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Splenic complications of acute Babesia microti infection include splenomegaly, splenic infarct, and splenic rupture. These
complications are relatively rarely reported, and the aim of this research was to synthetize data on this topic according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines using the PubMed database. In this
review, we find that unlike other severe complications of babesiosis, splenic infarct and rupture occur in younger and im-
munocompetent patients, and they do not correlate with parasitemia level. Furthermore, admission hemoglobin of 10 mg/dl or
less, platelet count of 50 x 10%/L or less, presence of hemodynamic instability, and splenic rupture were associated independently
with an increased risk of requiring splenectomy. As babesiosis is an emerging tick-borne zoonosis, we hope that this review will
help to raise awareness among clinicians regarding this rare but potentially life-threatening complication.

1. Introduction

Babesiosis, also known as “Nantucket fever” or “malaria of the
United States,” refers to an emerging vector-borne zoonosis
caused by intraerythrocytic protozoans of the genus Babesia
which infect and lyse red blood cells. In the US, babesiosis is
endemic to the Pacific Northwest, Midwest, and the East Coast
regions, particularly within the New England states [1, 2]. Its
geographic distribution mimics that of Lyme disease, ana-
plasmosis, Powassan virus, and Borrelia miyamotoi infections,
as all these pathogens are transmitted to humans through the
same vector, Ixodes scapularis [1, 2]. The vast majority of cases
in the US are caused by B. microti, with a smaller percentage of
cases caused by B. duncani, found primarily in the NW US, and
the recently reported B. divergens-like organisms [2, 3]. The first
documented case in the US occurred in 1969, when an im-
munocompetent man from Massachusetts’” Nantucket Island
was diagnosed with B. microti infection (hence the name,
“Nantucket fever”) [1, 4].

Babesiosis is transmitted mainly through bites from
infected I scapularis ticks; however, in rare cases, trans-
mission may occur via the transplacental route, blood
transfusion, or by organ transplant [5-8]. The incidence of
tick-borne diseases in the US is increasing due to multiple
factors including enlarging deer and tick populations,
increased proximity between humans and ticks due to rural
development, expanded awareness of tick-borne infections,
availability of better diagnostic methods, and the effects of
climate change [8, 9]. Climate change is predicted to have a
significant impact on the incidence of tick-borne infections
in endemic regions, with one study estimating a greater
than 20% increase in the incidence of Lyme disease as-
suming a 2°C increase in the annual average temperature in
the coming decades [10]. Clinical manifestations of bab-
esiosis range from mild flu-like symptoms to life-threat-
ening multiorgan failure with a fatality rate of 6-21% [11].
Asplenic individuals, the elderly, and immunocompro-
mised patients have higher mortality rates due to the
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development of severe complications [11, 12]. Severe
complications of B. microti infection include acute respi-
ratory distress syndrome (ARDS), disseminated intravas-
cular coagulation (DIC), and liver or renal failure [12-14].
Splenic rupture is a severe but rarely reported complication
of B. microti infection.

There have been few published case reports on this topic
with literature review of varying extent, and no systematic
review has been performed thus far to the best of our
knowledge. In this systematic review, we have described the
clinical features, laboratory findings, and the management of
patients with splenic complications during the acute in-
fection with B. microti. We have also reviewed the risk
factors associated with splenic lesions in patients suffering
from the disease. Subsequently, the review will help in
raising awareness, among clinicians, on the potentially life-
threatening splenic complications resulting from human
babesiosis.

2. Materials and Methods

2.1. Database and the Key Words (MeSH). A systematic
review of the literature following the PRISMA guidelines
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) was performed using the PubMed database
for case reports and case series of B. microti infection with
splenic complication from the date of database inception to
September 2019. The following key words alone and/or in
combination were used: “babesiosis AND splenic rupture,”
“Babesia microti AND splenic rupture,” “babesiosis AND
splenic infarct,” “Babesia microti AND splenic infarct,”
“babesiosis AND splenic laceration,” and “Babesia microti
AND splenic laceration.”

2.2. Definitions. We defined splenic complication as
splenomegaly, splenic rupture, or splenic infarct depending
on the radiological findings described in case reports. The
presence of hemoperitoneum was indicative of splenic
rupture, whereas splenic infarct was associated with intact
splenic capsule and absence of hemoperitoneum [15].
Splenomegaly was defined as the spleen weighing more than
400 g and/or measuring greater than 11 cm in craniocaudal
length. Massive splenomegaly was defined as the spleen
weighing above 1000 g and/or measuring greater than 20 cm
in craniocaudal length [16, 17]. Parasitemia was classified as
severe if more than 10% of erythrocytes were infected on
blood smear examination [18]. Diagnosis of babesiosis was
considered delayed (misdiagnosed) if disease was not sus-
pected on admission, inappropriate antibiotics were ad-
ministered for up to 48 hours after admission, or if diagnosis
was obtained postmortem.

2.3. Selection Criteria. We selected only definite cases of B.
microti infection diagnosed by PCR, serology, and/or blood
smear. We considered the blood smear alone diagnostic only
in cases where the patient recovered following antibabesial
therapy. Duplicate articles, articles in languages other than
English, narrative review, and cases of babesiosis without
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Figure 1: The flowchart delineates methodology and literature
selection process according to PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses).

splenic complication were excluded. The flowchart of se-
lection of the final cases included in our analysis is illustrated
in Figure 1.

2.4. Data Collection. Two researchers independently and
blindly identified and selected the titles, abstracts, and full
texts obtained in the database search. Discrepancies of the
selected articles were resolved by consensus. After
completing the PubMed PRISMA search, we completed a
manual search by subsequently screening the reference
lists of all selected articles. An Excel table was con-
structed, and for each case, we collected patient demo-
graphics, clinical presentation, medical comorbidities,
vital signs on admission, time from presentation to di-
agnosis, type of splenic involvement, severity of para-
sitemia, patient’s immune status, presence of coinfection,
treatment, and clinical outcome (Table 1) [13, 19-41]. Of
34 cases reported, 19 cases were collected from single case
reports; there were 4 case series, each including 2 cases
[22, 23, 27, 37]. Finally, there was one case series in-
cluding 7 patients from a single institution in Rhode
Island, USA [39].

2.5. Statistical Analysis. The program Stata/MP 14.2 was
used for statistical analysis. Patient characteristics are
summarized using descriptive statistics; for example, me-
dians and interquartile ranges (IQR) for continuous var-
iables and counts and percentages for categorical variables.
A multivariate regression model was used to assess the
association of risk factors with splenectomy. Due to in-
complete data in 4 cases, a total of 30 cases constituted the
final sample. A P value of <0.05 was defined as statistically
significant.
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3. Results and Discussion

3.1. Demographic Data. The median patient age was 56 years
(IQR 50-69.5). The youngest patient was 23, and the oldest was
85 years old. Of note, most other severe complications of
babesiosis occurred primarily in the elderly [1, 2]. Curiously,
while one recent study from a babesiosis-endemic area in the
US reported a female predominance [14], we find that splenic
complications occur almost exclusively in men. In our sys-
tematic review, 30 of 34 cases (88%) were males. Male pre-
dominance was also described in a recent case series (included
in this systematic review) [13]; however, in that series, the
median patient age was significantly lower (48 years). Fur-
thermore, one recent retrospective study from Massachusetts
showed that patients who developed splenic rupture were older
than previously reported (median age 62) [42]. All reported
cases in this review were from the US except for one patient
who might have contracted the infection in Ecuador [33].
Another case was reported in South Korea; however, in that
case, the disease had been acquired in New Jersey, USA [39]. In
multivariate analysis, neither age nor sex was associated with
splenectomy as an outcome (Table 2).

3.2. Comorbidities and Immune Status. Unlike other severe
complications of B. microti infection (such as ARDS, DIC,
acute renal injury, acute liver failure, and severe hemolytic
anemia), splenic rupture does not appear to correlate with
host immune status. None of the reported cases were im-
munocompromised (Table 1). Additionally, among cases
that reported comorbidities, 14 out of 32 patients (43.75%)
had none. The most common comorbidity was hypertension
occurring in 7 out of 32 patients (21.87%), but in multi-
variate analysis, the presence of hypertension was not as-
sociated with splenectomy.

3.3. Clinical Manifestation and Coinfection. The most
common presenting symptoms in this cohort of patients
who developed splenic complications were as follows: fever
(26/34, 76%), abdominal pain (20/34, 58%), chills and
malaise (16/34, 47% for both), headache (7/34, 20%), night
sweats (5/34, 14%), and syncope (3/34, 8.8%). It is interesting
to note that 42% of patients with splenic complications of
babesiosis did not complain of abdominal pain. This finding
may contribute to the delay in diagnosis or misdiagnosis that
was observed in 60% of patients (17/27, in 7 cases [13] was
not reported). Unfortunately, coinfection with other tick-
borne illness was not documented in many cases. Hence, we
were unable to statistically examine if coinfection contrib-
uted to the development of splenic infarct and/or rupture, or
if it was associated with an increased frequency of
splenectomy.

3.4. Laboratory Findings. In this systematic review, the
majority of patients had evidence of various degree of
anemia and thrombocytopenia. Overall anemia was present
in 94% of patients (32/34), and thrombocytopenia was
present in 87% of patients (29/33). The median hemoglobin

TaBLE 2: Estimates of the linear probability model (LPM) for
splenectomy.

Dependent variable:

LPM
splenectomy

Age >55 years 0.2717* (0.1539)

Male —0.0540 (0.1395)
Hypertension —-0.1861 (0.1419)
Hemoglobin <10 mg/dl 0.2795** (0.1178)
Platelets < 50 x 10° 0.3876** (0.1493)

Spleen rupture 0.4359** (0.1579)
Hemodynamic instability 0.4721*** (0.1621)
Number of cases 30
R-squared 0.6752

This table reports the estimates of a linear probability model (LMP) for the
binary variable splenectomy. The R-squared value of 0.6752 indicates that
67.52% of the variance in the dependent variable (splenectomy) is explained
by the regression model. It also has the simple interpretation that it equals
the difference between the average predicted probability in the two groups.
Because of the well-known heteroskedasticity in the LPM, hetero-
skedasticity-robust standard errors are reported in parentheses. *** p value
<0.01, ** p value <0.05, and * p value <0.1.

concentration was 9.4 mg/dl (IQR 8.5-10.7), and the median
platelet count was 77 x 10%/L (IQR 53-99). On multivariate
analysis, hemoglobin concentration <10 mg/dl and throm-
bocytopenia of 50 x 10%/L or below were significantly as-
sociated with increased probability of requiring a
splenectomy. Levels of parasitemia were documented in 26
of 34 cases (76%) and ranged from 0.1 to 30% (median 1%).
Parasitemia levels generally correlate with severity of illness
in both babesiosis and malaria [1, 2, 43], with parasitemia
level above 10% considered to be severe infection. Among
those cases with reported parasitemia levels, it is interesting
to note that only 11.5% (3/26) of patients developed severe
parasitemia. In fact, nearly half (46%) the patients who
developed splenic complications from babesiosis had par-
asitemia level which was <1%. This observation that splenic
complications of babesiosis do not correlate with the severity
of parasitemia was consistent with findings from previous
reports [13, 32, 36]. The persistence of parasitemia and
rapidity of clearance following initiation of therapy were not
described in the majority of cases, prohibiting our ability to
evaluate these variables in relation to the outcome of interest
(splenectomy).

3.5. Types of Splenic Complication. The spleen is an essential
organ for the clearance of intraerythrocytic parasites such as
Plasmodium spp. and Babesia spp [44, 45]. Due to the lack of
experimental data on the pathophysiology of splenic rupture
in human babesiosis, theories are drawn based on data from
studies of pathophysiology of malaria-related splenic
complications [46-48].

Spleen size was documented in 26 patients. Of these, 23
had splenomegaly (88.5%) which is similar to findings from
a recently published study that described it in 89% [42]. This
is significantly higher than findings from a systematic review
by Renzulli et al. [17] who found splenomegaly in 55% of
patients with atraumatic splenic rupture. There was only one
case of massive splenomegaly, and in 22 patients (95%),
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splenomegaly was mild. This is in contrast with malaria or
viral infections such as EBV and CMV where splenic rupture
is usually due to increased intracapsular pressure from
massive splenomegaly. Splenic rupture (23 of 34 cases,
67.6%) was a more common complication of babesiosis than
splenic infarct (11 of 34 cases, 32.4%). In multivariate
analysis, development of splenic rupture was statistically
significant with the increased probability of having a
splenectomy.

3.6. Pathophysiology of Splenic Infarct and Rupture. Three
main mechanisms by which B. microti might cause splenic
complications have been proposed, and these draw parallels
with studies on malaria-associated splenic rupture:

(1) B. microti causes erythrocyte lysis by direct parasite
invasion which leads to endothelial damage, for-
mation of microthrombi, and release of vasoactive
factors, resulting in localized necrosis of splenic
tissue [34, 37].

(2) Enhanced erythrocyte cytoadherence related to ex-
cessive proinflammatory cytokine production can
cause mechanical obstruction of splenic microcir-
culation leading to infarction and rupture [47, 48].
Interestingly, this may occur even at low parasitemia
levels, similar to infection with malaria [49].

(3) The splenic macrophages are crucial in the clearance of
infection, and in the process of “removal” of infected
erythrocytes trapped in its venules, the spleen enlarges
and subsequently may rupture. This final theory is
supported by microscopic and macroscopic appear-
ance of the ruptured spleens among patients infected
with P. vivax. The spleen of these patients had sig-
nificant red pulp hyperplasia with plasma
cells, lymphocytes, immunoblasts, and large number of
histiocytes exhibiting erythrophagocytic activity. On
immunohistopathological analysis, these showed dif-
fuse hypercellularity, massive proliferating plasma cells,
and striking intrasinusoidal histiocytosis [50-52].

3.7. Treatment and Outcome. In this systematic review, 2
patients died from babesiosis which corresponded to a
mortality rate of 5.8%. This is lower than the previously
reported mortality rates of patients who developed malaria-
related splenic rupture [53]. Importantly, both patients who
died were older (75 and 85 years old), and one was coin-
tected with Ehrlichia chaffeensis which might have con-
tributed to his mortality. Additionally, in both cases,
diagnosis was delayed, and this emphasizes the importance
of timely diagnosis to decrease morbidity and mortality. All
patients received antimicrobials although many cases did
not document the duration of therapy. Most patients with
documented antimicrobial therapy were treated with azi-
thromycin and atovaquone (21/26, 81%). Of note, the
emergence of resistance to azithromycin and atovaquone (as
defined by microbiological relapse after completing initial
antimicrobial course and while on therapy) has been

described in 3 immunocompromised patients who required
prolonged treatment for recurrent relapses [54].

Transfusion requirements were documented in 21 cases. Of
these, 12 patients (57%) required transfusion of PRBC, 1 pa-
tient required transfusion of platelets, and 1 patient required an
exchange transfusion. The average number of PRBC units
transfused per patient was 2.8. Since January 2011, when
babesiosis became a reportable disease, transfusion-transmitted
babesiosis cases have sharply increased, and it is now the most
common transfusion-transmitted pathogen [7, 55]. Since
asplenic patients tend to have more severe disease, it is im-
portant to recognize the need to test patients for babesiosis if
postsplenectomy fever develops. Furthermore, splenic rupture
might be the first manifestation of babesiosis, and splenectomy
can increase the severity of the disease [23, 36]. Of the 32 cases
that survived which were described in this systematic review, 10
patients underwent splenectomy (31.2%) while 22 (68.8%) were
managed conservatively with close observation, pain control,
transfusion, hydration, and spleen preservation. In 12.5% of
cases, splenic artery embolization was done to control the
bleeding. Conservative management is preferable to avoid
postoperative complications and complications from asplenia.
Given the fact that all patients who develop splenic compli-
cations of babesiosis either live in or frequently visit Babesia
endemic regions, splenic preservation is of utmost importance
to decrease mortality in case of subsequent infections.

Our study has few limitations. We reviewed the cases
that were only published in journals that are indexed in the
PubMed database. Additionally, we have not reviewed cases
published in languages other than English which contributes
to publication bias.

4. Conclusion

This systematic review highlights the clinical presentation
and outcomes of patients presenting with splenic compli-
cations of babesiosis. We note that splenic complications of
babesiosis (unlike other severe complications of this infec-
tion) do not correlate with advanced patient age, host im-
munosuppression, or severity of parasitemia. Nearly half of
the patients with splenic complications of babesiosis did not
endorse abdominal pain which probably contributed to the
delay in diagnosis or misdiagnosis that was observed in more
than 60% of patients. In multivariate analysis, admission
hemoglobin of 10 mg/dl or less, platelet count of 50 x 10°/L
or less , presence of hemodynamic instability, and splenic
rupture were associated with an increased risk of requiring
splenectomy.
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