roots of the
cauda equina has been described, although these findings
can also be seen with West Nile Virus, arachnoiditis, and
subarachnoid spread of tumor [25].

As there are no reports of human-to-human transmission
of CHIKF, standard safety precautions and decontamina-
tion of surfaces and imaging equipment is sufficient for
infection control in the healthcare setting.

While primarily a clinical diagnosis, the role of imaging
in CHIKF is to assess the extent and severity of chronic
musculoskeletal and rare extra-articular manifestations of
disease and to monitor treatment response.

HIN1 Viral Influenza

HINI is an influenza A virus in the orthomyxovirus family
that originated in Mexico in 2009. In the first influenza
pandemic of the 21st century, the infection spread to more
than 190 countries and territories, causing an estimated 61
million cases [30-32]. The HIN1 2009 influenza virus
resulted from reassortment of multiple existing influenza
strains including two swine strains, one avian strain, and
one human strain, resulting in the name “swine flu” [33].
In contradistinction to seasonal influenza, the pandemic
HINI infection was more virulent in younger adults, obese
patients, and pregnant patients. In August 2010, the WHO
announced that the HIN1 2009 influenza virus has moved
into the post-pandemic period, and that the virus is
expected to cause seasonal flu for years to come. During
the 2013-2014 season, HIN1 was the predominant virus
causing influenza-like illness, with significant morbidity
and mortality [34]. Clinical features include fever, cough,
rhinorrhea, dyspnea, myalgias, and gastrointestinal symp-
toms, with secondary complications ranging from bacterial
pneumonia to acute respiratory distress syndrome (ARDS)
[30]. Although the infection was mostly self-limited,
274,000 hospitalizations and 12,500 deaths were reported
in 2009, and the CDC reported that 25% of hospitalized
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Fig. 3 A 22-year-old female with Chikungunya fever who presented
with 6 weeks of polyarthritis and low-grade fever. a Longitudinal
ultrasound of the posterior tibial tendon (green arrow) demonstrates
fluid and synovial proliferation (yellow arrow), indicating tenosyn-
ovitis associated with late stage Chikungunya fever. b Longitudinal
ultrasound of the 3rd metatarsophalangeal joint demonstrates similar
synovial proliferation (yellow arrow). ¢ Power Doppler images show
increased flow, indicating synovitis of the 4th metatarsophalangeal
joint Images courtesy of Clarissa Canella, MD, Universidade Federal
Fluminense, Rio De Janeiro, Brazil (Color figure online)

patients required ICU admission [31, 32]. Treatment
includes supportive measures, antivirals in patients at high
risk of complications, and antibiotics for secondary bac-
terial infections.

Chest radiographs are the most frequently utilized study
in the evaluation of HINI infection. Up to 56% of initial

@ Springer

studies in HIN1-infected patients are normal [35, 36]. In
severe cases or with disease progression, patients may
rapidly develop bilateral ground glass opacities, consoli-
dation, and reticular opacities, predominantly in the mid to
lower lung zones [36—41]. Radiographic abnormalities
correlate with disease progression, with bilateral, diffuse,
peribronchovascular consolidation correlating with the
subsequent need for mechanical ventilation and develop-
ment of ARDS [41] (Fig. 5). Up to 67% of hospitalized
patients with HIN1 will require mechanical ventilation
[41]. Chest radiographs are also helpful in monitoring for
short- and long-term complications of HINI infection,
such as secondary bacterial pneumonia, ARDS, or pul-
monary fibrosis (Figs. 6, 7).

While less accessible in resource-limited settings, CT is
more sensitive in evaluation of HIN1 infection. The pre-
dominant CT features include multifocal peribronchovas-
cular and/or subpleural ground glass opacities (Fig. 8)
[35, 41]. Nodular opacities are seen in up to 60% of hos-
pitalized patients [41]. These findings can progress to
extensive bilateral consolidation and secondary bacterial
pneumonia. Other sequela of acute infection include
interlobular septal thickening and pulmonary edema due to
ARDS, with more long-term complications including
architectural distortion due to pulmonary fibrosis (Fig. 9)
[35, 41].

Influenza is spread via infected bodily fluids. Therefore,
standard droplet precautions are sufficient for imaging
patients with HIN1 infection [30]. This includes wearing a
mask when in close contact with infected individuals and
decontaminating surfaces and imaging equipment with
appropriate alcohol-based cleaning agents. Chest radiog-
raphy can be safely and effectively implemented in
resource-limited settings to diagnose and monitor HIN1
infection, including secondary complications which may
require aggressive treatment.

Middle East Respiratory Syndrome (MERS)

MERS is a respiratory syndrome caused by a novel zoo-
notic coronavirus (Middle East respiratory syndrome
coronavirus, MERS-CoV), initially isolated from a patient
who died of severe respiratory illness in Saudi Arabia in
2012 [42]. Since 2012, major outbreaks have occurred in
Saudi Arabia, United Arab Emirates, and the Republic of
Korea, with 2279 laboratory-confirmed cases reported to
the WHO from 27 countries [43]. The overall fatality rate
is over 35%, with 806 deaths reported as of January 2019
[43]. Infected dromedary camels serve as the non-human
reservoir for the virus, with the most common transmission
being human-to-human through infected respiratory
secretions, usually in the healthcare setting [43]. Clinically,
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Fig. 4 Patient who presented
for evaluation 4 months after
onset of polyarthritis. a Axial
T2 weighted MRI of the left
wrist demonstrates synovitis of
the radiocarpal and
metacarpophalangeal joints, as
well as tenosynovitis of multiple
extensor and flexor tendons
(blue stars). b Axial T2
weighted MRI of the left ankle
in a patient with Chikungunya
infection, 4 months

after symptom onset,
demonstrates tenosynovitis
involving the posterior tibialis
and flexor digitorum longus
tendons (green arrows) Images
courtesy of Clarissa Canella,
MD, Universidade Federal
Fluminense, Rio De Janeiro,
Brazil

MERS can present as a broad spectrum of disease, from
asymptomatic or mild disease to a rapidly progressive
respiratory illness resulting in respiratory failure, septic
shock, multi-organ failure, and death [44]. Children tend to
present with less severe manifestations, with death only
rarely reported if there are significant comorbidities
[45-47].

More than 20% of MERS cases progress quickly to
diffuse alveolar damage and ARDS [48]. Because of its fast
and fulminant presentation, a high degree of clinical sus-
picion is needed in patients with recent potential exposure
who present with an acute febrile illness, particularly if
associated with lymphopenia and thrombocytopenia [49¢].
Recent exposure includes a pertinent travel history to an
endemic area or contact with a confirmed case of MERS
within 2 weeks. A positive polymerase chain reaction
laboratory test is required to confirm diagnosis [43, 49e].
Specific antiviral treatment and vaccination are not
available.

Imaging plays a crucial role in early diagnosis, moni-
toring of disease progression, and prognostic evaluation.
Radiologic features can be used to predict the severity of
disease through a quantitative chest radiograph (CXR) or

CT six-zone scoring system and identification of ancillary
features that are negative prognostic indicators.

Initial CXR demonstrates abnormalities in 83% of cases
[44]. The most common parenchymal abnormality is
ground glass opacity (66% of patients), followed by con-
solidation (18%), or a combination of ground glass and
consolidation (16%). Abnormalities are more frequently
peripheral (58%) than central (25%) and most commonly
involve the right lower lung (73%) (Fig. 10). On serial
CXR and CT, patients typically show rapid progression of
radiologic abnormalities [50].

Quantitative CXR scoring is performed by dividing each
lung into three fields (upper, middle, and lower) and
scoring each zone from O to 4, based on the percentage of
the lung zone involved by abnormalities. A higher CXR
score and the presence of pleural effusion or pneumothorax
are associated with worse clinical outcome [44, 51].
Radiographic disease has also been classified into four
patterns of progression based on the severe acute respira-
tory syndrome (SARS) system, which categorizes pro-
gression based on timing of peaks in radiographic
abnormalities. Type 4 progression (progressive radio-
graphic deterioration) is associated with a higher mortality
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Portable
SUPINE

Fig. 5 A 34-year-old male with HINT influenza with rapid progres-
sion of disease. a Chest radiograph on the day of admission shows
bilateral, symmetric ground glass and consolidation with (b) rapid
progression of bilateral pulmonary opacities on hospital day 3. The
patient ultimately required intubation and ICU admission

rate, which may be due to worsening of the primary MERS
infection versus bacterial superinfection [44, 51, 52].

CT plays a more limited role in cases of confirmed
MERS infection, although its higher sensitivity for subtle
parenchymal abnormalities may be useful in patients with
highly suspected disease but normal radiographs [49¢]. The
CT findings mirror CXR abnormalities, with ground glass
opacity being most common (53% of cases), followed by
ground glass opacity with consolidation (33%), consoli-
dation (20%), and interlobular septal thickening (27%)
[54]. More rarely and later in the disease course, crazy
paving, tree-in-bud nodularity, organizing pneumonia, and
cavitation have been described. While not typical of viral
pneumonias, pleural effusions are noted in 33% of patients
and serve as a poor prognostic indicator. As with CXR, CT
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MRH Portable

Fig. 6 A 45-year-old male with HIN1 influenza who required
intubation. Focal consolidation in the right lower lobe on chest
radiograph is consistent with superimposed bacterial pneumonia

Fig. 7 A 52-year-old male with HIN1 influenza with bilateral ground
glass and consolidation and reticular opacities on chest radiograph

involvement can be quantified using the same six-zone
scoring system, with a higher score associated with a
higher mortality rate in adults [53]. While the incidence of
abnormalities detected on CT appears lower than the cor-
responding CXR abnormalities, this is likely related to
utilization of CT only in patients with high suspicion of
disease whose CXRs were normal or showed only subtle
abnormalities that required further characterization.
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Fig. 8 A 42-year-old female who initially presented with fever and shortness of breath. a Axial and b coronal CT of the chest demonstrate
diffuse peribronchovascular consolidation on CT, subsequently confirmed as HIN1 viral pneumonia

When there is confirmed or suspected MERS infection,
appropriate patient isolation with airborne droplet precau-
tions, as described for HI1Nl1-infected individuals, are
necessary to safely image the patients while preventing
nosocomial transmission to healthcare workers and
patients.

Severe Acute Respiratory Syndrome (SARS)

SARS is a respiratory illness caused by the zoonotic RNA
human coronavirus group 2b (SARS-CoV) with some
features similar to MERS [54]. While its definitive animal
host is not clear, human transmission is thought to have
originally occurred through the masked palm civet, with
heavy human interaction in outdoor Chinese markets
[54, 55]. An initial outbreak was reported in Guangdong
Province in the People’s Republic of China in 2002, with
rapid spread to Hong Kong and subsequently 33 other
countries over five continents. Healthcare workers were
disproportionately affected, with most SARS exposures
occurring in hospital settings. By the time the outbreak was
contained in 2004, there were over 8000 confirmed cases
and more than 800 reported deaths. Disease was more
severe in the elderly, with a mortality rate of greater than
40% in patients over 60 years of age [55].

The clinical presentation of SARS includes flu-like
symptoms with persistent fever and rapidly progressive
dyspnea, with 20% of patients also presenting with watery
diarrhea [55]. The WHO set criteria for “suspected” and
“probable” SARS to aid in diagnosis. “Suspected” SARS
was defined as high fever (> 38 °C), difficulty breath-
ing/cough, and significant exposure to SARS. “Probable”
SARS was defined as a suspected SARS with respiratory

distress syndrome (RDS) or pneumonia on CXR, or sus-
pected SARS with positive SARS-CoV laboratory assay
[56]. As such, radiographic findings played a key role in
appropriate triage and quarantine of potential SARS cases.
Treatment is largely supportive, without specific antivirals
or vaccines available.

Although 20% of patients initially present with a normal
CXR, most cases develop significant abnormalities on
subsequent imaging [57, 58]. When abnormal, initial CXR
most commonly demonstrates a focal opacity, usually
involving the peripheral mid to lower lung fields, with
multifocal (27%) or diffuse (14%) opacities being less
common [55, 57, 58]. CT has a higher sensitivity for small
volume or subtle parenchymal disease and is likely to
depict patchy consolidation and ground glass, even in early
cases with normal CXR [57, 59]. Confluent opacities show
rapid progression, often without associated mediastinal
adenopathy, pleural effusion, or cavitation [60]. Consoli-
dation peaks at approximately 69 days, usually coinciding
with onset of steroid treatment, and resolves at a mean of
16 days [55, 56]. Chest radiographs that show more than
one zone or bilateral parenchymal involvement, multifocal
or diffuse opacities at baseline, or any pattern of progres-
sion other than initial deterioration to peak followed by
improvement are associated with worse patient outcomes
[58, 60]. Chronic chest CT findings typically develop
6—12 months after initial diagnosis and include intralobular
and interlobular septal thickening, subpleural lines, and
traction bronchiectasis [61]. Development of these chronic
lung findings correlates with pulmonary function testing
abnormalities [61].

Extrapulmonary radiographic manifestations of SARS
are not widely reported in the literature, although SARS-
CoV isolates have been found in the bowel, spleen, liver,
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Fig. 9 A 30-year-old female with end-stage renal disease status post
renal transplant who presented with HIN1 pneumonia that rapidly
progressed to hypoxic respiratory failure and ARDS

Fig. 10 A 40-year-old female with multiple medical comorbidities who
initially presented with fever and severe cough, subsequently confirmed
as MERS. Chest radiograph on admission to the ICU showed extensive
air space consolidation in the right mid and the lower lung zones with
ground glass opacities in the left mid lung zone. This patient expired
5 days after admission Image courtesy of Dr. K.M. Das, MD, FSCCT,
Department of Radiology, College of Medicine and Health Science,
UAE University, United Arab Emirates

lymph nodes, and kidneys at autopsy [57]. Because many
SARS patients received high-dose corticosteroids,
osteonecrosis and decreased bone density have been
reported [62, 63].

Similar to patients with suspected MERS infection,
appropriate isolation of the SARS-infected patient is
important to prevent nosocomial transmission. Patients

@ Springer

should be screened and appropriately isolated and masked
for safe imaging and diagnosis. In the 2003 outbreak, 75%
of SARS cases in Singapore were contracted in the hospital
setting, with 10 cases directly linked to the imaging
department [64¢]. This highlights the importance of early
suspicion and appropriate isolation, specifically within the
imaging department.

Conclusion

Imaging plays a variable but important role in the man-
agement of emerging infectious diseases. Emerging infec-
tious diseases often arise in resource-limited settings,
where radiography and ultrasound can contribute to initial
diagnosis and monitoring of disease complications. CT and
MRI, when available, also contribute to evaluation of dis-
ease progression. In the setting of highly contagious dis-
ease entities such as SARS or Ebola, it is imperative to
understand methods of disease transmission, as well as
adhere to appropriate disinfection protocols while imaging
to limit nosocomial disease spread. As new disease out-
breaks are unpredictable and can spread rapidly, it is
important for radiologists to recognize the impact medical
imaging can have on the global dissemination of these
highly infectious disease agents.
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