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Abstract

Purpose To identify the imaging manifestations of splenic involvement in babesiosis, a potentially fatal tick-borne zoonosis
with multi-organ involvement.

Methods In our single center HIPAA compliant IRB-approved study, we performed a retrospective search of the electronic
medical record at our institution to identify all patients with known or suspected acute babesiosis from 2000 to 2017. We
then reviewed all abdominal imaging of patients with confirmed disease to identify incidence and characteristics of splenic
involvement. Splenomegaly was determined using a height- and gender-adjusted reference.

Results After exclusions, 63 patients with a confirmed diagnosis of babesiosis and contemporaneous imaging of the spleen
were included in the final cohort. Within this cohort, 56 (89%) had splenomegaly at a minimum and 13 had splenic infarcts.
Splenic rupture was present in eight patients with three having a pseudoaneurysm. In 14 patients with follow-up imaging,
the spleen subsequently diminished in size. One additional patient with ruptured spleen underwent emergency splenectomy
prior to imaging.

Conclusion Although the literature suggests splenic involvement is a rare finding, acute parasitemia with babesiosis com-
monly affects the spleen. Recognition of this association can aid radiologists diagnosing splenic involvement in babesiosis

and can lead to appropriate intervention in the minority with splenic hemorrhage.
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Introduction

Babesiosis is a tick-borne parasitic infectious disease caused
by protozoa of the genus Babesia. Once known only on Cape
Cod and New England coastal islands, since the 1980s the
primary pathogen Babesia microti has been spreading
throughout the northeastern USA and Midwest [1]. The
usual tick vector, Ixodes scapularis, also carries Lyme dis-
ease, which is a frequent co-infection [1, 2]. Related babesia
species have been recognized as human pathogens in warmer
parts of the Americas, south and eastern Asia, and Europe.

The clinical manifestations of human babesiosis vary
from asymptomatic infection to multi-organ failure and
death. Severe disease requiring hospitalization is found most
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often in older patients (> 50 years of age), asplenic indi-
viduals, or the immunocompromised. However, the majority
of cases produce only a mild viral-like febrile illness that
frequently goes unrecognized. The non-specific nature of
early symptoms often contributes to inaccuracies and delay
in diagnosis. Typical laboratory abnormalities are in keeping
with a hemolytic anemia (low hemoglobin/hematocrit and
elevated lactate dehydrogenase), as well as thrombocytope-
nia and elevated liver enzymes [3—5]. The diagnosis is con-
firmed by identification of babesia organisms within circu-
lating erythrocytes on Giemsa or Wright-stained thin blood
smears or with polymerase-chain-reaction (PCR) detection
of babesia DNA [6, 7]. Serology is inaccurate, as seroposi-
tivity can linger for months after infection has cleared [7].

Babesia are malaria-like blood parasites. It is reasonable
that, like malaria [8], babesiosis might affect the spleen.
From case reports and systematic reviews, splenic rupture
is a known complication of severe babesiosis [9, 10]. Publi-
cations to date have focused on the clinical features of babe-
siosis. In our series, we evaluated the spectrum of splenic
findings on imaging in babesiosis.
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Methods

This is a HIPAA compliant IRB-approved retrospective
cohort study of patients with acute babesiosis at an urban ter-
tiary care center in the New England region of the USA. We
performed a retrospective search of the electronic medical
record at our institution to identify all patients with known
or suspected acute babesiosis between 2000 and 2017. Our
initial search yielded 2112 patients with an associated diag-
nosis of babesiosis. Patients were excluded if their diagnosis
was not confirmed by thin smear or PCR (n=1247). Any
patient who did not undergo imaging within 30 days of the
diagnosis of babesiosis being established (n=711) was also
excluded. In our initial filtration, we included all patients
with any imaging in which the spleen could conceivably be
seen. This included radiographs, ultrasound, CT, and MRI.

Clinical suspicion of Babesiosis from
January 2000 - December 2017
n=2112

.

Diagnosis confirmed with thin smear or PCR
n=865

Imaging within 30 days of diagnosis
n=154

Spleen not within field of . Patients with assessable
N P Prior splenectomy P
view of imaging spleen on imaging
n=68 n=23 n=63

Fig.1 Flow of study cohort

We then reviewed all imaging of the 154 patients in our final
cohort to identify incidence and characteristics of splenic
involvement. Figure 1 provides a flow chart describing the
process used to arrive at the final cohort. Splenomegaly was
determined using a height- and gender-adjusted reference for
adults [11] and an age-adjusted reference for children [12].

Statistical analysis

For patients with spleen in situ and cross-sectional imag-
ing, descriptive statistics included median and range of the
longitudinal dimension. Chi-square statistic was computed
to test the influence of Lyme co-infection on splenomegaly.

Results

From 2000 to 2017, 154 patients had an established diagno-
sis of babesiosis and had imaging within 30 days. The cohort
was predominantly male (119 males, 35 females) with age
ranging from less than 1 year to 89 years (median 65 years).

The spleen was not imaged in the entire cohort as 23
patients had a prior splenectomy and an additional 68
patients had imaging in which the spleen was not assess-
able, mostly radiographs. The remaining 63 patients had
imaging in which the spleen was seen in its entirety. In this
sub-cohort, 57 patients (89%) had spleen findings, 56 hav-
ing splenomegaly at a minimum. One patient had a pseu-
doaneurysm and splenic rupture without splenomegaly.
Spleen size ranged from 11 to 24 cm (median 14.4 cm).
Infarcts were the second most common splenic finding
with 13 patients having at least one splenic infarct (Fig. 2).
More rare findings included splenic rupture (n =8) (Fig. 3)
and pseudoaneurysm (n=3) (Fig. 4). The median age of

Fig.2 Axial (a) and coronal (b) CT images of a 73-year-old female with acute babesiosis show splenomegaly (15.5 cm) and splenic infarcts

(arrows)
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Fig.3 Coronal CT image in the arterial phase (a) of a 62-year-old
male with acute babesiosis shows splenomegaly (16.2 cm) with
splenic rupture and active contrast extravasation (white arrow).

Axial-delayed post-contrast image (b) shows peri-splenic hemorrhage
(black arrow) and pooling of extravasated contrast (white arrows)

Fig.4 Axial CT image (a) and catheter angiogram (b) of an 83-year-old male with acute babesiosis demonstrate a pseudoaneurysm (arrows)

which was subsequently treated with coil embolization

those with splenic rupture was 62 (range 28-83 years), and
all eight were male. A breakdown of the imaging modali-
ties and splenic findings is provided in Table 1. Of the 56
patients with splenomegaly, 15 had follow-up imaging,
with all demonstrating a subsequent decrease in spleen
size (Fig. 5). This included two patients with cirrhosis
and portal hypertension and three patients with lymphoma.

Most patients were admitted, with only eight (13%) of
the final 63 patient cohort not requiring admission. All but
one of the 23 patients who had a prior splenectomy were
admitted. Babesia parasitemia levels ranged from less than
1 to 23%.

Of the final 63 patient cohort, 15 patients were trans-
ferred from another hospital, with all having splenomegaly

@ Springer

Table 1 Breakdown of splenic imaging findings in patients with acute
babesiosis

Patients with babesiosis and contemporaneous 63 (50 M/13 F)

splenic imaging within 30 days

Median age 66 (range less
than 1-84 years
old)

Splenomegaly 56/63 (89%)

Splenic infarct 13/63 (21%)

Splenic rupture 8/63 (13%)

Splenic pseudoaneurysm 3/63 (5%)

# Assessed by CT 49

# Assessed by US 13

# Assessed by MR 1
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Fig.5 Coronal SSFSE image (a) of a 33-year-old male with a his-
tory of primary sclerosing cholangitis shows a normal size spleen
(11.5 cm long axis) 1 month prior to the episode of acute babesiosis.
Coronal CT image (b) during the episode of acute babesiosis shows

at a minimum. In addition, six others with a prior splenec-
tomy were also transferred from another hospital.

Co-infection with Lyme disease was seen in 16 of the
63 patients (25%), and splenomegaly was present in 15 of
those 16 patients (94%). Chi-square analysis demonstrated
no significant difference in rates of splenomegaly between
those solely with babesiosis compared with those with con-
comitant babesiosis and Lyme disease (p =.488).

Discussion

Our series shows that splenic abnormalities are a common
manifestation of acute babesiosis, with splenomegaly being
the most common finding. However, the pathophysiology of
the splenic involvement in babesiosis is unclear.
Historically babesiosis was thought to be limited geo-
graphically to the endemic areas of New England and the
upper Midwest; however, recent surveillance data from
the Centers for Disease Control show that it is spreading
beyond the traditional endemic areas [13]. Lyme disease
has a similar geographic distribution and is also on the
rise, relating to the common tick vector—Ixodes scapu-
laris. The role of concomitant Lyme disease and acute
babesiosis is not yet fully understood, but there is evi-
dence that combined infection with B. burgdorferi and B.
microti results in a synergistic suppression of the immune
response in mice and thus increased disease severity [14,
15]. Although co-infection with Lyme disease is common,
this is unlikely to be the link to the spleen as Lyme disease
alone is rarely associated with splenomegaly [16, 17]. Fur-
thermore, the presence of splenomegaly was not signifi-
cantly different between the patients who had concomitant

interval enlargement of the spleen, now 14 cm long axis. Coronal
SSFSE MR image (C) 10 months after the episode of acute babesio-
sis shows normalization of spleen size

babesiosis and Lyme disease versus those with babesiosis
alone. More likely, the splenic abnormalities relate to the
spleen’s role in sequestering the infected erythrocytes so
they can be cleared by macrophages [1, 18-21].

Although splenomegaly was the most common find-
ing, more severe splenic involvement including infarcts
and rupture were also identified. In total, we encountered
nine patients with splenic rupture, eight with imaging, and
one taken directly to the operating room prior to imaging.
Kuwayama and Brones were the first to describe the asso-
ciation between acute babesiosis and splenic rupture. In
their case report, the spleen was normal in size and they
theorized that the rupture was related to degradation and
friability of the parenchyma rather than enlargement and
increased intra-capsular pressure [22]. The most recent
series and systematic review each showed that babesiosis
related splenic rupture is more common in middle-aged
healthy men (median ages of 48 and 55 years, respec-
tively) who mount a more robust immune response [9,
23]. The sub-cohort of patients with splenic rupture in our
series is also entirely male, but slightly older (median age
62 years). Patel et al theorize this robust immune response
leads to greater mechanical strain [23]. However, in this
series, the authors did not describe the presence or absence
of splenomegaly.

Some insights may be gleaned from similarities to
malaria, another intracellular protozoan parasite that affects
erythrocytes and is well known to cause splenic rupture.
The immune response in malaria results in the adhesion
of infected erythrocytes (cytoadherence), which become
sequestered in the spleen to be phagocytosed leading to con-
gestion of the red pulp [24, 25]. This can lead to vascular
occlusion and infarcts and the splenic capsule may be easily
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torn [26]. However, this theory based on cytoadherence has
yet to be proven in human babesiosis [27, 28].

Our series included eight babesiosis patients whose imag-
ing showed splenic hemorrhage, which to our knowledge
is the most of any series to date. Hemorrhage in at least
three of these patients was due to pseudoaneurysm forma-
tion. Whether other patients with hemorrhage had pseudoa-
neurysms too small for detection by routine cross-sectional
imaging is unknown. Any tendency for babesiosis to produce
splenic pseudoaneurysms will be understood only from addi-
tional research into the pathogenesis of babesiosis.

As our series was based on imaging findings, the cohort
was likely skewed towards more severe cases of acute babe-
siosis, as these sicker patients would more likely need diag-
nostic imaging. Our cohort shared many of the common risk
factors for severe acute babesiosis, as they were generally
older patients (median age 66 years) and many had a prior
splenectomy. In addition, the patients transferred in to our
tertiary care center from outlying hospitals would likely have
disease of greater severity.

Three children were included in our cohort with their
main risk factor being tick exposure and blood transfusions.
However, in the case of one infant, the mode of transmis-
sion was suspected to be vertical as the mother had a tick
exposure in the 3rd trimester. Vertical transmission of babe-
siosis is a known but uncommon mode of transmission, with
acquired babesiosis (through a tick bite or blood transfusion)
being much more common [29].

Limitations

As we note, a small percentage of patients had underlying
medical conditions that would predispose to splenomegaly
(portal hypertension and lymphomas), but all patients in this
sub-cohort had follow-up imaging demonstrating a subse-
quent decrease in spleen size. Through this, we can infer
that the acute worsening of splenomegaly was likely related
to babesiosis.

The majority of patients had a CT during their episode
of acute babesiosis, and this was preferentially used for our
assessment. However, some only had an ultrasound or MRI.
While ultrasound and MRI are adequate for the assessment
of splenomegaly, the use of different modalities introduces
some nonuniformity in our data due to differences in meas-
urement technique. Furthermore, ultrasound is not a sensi-
tive modality for detecting infarcts or other complications,
and the rate of these more severe complications may be
under represented.

Also, some patients were transferred from regional medi-
cal centers where they may have had imaging which was not
reported or accessible.
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Conclusion

Our series shows that splenic abnormalities on imaging are a
common manifestation of acute babesiosis. Increasing radi-
ologists’ awareness of this common association may improve
diagnosis and expedite care, particularly in endemic areas.
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