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The following fictional case is intended as a learning tool within the Pathology Competencies for Medical Education (PCME),
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Primary Objective

Objective M6.4: Malaria and Babesiosis. Contrast Plasmodium

falciparum with other malaria species and babesiosis on a

blood smear and explain the role of thick and thin smears in

the diagnosis and management of babesiosis and malaria.

Competency 3: Diagnostic Medicine and Therapeutic Pathol-

ogy; Topic M: Microbiology; Learning Goal 6: Parasitology.

Secondary Objective

Objective TM1.3: Infectious Risks. Discuss infectious disease

risks of transfusion.

Competency 3: Diagnostic Medicine and Therapeutic

Pathology; Topic TM: Transfusion Medicine; Learning Goal

1: Concepts of Blood Transfusion.

Patient Presentation

A 68-year-old woman presents to the emergency department on

a weekend in July, complaining of 6 days of waxing and wan-

ing fever (Tmax 102-104�F), night sweats, and myalgias. She

traveled to Haiti this past March and to a Wisconsin farm for 5

days in June. Her other vital signs were within normal limits,

and the rest of the physical examination was unremarkable. The

patient’s past medical history was notable for hypertension,

venous insufficiency, diverticulosis, and a benign heart

murmur “for years.”

Diagnostic Findings

Complete blood count (CBC) showed a white blood cell count

of 7.4 K/mL (4.2-9.1 K/mL) with 82% neutrophils and 5%
bands. Lactate was elevated at 1.3 mmol/L (0.5-1.0 mmol/L).

Basic metabolic panel (BMP) and hepatic panel were normal.

A computed tomography scan and echocardiogram were unre-

markable. A peripheral blood smear was performed (Figure 1).

Laboratory serology testing ultimately confirmed the diagnosis

from the smear (Table 1).
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Questions/Discussion Points

Given the Patient’s Presentation, What Is the Differential
Diagnosis?

The initial presentation favors an infectious etiology. A waxing

and waning fever after recent travel to a tropical area suggests

malaria, though other infections may present with a similar

clinical picture. Babesia should be considered given the

patient’s presenting symptoms, the time spent on a farm in

Wisconsin, and the time of year (June). Tuberculosis and HIV

are also on the differential diagnosis in addition to potential

zoonotic exposures such as Brucella, Francisella, and Erysipe-

lothrix during the visit to the Wisconsin farm. Solid tumors as

well as leukemias and lymphomas could present with a fever;

however, other symptoms such as weight loss and fatigue are

often present. Autoimmune diseases such as lupus erythema-

tosus and other connective tissue disorders could present with

fevers, but usually present earlier in life. Additionally, other

symptoms, such as joint pain and fatigue, are usually present at

diagnosis. Her self-reported chronic medical conditions may

contribute to symptoms, but they would not cause a fever.

Which Diagnostic Laboratory Tests Would You
Order on Admission?

The patient was medically stable. An initial panel should assess

the acuity of her illness and rule out life-threatening infection

and malignancy. Tests should include fingerstick glucose, elec-

trocardiogram, CBC w/differential, BMP, lactate (included in

venous or arterial blood gases), blood culture, and potentially

testing for HIV. Erythrocyte sedimentation rate, liver function

tests, and imaging studies may be considered.

Why Was a Peripheral Blood Smear Performed?

In most laboratories, an automated analyzer will perform the

CBC. If there is a significant abnormality flagged by the

analyzer, a slide is made from the sample and reviewed under

the microscope by the laboratory technologist. In this patient,

the analyzer flagged a “left shift” indicating that there were a

high number of immature granulocytes, such as band neutro-

phils, metamyelocytes, myelocytes, and promyelocytes. This

finding can occur as a response to an inflammatory or infec-

tious process or in certain hematologic malignancies.

Depending on the abnormalities on the smear, a pathologist

may review the smear for abnormal cell maturation and mor-

phology or microorganisms.

How Would You Describe the Blood Smear? Can an
Organism (or Organisms) Be Identified?

Peripheral smears have thick and thin regions, which is inher-

ent to the way the sample is applied to the glass slide. Smears

should be read where the red blood cells (RBCs) are evenly

distributed and not quite touching each other. Figure 1 is from

the thin part with evenly dispersed RBCs. It shows mature

erythrocytes. There is one normal platelet present (black

arrow). One otherwise normal-appearing red blood cell has a

ring-like basophilic structure inside (red arrow). This is a tro-

phozoite or ring form of Babesia. There is also an extracellular

structure with a purplish dot and blue cytoplasm present in this

smear (blue arrow). This is an extracellular or extraerythrocytic

trophozoite. These can sometimes be mistaken for platelets.

The life cycle of Babesia that is observed in the peripheral

blood consists of trophozoites infecting RBCs. These will

mature into merozoites. The life cycle of P falciparum present

in peripheral blood consists of trophozoites which can mature

into either schizonts or gametocytes, although generally only

trophozoites are observed. It can be difficult to distinguish the

early trophozoite stage of P falciparum from Babesia microti.

Other Plasmodium and Babesia species are different sizes and

have different morphologies. Only B microti shows tetrad

(Maltese cross) forms, which are rarely observed merozoites

that form after trophozoites mature. One of the features that

distinguishes Babesia from Plasmodium is the presence of

extracellular or extraerythrocytic trophozoites in Babesia (Fig-

ure 1, blue arrow); malaria parasites are always found inside

RBCs. The trophozoites of Babesia are more pleomorphic than

P falciparum and can appear vacuolated. Plasmodium falci-

parum trophozoites are delicate and uniform with occasional

double-chromatin dot forms (sometimes called headphone

forms) and applique or marginal forms.2,3 The marginal forms

are found at the edge of the RBC and may appear to be applied

Figure 1. Peripheral blood smear, thin region (Giemsa stain, �1000).
Black arrow, normal platelet. Red arrow, intraerythrocytic trophozoite
of Babesia microti. Blue arrow, extraerythrocytic trophozoite of B microti.

Table 1. Laboratory Results.

Test Result

Peripheral blood smear Positive for ring forms (1.1% parasitemia)
IFA, malaria Negative
PCR RNA, Babesia microti Positive
Blood culture No growth

Abbreviations: IFA, indirect fluorescent antibody; PCR, polymerase chain
reaction.
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to the periphery of the cell. Figure 2 demonstrates representa-

tive peripheral smears with Babesia microti and P falciparum.

What Is the Most Likely Diagnosis?

The most likely diagnosis is clinical babesiosis from infection

with B microti, a protozoa endemic to the Northeast and upper

Midwestern United States. Incubation can take several weeks.

Patients may be asymptomatic or manifest severe malaria-like

symptoms (fever, chills, myalgias), anemia, and thrombocyto-

penia, requiring extended hospitalization. Patients with signif-

icant comorbidities and immunocompromised patients may

experience more severe disease.4-6 Clinicians should not rule

out babesiosis even in patients from nonendemic areas.7 Cli-

mate change is altering the classic geographic and seasonal

distribution of tick-borne diseases. There may be a relevant

travel history or history of transfusion with a blood component

from a donor in another region, and a thorough travel history

should be part of the workup.

What Is the Pathogenesis of Infection?

Babesia species are intraerythrocytic pathogens transmitted to

humans by black-legged deer ticks (Ixodes scapularis or Ixodes

pacificus in the United States). The deer tick vector may carry

other organisms, and coinfections are possible (eg, Lyme dis-

ease, ehrlichiosis, human granulocytic anaplasmosis).8

How Would You Confirm This Diagnosis?

Confirmatory tests include serology (immunoglobulin G). Addi-

tional tests include enzyme immunoassays (EIA/enzyme-linked

immunosorbent assay), nucleic acid amplification tests, and real-

time polymerase chain reaction (RT-PCR). Additionally, thick

smears should be performed along with the thin smears. In the

thick smear, a drop of blood is applied to a slide and spread in a

circle over a centimeter of the slide. This results in a thick

amount of blood being applied to that area of the slide. The

RBCs are lysed and the thickness of the lysed material allows

for more of the contents of the RBCs to be examined compared

to the thin smear where an even monolayer of RBCs is exam-

ined. The thick smear will aid the diagnosis of blood parasites

when the level of parasitemia is particularly low, although it

does not allow for morphologic speciation. Rapid antigen tests

are commercially available for malaria and can be particularly

useful for laboratories without expertise in identifying blood

parasites on a peripheral smear or during off hours, when a

parasitologist may not be available. There are not yet any com-

mercially available rapid tests for the diagnosis of babesiosis. If

the hospital does not perform testing in-house, commercial and

public health reference laboratories do.9

How Is Babesiosis Treated?

Babesiosis is treated with atovaquone with azithromycin or

clindamycin with quinine.2,3 This patient received a 3-day

inpatient course of intravenous malarone (atovaquone/progua-

nil). After discharge, she took daily atovaquone and azithro-

mycin with acetaminophen for her fever. A week later, her

CBC and BMP were within normal limits. The patient was

monitored as an outpatient with no complications. A year after

her illness, the patient notices a blood drive seeking healthy

volunteer donors.

Which Aspects of Her Clinical History Might Affect Her
Eligibility to Donate Blood?

A history of clinical babesiosis does not exclude the patient

from the donor pool, though blood collection centers may defer

these patients from donating blood.10 This woman’s recent

travel to Haiti, where she may have had been exposed to other

infections such as malaria, does exclude her. Donors with a

history of malaria are deferred for 3 years following treatment

until they are free of symptoms. Those who resided in endemic

areas receive 3-year deferrals. Asymptomatic travelers to ende-

mic areas are deferred for 1 year.

Figure 2. Left: Babesia microti in peripheral blood smear. Several red blood cells (RBCs) with small, vacuolated trophozoites are present. Right:
Plasmodium falciparum in peripheral blood smear. Several headphones forms (trophozoites with double chromatin dot) and marginal or applique
forms (trophozoites at the periphery of the RBC, sometimes appearing to follow the curvature of the cell) are present.
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How Is the Risk of Infection From Blood Products
Reduced? For Which Infections Are Donors Routinely
Screened?

In the United States, blood products are routinely screened for

HIV, hepatitis B virus, and hepatitis C virus.11 However, there is

currently no universal screening for Babesia. There are also other

arboviruses (ie, arthropod-borne) including chikungunya, dengue,

West Nile, and Zika that can be transmitted via transfusion.11,12

Other strategies for reducing infectious risk include pathogen inac-

tivation and pathogen reduction. Blood products are pretreated

using different strategies in order to inactivate or reduce the organ-

isms present. The RBC units can also be leukoreduced to remove

most white blood cells from a donated unit, thus reducing the risk

of cytomegalovirus infection for the transfusion recipient.

Parasites like Babesia cause a dilemma for blood collection

centers. Blood products contaminated with B microti have the

potential to case life-threatening infection in critically ill

patients.13 Blood collection centers may use screening question-

naires to determine a donor’s risk of Babesia infection. However,

donors in endemic areas may not realize that they have been

exposed, and some blood collection centers in endemic regions

are now routinely screening for Babesia in their products.14 How-

ever, screening is expensive and requires specimen pooling, so the

risk to the population must be balanced with the cost of this

additional testing. There is also no consensus on how to monitor

treated patients for reentry into the donor pool as there is for

malaria infection or travel to a malaria endemic area.14 The US

Food and Drug Administration Blood Products Advisory Com-

mittee is considering how to implement screening protocols.

What Are Risk Factors for Transfusion-Transmitted
Infections?

Risk factors for transfusion-transmitted infections include age

extremes (infancy and over 50 years), malignancy, HIV,

chronic immunosuppressant use, hemoglobinopathies, and

chronic cardiopulmonary and liver disease. Asplenic patients

may show symptoms of clinical babesiosis at very low parasite

burdens.15 Babesia microti is the most common transfusion-

transmitted pathogen in the United States. It is the leading

cause of transfusion-related infectious disease mortality in reci-

pients. There have been at least 160 cases in the United States

over the last 40 years, a fifth of them fatal.16-18 It is estimated

that 1:300 units in endemic regions contain B microti. How-

ever, only 1:18 000 to 1:100 000 people receiving units from

endemic regions will contract clinical babesiosis (Table 2).

In general, the risk of transfusion-transmitted infection for

commonly screened pathogens is low (Table 2). Confirmation

of clinical cases requires evidence of transfusion with an

infected unit as well as clinical and laboratory results consistent

with infection. Epidemiologists take into account the plausibil-

ity of infection via transfusion of a contaminated unit versus

environmental exposure to the pathogen. In the course of an

investigation of a transfusion-transmitted infection, multiple

donated units may be infected, requiring investigation into all

blood products from the specific donor. Most cases of

transfusion-transmitted babesiosis are caused by contaminated

red blood cell units as B microti is an intraerythrocytic parasite.

However, other components, including platelets, have been

linked to adverse events due to babesiosis.19-23

What Qualities Make an Ideal Screening Test for a
Transfusion-Transmitted Disease?

Good screening tests are rapid, accessible, and cost-effective. A

screening test should have high sensitivity in order to avoid

false-negative results. A confirmatory test should be highly

specific in order to provide a high rate of true positivity. Babe-

sia antibody screens may yield false positives, either from near

ubiquitous exposure in endemic areas or persistent

Table 2. Risk of Transfusion-Transmitted Infections.11

Pathogen Test(s) Positive donor screen Transfusion-transmitted infection risk

Trypanosoma cruzi Ab 1:15 000
HBV HBsAg; anti-HBc; NAT/DNA 1:12 000 1:800 000-1 000 000
HCV NAT

Mini-pool
1:5000 1:1 000 000

HIV ½ NAT; Ab mini-pool 1:33 000 (HIV-1; only 5 total HIV-2
units screened since 199211)

1: 1 000 000 (HIV-1)

HTLV I/II Combined anti-HTLV-I/II Ab;
Western blot (confirmatory)

1:27 000 (HTLV-II slightly more
common)

<1: 2 000 000

Treponema pallidum Ab No known cases >50 years
Zika virus NAT (screen); Ab (confirmatory) To be determined To be determined
West Nile virus NAT mini-pool 3500 total (2003-2016) 14 total from screened blood (low viral

loads), or 1:84 million donations
Babesia microti NAT/PCR; Western blot

IFA
1:300 (endemic) 1:18 000-1:100 000 (endemic)

Malaria <1:1,000 000

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; IFA, indirect fluorescent antibody; PCR, polymerase chain reaction; HTLV, Human T-Cell Leukemia
Virus; Ab, Antibody.
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postinfection titers. These assays also do not reliably identify

patients in antibody-negative “window periods” and cannot

distinguish recent from past infection. Donor units that test

positive on sensitive EIA may test negative on more specific

PCR tests. The rate of positive screens may be affected by

regional incidence and collection day and time.24-26 Commer-

cial tests licensed to diagnose clinical babesiosis are being

piloted for use in donor screening.27 Newer tests assess parasite

burden, clearance (antibody kinetics), and seroconversion

status.28

Teaching Points

� Babesia microti is a tick-borne parasite endemic to the

Northeast and upper Midwestern United States. Clinical

babesiosis is usually asymptomatic but may be life-

threatening.

� Symptoms of clinical babesiosis may mimic malaria.

Symptoms can include malaise, fatigue, chills, fever,

headache, myalgias, and arthralgias. Laboratory

abnormalities include mild to moderately severe hemo-

lytic anemia, mild neutropenia, and thrombocytopenia.

� Laboratory diagnosis of Babesia infection is initially

performed by microscopic review of thick and thin

smears. The early trophozoite or “ring” form of Babesia

microti resembles P falciparum on peripheral smear.

Confirmation can be performed by serology and PCR.

� Transfusion-transmitted babesiosis is the most common

and most fatal infectious disease in the US blood supply,

with 1:300 donors screening positive in endemic

regions. There is currently no universal screening of

blood products for Babesia in the United States.

� Transfusion-transmitted infections remain a significant

public health burden even after the adoption of universal

donor screening, with high morbidity and mortality.
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