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In abdominal imaging, signs of in-
fectious and inflammatory disease 
may present solely in the spleen. 

Examples include bacterial, viral, fun-
gal and mycobacterial infections which 
may present with discrete splenic 
findings: mononucleosis, Bartonella, 
malaria, tuberculosis, and Pneumo-
cystis. Special consideration is given 
to potential bioterrorism agents, Burk-
holderia species and Brucella. Finally, 
autoimmune disease, sarcoidosis, and 
sarcoid-like reaction are examples of 
inflammatory disease which may have 
splenic manifestations. 
 
Splenomegaly

As the spleen is predominantly com-
posed of water, spleen volume and 
spleen weight, the measurement used by 
pathologists, can be used interchange-

ably. Early computed tomography (CT) 
studies derived formulae to estimate 
spleen volume from three linear perpen-
dicular measurements, although these 
differ from the ellipsoid volume calcula-
tion often used in sonography.1 

There is no agreement on what con-
stitutes ‘normal’ spleen volume. Pa-
thologists have recognized that spleen 
weight does not follow a bell-shaped 
curve, even in patients with no disease 
affecting the spleen. Spleen weight/vol-
ume among populations is non-Gauss-
ian and skewed towards higher values; 
the usual definition of ‘normal’ as 
within two standard deviations of the 
mean does not apply. 

Most radiologists base their assess-
ment of splenomegaly on an ‘eyeball’ 
test or a maximal linear measurement. 
A study of patients in Crete proposed 
315 cc as an upper limit of normal for 
spleen volume.3 An analysis on Brazil-
ian patients predicted that any spleen 
with cephalocaudal dimension on CT 
greater than 10 cm would exceed this 
315 cc limit.4 Regional differences 
among patient populations may ren-
der generalization of reported stan-
dards a difficult proposition; a 10 cm 
upper limit of normal would likely 

result in overly sensitive interpreta-
tion in American populations. A recent 
sonography study based on German 
stem cell donors has provided more re-
alistic estimates of the 95th percentile 
for cephalocaudal spleen length: 13.6 
cm for a 6-foot tall man, 12.4 cm for a 
5-foot-8-inch tall woman. 5 

Mononucleosis
Mononucleosis is among the most 

common causes of splenomegaly 
among adolescents and young adults, 
as splenomegaly occurs in the major-
ity of cases.6 The diagnosis is estab-
lished clinically and confirmed with a 
serologic test. Few young patients with 
mononucleosis require medical imag-
ing, although patients may present with 
symptoms and complications of splenic 
rupture after suffering trauma to their 
fragile, enlarged spleen (Figure 1). 7 

Mononucleosis in contact sport ath-
letes requires special consideration; 
some sports physicians advise athletes 
have sonography before return to partic-
ipation.8 When imaging is performed, 
the spleen is usually enlarged without 
focal lesions, although infarcts or focal 
hypertrophy of white pulp follicles 
may lead to focal lesions that resolve 
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(Figure 1). Mononucleosis will tran-
siently increase metabolic activity in the 
spleen, which may occasionally be en-
countered on 18F-2-fluoro-2-deoxy-glu-
cose positron emission tomography 
(FDG-PET) scans performed in young 
patients for other reasons (Figure 1).
 
Pyogenic abscess

Pyogenic organisms spread to the 
spleen either hematogenously or by 
direct extension from adjacent infec-
tion.9 Splenic infarcts may be infected 

either by the emboli that caused them 
(eg, from endocarditis) or by second-
ary blood-born infection of a pre-exis-
tent defect (Figure 2). Large liquefied 
splenic abscesses can often be drained 
percutaneously, either with curative in-
tent or as a temporizing measure prior 
to surgical treatment.

Cat scratch disease
Bartonella species cause the bacte-

rial granulomatous infection known as 
cat scratch disease. The typical patient is 

an immunocompetent adolescent with 
a cat. Cat scratch disease produces focal 
hepatosplenic lesions less than 2 cm 
in size (Figure 3). Often, these lesions 
have necrosis visible on MR as centrally 
prolonged T2. There may be peripheral 
ring-like enhancement. Most cases re-
solve spontaneously, usually before the 
disease is confirmed serologically. In 
rare cases cat scratch disease can present 
with larger, pyogenic abscesses. Initial le-
sions may evolve to echogenic, presum-
ably calcified splenic lesions (Figure 3). 
However, the pattern of multiple small, 
calcified, granulomas is typically due 
 to endemic fungal infections, such 
as histoplasmosis in the northeastern  
United States.

In immunocompromised patients, 
particularly those with AIDS, Bar-
tonella produces a systemic infection 
with nodal, visceral and cutaneous in-
volvement. In this setting the disease is 
known as bacillary angiomatosis (BA) 
or peliosis (BP). Even histologically, 
the lesions of BA resemble those of 
Kaposi’s sarcoma, which occurs in the 
same population.

Microabscesses
Tuberculosis constitutes a continuing 

worldwide threat. Disseminated tuber-
culosis can lead to visceral microab-
scesses.10 On sonography these can 
appear as tiny hypoechoic defects (‘salt 
and pepper’ pattern) of the spleen and/
or liver (Figure 4). Other lesions may 
be large enough for central necrosis to 
be visible. On CT the lesions tend to be 
uniform in size, often involving both the 
liver and the spleen. Often, too, there is 
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FIGURE 1.  Manifestations of mononucleosis in three patients. (A) Sagittal CT image shows 
high-grade splenic laceration (arrow) in a contact sport athlete with splenomegaly. (B) Ultra-
sound image shows splenomegaly and one of several focal splenic hypoechoic lesions 
(arrowhead), findings that resolved 3 weeks later. (C) Axial FDG-PET image in a teenager for 
cancer re-staging with incidental finding of diffusely intense splenic uptake, which resolved on 
subsequent scan 6 months later. 

FIGURE 2.  A 57-year-old man with endo-
carditis. Axial CT image demonstrates 
splenic abscess containing gas (arrow). The 
patient underwent splenectomy.
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FIGURE 3.  Bartonella infection in a child. (A) At the time of presentation, ultrasound demon-
strates multiple small hypoechogenic lesions in the spleen (arrow). (B) Four years later, calci-
fied granulomata have developed (arrowhead).
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concomitant lymphadenopathy (Fig-
ure 4). Tuberculosis can disseminate in 
both immunocompetent and compro-
mised patients. 

Visceral fungal microabscesses arise 
almost exclusively in immunocompro-
mised patients, including in patients 
with iatrogenic immune suppression, 
such as for treatment of acute myeloge-
nous leukemia or after organ transplan-
tation. Most fungal lesions are small 
and uniform. On MR there is usually 
enough central necrosis for T2 hyper-
intensity to be visible. However, there 
is little if any peripheral enhancement. 
As inflammatory response of the host 
is necessary in order for visceral fungal 
microabscesses to be visible on imag-
ing, imaging may thus underestimate 
the extent of disease while the patient is 
most severely ill. As patients’ immune 
response returns, findings of immune 
reconstitution inflammatory syndrome 
can be seen, with enlarged or more nu-
merous lesions even as the patient im-
proves clinically.11

Patients who have excess splenic iron 

deposition, such as from hemolyzed red 
cells via repeated transfusion, will have 
abnormally short splenic parenchymal 
T2 and T2*. As a result, focal lesions 
such as microabscesses are readily de-
tected in these patients against their 
dark spleen background. This makes 
MR particularly useful to detect mi-
croabscesses.

Approach to the 
immunocompromised patient 
with focal splenic lesions

An organized approach to the eval-
uation of focal splenic lesions in the 
immunocompromised patient has 
been previously described by Radin.12 
Certain etiologies predispose to the 
presentation of lesions less than one 
centimeter and others that are greater 
than two centimeters (Table 1). Tu-
berculosis and lymphoma are consid-
erations in both groups. Nearly half of 
all patients with splenic lesions larger 
than 2 cm were attributed to infection 
by Pneumocystis jirovecii (Figure 5). 
Pneumocystis should be considered in 

the differential diagnosis of multiple 
large splenic lesions with a sizable zone 
of central necrosis or hemorrhage out of 
proportion to the ring of solid peripheral 
tissue.

Visceral infections related to 
bioterrorism

Among the categorical lists of po-
tential bioterrorism pathogens moni-
tored by the Centers for Disease Control 
(CDC), Category B agents have less 
potential for human morbidity and are 
more difficult to disseminate than those 
in Category A. Category B includes 
three bacterial infections that can cause 
visceral abscesses, including of the 
spleen.13

Melioidosis is caused by Burkholde-
ria pseudomallei.14 Endemic to the soil 
in Southeast Asia and Australia, these 
bacteria enter the human body through 
cuts in the feet, initially causing pneu-
monia, and ultimately resulting in irreg-
ularly-shaped low attenuation visceral 
lesions (Figure 6). Melioidosis spreads 
along catheter tracts; consequences of 
iatrogenic dissemination must be con-
sidered prior to any intervention. 

Glanders, caused by the closely re-
lated Burkholderia mallei, is a disease 

FIGURE 4.  Disseminated tuberculosis in a 38-year-old 
woman with AIDS. (A) Abdominal ultrasound shows 
focal liver involvement (white arrow). (B) Axial CT 
shows splenic involvement (black arrow) and necrotic 
retroperitoneal lymphadenopathy (arrowhead). 

Table 1. Infectious etiologies of hypoattenuating splenic lesions  
on CT, in immunocompromised patients  

(Southern California, 1990-1993).12

Lesions ≤1 cm diameter Lesions >2 cm in diameter

Mycobacterium tuberculosis (69%) Pneumocystis jirovecii (43%)
Mycobacterium avian-intracellulare (4%) Mycobacterium tuberculosis (14%)
Coccidioidomycosis* (4%) Histoplasmosis* (14%)
Candidiasis (2%) 
Bacillary angiomatosis/peliosis (2%) 
*Regional variation depends on opportunistic organisms common locally.

A B

FIGURE 5.  Focal splenic lesions on cor-
onal MR image in an immunocompro-
mised patient with pneumocystis infection 
(arrows). Courtesy of Dr. Tamara Oei.
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of horses and horse handlers that has 
the dubious distinction of having actu-
ally been used as a weapon of biological 
warfare, against horse transport during 
the First World War. A case of glanders 
was reported in a research microbiol-
ogist in 2001; otherwise, there has not 
been a natural occurrence of glanders in 
the United States since 1949.15

Brucellosis, caused by bacteria of the 
genus Brucella, is primarily a disease 
of barnyard animals, although human 
cases also occur naturally. During acute 
disease the organism spreads through-

out the reticuloendothelial system 
(RES). Radiologists in endemic areas 
recognize prior infections by large 
coarse splenic calcifications readily vis-
ible on plain radiographs.

Hydatid disease
Echinococcus granulosa rarely in-

volves the spleen without also occurring 
in the liver. The typical splenic lesion, 
like hydatid cysts elsewhere, is a large, 
sharply-defined, multilocular cyst with 
multiple peripheral daughter lesions 
surrounding a central matrix.16 Smaller 

lesions may be simple, and some lesions 
particularly after treatment can be nearly 
solid. Cysts with dense peripheral calci-
fication are considered dead, but adja-
cent tissue should be carefully inspected 
for local extension of an active daughter 
lesion. Hydatid cysts must be differenti-
ated from other splenic cysts, as simple 
cysts can be multilocular and post-trau-
matic cysts often calcify.

Other parasitic infections
Many acute infections produce 

splenomegaly without focal lesions. 

FIGURE 6.  Meliodosis in a patient from 
Southeast Asia. This axial CT image shows 
intrasplenic (arrowhead) and extracapsular 
involvement (arrow).
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FIGURE 7.  (A) Punctate splenic hyperechogenicities on ultrasound (arrow) suggest micro-
calcifications in this 45-year-old man; however, at autopsy, subacute splenic infarcts and pig-
ment deposition was found, representing ‘fleckmilz.’ (B) Numerous punctate calcifications in a 
59-year-old woman with lupus.

FIGURE 8.  Teenage girl with three-month his-
tory of fever and myalgia. Coronal CT image 
demonstrates massive splenomegaly (20 cm). 
Serology studies confirmed a new diagnosis 
of rheumatoid arthritis and Felty’s syndrome, 
a complication of rheumatoid arthritis involving 
splenomegaly and neutropenia.

FIGURE 9. A 43-year-old woman with pulmonary sarcoidosis. CT shows (A) multiple focal 
splenic lesions, with (B) intense uptake on FDG-PET. Splenic biopsy confirmed non-necrotizing 
granulomas.
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Besides mononucleosis, these in-
clude typhoid fever, cytomegalovirus, 
plague, sepsis, malaria and kala azar. 
Malaria, caused by protozoan parasites 
of the genus Plasmodium, totals more 
than 200 million annual cases world-
wide. Imaging typically shows mild to 
moderate splenomegaly. The diagnosis 
is made by examination of a peripheral 
buffy coat blood smear. Complications 
involving the spleen include infarcts 
and a peculiar ‘onion skin’ pattern of 
repeated peripheral hemorrhage that 
occurs in endemic areas. Deposition of 
hemozoin malaria pigment in the spleen 
can produce a speckled appearance of 
the spleen on ultrasound (Figure 7), 
mirroring the speckled histologic pat-
tern known by the German term ‘fleck-
milz,’ or ‘spleen spots.’17

Visceral leishmaniasis, caused by 
protozoan parasites of the genus Leish-
mania, is spread by sandflies. Half of 
the 12 million cases worldwide, pre-
dominantly cutaneous, occur in the 
Indian subcontinent. In the Americas, 
cases are reported as far north as Texas. 
The disease is sometimes called kala 
azar, meaning “black skin” in an Indian 
dialect, which refers to the grey pallor 
of its victims. The spleen and other tis-
sues in the RES are filled with macro-
phages packed with parasites; marrow 
infiltration leads to profound anemia. 

When imaging is performed, the spleen 
is massively enlarged, sometimes with 
tram-track calcifications along the  
intra-splenic vasculature.

Autoimmune diseases
Various autoimmune conditions can 

produce splenic findings. In patients 
with lupus erythematosis, there may 
be diffuse punctate calcifications (Fig-
ure 7), although the pattern of numer-
ous tiny calcifications also can occur 
after pneumonia. Affected spleens may 
resemble those of sickle cell patients 
undergoing autosplenectomy, but the 
spleen is not typically small. Rapid 
enlargement of the spleen in a lupus 
patient should raise concern for the pos-
sibility of lymphoma. 

Another autoimmune condition in-
volving the spleen is Felty’s syndrome 
occurring in the setting of rheumatoid 
arthritis. In Felty’s syndrome the spleen 
rapidly enlarges (Figure 8), seques-
tering white blood cells, leaving the 
patient with profound immune com-
promise from neutropenia. Resultant 
spleen size does not correlate with the 
degree of hematologic abnormality; 
without splenectomy, death results 
from overwhelming bacterial infec-
tion.18 Therefore, it is important to rec-
ognize rapid splenic enlargement in the 
setting of rheumatoid arthritis.

Finally, patients with granulomatosis 
with polyangiitis (previously Wegener’s 
granulomatosis) can have a peculiar cen-
tral splenic infarct.19 The spleen has an 
irregular shape, retracted around a cen-
tral scar-like area of low attenuation.

Sarcoidosis
Histologically, sarcoidosis affects the 

spleen in approximately 24-59% of pa-
tients, with non-caseating granulomas.9 
In the majority of patients the granulomas 
are too small to be visible on imaging. 
In 15% of cases, there are focal lesions 
ranging in size from punctate up to 3 cm, 
representing coalescent granulomas (Fig-
ure 9). Lesions are hypoattenuating on 
CT. On MR they are low signal intensity 
relative to surrounding spleen on both 
T1 and T2 weighted images, enhanc-
ing slowly and weakly.0 In severe cases  
sarcoid lesions are nearly coalescent.

In some patients abdominal imaging 
may be the first indication of sarcoidosis. 
In the spleen, sarcoidosis typically pro-
duces a pattern of splenic involvement 
with numerous small uniform focal le-
sions. Sarcoidosis must be distinguished 
from lymphoma, which may have a sim-
ilar appearance. As both sarcoidosis and 
lymphoma can lead to focal or diffuse 
splenic hypermetabolism, FDG-PET 
scans do not help to distinguish sarcoid 
from lymphoma (Figure 9); however, 
diffuse or multifocal lymphomatous 
splenic involvement rarely occurs with-
out lymphoma elsewhere.

Rarely, a sarcoid-like reaction has 
been reported to arise in patients with 
malignancy, who have been treated with 
chemotherapy (Figure 10).21 Often these 
sarcoid-like findings have resolved after 
completion or suspension of therapy, 
with or without additional treatment with 
steroids. Sarcoid-like reaction has also 
been reported after monoclonal antibody 
therapy for inflammatory conditions like 
rheumatoid arthritis.22

Inflammatory pseudotumor  
and SANT

Inflammatory pseudotumor occurs 
in the spleen as well as other organs. 
Histologically, there will be variable 
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FIGURE 10. Sarcoid-like reaction after chemotherapy for metastatic colon cancer. Axial CT 
(A) and T2-weighted MRI (B) demonstrate focal splenic lesions. Liver biopsy showed typical 
non-caseating granulomas. The lesions resolved without therapy.
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amounts of hemorrhage, inflammatory 
cells, and fibrosis. Therefore, the imag-
ing appearance can be similarly vari-
able. The lesions available for review 
have been well-defined, usually with 
gadolinium enhancement, and hetero-
geneous signal intensity on unenhanced 
images.23

Sclerosing adenomatoid nodular 
transformation, SANT, is a recently 
recognized histologic entity.24 Histo-
logically, SANT consists of a well-de-
fined but non-encapsulated mass, with 
a nodular growth pattern of vascular 
spaces surrounded by fibrosis with in-
flammatory cells. Its pathogenesis is 
unknown. On imaging, SANT is a sol-
itary, well-defined splenic mass with 
T2 longer than adjacent splenic paren-
chyma. Often there is a spoke-wheel 
pattern of enhancement. Some cases 
have restricted diffusion, and some 
have hypermetabolism on FDG-PET. 
SANT is not considered a neoplasm, 
but is usually resected as its confident 
diagnosis is rarely made by imaging. 

Conclusion
If there is an overriding consideration 

in confronting imaged splenic abnor-
malities, it is to consider the entirety of 
a patient’s clinical condition. Beyond 
demographic information, travel and 
environmental exposure history may be 
helpful for proposing differential infec-
tious possibilities. Laboratory studies 
and treatment history may be helpful in 

proposing potential inflammatory etiol-
ogies of splenic findings. 
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