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Infectious Disease Imaging

Ishita Desai and Kara-Lee Pool

�Introduction

The topic of infectious disease imaging in low- 
and middle-income countries (LMICs) is vast, 
and this chapter is not intended to serve as a com-
prehensive reference. For that, we kindly direct 
the reader to the remarkable text on the topic enti-
tled The Imaging of Tropical Diseases, authored 
by the distinguished Drs. Palmer and Reeder; 
their comprehensive work is truly a masterpiece 
on the subject of infectious disease imaging in 
LMIC settings and includes clinical cases in 
multiple modalities and exhaustive reviews on 
pathophysiology and medical management, all 
of which are based on meticulous epidemiology 
and pathophysiology discussions [1]. In contrast, 
what follows in this chapter is an introductory 
review of the available imaging modalities fol-
lowed by the imaging presentations of common 
endemic infectious disease processes organized 
by disease processes in order to highlight the 
continued importance imaging plays in the diag-
nosis and treatment of infectious diseases in an 
ever-evolving world.

�Background

Infectious diseases continue to remain a major 
cause of morbidity and mortality in the world 
[2]. The use of diagnostic imaging has increased 
dramatically over the past several decades, with 
a particularly sharp rise in advanced cross-
sectional imaging systems such as computed 
tomography (CT), magnetic resonance imaging 
(MRI), and molecular imaging such as positron 
emission tomography (PET) and single-photon 
emission computed tomography (SPECT) which 
are expected to continue to grow [3]. However, 
there are significant disparities in the availabil-
ity of imaging services across the globe, as dis-
cussed elsewhere in this text, and most advanced 
imaging is generally available only to the higher 
economic strata in LMICs [4]. For example, as 
a result of strengthening emerging economies, 
imaging services are growing rapidly in Brazil, 
Russia, India, and China (also known as BRIC 
countries) [5–8]. The availability and relative 
cost of the various imaging modalities are shown 
in Fig. 16.1.

�Imaging Modalities

There are a great number of options available 
to the modern, fully equipped hospital for the 
diagnosis and elucidation of a large number of 
diseases. These options range from those that are 
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highly complicated and time-intensive, such as 
MRI, to those that are simple but effective, such 
as ultrasound or radiography. Though this chapter 
is by no means an exhaustive atlas of the various 
uses and misuses of these imaging modalities, a 
small description of them is provided in order to 
better understand their role in global health.

MRI, the newest and perhaps least read-
ily accessible of these modalities, was utilized 
in  vivo in the first human in 1977 [10]. Since 
then, it has rapidly developed into one of the 
most widespread medical imaging techniques 
[11]. Because MRI uses a controlled magnetic 
field, some of the primary advantages are the lack 
of ionizing radiation, high spatial resolution, and 
excellent soft-tissue contrast. One of the main 
downsides to the use of MRI is the cost. Capital 
equipment, maintenance, and infrastructure costs 
alone exceed millions of dollars (US), while 
the technical skillset and high level of training 
needed to successfully acquire and interpret the 
images remain exceedingly difficult to obtain in 
low-resource countries. Though not as widely 
available in LMICs as other imaging technolo-
gies, emerging markets such as China are rapidly 
increasing the number of MRI scanners available 
to the local population (300–400 units per year) 
[12]. This is because of the increasing impor-

tance of MRI in many prior elusive diagnoses. 
MRI has become an exceedingly important diag-
nostic modality for the evaluation of the central 
nervous and musculoskeletal systems due to its 
great sensitivity [13].

CT imaging, on the other hand, has been 
around for decades and is more widely avail-
able. It is extensively utilized for evaluating dis-
ease processes in nearly every part of the body. 
Compared to standard radiography techniques, 
CT imaging provides three-dimensional images 
with excellent spatial resolution. It is relatively 
rapid, making it invaluable, especially in emer-
gent or life-threatening situations [14]. However, 
as discussed elsewhere in this text, CT scanning, 
though relatively inexpensive when compared to 
other major advanced imaging modalities such as 
MRI, remains an infrastructure-intensive modal-
ity that continues to be out of reach for a majority 
of the world’s population.

Despite the advent of advanced imaging 
modalities, it should be noted that plain film 
radiography and ultrasound continue to be main-
stays in the field of imaging in low-resource 
areas. Radiography especially remains an impor-
tant diagnostic tool for assessing pulmonary 
infections, but it should be noted that radiog-
raphy has a limited scope in the evaluation of 
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Fig. 16.1  Graphical 
representation illustrating 
the availability of the 
imaging modality (number 
of people per device) 
versus the cost of 
purchasing the imaging 
scanner (in US dollars) [9]. 
(Reprinted from Lungren 
et al. [9], with permission 
from SpringerNature)
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intraabdominal infections. Although radiographs 
are quite adept at picking up many of the second-
ary signs of infection, including bowel obstruc-
tion, ileus, pneumatosis (air in the bowel wall), 
or free intraperitoneal air, they have difficulty in 
assessing for actual signs of inflammation [15]. 
Many of these secondary signs would indicate 
that the disease has already progressed. The use-
fulness of radiography is increased somewhat by 
the ability to administer oral contrast agents (such 
as barium sulfate) for improved evaluation of the 
gastrointestinal tract. There are, of course, cost- 
and availability-related drawbacks to this type of 
examination. For this reason, ultrasound remains 
an incredibly powerful diagnostic modality in 
and out of low-resource areas, most notably in 
the diagnosis and management of abdominal and 
pelvic infections [15], in addition to soft-tissue 
and thoracic infections [16, 17].

Outside low-resource areas, point-of-care 
ultrasound has helped expedite diagnosis and 
treatment. In low-resource areas, however, it is 
often the only available diagnostic modality [18, 
19]. Several studies have demonstrated the use 
of ultrasound as an irreplaceable tool, affecting 
diagnosis and altering clinical management [20–
22] in not only infectious disease but also obstet-
rics and cardiology.

Incredibly, there are well-defined ultrasound 
presentations of a multitude of tropical infec-
tions, which can help narrow down differential 
considerations and lead to quicker treatment. 
These include but are not limited to paragonimia-
sis, clonorchiasis, and schistosomiasis [23]. The 
list is growing and presents an excellent argument 
for the increased use and study of ultrasound in 
global health.

On another end, we will not extensively dis-
cuss molecular imaging, PET, and SPECT, in 
this chapter due primarily to its limited avail-
ability in low-resource areas and relatively lim-
ited use because of the cost, need for trained 
personnel, and lack of networks for synthesizing, 
handling, and delivering the radioactive radio-
tracers. These imaging modalities are currently 
better developed for cancer and neurology [24, 
25]. There are uses for SPECT imaging to iden-
tify the site of infection, diagnose types of infec-

tion, or locate a source of infection [26, 27]. In 
addition, there is active research on the utility of 
PET/CT in the evaluation of subclinical, active 
pulmonary tuberculosis in HIV-1-infected adults 
[28]. Though these current techniques are useful 
in anatomically localizing the infectious lesions, 
they are limited by being nonspecific; these tech-
niques cannot fully differentiate true infections 
from sterile inflammation or cancer.

�Pneumonia

Worldwide, pneumonia is a leading cause of 
death and hospitalization, particularly among 
children and the elderly [29]. The diagnosis of 
pneumonia remains one of the most common 
applications of radiographic imaging. A simple 
chest radiograph can aid in the identification 
of the involved pathogen, guiding treatment 
and identifying complications and/or treatment 
response. Further evaluation with CT is useful, 
but not necessary for the diagnosis of pneumonia, 
particularly if resources are limited.

For example, lobar consolidation, cavita-
tion, and effusions suggest bacterial etiology 
(Fig.  16.2). Of note, however, in the proper 
clinical setting, these findings may also indicate 
polymicrobial (i.e., multiple pathogens at once), 
fungal, or mycobacterial etiologies [30]. Diffuse 
bilateral involvement can be an indication of 
an atypical infection, such as Mycoplasma, 
Pneumocystis jirovecii, Legionella, or a primary 
viral illness [30]. A chest radiographic appear-
ance more severe than suggested by the clinical 
examination has been described in both viral and 
mycoplasma pneumonias [30]. As evident, spe-
cific pathogenic diagnosis is often not possible 
with radiography alone, but the role of imaging 
in pneumonia is not to provide a specific diag-
nosis but rather help: (1) localize the site of 
infection at diagnosis, (2) monitor progression 
versus regression, (3) estimate severity, and (4) 
diagnose complications such as pneumothorax, 
pleural effusions, empyemas, abscesses, and atel-
ectasis. For this reason, radiography is a vital tool 
for managing lung infections even when the spe-
cific pathogen is not identified, particularly since 
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many antibiotic therapies can cover a wide range 
of the possible pathogens.

Empyema is the term used to describe an 
infected fluid collection in the pleural space. This 
can occur primarily but most commonly is attrib-
utable to a complication of pneumonia, previous 
surgery, or trauma [31]. The chest radiograph will 
classically demonstrate a large, lentiform (lens-
shaped) pleural opacification [32] (Fig.  16.3). 
Pulmonary abscess, in contrast to an empyema, is 
an infected collection in the lung parenchyma and 
is often a complication of suppurative pneumonia 
that destroys lung parenchyma. The result is a pus-
filled cavity, often demonstrating an air-fluid level 
on chest radiographs (Fig. 16.4) [33]. In contrast 
to empyemas and abscesses, necrotizing pneumo-
nia describes the necrosis of infected pulmonary 
parenchyma with or without cavitation [34].

Symmetric perihilar ground-glass opacities, 
often termed “bat wing opacities,” are frequently 
seen in the early stages of Pneumocystis jirove-
cii pneumonia (PCP), most often seen in HIV-
infected patients [35]. In more advanced stages, 
PCP presents with diffuse ground-glass opacities 
and alveolar consolidation [35, 36]. Other less 
common patterns have been reported, includ-
ing lobar infiltrates, pulmonary nodules, pneu-
matoceles, and other cystic changes [36]. These 

diverse features of PCP are important to recog-
nize in imaging because this is a common oppor-
tunistic infection in HIV-infected patients and the 
treatment is different and longer term than the 
therapies for other lung infections.

�Tuberculosis

Of all the infectious diseases, Mycobacterium 
tuberculosis deserves special mention due to the 
widespread nature of the infection, communi-
cability, increasing resistance to treatment, and 
its long-term morbidity/mortality. According to 
the World Health Organization, new tuberculo-
sis infections occur in about 1% of the popula-
tion each year [37]. According to the 2016 WHO 
report on tuberculosis (TB), there were an esti-
mated 10.4 million new cases (incident) of active 
TB and 1.4 million deaths, mostly occurring in 
LMICs [37]. There has been an effort to deceler-
ate this incidence rate, but success in TB control 
also depends on the number of these cases that 
result in death. In Africa, for example, the case 
fatality ratio continues to range from 5% to 20%. 
In this case, imaging is invaluable to prevent 
progression and reduce the number of TB-related 
deaths [37].

a b

Fig. 16.2  Frontal (a) and lateral (b) chest radiograph demonstrating right lower lobe pneumonia in a 6-year-old male 
presenting with cough and fever
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An important consideration in addressing TB 
prevalence and incidence is disease communica-
bility. TB is transmitted through air by breathing 
in airborne particles that are generated when an 
infected individual coughs, sneezes, shouts, or 
even sings. The probability of transmission is 
dependent on several factors, including the con-
centration of infectious particles, air circulation, 
frequency of exposure, and physical proximity 
among a number of other considerations [38].

Diagnosis of active TB relies on imaging, as 
well as microbiological culture of body fluids, 
susceptibility testing, and/or nucleic acid ampli-
fication tests like GeneXpert MTB/RIF, while the 
diagnosis of latent TB relies on the tuberculin 
skin test (TST) and/or blood tests. Unfortunately, 
the acid-fast bacilli are found in the sputum in a 
limited number of patients with active pulmonary 
TB. Newer tests like GeneXpert are more rapid 
than mycobacterial culture and identify both the 

a

c

b

Fig. 16.3  Frontal (a) and lateral (b) chest radiographs 
and axial chest CT (c) of a 57-year-old male with a history 
of disseminated TB found to have an empyema, demon-

strated by the lens-shaped opacity at the right lung base on 
the frontal radiograph, confirmed by CT
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presence of M. tuberculosis and resistance to 
rifampin in a single test [39]. Imaging, however, 
still plays an important role in triaging patients, 
in aiding diagnosis when bacteriology cannot be 
confirmed, and in determining the extent of dis-
ease or complications of pulmonary TB [40].

There is also a growing role for ultrasound in 
the diagnosis of extrapulmonary TB. There are 
numerous studies that examine and enumerate 
the ultrasound presentation of extrapulmonary 
TB in the setting of HIV.  The protocol for this 
rapid diagnosis is better known as FASH, or the 
focused assessment with sonography for HIV-
associated TB, and has been used and tested 
repeatedly in resource-poor settings where CT 
and the described diagnostic lab tests are not eas-
ily available [20, 21, 41]. Oftentimes, the imaging 
provides rapid diagnosis for appropriate therapy 
before the definitive diagnosis by bacteriology. 
It is thought that more than 50% of infected 
patients remain undiagnosed, and lack of access 
to medical care, particularly medical imaging 
such as chest radiography, presents a significant 
barrier to diagnosis and disease monitoring [42]. 
Treatment is difficult and requires administration 
of multiple antibiotics, many of which are expen-
sive, over a long period of time (i.e., greater than 
6  months). Unsurprisingly, antibiotic resistance 

is a growing problem in multi-drug resistant TB 
(MDR-TB) infections.

TB can have a wide variety of radiographic 
appearances and thus has been termed “the great 
imitator.” There are three classic appearances of 
pulmonary TB on chest radiographs: primary, 
reactivation (also called secondary or post-
primary infection), and miliary.

A first exposure to M. tuberculosis leads to 
primary TB, which has a nonspecific imaging 
appearance. It can be manifested by a homog-
enous consolidation, lymphadenopathy, or even 
a pleural effusion. Often, these findings will 
resolve, but in some cases a residual Ghon focus, 
or a calcified caseating granuloma, can be noted 
on radiography [43, 44]. Primary TB in children, 
for example, most often presents with lymph 
node enlargement, often unilateral hilar nodes, 
seen in 90–95% of cases [45, 46]. In contrast, 
the most common radiographic manifestation 
of reactivation pulmonary TB is focal or patchy 
heterogeneous consolidation involving the apical 
and posterior segments of the upper lobes and the 
superior segments of the lower lobes. Another 
common finding is the presence of poorly defined 
nodules and linear opacities, which are seen in 
approximately 25% of patients [45]. Cavities, 
the radiologic hallmark of reactivation TB, are 

a b

Fig. 16.4  Frontal (a) and lateral (b) chest radiographs of a 28-year-old male with a 1-month history of cough found to 
have a pulmonary abscess, demonstrated by a localized, walled cavity, with an air-fluid level in the right lower lobe
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evident radiographically in 20–45% of patients 
(Fig. 16.5) [42]. Finally, in cases of miliary TB, 
the chest radiograph may demonstrate charac-
teristic innumerable 1–3  mm diameter nodules 
randomly distributed throughout both lungs; 
thickening of interlobular septa is also frequently 
present [1, 45] (Fig. 16.6).

As TB can notably present with a normal 
chest radiograph, CT is an important modality 
for early diagnosis and in guiding management. 
Both in later stages of TB or during treatment, 
CT imaging can reveal early cavitation, pleural 
and pericardial effusions, lymphadenopathy, and 
other findings, which may not be suspected on 
chest radiographs [47].

TB is an infection that is not only confined 
to the lungs but has a tendency to proliferate 
throughout the body. In the heart, TB is known to 
cause pericardial effusions (Fig. 16.7) and peri-
carditis. Pericardial effusions can be diagnosed 
by echocardiography or by point-of-care ultra-
sound [48].

TB can also affect any organ or tissue in the 
abdomen and can be mistaken for other inflam-
matory or neoplastic conditions [49]. The most 
common sites of abdominal TB are lymph nodes; 
typical findings include lymphadenopathy with 
central low attenuation due to the presence of 

perinodal granulation tissue and central caseous 
necrosis [49]. Peri-portal and para-aortic lymph-
adenopathy are easily identified on ultrasound 
using the previously described FASH technique 
for the diagnosis of extrapulmonary TB in the 
setting of HIV (Fig.  16.8). Other sites that are 
affected include the genitourinary tract, perito-
neal cavity, and gastrointestinal tract. In an HIV 
patient, the liver, spleen, biliary tract, pancreas, 
and adrenals are also commonly involved [49].

Central nervous system (CNS) TB is thought to 
occur in 2–5% of those infected with TB [43, 50] 
and can occur due to local or hematogenous spread. 
Infection can lead to varying manifestations, of 
which tuberculous meningitis and an intracranial 
tuberculous granuloma are the most common. 
Tuberculous meningitis most often presents with 
thick leptomeningeal enhancement at the base of 
the brain, which can result in obstructive hydro-
cephalus [43]. Tuberculous granulomas present as 
ring-enhancing lesions with surrounding edema, 
again more likely at the base of the brain, with or 
without associated meningeal enhancement [51]. 
These findings can be noted on contrast-enhanced 
CT or MRI (Fig. 16.9).

Tuberculous spondylitis, or Pott disease, is a 
common manifestation of TB in the spine, infect-
ing the vertebral body and intervertebral disc. 

a b

Fig. 16.5  Frontal radiograph (a) and coronal CT chest (b) in a 79-year-old male with right upper lobe thick-walled 
cavitary structures found to have reactivation TB
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a b

Fig. 16.6  Frontal radiograph (a) and coronal CT chest (b) 
demonstrating diffuse bilateral reticulonodular opacities in a 

28-year-old male patient with miliary pattern of disseminated 
TB infection. (Images courtesy of Shaden Mohammad, MD)

Fig. 16.7  FASH 
protocol subxiphoid 
image of the heart 
demonstrates pericardial 
effusion in a 36-year-old 
male due to TB

Fig. 16.8  FASH 
protocol transverse 
image of the upper 
mid-abdomen in a 
28-year-old male 
demonstrates matted 
hypoechoic para-aortic 
and peri-portal 
lymphadenopathy due to 
extrapulmonary TB

I. Desai and K.-L. Pool
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In the early stages and to assess the extent of 
involvement, MRI is the preferred modality. In 
later stages, reduction in vertebral body height, 
sclerotic vertebral bodies, or even compression 
deformities can be seen [43].

�Tuberculosis: Differential 
Considerations

As in other endemic infections, the genito-
urinary (GU) tract is commonly involved in 
TB. Differentiation from other causes of calcifi-
cation seen in the GU tract, such as in schistoso-
miasis, is often possible only in the later stages of 
the disease(s). For example, in schistosomiasis, 
calcification is first seen in the lower end of the 
ureters and the bladder and then extends up the 
ureters. In TB, the calcification extends down 
the ureters and the bladder, affecting the kidney 
much more often (Fig. 16.10) [52].

Another endemic parasitic infection com-
monly diagnosed on chest radiographs is para-
gonimiasis. The disease is most prevalent in 
populations of Asia (Korea, Japan, Taiwan, cen-
tral and southern China, and the Philippines) as 
well as Mexico and South America (Brazil, Costa 
Rica, Honduras) [1]. Since 2001, the number of 
new cases of paragonimiasis has alarmingly 
increased in much of coastal Asia and Japan and 
has emerged as a significant public health issue 
[53]. Some of those with Paragonimus infections 

are symptom-free and unaware of their infec-
tion; others develop a chronic cough and chest 
pain, classically describing “chocolate-colored” 
sputum [1]. Hemoptysis can often occur irregu-
larly and continue for years. The life cycle of this 
species of trematode predicates maturation to 
adulthood in snails and other shellfish and subse-
quently infects humans via ingestion due to poor 
water sanitation or undercooked seafood. The 
eggs hatch in the gastrointestinal tract and larvae 
migrate throughout the body, mainly to the lungs 
and pleural cavity to continue the life cycle.

a b c

Fig. 16.9  Axial pre- (a) and post-contrast (b) T1-weighted and FLAIR (c) images through the base of the brain dem-
onstrate thick, basilar meningeal enhancement in a 34-year-old female with AIDS, found to have TB meningitis

Fig. 16.10  Coronal CT through the abdomen and pelvis 
of an 83-year-old male demonstrating multiple dense cal-
cifications replacing much of the left kidney. This appear-
ance is also referred to colloquially as “putty kidney”
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On CT, pulmonary paragonimiasis presents as 
a subpleural or subfissural nodule with a necrotic 
low-attenuation area. Additional findings include 
subpleural linear opacities, presumably worm 
migration tracks, leading to necrotic and periph-
eral pulmonary nodules, adjacent bronchiectasis, 
areas of ground-glass attenuation, pleural effusion, 
and pneumothorax [54]. Later findings are thought 
to be caused by worm cysts and include solitary or 
multiple nodules or gas-filled cysts [55].

The radiographic appearance can make dif-
ferentiation of pleuropulmonary Paragonimus 
and TB difficult in areas of the world where 
both infections are endemic; differentiation may 
require sputum or lesion tissue pathologic exami-
nation [56] (Fig. 16.11).

Melioidosis, a deadly gram-negative bacte-
rial infection found primarily in Southeast Asia, 
can also cause a TB-like pattern of disease [1]. 
Pulmonary involvement is reported to be the 
most common form of melioidosis, account-
ing for >50% of cases. Melioidosis is often first 
noted on chest radiographs [57, 58] and can 
be easily confused with TB.  A high index of 
suspicion is therefore required to make this diag-
nosis. In acute, nonsepticemic, pneumonic meli-
oidosis, the most common radiographic pattern 
is focal consolidation with or without cavitation. 

As  might be seen in primary TB, melioidosis 
typically begins in the upper lobes, often quickly 
spreading to other lobes, and forms nodules or 
patchy densities. Compared to TB, rapid clinical 
and radiographic progression with early cavita-
tion favors melioidosis; hilar adenopathy is rarely 
seen in melioidosis [1].

�Schistosomiasis

One of the most common and insidious endemic 
infectious diseases throughout southeastern Asia, 
coast South America, and Africa is schistosomia-
sis. More than 90% of patients requiring treatment 
for schistosomiasis reside in Africa [59]. There 
are two major forms of infection with schistoso-
miasis, intestinal and genitourinary. As discussed 
previously, genitourinary schistosomiasis pres-
ents with bladder and distal ureteral calcifications 
that extend retrograde. In the intestine, schistoso-
miasis presents with intestinal wall calcifications, 
which can be seen on CT [60]. For the diagnosis 
of hepatosplenic schistosomiasis, however, ultra-
sound is the preferred modality. Findings include 
peri-portal fibrosis, reduced portal blood flow, 
varices, and splenomegaly [60, 61] (Fig. 16.12).

Fig. 16.11  Focal view of a left mid-lobe lesion demon-
strating multiple small aggregated cysts in a patient with 
Paragonimus (arrows) [9]. (Reprinted from Lungren et al. 
[9], with permission from SpringerNature)

Fig. 16.12  Anteroposterior (AP) radiograph of the pelvis 
demonstrating thick circumferential calcification of the 
bladder and distal ureters, which are dilated in a patient 
with long-standing schistosomiasis infection. A large cal-
cified bladder stone is also present [9]. (Reprinted from 
Lungren et al. [9], with permission from SpringerNature)

I. Desai and K.-L. Pool
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�Echinococcus

Echinococcus granulosus is a cyst-forming tape-
worm especially prevalent in parts of Asia, north 
and east Africa, Australia, and South America 
that is known to cause echinococcosis or hyda-
tid disease, one of the most common hepatobi-
liary infections in the world. The tapeworm’s 
life cycle involves dogs as definitive hosts and 
sheep, pigs, goats, horses as intermediate hosts; 
humans become inadvertent intermediate hosts 
after ingestion of the eggs excreted by infected 
dogs. The hatched larvae travel to the liver 
where they form fluid-filled hydatid cysts. Over 
time, daughter cysts may develop. In addition, 
an inflammatory granulomatous and/or fibrotic 
reaction may also occur [62]. The infection is 
endemic worldwide, with the highest prevalence 
in sheep-raising communities. Because of the 
wide prevalence, hydatid liver disease must be 
considered in the differential diagnosis of a cyst 
or mass in virtually any patient who is residing 
in, or has traveled through, an endemic area [1]. 
Ultrasound is highly helpful in the diagnosis/
classification of hydatid liver disease, and a grad-

ing scale has been developed by the WHO [63] 
(Fig.  16.13). While MRI is increasingly being 
used in the advanced health systems, ultrasound 
of the liver remains the most cost-effective and 
available in the developing world. Unfortunately, 
ultrasonography is not always able to differenti-
ate hydatid cysts from tumors or liver abscesses, 
and additional imaging, such as CT or MRI, may 
still be required (Fig. 16.14).

The tapeworm also affects the lungs and is, in 
fact, reported to be the most common parasitic 
lung infection worldwide [1]. It can present as 
a cavitary lung lesion, often containing smaller 
collections referred to as “daughter cysts” [32, 
64]. They are often asymptomatic and recognized 
incidentally on CT [1, 65].

�Chagas Disease (South America)

The parasite Trypanosoma cruzi causes Chagas 
disease (American trypanosomiasis) and is 
estimated to have infected 8 million people, 
predominantly in Latin America [66]. Chagas 

WHO-IWGE CLASSIFICATION OF ULTRASOUND IMAGES OF CYSTIC
ECHINOCOCCOSIS CYSTS

CL

CYSTIC LESION ACTIVE TRANSITIONAL INACTIVE

CE1 CE2 CE3 CE4 CE5

Fig. 16.13  WHO cystic echinococcosis (CE) grading 
scale by ultrasound. The classification is intended to fol-
low the natural history of CE and starts with undifferenti-
ated simple cysts, as presumably hydatid cysts evolve 
from these structures. The first clinical group starts with 
cyst types CE 1 and 2 and such cysts are active, usually 
fertile containing viable organisms. CE type 3 are cysts 

entering a transitional stage where the integrity of the cyst 
has been compromised either by the host or by chemo-
therapy and this transitional stage is assigned to the sec-
ond clinical group. The third clinical group comprises CE 
types 4 and 5 which are inactive cysts which have lost 
their fertility and are degenerative [9]. (Reprinted from 
Lungren et al. [9], with permission from SpringerNature)
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disease can present with severe esophageal 
dysfunction; trypomastigotes, the differenti-
ated offspring of the parasite, tend to invade 
the esophagus and give rise to a megaesopha-
gus and/or achalasia (Fig.  16.15), which can 
be visualized with a lateral radiograph during 
a barium contrast esophagram. Chagas disease 

can also cause dilation of other segments of the 
gastrointestinal tract, particularly the proximal 
small bowel and the colon in severe cases, and 
can also be diagnosed with fluoroscopic and/or 
barium contrast studies [1].

Chagas disease may cause myocarditis in 
up to 5% of infected patients in the acute phase 
which can be cured with oral anti-trypanosomal 
medication [67, 68]. The acute-phase myocarditis 
can be diagnosed by echocardiography. Although 
unable to delineate the etiology, echocardiogra-
phy is able to demonstrate cardiac function and 
can be used to track the progression of disease 
[67]. Many acute-phase Chagas infections are 
underdiagnosed or unrecognized. Approximately 
30% of untreated patients progress to chronic-
phase Chagas disease which can manifest as 
chronic Chagas cardiomyopathy (CCC). CCC 
can lead to progressive heart failure and sudden 
cardiac death. Cardiac MRI is not widely avail-
able in resource-poor regions but may detect 
myocardial involvement in untreated chronic 
Chagas disease [69–71].

�Roundworms

Roundworms fall under a sub-group of soil-
transmitted helminth infections and are exceed-
ingly common in many parts of the world. More 

a b

Fig. 16.14  Axial CT image (a) and sagittal ultrasound 
(b) of the liver of a 19-year-old male with hydatid liver 
disease. The CT demonstrates a large multiseptated, cys-

tic lesion in the liver, and the ultrasound shows the same 
cyst’s multiseptated, hypoechoic appearance

Fig. 16.15  Sagittal CT with oral contrast of a 78-year-
old female patient with Chagas disease of the esophagus. 
The image demonstrates as significantly dilated, contrast-
filled esophagus
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than 20% of the world’s population is thought to 
have been infected with this type of parasite [72]. 
Infection due to Ascaris lumbricoides (termed 
ascariasis) is acquired by ingesting contami-
nated water or food that contains embryonated 
eggs. Numerous investigators have observed that 
the highest rate of infection with Ascaris is in 
children between 1 and 15 years of age. In hot 
and humid areas of rural Africa, Asia, and Latin 
America, up to 93% of all inhabitants in some 
villages may be infected [1, 37, 52]. While the 
diagnosis is mainly dependent on examination of 
stool samples, barium contrast agents are helpful 
in evaluating the presence of roundworm infec-
tion in the gastrointestinal tract (Fig. 16.16). In 
heavily infested patients, large collections of 
ascarids can frequently be identified on abdominal 
radiography without oral contrast [1, 73, 74]. In 
fact, large masses of worms in the bowel are best 
seen as a tangled group of thick cords and some-
times produce a “whirlpool” effect (Fig. 16.17). 
It is important to keep in mind the epidemiol-
ogy of the region, as the differential diagnosis 

for an intraluminal worm identified by imaging 
is relatively nonspecific and can also represent a 
variety of other parasitic worm infections or non-
infectious etiologies. Note that other worm infec-
tions, such as hookworms (A. duodenale and/or 
N. americanus), whipworms (T. trichiura), and 
capillariasis (C. philippinensis), are typically 
characterized on enterography by the inflamma-
tion or other changes in the bowel rather than 
direct visualization of the worms themselves due 
to their small size (10 mm on average in the case 
of A. duodenale). Stool examination and evalua-
tion for worms and/or ova is diagnostic.

�Leprosy

One of the most notorious and stigmatized infec-
tions in LMICs is leprosy, a chronic and debili-
tating infection caused by Mycobacterium leprae, 
which often in late stages dramatically manifests 
as skeletal changes. There are an estimated one 
million patients with leprosy in the world, and 

Fig. 16.16  Barium examination of the stomach clearly 
demonstrates the outlines of individual ascarids (worms) 
as elongated radiolucent-filling defects within the barium 
column [9]. (Reprinted from Lungren et al. [9], with per-
mission from SpringerNature)

Fig. 16.17  AP abdominal radiograph demonstrates a 
large bolus of worms in the cecum causing intestinal 
obstruction, manifest as thick tangles of cords within the 
air-filled large bowel [9]. (Reprinted from Lungren et al. 
[9], with permission from SpringerNature)
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while radiology is not often necessary for an ini-
tial diagnosis, imaging does play a vital role in 
assessing the activity and extent of the disease and 
in helping to plan surgery and rehabilitation [1, 
75]. The highest prevalence is in India and tropi-
cal Africa and South America; it also still occurs 
frequently in Southeast Asia, the Philippines, 
southern China and southern Malaysia, Indonesia, 
and some of the South Pacific islands [1, 75]. 
Leprosy presents in many different ways, both 
clinically and pathologically, but generally is 
divided into two different types: tuberculoid 
leprosy and lepromatous leprosy. The two dif-
fer primarily in the immune response generated 
by the infection. The differences in this charac-
teristic result in lepromatous leprosy being the 
more severe form, with full body manifestations 
[76]. Primary skeletal changes are most frequent 
in lepromatous leprosy, and the bone findings are 
essentially destructive patterns with very little sur-
rounding bone reaction or sclerosis until healing 
occurs [1, 75] (Fig. 16.18). The disease is usually 
diagnosed clinically (symptoms, physical exam, 
and history), and radiographs are most commonly 
utilized to monitor complications of the infection, 
including secondary pyogenic osteomyelitis due 
to the ulceration and neuromuscular changes of 
the infection in the extremities.

�Cysticercosis

Cysticercosis is prevalent in Africa, Asia, and 
Latin America. It is estimated to be the cause 
of 30% of epilepsy cases in regions where it 
is endemic [77]. Cysticercosis is acquired by 
ingesting food, water, or feces containing eggs of 
T. solium. The oncospheres (larvae) are released 
from their shells in the gut and invade throughout 
the body, developing into cysticerci, most com-
monly in the skeletal muscles and brain [1, 78].

Musculoskeletal involvement of Taenia solium 
(cysticercosis) infection can be readily diagnosed 
with radiography because the appearance is 
pathognomonic. They appear as oblong calcified 
foci parallel to the muscle fibers and have been 
described as rice grain calcifications. Calcified 
lesions have been demonstrated in up to 97% of 
patients examined 5 or more years after infection 
and can be easily demonstrated by radiographs of 
the extremities [1] (Fig. 16.19).

Patients with a central nervous system 
(CNS) infection with cysticercosis, or neuro-
cysticercosis, present with seizures. Similar to 
the calcifications seen in skeletal muscle, head 
CT findings include multiple calcified lesions 
throughout the brain parenchyma measuring 
between 2 and 10  mm, with or without mass 

Fig. 16.18  Lateral radiograph of the foot demonstrates 
the final stages of leprosy characterized by the large areas 
of bone absorption. As the talus disintegrates, with 
weight-bearing, there is complete disruption of the foot, 
leaving the patient vulnerable to secondary infections 
which, in combination, leave little normal anatomy or 
function [9]. (Reprinted from Lungren et al. [9], with per-
mission from SpringerNature)

Fig. 16.19  Frontal plain film radiograph of the bilateral 
knees of a 57-year-old female demonstrates calcifications 
in the soft tissues and muscles. The calcified cysticerci are 
aligned with their long axes in the plane of the muscle 
bundles of the legs
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effect or contrast enhancement (Fig.  16.20). 
Treatment of cysticercosis depends on the form 
and the type of disease and the location and num-
ber of cysts [1, 79].

There are four main stages of neurocysticer-
cosis. In the vesicular stage, the parasite is still 
viable and has an intact membrane, resulting in 
no reaction within the host. The cyst can be visu-
alized on CT and MRI without significant asso-
ciated enhancement on post-contrast images. 
The next stage is called the colloidal vesicular 
stage, in which the parasite dies with or with-
out treatment. At this point, the cyst membrane 
is no longer intact, causing surrounding edema 
and cyst wall enhancement. In the granular 
nodular stage, this edema diminishes and the 
cyst retracts with persistent enhancement. In the 
nodular calcified stage, a calcified cyst can be 
seen on non-contrast CT without surrounding 
edema [80].

Although unlikely to be the most finan-
cially feasible or an available option in many 
regions, MRI is able to reveal even small cysts 

(Fig.  16.21). In addition, the accompanying 
edema is often well demonstrated on T2-weighted 
or fluid-attenuated inversion recovery (FLAIR) 
MRI sequences. MRI is also the study of choice 
for evaluation of ventricular neurocysticercosis, 
which is often impossible to diagnose by CT. The 
intraventricular cystic lesions are generally isoin-
tense to cerebrospinal fluid (CSF) and may dem-
onstrate a thin hypointense rim particularly with 
T2-weighted sequences. Clinically, this form of 
neurocysticercosis is important to recognize as 
these lesions can grow to occlude the CSF, poten-
tially leading to acute hydrocephalus and sudden 
death (Fig. 16.22).

�Toxoplasmosis

One of the most widespread parasitic infec-
tions in the world is toxoplasmosis, caused by 
Toxoplasma gondii, a protozoan that infects 
humans and commonly involves the CNS.  It is 
estimated that approximately 95% of the world 

Fig. 16.20  Axial non-contrast head CT demonstrates 
multiple parenchymal calcified lesions, some with mild 
surrounding edema characteristic of the nodular calcified 
stage of cysticercosis [9]. (Reprinted from Lungren et al. 
[9], with permission from SpringerNature)

Fig. 16.21  Axial FLAIR brain MR of a 61-year-old 
Ecuadorian male demonstrates thin-walled cysts, one of 
which has a mural nodule. This is the vesicular stage of 
neurocysticercosis. (Image courtesy of Kevin Spitler, MD)
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has been infected with Toxoplasma [81]. It has 
a complex life cycle, but infection is most com-
monly via inadvertent ingestion of oocysts, 
often shed by domesticated cats, but also can be 

ingested via eating raw or undercooked meat, 
plants contaminated with oocysts, and unpasteur-
ized dairy products and can be caused by organ 
transplantation and congenital transplacental 
infection. The oocysts hatch and the sporozoites 
quickly become widely distributed within the 
host blood stream and intestines. The preferred 
extra-intestinal sites for T. gondii include skeletal 
and heart muscle, brain, and other tissues of the 
CNS.

A CNS Toxoplasma infection is termed 
“neurotoxoplasmosis” and most often occurs in 
immunocompromised patients, including those 
with HIV/AIDS. On CT, this manifests as mul-
tiple, variable-sized, ring-enhancing hypodense 
regions, predominantly in the basal ganglia and at 
the corticomedullary junction (Fig. 16.23). These 
lesions will also demonstrate ring enhancement 
on post-contrast MRI [82].

Toxoplasmosis can undergo transplacental 
transmission from an infected mother to fetus. 
In most cases, this infection is asymptomatic. 
In those cases with symptomatic presentation, 
manifestations depend upon the timing of infec-
tion during pregnancy. On fetal ultrasound, the 
most common findings include fetal hydrocepha-
lus and intracranial parenchymal calcifications. 

a b

Fig. 16.23  Axial FLAIR brain MR (a) and axial post-contrast T1-weighted brain MR (b) in a 34-year-old male with 
AIDS demonstrates ring-enhancing lesions with surrounding edema consistent with toxoplasmosis brain abscess

Fig. 16.22  Saggital T1-weighted MR image demon-
strates a large cyst due to cysticercosis in the trigone of the 
right lateral ventricle [9]. (Reprinted from Lungren et al. 
[9], with permission from SpringerNature)
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Additional findings include intrahepatic calcifi-
cations, ascites, and hepatosplenomegaly [83].

�Clonorchiasis

Clonorchiasis, also known as Chinese liver fluke 
disease, is caused by Clonorchis sinensis and is 
endemic to eastern China and southeastern Asia. 
Adult flukes infect dogs and other fish-eating 
carnivores, eventually infecting humans where 
they migrate into bile ducts and complete the life 
cycle [84]. Infection leads to recurrent pyogenic 
cholangitis, biliary strictures, and cholangiocar-
cinoma. Both ultrasound and CT demonstrate 
uniform intrahepatic dilatation of small bile ducts 
with relative sparing of large bile ducts. The 
flukes cannot be visualized on imaging. Chronic 
clonorchiasis results from protracted episodes of 
re-infection over time. Treatment of this chronic 
infection is important because of its strong asso-
ciation with cholangiocarcinoma [85, 86].

�Entamoeba histolytica

Infection with Entamoeba is relatively wide-
spread throughout much of the developing world. 
It is thought that approximately 8% of those in 
endemic regions are exposed and approximately 
90% of those become symptomatic, resulting 
in an estimated 100,000 deaths annually [87]. 
Entamoeba is an amoebic parasite that is ingested 
orally and can invade the large bowel and prog-
ress from there to cause extra-intestinal infection. 
On ultrasound, extra-intestinal amebiasis most 
commonly presents as a single, hypoechoic liver 
lesion with a rim or capsule; this is known as an 
amebic liver abscess. This needs to be differen-
tiated from a pyogenic liver abscess caused by 
biliary tree infections, diverticulitis, or abdomi-
nal interventions. These may mimic amebic liver 
abscesses on ultrasound, but pyogenic abscesses 
tend to be more variable in shape, are often 
multiple, and may have regions of markedly 
increased echogenicity representing gas bubbles 
(Fig. 16.24), all of which are not usually noted 
with amebiasis [23].

�Zika

Over recent years, Zika virus has come to the fore-
front of popular attention. Zika is a virus spread 
primarily by mosquitos of the Aedes species, 
generally causing only minor symptoms in those 
infected directly. Unfortunately, however, during 
pregnancy, the virus can be transmitted vertically 
to fetuses from infected mothers, causing primar-
ily CNS abnormalities. Retrospective analyses of 
fetal ultrasound and MRI demonstrated normal 
fetal cerebral parenchymal development up to 
24  weeks. Thereafter, decreased growth rate of 
fetal head circumference, asymmetry between 
abdominal and head circumference, increased 
nuchal skin fold thickness, neural cortical abnor-
malities, corpus collosum abnormalities, cerebral 
hemisphere hypoplasia, brainstem hypoplasia, 
calcifications in the gray-white matter junction, 
and posterior fossa abnormalities were observed 
on imaging [88–90]. Many of these findings can 
be seen on fetal ultrasound or MRI. At the time of 
birth, some of these findings can be seen on neo-
natal cranial ultrasound which can be obtained 
in resource-poor regions. Further evaluation of 
high-risk newborns, however, should include a 
head CT or brain MRI at a tertiary center with 
expertise in neuroradiology.

Other congenital infections include the 
TORCH infections. TORCH is an acronym 

Fig. 16.24  Transverse view of the right upper quadrant 
in a 47-year-old male with colon cancer demonstrates a 
hypo- to anechoic lesion with irregular borders and echo-
genic foci representing gas bubbles consistent with a pyo-
genic abscess
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standing for toxoplasmosis, other (syphilis, 
varicella-zoster, parvovirus B19), rubella, cyto-
megalovirus, and herpes infections. TORCH 
infections account for 2–3% of all congenital 
abnormalities [91]. Many of the neuro-imaging 
findings described above for Zika can also be 
seen in the TORCH infections. For this reason, it 
is important to obtain polymerase chain reaction 
(PCR) confirmation of Zika virus infection pre-

natally or in the neonate with presumed infection 
(Figs. 16.25, 16.26, and 16.27).

�Conclusion

Globally, infectious diseases make up a signifi-
cant portion of treatable causes of morbidity and 
mortality. Imaging is essential in the diagnosis 
and management of many of these diseases. It 
also places a significant role in the monitoring 
and reporting of outbreaks and identifying public 
health threats.

Fig. 16.25  Coronal T2-weighted images through the brain 
demonstrating T2 dark punctate calcifications at the gray-
white junction and lissencephaly in a neonate with Zika virus 
infection. (Image courtesy of Karin Nielsen, MD, MPH)

a b

Fig. 16.26  Axial non-contrast CT (a) through the brain 
with 3D reconstruction (b) demonstrating microcephaly, 
hydrocephalus, lissencephaly, cerebellar abnormalities, 

basal ganglia calcifications, and calcifications at the gray-
white junction in a neonate with Zika virus infection. 
(Images courtesy of Karin Nielsen, MD, MPH)

Fig. 16.27  Coronal head ultrasound demonstrating 
severe parenchymal volume loss and severe hydrocepha-
lus in a neonate with Zika virus infection. (Image courtesy 
of Karin Nielsen, MD, MPH)
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