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There is a broad spectrum of pa-
thologies that can involve the 
ileocecal region of the bowel, 

caused by numerous pathogens and 
inflammatory conditions. Most likely 
these conditions will first be recognized 
by multidetector computed tomogra-
phy (MDCT) supported by sonography, 
contrast enterography and magnetic res-
onance imaging (MRI). Both imaging 
and clinical features can overlap among 
these entities, requiring specific clini-
cal details and a thorough knowledge 
of common and atypical imaging ap-
pearances to avoid delaying appropriate 
treatment. This article will review sev-
eral of these conditions with a focus on 
the clinical and imaging presentations 
of typhoid. The importance of this con-

dition relates to its impact as a world-
wide health problem and the increasing 
potential to be encountered in the U.S. 
with the steady growth in international 
visitors to and from endemic areas 

Infection presentation 
Salmonella

Typhoid, a global health problem, can 
have a devastating impact on resource-
poor countries. It is caused by Salmo-
nella enteritidis serovar typhi (S.typhi) 
1,2 or by related but less virulent Salmo-
nella paratyphi A. In Asia, the mean in-
cidence of enteric fever is estimated to 
be 900 per 100,000 people per annum.3 
This is a curable disease, but it has a 
mortality of 1-4%.4,5 Complications can 
occur in up to one-third of pediatric pa-
tients.5,6 The most lethal complications 
are gastrointestinal bleeding and ileal 
perforation.1 The clinical diagnosis can 
be delayed because the presentation may 
be atypical and cultures require at least 
18-36 hours.4 The causative agent is a 

gram-negative facultative intracellular 
aerobe. Infection is acquired from inges-
tion of bacteria in contaminated food and 
water. Once a person is infected, organ-
isms spread through a fecal-oral route, 
the bacterium proliferating in the small 
intestine and through the lymphatics 
of the intestine disseminates to various 
organs. Salmonella infections are most 
commonly self-limiting with symptoms 
treated empirically with antibiotics. Ra-
diological investigations are limited to 
ultrasound and only rarely do complica-
tions occur which are likely to be investi-
gated with cross-sectional imaging.

Salmonella: Organ involvement
Terminal ileal and proximal colonic 

thickening is typical of typhoid and 
should be considered in appropriate 
clinical settings. Uncommon abdomi-
nal manifestations of typhoid include 
cystitis, pyelonephritis and renal ab-
scess.7 Khan et al have reported a rare 
case of typhoid rhabdomyolysis leading 
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FIGURE 1. (A) Ultrasound image showing borderline splenomegaly. (B) CT image demonstrating hepatomegaly.
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FIGURE 2. (A,B) Sonography images showing 
over-distended gallbladder with wall thicken-
ing and calculi (arrow). (C) MR image taken the 
next day showing increased gallbladder wall 
thickening. Gallstones were seen, but inciden-
tal. In this case imaging played a pivotal role, as 
the surgeon was preparing to operate, consider-
ing the thickened gallbladder wall and stones as 
evidence of calculus cholecystitis. However, CT 
images revealed additional findings that led to 
further search for a systemic disease etiology. 
(D,E) CT images of the same patient showing 
hepatomegaly and terminal ileal/ileocecal thick-
ening with multiple enlarged mesenteric lymph 
nodes. At this time, gallbladder wall thickening 
was attributed to a systemic illness and surgery 
was abandoned and further diagnostic assess-
ment initiated. The Widal test became positive, 
permitting conservative management with anti-
microbials.
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to acute renal failure.8 Neha et al have 
reported epididymoorchitis caused by 
salmonella.9 Pleural effusion pleurisy, 
broncho and lobar pneumonia have also 
been described 7.Cardiac manifestations 
include endo, myo and pericarditis,but 
these are quite uncommon.10 Salmo-
nella is one of the most common causes 
of infectious aneurysm.10 Central ner-
vous system involvement can cause 
meningitis and encephalitis resulting in 
hydrocephalus and cerebral abscess.7 

Salmonella osteomyelitis is well known 
to occur given preexisting sickle cell 
disease. Other complications include 
septic arthritis, periostitis and abscess 
formation. Common sites of involve-
ment include the gastrointestinal tract, 
hepatobiliary system, spleen, perito-
neum and mesentery. Mesenteric and 
peritoneal involvement in salmonella 
is seen as ascites, localized or general-
ized, with mesenteric thickening and 
lymphadenopathy. Nonspecific or-

ganomegaly is the most common sign 
of liver and spleen involvement (Fig-
ure 1),1 rarely presenting as an organ 
abscess.7 Splenic rupture secondary to 
trivial trauma of an enlarged spleen is a 
rare complication. Acute acalculus cho-
lecystitis is a known manifestation in 
salmonella infection seen as gallbladder 
wall thickening more than 3mm, gross 
distention more than 40mmin length] 
with pericholecystic fluid seen on both 
ultrasound and CT (Figure 2 – 4). 11 

FIGURE 3. Acalculus cholecystitis. There is diffuse gall-
bladder wall thickening in a patient with typhoid.

FIGURE 4. Gallbladder wall thickening in a patient with Dengue fever.

FIGURE 5. (A) Focal air pockets (arrow) are seen in the peritoneal cavity in a patient with typhoid induced typhilitis with complicating bowel 
perforation. (B) Associated hepatomegaly and ascites can be seen (arrow).(C) Erect abdominal radiograph showing air under dome of right 
diaphragm (arrow).
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FIGURE 6. (A) Mild diffuse thickening of the terminal ileum and ileocecal junction with adjacent mesenteric lymphadenopathy (arrow). (B) Edem-
atous thickening of the cecum and ascending colon in a pediatric patient (arrows). (C) Mild diffuse thickening of the terminal ileum (arrow).

FIGURE 7. (A) Diffuse mild thickening of cecum and ascending colon (arrow) with adjacent fat 
stranding. Bowel maintained stratification and cecum was pulled superiorly. Case proved to be 
tuberculosis. (B) Mild diffuse thickening of the transverse colon with adjacent omental thicken-
ing (arrow).There are a few adjacent mesenteric lymph nodes. (C) Pulled up cecum in the same 
patient with thickened ileocecal junction (arrow). Mesenteric thickening is significant.

Gallbladder perforation and cholangitis 
are rare.

Intestinal complications of salmo-
nella include GI bleed and perforation 
of the terminal ileum. The latter occurs 
due to necrosis of the Peyer’s patches 
in the terminal ileum, resulting in ulcer-
ation, bleeding and, in extreme cases, 
full thickness perforation (Figure 5).11 
Causes of perforation include inad-
equate antimicrobial treatment prior 
to admission, short duration of symp-
toms and leucopenia.1 Active bleeding 
is seen as contrast extravasation on CT 
angiography.

Overcoming gastric acidity and com-
peting with the normal intestinal flora, 

Salmonella bacterium elaborates several 
toxins that affect intestinal cells. At CT, 
involved bowel typically shows wall 
thickening, which usually demonstrates 
homogeneous contrast enhancement. 
Low attenuation intramural edema may 
be detected. Ascites or inflammation of 
the pericolic fat can also be present. Mul-
tiple air-fluid levels can be present in the 
colon due to increased fluid and liquid 
feces.4, 12 Enlarged mesenteric lymph 
nodes are seen adjacent to the involved 
segment .4, 7 Thickening of the termi-
nal ileum and proximal colon is typical 
(Figure 6).7 Salmonella enteritis may 
simulate other causes of intestinal wall 
thickening such as tuberculosis, Crohn’s, 

neutropenic typhilitis, ischemic bowel, 
other infectious enteritis and malignan-
cies of the ileocecal region.

Tuberculosis
Tuberculosis most commonly in-

volves the ileocecal portion of the gas-
trointestinal tract. Characteristic CT 
features include asymmetric thicken-
ing of the ileocecal valve and medial 
wall of the cecum (Figure 7), engulfing 
the terminal ileum and massive lymph 
nodes with central low-attenuation 
areas. Thickening of the valve lips or 
wide gaping of the valve with narrow-
ing of the terminal ileum (the Fleis-
chner sign) has been described as a 
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characteristic of tuberculosis. Fistulas 
and sinus tracts are rare. Massive ad-
enopathy is more suggestive of tuber-
culosis 13. Associated findings such 
as peritoneal involvement, a history 
of tuberculosis, a positive tuberculin 
skin test and characteristic chest ra-
diographic findings provide additional 
diagnostic clues. Other causes of infec-
tious terminal ileitis include Yersinia 
and Campylobacter, but they generally 
involve the jejunum as well.12

Inflammation
Fat stranding that is disproportion-

ately more severe than the degree of 

wall thickening is a finding that sug-
gests inflammatory diseases such as 
diverticulitis, appendicitis, or epiploic 
appendagitis. 

Crohn’s disease
Crohn’s colitis imaging features 

include abnormal wall thickening 
with skip areas, colonic stenosis and 
dilatation. Active disease may mani-
fest as mucosal hyper enhancement 
or mural stratification (Figure 8) As-
sociated findings include pericolonic  
fat stranding, fistulas, abscesses, 
fibro-fatty proliferation and mesen-
teric adenopathy. 

Neutropenic colitis (Typhilitis)
Patients being treated for underlying 

leukemia or lymphoma may rarely pres-
ent with neutropenic colitis (typhilitis) 
as an acute complication. CT findings 
include bowel wall thickening, intra-
mural air (pneumatosis), and pericecal 
inflammatory fat stranding or fluid. The 
CT density of the bowel wall may be of 
low attenuation secondary to edema.12 
The inflammatory changes may also 
encompass the ascending colon and the 
distal ileum and have also been found 
isolated to the small bowel.14, 15

Ischemic typhilitis
Ischemic typhilitis has similar CT 

findings at the ileocecal region; how-
ever the presence of pneumatosis favors 
an ischemic cause.12 The presence of 
thrombus within the mesenteric vessels 
is diagnostic; however , it need not be 
present in all cases, as small vessel vas-
culitis may just be seen as bowel wall 
thickening, as seen in in one of our cases 
(Figure 9), where intestinal perforation 
was the initial clinical presentation. The 
CT images of this patient (Figure 9) re-
vealed distal small bowel thickening 
with ischemic changes and contained 
local perforation. Peri-operatively, a 

FIGURE 10. (A) Axial CT images showing dif-
fuse wall thickening of the terminal ileum and 
cecum with loss of stratification (arrow). Adja-
cent mesenteric lymph nodes seen. (B) Coronal 
CT images showing ileocecal junction thicken-
ing with minimal ascites (arrow). Mesenteric fat 
stranding is minimal. This patient presented with 
a confusing history of acute pain abdomen. CT 
images however were consistent with chronic 
pathology, acute inflammatory pathology being 
less likely as mesenteric fat stranding was mini-
mal. Biopsy proved it to be adenocarcinoma.

FIGURE 8. (A) Mild diffuse wall thickening seen 
in the cecum with adjacent fat stranding (arrow). 
Prominent vasa recta are seen [comb sign].This 
was a known patient with Crohn’s disease. (B) 
Diffuse cecal wall thickening seen (arrow) with 
few adjacent mesenteric lymph nodes.

FIGURE 9. CT image of this patient revealed 
distal small bowel thickening with ischemic 
changes and contained local perforation 
(arrows).
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long ischemic segment was identified 
and resected, later typhoid induced mes-
enteric vasculitis was diagnosed.

Diverticulitis 
Diverticulitis in this region can 

mimic typhoid typhilitis. The presence 
of focal thickening and stranding of 
mesenteric fat out of proportion to the 
bowel thickening and the identification 
of diverticula aids in the diagnosis.15 

Most benign conditions, infective 
or inflammatory, including tuberculo-
sis have a stratified contrast enhance-
ment pattern in the bowel wall seen as 
“double halo” or “target” configuration, 
a key feature to differentiate them from 
malignant bowel wall thickening. How-
ever, this stratification pattern may not 
always be present in chronic inflamma-
tory conditions, hence clinical history 
plays an important role in leading to the 
correct diagnosis.

Malignancy
Malignant causes of ileocecal junc-

tion thickening like adenocarcinoma, 
can usually be obviously differentiated 
from inflammation or infection as they 
are seen as irregular short, asymmet-
ric wall thickening (Figure 10), with 
abrupt margins and/or annular stric-
ture. Fat stranding is usually minimal 
unless there is perforation. Lymphoma 
at the ileocecal region is seen as pliable 
and long symmetric thickening, polyp-
oidal lesion, or exocentric mass with no 
or minimal fat stranding. A stratified 
enhancement pattern in a thickened 
segment of bowel wall is used to ex-
clude malignant conditions and is, 
therefore, a very important criterion 

to use to establish a correct diagnosis. 
In general, benign conditions result in 
bowel wall thickening of less than 2 
cm, whereas wall thickening greater 
than 3 cm usually indicates a neoplas-
tic condition. With exceptions (mainly 
lymphoma), long segments of involve-
ment indicate a benign condition.15

Conclusion
Typhoid remains an important pub-

lic health problem in the world, espe-
cially in developing countries, which 
have episodic typhoid epidemics. Given 
the ever-increasing travel of persons 
to and from endemic regions, typhoid 
should be considered in the diagnosis 
of acute ileocecal pathology in the U.S. 
and other developed nations where the 
disease is not commonly encountered. 
Imaging findings in salmonella infec-
tion can be nonspecific and thus mimic 
other diseases. Differentiation of this 
easily treatable entity from other vari-
ous mimics is essential. Imaging plays 
a pivotal role in some cases where the 
clinical presentation is atypical and 
can determine the necessity of further 
studies and prompt initiation of treat-
ment. Potentially serious complications 
might involve multiple organs and may 
present in unusual fashion. In general, 
greater awareness of and familiarity 
with this disease and its complications 
among radiologists will allow for ear-
lier diagnosis and will, with supportive 
care and adequate antimicrobial ther-
apy, reduce morbidity and mortality.
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