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Abstract The spleen plays an instrumental role in the

immunological homeostasis in the body, particularly in

young patients. Infectious involvement of the spleen can be

primary or secondary to a manifestation of systemic dis-

ease. Imaging plays a crucial role in evaluation of diseases

of the spleen in children. In this review, we describe cur-

rent imaging techniques and the multimodality imaging

findings of common and atypical infections affecting the

spleen with an emphasis on US and MRI. In addition,

conditions that mimic infection will be discussed.
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Introduction

Dedicated imaging of the spleen is infrequent, and typi-

cally reserved for specific diagnostic situations. Two pri-

mary indications for splenic imaging include trauma and

suspected infection. Although many publications have

described imaging and management of splenic trauma in

children, to date there are few dedicated publications

addressing imaging of infections of the spleen, particularly

in children [1]. In this article, we review imaging mani-

festations of common and uncommon splenic infections as

well as mimickers of infection in a variety of imaging

modalities, with emphasis on those without ionizing

radiation.

Imaging Characteristics of Normal Spleen

On ultrasound (US), the normal spleen demonstrates

homogenous echotexture, slightly more echogenic com-

pared with the adjacent kidney and isoechoic to the liver.

On non-enhanced computed tomography (CT), the normal

spleen is higher in attenuation than the liver. The normal

magnetic resonance imaging (MRI) signal characteristics

of the spleen varies with age. The neonatal spleen

demonstrates iso-hypointense signal intensity (SI) on T1

weighted (W) imaging and hypointense signal on T2 W
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Fig. 2 Normal spleen enhancement. a Axial T1 W fat-saturated pre-

contrast MR image of normal spleen in a 19-year-old male

demonstrates a uniform appearance of the spleen (S). b Early arterial

phase T1 W fat-saturated post-contrast MRI image in the same

patient shows a mottled, striped appearance (black arrows) of the

splenic parenchyma due to blood flow differences between red and

white pulp. c Portal venous phase T1 W fat-saturated post-contrast

MRI image from the same examination shows more homogeneous of

the spleen (S) in this delayed phase

Fig. 1 Normal Spleen. a Axial T2 W fat-saturated MR image of a

normal spleen in a 9-day-old infant b Axial T2 W fat-saturated MR

image of a normal spleen in a 12-year-old girl. Note that the spleen

(S) is isointense to the liver (L) in the infant and demonstrates higher

SI compared to the liver due to the increased amount of white pulp in

the older child
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imaging compared with liver. By 8 months of age, the

white pulp begins to develop and the spleen becomes more

T2 hyperintense than the liver; this T2 hyperintensity

persists into adulthood (Fig. 1). After contrast, the spleen

typically demonstrates a mottled, striped appearance in the

arterial phase and a more homogenous enhancement on the

delayed phases due to blood flow differences between red

and white pulp (Fig. 2).

Imaging Techniques

Many previous publications have emphasized the multi-

modality approach to the evaluation of abnormalities of the

spleen [2•, 3]. US is typically the first imaging study used

to evaluate the spleen because it is cost effective, readily

accessible and quick to perform. US has several advantages

including discrimination of cystic versus solid lesions and

evaluation of lesion vascularity. While CT may be more

readily available and more sensitive to detect calcifications,

more recently, the focus has been on utilizing MRI. With

its multi-planar capability and high tissue contrast, MRI is

superior to CT without the use of ionizing radiation [4].

Multiphase post-contrast enhanced MRI can be helpful to

look at enhancement patterns of a lesion. Diffusion-

weighted MR imaging (DWI) is being increasingly

employed by many institutions as part of the routine MRI

protocol to provide complementary information to standard

T1 and T2 W sequences [5•, 6•]. Appearance of a splenic

lesion on DWI sequences will vary based on lesion cellu-

larity, e.g., restricted diffusion has been described in both

pyogenic and tuberculous abscesses secondary to the thick,

cellular center of an abscess containing purulent material,

granulation tissue and debris that impairs movement of

water molecules. In the author’s experience DWI sequen-

ces can clearly depict a greater number of very small

infectious lesions in the spleen compared with conven-

tional MRI T2 W sequences and can better estimate the

overall burden of infection in a child.

Splenomegaly

An enlarged spleen is a common but non-specific mani-

festation of infection in a child. On radiography, spleno-

megaly is suggested when the spleen shadow extends

below the left kidney into the pelvis below the level of the

iliac crest. The enlarged spleen often displaces the stomach

medially, the bowel inferomedially, and the diaphragm

superiorly (Fig. 3). In most cases, ultrasound alone can

confirm splenomegaly and can help determine the cause of

the splenic enlargement. However, in isolated cases, further

characterization with CT or MR may be useful.

Viral Infections

Viral infections that commonly affect the spleen include

Epstein Barr Virus (EBV) and Cytomegalovirus (CMV), and

usually present with splenomegaly. Epstein Barr Virus

(EBV), which causes infectious mononucleosis in young

children, can be due to virus shedded by infected parents or

siblings. In adolescents and young adults, transmission has

been associated with kissing. Other causes of primary EBV

include blood transfusion, solid organ transplantation, and

hematopoietic cell transplantation. Many young adults go on

to develop infectious mononucleosis after primary EBV

infection. Clinical symptoms include headache, fatigue,

fevers, sore throat, and swollen glands, with anorexia and

abdominal pain being less common. On physical examina-

tion, lymphadenopathy is the most common manifestation;

however, patients may have hepatomegaly and splenome-

galy [7]. Splenomegaly is seen in approximately 50 % of the

patients with infectious mononucleosis [8]. Physical exam-

ination alone may underestimate the degree of splenomegaly

in these patients; therefore, imaging can play an important

role in evaluation. US can not only help determine the size of

the organ, it can also evaluate for potential complications

such as rupture or infarction (Fig. 4) [9]. Splenic rupture

occurs in 0.1–0.5 % of such cases [10]. Minor trauma has

been noted as a cause of rupture in these patients; however,

the majority of cases of splenic rupture are spontaneous. In

conjunction with US, contrast enhanced CT can be utilized

for evaluation of splenic rupture, specifically to evaluate the

splenic parenchyma and the vasculature (Fig. 5).

Viral-related post-transplant lymphoproliferative disor-

der (PTLD) can also cause pathological abnormalities of

the spleen in children, particularly in patients who have

undergone various types of solid organ transplants. PTLD

in post-transplant patients is often associated with either

reactivation or primary infection of EBV and CMV [11]. In

addition to the spleen, other organ systems can be affected,

including the central nervous system, gastrointestinal tract,

as well as the lungs and liver. PTLD in the spleen can

manifest as splenomegaly and/or small hypoechoic or

hypoattenuating lesions in the liver [12]. Similar to the

imaging findings for EBV and CMV, US is useful in

evaluating solid organ involvement and to assess for lym-

phadenopathy. However, contrast-enhanced CT or MRI are

commonly used as an adjunct to assess lymph nodes,

intestinal tract involvement, as well as to assess the solid

organs more effectively.
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Bacterial Infections

Abscess

In most cases, a splenic abscess results from hematogenous

spread of infection. Other causes include penetrating trauma

(15 %) and prior splenic infarction (10 %) [13]. Abscesses

can be solitary, multiple or multilocular [14]. In general, the

prevalence of a pyogenic abscess in the spleen is low and

usually restricted to immunocompromised patients. Fever,

chills, and left upper quadrant tenderness are found in less

than half of all patients with splenic abscesses [11], thus

rendering imaging very useful in the diagnosis.

On US, a bacterial abscess is classically seen as a

large ([1 cm), cystic lesion with a defined wall and

peripheral but not central vascularity with color Dop-

pler interrogation (Fig. 6) [4]. CT often demonstrates

findings seen on US as a well-defined lesion with

central low attenuation, typically ranging from 20 to 40

HU, depending on degree of proteinaceous material [4].

CT is often more sensitive for the depiction of intra-

abscess gas formation. MR imaging characteristics of

splenic abscesses include a lesion of fluid intensity,

with low SI on T1 W images and high SI on T2 W

sequences with peripheral and perilesional enhancement

on post-contrast T1 weighted fat saturation imaging [4]

(Fig. 6).

Fig. 4 Infectious mononucleosis. a Coronal grayscale ultrasound

image in a 16-year-old girl with low-grade fever and left upper

quadrant pain shows a peripheral, wedge-shaped region of hypoe-

chogenicity (white arrows) consistent with an infarct. b Coronal

CECT image in the same patient demonstrates several peripheral

wedge-shaped perfusion defects within the spleen (white arrows)

consistent with infarcts. The liver and spleen were mildly enlarged

and numerous small mesenteric lymph nodes present (not shown),

which suggested EBV. Mono-spot was positive

Fig. 5 EBV with splenic rupture. Axial contrast enhanced CT image

in a 17-year-old boy with recently diagnosed acute EBV infection,

splenomegaly, and left upper quadrant pain shows a large amount of

perisplenic hemorrhage (white arrows) consistent with splenic rupture

Fig. 3 Splenomegaly. CECT image in a 12-year-old girl with

enlarged spleen secondary to EBV virus. The spleen measures

17 cm in craniocaudal dimension (top normal reference for age—

12 cm)
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Fungal Infection

Fungal abscesses are usually small, measuring less than

1 cm in diameter and variable peripheral enhancement on

post-contrast T1 W fat saturation imaging depending on

the immune status of the host. When present, the degree of

peripheral enhancement is often less than that observed in

hepatic abscesses [13]. In immunocompromised patients,

Candida albicans is the most common cause of fungal

infection involving the spleen [3]. Typically, systemic

candidiasis presents with fever and gastrointestinal symp-

toms that increase with recovering neutrophil counts.

Spleen and liver involvement is commonly seen with dis-

seminated fungal infection, with the kidney being third

most common viscus involved [4, 5•]. With profound

neutropenia, the number of Candida colonies increases and

Candida species can invade the intestinal mucosa and

infect the liver via the portal circulation and ultimately the

spleen [5•]. Since blood cultures are usually negative,

histopathologic findings are invaluable and biopsy can be

performed with image guidance to reduce sampling error.

CT and MR imaging can demonstrate hepatosplenic

candidiasis in 90 % of patients, whereas US can depict

lesions in 70–75 % of patients [15]. Fungal splenic

abscesses consist of purulent material, necrotic tissue, and

fungus surrounded by layers of chronic inflammatory cells

and adjacent fibrosis. This layered phenomenon gives rise

the ‘‘wheel-within-a-wheel’’ or ‘‘target’’ appearance of

fungal microabscesses on US with a peripheral hypoechoic

zone (fibrosis), an enclosed hyperechoic zone (inflamma-

tory portion) and hyperechoic center (purulent material,

necrotic debris and fungal elements) [16]. With healing,

these lesions become uniformly hyperechoic due to fibrosis

with or without calcifications. On CT, the abscesses are

small, well-defined low attenuating lesions that do not

enhance (Fig. 7). Occasionally, there is central hyperat-

tenuation which is thought to be reflective of pseudohy-

phae. Some reports have suggested that MR is more

sensitive than CT for depicting visceral Candida infection

[6•, 17•]. On MR, fungal microabscesses appear as small

(\1 cm) hyperintense SI lesions on T2 W imaging [18]. In

the acute phase, these microabscesses appear as multiple

hypointense SI lesions on T1 W imaging with or without

ring enhancement [4, 14]. In chronic phases, the lesions

generally do not demonstrate peripheral enhancement due

to fibrotic changes. On DWI, the fungal lesions exhibit

restricted diffusion due to viscosity, depicted as

Fig. 7 Disseminated fungal infection. a CECT image in a 7-year-old

boy with relapsed acute lymphoid leukemia, prolonged neutropenia

and fevers, negative blood cultures demonstrates multiple hypoatten-

uating lesions within the spleen (white arrows) and kidneys.

b Grayscale ultrasound of the spleen shows two rounded hypoechoic

‘target’ lesions (white arrows). An ultrasound guided biopsy was

performed depicted hyphal elements

Fig. 6 Splenic abscess. Sagittal grayscale ultrasound image in an

11-year-old girl status-post partial splenectomy for resection of a cyst

with subsequent fevers demonstrates a heterogeneous intrasplenic

collection (white arrows) with a peripheral rind (arrowheads) with

increased through transmission, compatible with a large solitary

abscess. The abscess was percutaneously drained; however, the

patient ultimately underwent splenectomy for persistent fevers. On

histopathology, findings were consistent with disrupted spleen with a

splenic abscess containing bacterial organisms with associated

lymphoid hyperplasia and perisplenitis
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hyperintense SI on DWI and hypointense SI on apparent

diffusion coefficient (ADC) maps (Fig. 8). An important

caveat is that abscesses may not be detectable in severely

neutropenic patients, even in the presence of disseminated

disease, because of inadequate host immune response. The

lesions will become more apparent with the return of

neutrophil function [16].

Histoplasmosis is an infection caused by breathing in

spores of a fungus (Histoplasma) often found in bird and

bat droppings. Histoplasma mainly lives in the central and

eastern United States, especially in the Ohio and Missis-

sippi River valleys. Histoplasmosis can be seen in both

immunocompetent and immunocompromised patients;

however, the prevalence is higher in the immunocompro-

mised population. On MR, histoplasmosis lesions can be

seen in the acute and subacute phases as scattered

hypointense lesions both on T1 and T2 W images. Chronic

granulomas can become calcified and demonstrate bloom-

ing artifact, best appreciated on GRE T1 W images (with

long echo time) [14].

Parasitic Infections

Echinococcal Disease

Echinococcosis (hydatid disease) is a parasitic infection

produced by the larval stage of the Echinococcus tape-

worm. Echinococcus granulosus is the most frequently

encountered type of hydatid disease in humans [19]. Pri-

mary splenic hydatidosis accounts for less 2 % of all

hydatid disease [20]. Involvement of the spleen occurs

either by hematogenous spread or intraperitoneal dissemi-

nation from a ruptured liver cyst. Clinically, patients with

splenic hydatid disease present with abdominal pain,

splenomegaly, and fever when the eggs of the mature

tapeworm are ingested.

Once the embryo reaches an organ, it develops into a

small cyst. The cyst generally grows to 1 cm within the

first 6 months and 2–3 cm each year thereafter, depending

on the host tissue resistance [19, 21]. Typical ‘‘daughter-

cysts’’ appear as detached floating loculations within the

Fig. 8 Invasive Aspergillosis.

a Axial T1 W fat-saturated

post-contrast MRI image in a

4-year-old girl with history of

medulloblastoma, on

chemotherapy with fevers and

resolving neutropenia

demonstrates innumerable

small, rounded enhancing

lesions within the spleen

(circle). There are also multiple

lesions within the kidneys

(black arrows) and liver (white

arrow). b Diffusion-weighted

images and c corresponding

ADC map shows restricted

diffusion as demonstrated by

increased SI on diffusion-

weighted images and decreased

SI on ADC images (circle).

Biopsy of a splenic lesion

yielded Aspergillus

galactomannan
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original ‘‘mother’’ cyst and are an important distinguishing

imaging feature. Infrequently, these daughter vesicles, which

contain protoscolices, can rupture within the mother cyst,

creating white sediment known as ‘‘hydatid sand.’’ The

majority of splenic hydatid cysts are solitary. On US, the cyst

wall usuallymanifests as double echogenic lines separated by

a hypoechogenic layer. Simple cysts do not contain internal

structures; however, ‘‘hydatid sand’’ may be seen as mobile

echogenic foci. This sand will fall to the most dependent

portion of the cavitywith patient repositioning and is referred

to as the ‘‘snowstorm sign’’ [21]. Daughter cysts appear as

well-defined fluid collection with floating membranes inside

the mother cyst cavity (Fig. 9). US is the most sensitive

modality for depiction of the membranes, septa, and hydatid

sand [21] and is also an important modality to monitor the

efficacy of medical therapy [19].

On CT, the cyst fluid demonstrates low attenuating fluid

and thewall typically appears hyper-attenuating, evenwithout

contrast or calcification (Fig. 9). Daughter vesicles have been

described as containing fluid which is higher in attenuation

compared with the fluid in the mother cyst [21]. Overall these

calcifications are better depicted on CT than MRI.

On MR, the cyst fluid demonstrates hyperintense SI on

T2 W and hypointense SI on T1 W imaging with a

hypointense SI rim on T2 W imaging due to dense collagen

in the outer layer, which has been proposed to be a char-

acteristic sign of hydatid disease. Daughter cysts appear as

cystic structures that are hypointense relative to the main

cyst fluid on both T1 and T2 W images [21]. Calcification

can occur within the cyst as well as within the cyst matrix

[4]. The differential diagnosis of splenic hydatid disease

includes epidermoid cysts, pseudocysts, abscesses, hema-

toma, and neoplasms [20].

Splenic Granulomas

Granulomas may be caused by a number of infectious

agents, most commonly Bartonella henselae, a Gram-

negative bacillus that is usually introduced by the scratch

of a kitten causing Cat-scratch disease, and Tularemia

caused by the organism Franciella tularenis [22]. Typi-

cally, Cat-scratch presents with painful, regional lym-

phadenopathy proximal to the site of inoculation, with a

single node or nodal group and most commonly involves

the upper extremity, axilla, or neck. In 5 to 10 % of Cat-

scratch cases, disseminated infection is seen with multiple

granulomata forming in the liver and spleen. This can be

seen with or without hepatosplenomegaly.

Cat-scratch splenic lesions can range in size from 3 to

30 mm in diameter. On US, splenic granulomata range in

appearance from well-defined and homogeneous to indis-

tinct and heterogeneous (Fig. 10) [22]. On unenhanced CT,

the lesions are hypointense to the normal spleen. On con-

trast-enhanced CT (CECT) imaging, three different

appearances have been described: persistent low attenua-

tion, iso-attenuating to the adjacent splenic tissue, and

Fig. 9 Echinococcal disease.

a Axial contrast-enhanced CT

image of a 7-year-old girl from

Morocco with a history of

echinococcal disease shows

multiple large cysts within the

liver and a single large cyst in

the spleen. An enhancing

septation is noted within the

splenic cyst (black arrow).

b Transverse grayscale

ultrasound image of the spleen

better demonstrates several thin

echogenic internal membranes

within the cyst, typical of

echinococcus infection

Fig. 10 Cat-scratch disease. Sagittal grayscale ultrasound image of

the spleen in a 4-year-old girl with fever of unknown origin

demonstrates innumerable hypoechoic foci relative to the normal

splenic tissue compatible with multiple abscesses. Blood titers were

positive for Bartonella henselae. Liver lesions were also present (not

shown). History revealed exposure to a kitten
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demonstrating marginal enhancement. As imaging findings

may mimic malignancy, it is imperative that they be rec-

ognized early in order to avoid unnecessary diagnostic and

therapeutic measures [22].

Tularemia, caused by the organism Franciella tularenis,

is transmitted via infected ticks and is endemic in several

areas of North America. This infection clinically presents

with fever, malaise, pharyngitis, cervical lymphadenopathy,

and hepatosplenomegaly mimicking mononucleosis and

Cat-scratch disease both in symptomatology and imaging

features [23]. Similar to Cat-scratch, Tularemia manifests as

small round hypoechoic or low attenuation lesions of the

liver and/or spleen on US and CT, respectively (Fig. 11).

Mimickers of Splenic Infection

Hemophagocytic Lymphohistiocytosis (HLH)

This pediatric disease of immune dysregulation is caused

by the overproduction of cytokines and diminished

immune surveillance. Clinical presentation includes non-

specific symptoms such as fever, lymphadenopathy, and

cytopenia. Multiple organ systems can be involved,

including the central nervous system. Common presenta-

tion of HLH in the abdomen is hepatosplenomegaly;

however, other nonspecific manifestations can occur in the

spleen, such as multiple infarcts or abscesses (Fig. 12) [24,

25]. In the author’s experience, splenic abscess can be the

first presentation of HLH.

Splenic Cysts

Cystic splenic masses may be congenital, inflammatory,

vascular, posttraumatic, or neoplastic [13]. Generally,

congenital splenic cysts are asymptomatic but may become

symptomatic if they enlarge due to trauma, hemorrhage,

superinfection or rupture. On US, a splenic cyst appears as

a rounded, homogeneous, anechoic lesion with a smooth

thin wall, in contrast to an abscess that usually demon-

strates poorly defined borders. Complexity of a congenital

cyst can also be delineated by the presence of internal

septae, irregularity of the wall, internal debris from prior

hemorrhage or peripheral calcification. On CT, splenic

cysts are round low attenuation (similar to water) lesions

with an imperceptible wall that generally does not enhance

after contrast administration, as opposed to the peripheral

enhancement seen with splenic abscess (Fig. 13). On MR,

Fig. 11 Tuleremia. Axial CECT image of a 4-year-old male who was

bit by a tick three weeks prior and subsequently developed a left groin

ulcer and fevers. Multiple splenic abscesses (black arrows) were

present along with a left pleural effusion, liver and renal abscesses

and a pelvic abscess (not shown). Subsequent laboratory tests were

positive for Tularemia

Fig. 12 Hemophagocytic

lymphohistiocytosis. a Coronal

grayscale ultrasound image of a

13-month-old girl with a

2-month history of fever and

lymphadenopathy. Multiple

complex hypoechoic lesions

were seen within the spleen

(white arrows). Skin lesion

biopsy confirmed HLH.

b Coronal T2 W fat-saturated

MRI image obtained two weeks

later, demonstrated increased

size of the multiple masses

(white arrows)
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cysts demonstrate hyperintense SI on T2 W and hypoin-

tense SI on T1 W imaging with no enhancement following

contrast administration [2•]. In cases with prior hemor-

rhage, the cystic fluid may contain hyperintense T1 W SI.

Lymphatic Malformations

Primary splenic lymphatic malformations are rare and may

occur in isolation or in the context of lymphangiomatosis.

Splenic lymphatic malformations tend to occur in subcap-

sular locations, which reflect the distribution of the splenic

lymphatic system, helping differentiate this entity. The

appearance can vary, ranging from small thin-walled sub-

capsular or parenchymal cysts to global splenic enlarge-

ment by an infiltrative lesion. On US, lymphatic

malformations are most often multilocular cystic masses

that are anechoic or contain low level echoes or debris. On

CT, the lesion is overall low attenuation, similar to water,

and post-contrast imaging may demonstrate enhancement

of the lining or septae. Occasionally, negative HU may be

present due to the presence of chylous fluid. On MRI, the

fluid within the malformation demonstrates hyperintense SI

on T2W and hypointense SI on T1W imaging (Fig. 14).

Mural or septal calcifications may be present [26]. The

presence of hemorrhage or infection may alter the lesion

characteristics on CT or MRI [13].

Malignancy

Leukemia and lymphoma are the most common malig-

nancies of the spleen in children. Imaging evaluation of the

spleen is indicated in the diagnosis and management of

leukemia. Patients can present with splenomegaly, either

isolated or with other organomegaly, secondary to massive

leukemic infiltration. Leukemic infiltration of the spleen on

ultrasound appears as heterogeneous echogenicity of the

spleen or focal hypoehoic lesions that appear hypoattenu-

ating on CT [27, 28, 29].

Hodgkin and non-Hodgkin lymphoma can both involve

the spleen, with Hodgkin being more common. Lym-

phomatous involvement of the spleen can manifest as

diffuse infiltration without a focal lesion, multiple miliary

lesions (less than 5 mm), multiple focal masses, or a single

focal discrete lesion. Focal lesions on US are hypoechoic

without acoustic enhancement. On CT, the lesions are

hypoattenuating with lack of contrast enhancement

(Fig. 15). Diffuse lymphomatous involvement can manifest

Fig. 14 Lymphangiomatosis. a Sagittal T2 W fat-saturated MRI

image of an 8-month-old boy with a large left axillary mass

representing a lymphatic malformation (white arrows). b Axial

T2W fat-saturated MRI image in the same patient shows innumerable,

unexpected cystic lesions throughout the spleen and osseous struc-

tures (block black arrows)

Fig. 13 Congenital splenic

cyst. a Axial CECT image in a

9-year-old boy with right upper

quadrant abdominal pain

demonstrates a large cyst within

the spleen, an incidental finding.

b Transverse Doppler

ultrasound image obtained three

years later shows unchanged

size of the spleen and several

small internal septations. No

internal blood flow was depicted

within the cyst
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as splenomegaly alone with normal US and CT appearance

secondary to diffuse organ infiltration.

Conclusion

Infections of the spleen are important and often under

recognized. There are multiple modalities that can be used

to evaluate splenic infections, usually beginning with US.

With the increasing use of MRI, one needs to recognize the

imaging features of splenic infections and the role of DWI

in early recognition of multifocal fungal infection. In

addition, it is important to recognize entities that can be

mistaken for infection so that proper timely treatment may

be implemented.
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