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Abstract: Babesia microti is an obligate intra-erythrocytic
parasite transmitted by infected ticks. B. microti is a
eukaryote much larger than prokaryotic microbes and
more similar to human hosts in their biochemistry and
metabolism. Moreover, Babesia spp. possess various immune
evasionmechanisms leading to persistent and sometimes life-
threatening diseases in immunocompromised hosts. Chronic
lymphocytic leukemia (CLL) is the most prevalent adult B-cell
malignancy, and a small percentage of CLL transforms into
aggressive lymphomas. CLL also causes immune dysfunction
due to the over-expansion of immature and ineffective B-cells.
When our patient with indolent CLL presented with anemia,
pancytopenia, and splenomegaly, all his healthcare providers
presumptively assumed a malignant transformation of CLL.
However, these are also the signs and symptoms of babe-
siosis. Herein, we report a case where B. microti infection
was presumed as a malignant transformation of CLL and
narrowly avoided a devastating outcome. Although the
patient developed fulminant sepsis, he finally received
the correct diagnosis and treatment. Unfortunately, the
disease recrudesced twice. Each time, it became more dif-
ficult to control the infection. We describe the clinical

course of the case and discuss the case-specific literature
review. This report highlights the importance of differential
diagnoses ruling out infections which include babesiosis,
prior to initiating the treatment of B-cell malignancy.
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1 Introduction

Human babesiosis is a zoonotic infection caused by
Babesia spp. transmitted by Ixodid ticks [1]. Babesia
spp. are obligate intraerythrocytic parasites belonging
to the phylum Apicomplexa, which have the unique
ability to penetrate and lyse human erythrocytes [2].
Single-cell eukaryotes are five to seven orders of magni-
tude larger than average prokaryotes [3] and are bio-
chemically, metabolically, and genetically more similar
to their human hosts than prokaryotes. For these reasons,
once they infect a host, they are difficult to eradicate
without harming the host [4,5]. They also have sophisti-
cated organelles and various immune evasion mechan-
isms leading to persistent and sometimes life-threatening
diseases in immunocompromised hosts [6,7]. Another reason
for their persistence is that they develop resistance to the
drugs used to treat the disease [4]. Also, gene mutations
in the parasite can cause treatment failure [8,9]. We have
illustrated the location of these eukaryotic protists in the
evolutionary ladder (Figure S1).

Pathogenesis requires several vectors and steps which
have been described in numerous previous reviews [10,11].
Once inside the human body, the motile spore-like spor-
ozoites invade the erythrocytes using the apical complex.
Babesiamultiplies inside erythrocytes asexually, with each
Babesia budding into two to four daughter cells (mero-
zoites) and continuing to infect adjacent erythrocytes using
their gliding ability [7]. Eventually, infected erythrocytes
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lyse and cause symptoms such as hemolytic anemia, hemo-
globinuria, and jaundice [12]. These symptoms are often
misdiagnosed as hematologic malignancies [13,14].

Symptoms of babesiosis range from asymptomatic (about
20% of the cases) or mild, while others may develop a severe
or even fatal course of disease depending on the hosts’
immune status [15]. Although early babesiosis symptoms
are non-specific, with fever and malaise, severe cases may
present dyspnea, splenomegaly, hepatomegaly (or both),
anemia, jaundice, hemoglobinuria, hypotension, leuko-
penia, and thrombocytopenia [12]. Of note, splenomegaly,
hemolytic anemia, thrombocytopenia, and many of its
physical symptoms are similar to those of stage 4 chronic
lymphocytic leukemia (CLL). Thus, it is important to dif-
ferentiate babesiosis from the advanced stages of CLL.

CLL is the most prevalent adult B-cell malignancy,
representing 30% of all adult leukemias [16]. The pro-
gression of CLL is heterogeneous. In some patients, it
remains indolent through their life expectancy, while in
others, it can exacerbate acute aggressive forms easily
reaching stages 3 or 4 in Rai’s staging system [17]. The
signs and symptoms of advanced CLL are very similar to
those of babesiosis. These include malaise, fever, anemia,
leukopenia, thrombocytopenia, splenomegaly, and/or pain
in the upper left abdomen due to splenomegaly [18].
Although babesiosis and advanced CLL present similar signs
and symptoms, these two diseases require diametrically dif-
ferent treatments [19]. CLL requires immune-suppressive
anti-neoplastic therapy, while babesiosis requires immune-
enhancing anti-infective treatment. Thus, it is of utmost
importance to differentiate babesiosis from advanced CLL.

History of tick bite or residing in or traveling to
endemic areas may give clues for potential risks of babe-
siosis, but a more specific diagnosis of babesiosis is
necessary. When parasitemia is high, the diagnosis will
be made by peripheral blood smears [12] demonstrating

common intra-erythrocytic ring forms of the parasite (red
arrow, Figure 1) or rarely by a pathognomonic tetrad con-
figuration of merozoites resembling a Maltese cross [10]
(black arrow, Figure 1). The diagnosis can be confirmed
by reverse transcriptase polymerase chain reaction (rt-
PCR), targeting the 18 S rRNA gene of Babesia microti
from whole blood, as described in the reference [20].

1.1 Epidemiology of babesiosis

The most predominant species identified in the eastern
and midwestern United States is B. microti,while B. diver-
gens is common in Europe. In recent years, B. duncani
was identified in the western United States [21,22]. More
than 100 Babesia spp. have been identified, and different
geographic regions and varied animal host differentBabesia
species [1]. These geography-specific Babesia species were
reported in detail in previous publications [10,11].

Themost commonmode of infection is through the bites
of infected ticks, but often patients do not recall the inci-
dences of tick bites [12]. Less commonly, babesiosis can be
transmitted through blood transfusions. Although the inci-
dence is low, transfusion-transmitted babesiosis is much
more dangerous because these patients commonly have ser-
ious comorbidities requiring transfusion. Very rarely an
infected mother can transmit babesia to the newborn [12].

The incidence of babesiosis has been steadily increasing
in the United States. The cumulative incidence of babesiosis in
the United States between 2011 and 2015 was 7,612 cases (6,277
confirmed and 1,335 probable) [23]. Of these, 7,194 cases (94.5%)
occurred in seven states: Connecticut, Massachusetts, Minne-
sota, New Jersey, New York, Rhode Island, and Wisconsin [23].
The risk factors for severe babesiosis are extremely young or old
age; immunosuppression due to malignancy, organ transplan-
tation, or splenectomy; and personswith chronic heart, liver, or

Figure 1
� Red arrow: ring form inclusion in 

RBC.

� Black arrow: Maltese cross inclusion in 

RBC.

Reproduced from Tobler WD, et al. Case Report: 

Successful non-operative management of 

spontaneous splenic rupture in a patient with 

babesiosis. World journal of emergency surgery: 

WJES 2011; 6:4. 21251311; Under the terms of 

the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/2.0) 

Image provided courtesy of Daniele Focosi MD, 

University of Pisa, Italy.

Figure 1: Ring forms and Maltese cross inclusions in erythrocytes.
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kidney diseases [11]. Our patient is old, has heart disease, has
malignancy, and resides in one of the seven states of the United
States where babesiosis is endemic.

Between 1983 and 1994 in Wisconsin, three fatalities
occurred (30%) among ten reported cases. All three deaths
occurred in patients who were immunocompromised by
asplenia or receiving high-dose steroids [24]. Thus, among
the immunocompromised hosts, babesiosis should be recog-
nized as a serious health threat [23].

1.2 Clinical course of the case

In late October 2019, a 76-year-old male with a history
of indolent CLL and heart failure (HF) presented at a
cardiology annual checkup. The cardiologist noticed anemia,
leukopenia, and thrombocytopenia. Suspecting a malignant
transformation of CLL, the cardiologist recommended an
oncology consult. Patient’s leukocyte count was 2,000/µL
(reference range: 4,000–10,500/µL), erythrocyte count was
3 × 106/µL (reference range: 4.7–6.0 × 106/µL), and platelet
count was 43 × 103/µL (reference range: 150–450 × 103/µL).
He had lost about 6.2 kg in the previous month. He had never
smoked, never used any recreational drugs, and did not drink
any alcohol.

His past medical history was notable with paroxysmal
ventricular fibrillation leading to bundle branch block and
heart failure in 2007, whichwas treated with medical man-
agement and Implantable Cardioverter Defibrillator (ICD)
implantation. These interventions resulted in an excellent
outcome with no physical limitation (NYHA category 1).
During the heart failure diagnosis, CLL was identified
incidentally but did not require any treatment for the
past 15 years. His lymphocyte count fluctuated between
23,000 and 50,000/µL (normal range: 720–4,100/µL)
without any other symptoms.

In early November 2019, the patient sought oncology
consult where a computerized axial tomography (CT)

scan revealed massive splenomegaly with dimensions
of 22 cm × 10.5 cm × 20 cm, (normal spleen size: 12 cm ×
5 cm × 7 cm; Figure 2), mediastinal lymphadenopathy,
but no significant atherosclerotic changes or cardiome-
galy were observed. However, serum immunoglobulins,
albumin, and total protein were all low. Hypogammaglo-
bulinemia is one of the criteria for malignant transfor-
mation of CLL [25]. His oncologist’s diagnosis was a
malignant transformation to lymphoma, and he recom-
mended immunotherapy with rituximab and ibrutinib.
This is particularly important because advanced CLL is
usually treated with corticosteroids, rituximab, or ibru-
tinib. With occult babesiosis in the background, these
treatments could have been deadly as has been reported
previously [24].

Serendipitously, the patient was aware of the serious
adverse effects associated with the drugs of choice for
CLL, ibrutinib [26–28] and rituximab [29–31], and he
opted for an antioxidant resveratrol supplementation
instead. Resveratrol induces apoptosis of malignant
lymphocytes in vitro [32] and in vivo [33] Antioxidant
supplementation started at the beginning of January
2020, generating one week of symptomatic relief, but by
the second week, the patient’s symptoms had progres-
sively worsened with severe pallor, dyspnea, and muscle
weakness. For the next 3 weeks, the patient was too weak
to get out of bed.

In the middle of February 2020, the patient developed
shaking chills, acute respiratory distress syndrome, and
delirium. He was transferred to the emergency department
(ED) at the local hospital. At the ED, his temperature was
38·7°C, BP was 80/43mmHg, pulse 124 beats per minute,
breathing 20 breaths per minute, and sequential organ
failure assessment (SOFA) score was 8. The SOFA score
≥8 is associated with a 21% hospital mortality rate [34].

ED physician’s diagnosis was sepsis. His laboratory find-
ings at the ED are presented in Table 1. Immediately, suppor-
tive care to manage sepsis was initiated, including fluid
resuscitation, controlling fever, and supplementing oxygen.
Simultaneously, several diagnostic tests to determine the
cause of sepsis were undertaken. The tests for pneumonia,
pancreatitis, pyelonephritis, hepatitis, and acute decompen-
sated heart failure were carried out, and none were signifi-
cant. CT scan without contrast showed the same massive
splenomegaly as was observed at the oncology visit. Urina-
lysis and urine culture were negative, and the ICD and its
wires were in a good position. The ED physician noted unu-
sual intracellular inclusions in the RBCs of the peripheral
blood smear and consulted the infection specialist. After
examining the specimen, the infection specialist (HC)
determined that the inclusion bodies were the ring-formFigure 2: CT scan showing massive splenomegaly.

1202  Harry A. Conte et al.



intraerythrocytic parasites (Figure 1) and made a diag-
nosis of babesiosis. The attending pathologist concurred
with the diagnosis. Additionally, real-time PCR with
an FDA-approved and clinically validated assay (Quest
Diagnostics) confirmed the diagnosis by the presence
of B. microti DNA in the blood. Tests for Ehrlichia muris-
like, Ehrlichia ewingii/canis, Ehrlichia chaffeensis, Anaplasma
phagocytophilum, Streptococcus pneumoniae, Legionella, and
Lyme antibody were all negative.

Once the diagnosis was made, aggressive anti-parasitic
and antibiotic treatments were initiated by establishing a cen-
tral venous catheter. The patient received a standard regimen
for babesiosis treatment, a 10-day course of atovaquone 750mg
b.i.d. and concurrent azithromycin 500mg q12h. Also, he
received an RBC-replacement transfusion. The patient
was well-recovered and discharged after 4 days in the hos-
pital. He completed the 10-day course of atovaquone and

azithromycin treatment at home. The patient was able to
do all his normal physical activities for the next 2months.

Unfortunately, babesiosis recurred twice after the
first discharge from the hospital, and the patient was
re-admitted with a second severe sepsis. Although the
patient is still taking the medications after 14 months
after the second admission, he can do most of his phy-
sical activities. The recrudescent part of babesiosis will be
detailed in our next report.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets
of the Helsinki Declaration, and has been approved by the
author’s institutional review board or equivalent committee.

2 Discussion

This case clearly illustrates that eukaryotic infections
such as babesiosis can become life-threatening illnesses
in immunocompromised patients. It should be noted that
his comorbid CLL involves B-cell defects resulting in
impaired immunity, which increases the threat of severe
babesiosis and recrudescence. Furthermore, babesiosis
and advanced CLL symptoms are extremely similar, both pre-
senting anemia, pancytopenia, and splenomegaly. Therefore,
careful differential diagnosis is crucial.

The postulated causes for recrudescence are Babesia
spp. express variant erythrocyte surface antigen1, which
facilitates their adhesion to other cells [29] and forms a
cluster with other RBCs [35]. These clusters can resist the
hydrodynamic force of the bloodstream [35] and escape
the splenic elimination of Babesia spp. [36,37]. These
RBC clusters localize in the microvasculature [35], and
Babesia spp. may avoid detection using PCR test. How-
ever, B. microti-specific clusters were not observed in the
previous autopsy study [38]. We are not certain whether
this autopsy study examined microvasculature. Future
studies inspecting microvasculature are warranted.

Additionally, PCR has excellent sensitivity (96.2%)
but poor to moderate specificity (70.5%), which carries
approximately 30% false negative rates [39]. Although
the negative PCR tests indicate the absence of detectable
babesia DNA in the blood of approximately 70% (speci-
ficity) of the tested, the other 30% could have parasitemia
that is below the detection levels of PCR [39]. This patient
had negative PCR tests continuously since the first

Table 1: Laboratory test results of the patient at the emergency
department

Patient’s value Reference range

WBC (per μL) 900 4,000–10,500
Differential (count)
Neutrophils 500 1,800–7,800
Lymphocytes 300 1,000–3,200

RBC (per μL) 2.54 × 106 4.7–6.0 × 106

Hemoglobin (g/dL) 7.7 13.5–18.0
Hematocrit (%) 24.8 40–54
Platelets (per μL) 21 × 103 150–450 × 103

MPV (fL) 13.2 7.4–11.4
Amylase (U/L) 32 29–103
Lipase (U/L) 31 11–82
BNP (pg/mL) 23 0–100
Troponin (ng/mL) 0.03 <0.04
Lactate (mmol/L) 1.3 0.5–2.2
Total bilirubin
(mg/dL)

2.3 0.3–1.0

Bilirubin, direct
(mg/dL)

0.5 0.0–0.2

AST (SGOT) (U/L) 35 5–40
ALT (SGPT) (U/L) 24 7–52
LDH (U/L) 235 125–220
Alkaline
phosphatase (U/L)

78 34–104

Smear
interpretation

Rare intracellular
inclusion in RBC
observed

Consulted
infectious disease
specialist

Urea (mg/dL) 65 9–20
Creatinine (mg/dL) 1.7 0.7–1.3
Glomerular
filtration rate
(mL/min)

39.4 >60.0

Calcium (mg/dL) 7.4 8.4–10.2

fL, Femtoliter (10−15); BNP, B-type natriuretic peptide.
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discharge. Nevertheless, babesiosis recrudesced twice. A
marker of true negativity of babesia infection is desperately
needed. One group used haptoglobin levels as a marker for
the true negativity of babesia infection [9]. This test is based
on the principle that highly oxidative-free hemoglobin ori-
ginating from RBC lysis forms a haptoglobin–hemoglobin
(Hp–Hb) complex, thereby avoiding oxidative tissue damage
[40]. Hp–Hb complex lowers the serum haptoglobin levels,
and the complex is eliminated by CD163-mediated endocy-
tosis by macrophages through the spleen or other organs in
the reticuloendothelial system [41]. This patient’s haptoglobin
level was below the lowest detectable level for nearly 2 years.
Additionally, the differential diagnosis should consider a his-
tory of Lyme disease, malaria, acute anemia, Colorado tick
fever, Ehrlichiosis, typhoid fever, and CLL.

2.1 Differentiating CLL and babesiosis

As we described in the introduction, advanced CLL pre-
sents many symptoms of severe babesiosis and differen-
tial diagnosis becomes difficult when two pathologies
coincide. Furthermore, the treatment modalities are dia-
metrically different [17]. According to the 2018 Interna-
tional Workshop on CLL (IWCLL), guidelines recommend
starting CLL therapy [42] if any one of the following criteria
is satisfied: (a) hemoglobin <10 g/dL or platelet count of
<100 × 109/L; (b) massive (≥6 cm below the left costal
margin) splenomegaly; (c) symptomatic splenomegaly;
(d) presence of disease-related symptoms such as uninten-
tional weight loss of ≥10% within the previous 6 months,
or significant fatigue [42]. This patient’s initial hemoglobin
level was 9·7 g/dL, platelet count was 45 × 109/L, and he
had massive splenomegaly. Thus, this patient satisfied the
IWCLL criterion for CLL treatment. IWCLL criterion for
treatment appears too non-specific and overly lenient.
This patient could have received CLL treatment which
might have generated disastrous consequences.

2.2 Hemophagocytic
lymphohistiocytosis (HLH)

In immunocompetent patients, several cases of HLH fol-
lowing B. microti infection have been reported [43,44].
HLH is an aggressive and life-threatening syndrome of
excessive immune activation. HLH can be categorized as
primary and secondary. Primary HLH is a genetics-derived
pathology usually occurring in children [45]. Secondary
HLH is a rare but potentially lethal complication following
severe infections or malignancies with high mortality [46].

B-cell malignancies, including CLL, are less prone to
develop HLH [47,48] compared with the patients who
have T- or natural killer cell-associated lymphoma [47].

2.3 Autoimmune hemolytic anemia (AIHA)
following babesiosis

Babesiosis can cause non-immune hemolytic anemia due
to the lysis of RBC by the parasite, as well as hemolytic
anemia via autoimmunity [49]. AIHA is defined as the
“destruction of RBCs through autoimmune mechanisms
mediated by autoantibodies against erythrocyte surface
antigens” [50]. Several studies reported post babesiosis
(PB)-related AIHA, which occurred predominantly in asplenic
patients [51,52]. Narurkar et al. stated that post-babesia AIHA
is different from other types of AIHA because non-PB-related
AIHAs are usually treated with splenectomy, but PB-asso-
ciated AIHAs occur among asplenic patients [53]. Because
PB-associated AIHAs occurred all in asplenic patients,
[49] and asplenia increases autoimmune reactions, [54,55]
asplenia may be the driver of AIHA. In pathological stress
conditions such as asplenia, the liver takes over the removal
of effete RBCs with monocytes acting as transient macro-
phages [56]. Further research on PB-associated AIHA is
needed to elucidate whether post-babesiosis immune acti-
vation induces autoimmune reaction or asplenia triggers
autoimmune hemolysis to remove senescent erythrocytes.

2.4 Cancer immunotherapy and eukaryotic
infections

Ibrutinib and rituximab are the drugs of choice for the
treatment of CLL. These drugs revolutionized CLL treatment
with less toxicity than chemotherapy, but they suppress
inflammatory pathways, which impair immune defense
and can induce eukaryotic infections [57]. The patients
who received Rituximab experienced relapses and persis-
tent babesia infection [29]. Ibrutinib, which irreversibly
inhibits Bruton’s tyrosine kinase, induces immune dys-
function and can cause serious fungal infections [27,58].
Immune suppression due to heavy corticosteroid usage
has increased the risk of eukaryotic infections, Mucormy-
cosis, after COVID-19 infection [59].

2.5 Resveratrol and immune suppression

It is highly likely that the resveratrol our patient took
might have blunted the immune responses to babesiosis

1204  Harry A. Conte et al.



and contributed to severe sepsis. The innate immune
system expresses TNF-α, IL-6, and IL-1β to defend the
host from invading pathogens. Resveratrol suppresses
NF-kB, TNF-α, andMAPK (mitogen-activated protein kinase)
[27,58,60,61], and suppresses inflammatory responses against
pathogens [62,63]. Resveratrol supplementation has resulted
in mortalities among multiple myeloma patients in phase II
clinical trial [64], and antioxidants supplementation was
associated with poor survival among cancer patients [65].

3 Conclusions

When CLL patients present with anemia, pancytopenia,
and splenomegaly, a careful differential diagnosis should
be made to rule out the infectious origin of symptoms
such as babesiosis before proceeding to anti-CLL treat-
ment. First, a blood smear should rule out the presence of
babesia parasites in the blood and then confirm the
results with rt-PCR. We hope our patient’s journey will
offer an opportunity for a better understanding of the
complexities of eukaryotic infections such as babesiosis
and the difficulties in treating them in immunocompro-
mised hosts.
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