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We report a case of Babesia crassa–like infection in an
asplenic patient in Slovenia in 2014. We diagnosed the
infection using microscopy, 18S rRNA sequencing, and
serology and monitored parasitemia using digital PCR.
With its increasing occurrence, babesiosis should be included in differential diagnoses for immunocompromised
patients displaying fever.

B

abesia infections occur worldwide and cause disease mainly in animals, but disease occurs occasionally in humans. Infections in humans are mostly
attributable to B. microti, B. duncani, and Babesia sp.
MO1 in North America; B. divergens, B. venatorum,
and B. microti in Europe; and B. venatorum, B. crassa–
like parasite, B. microti, Babesia sp. XXB/HangZhou,
1038

and Babesia sp. KO-1 in Asia (1,2). Transmission occurs predominantly through tick bites, but humans
have acquired infections via contaminated blood
products and through the transplacental and perinatal routes (1). Most patients with Babesia infections
in Europe were reported to be asplenic or immunocompromised. Typical clinical signs and symptoms
include fever (up to 40°C), parasitemia (20%–80%),
severe anemia, muscle weakness, fatigue, and lateonset jaundice with dark urine, and sometimes complications develop. Long-term clinical follow-up that
includes blood smear examination and PCR analysis is necessary because relapse and persistence of
parasitemia can occur in spite of treatment. The application of novel molecular methods has revealed
that the host range of many Babesia species is less
restricted than previously thought. New species or
animal pathogens are increasingly being discovered
as causing Babesia infections in humans. We report a
B. crassa–like infection in a patient in Slovenia in 2014.
In 2014, a 55-year-old woman, living on the outskirts of Murska Sobota, Slovenia, sought medical
treatment for a 6-day history of intermittent fever up
to 39°C, myalgia, headache, poor appetite concomitant with weight loss, fatigue, sweating, and dark
urine. She previously had a splenectomy and partial
pancreatectomy 5 years previous because of cystic adenoma and adrenal incidentaloma without hormonal
activity. She reported no history of travel, tick bite,
animal contact, or blood transfusions.
Her blood pressure was 115/70 mm Hg, heart
rate 83 beats/min, and body temperature 36.6°C,
and a physical examination indicated no significant
clinical findings. The first basic blood analysis revealed thrombocytopenia (platelets 85 × 109/L). A
differential blood analysis indicated that the concentration of large unstained cells was elevated (0.41
× 109/L, reference range 0–0.4 × 106/L). Biochemical laboratory testing showed mild fluctuations in
liver functioning: aspartate aminotransferase 1.22
(reference range 0.17–0.51) µkat/L, alanine aminotransferase 1.13 (reference range 0.17–0.68) µkat/L,
γ-glutamyltransferase 1.08 (reference range 0.03–0.51
µkat/L) µkat/L, and alkaline phosphatase 1.88 (reference range 0.5–2.0) µkat/L. C-reactive protein was
51 mg/L (150 [reference range 0.76–28.5] nmol/L),
and mild erythrocyturia was present. Giemsa-stained
blood smears showed unusual inclusions in erythrocytes, Howell-Jolly bodies, mild anisocytosis, some
atypical lymphocytes, and some large thrombocytes.
We observed many ring forms and some paired
piriform shapes of Babesia spp. in blood smears
(Figure), and parasitemia was 1% (Appendix Table,
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Figure. Piriform (A) and ring shapes (B) in blood smear of sample
taken from patient with Babesia crassa–like infection, Slovenia, 2014.
Smear was Wright-Giemsa stained. Scale bars indicate 50 µm.

https://wwwnc.cdc.gov/EID/article/26/5/19-1201App1.pdf). We confirmed diagnosis by conventional
PCR and sequencing of the 18S rRNA gene (3). A phylogenetic analysis indicated the pathogen was the B.
crassa–like parasite (Appendix Figure).
We gave the patient an oral treatment of
clindamycin (600 mg 3×/d) and quinine (600 mg
3×/d). Three days later, the patient was normothermic, and after a total of 6 days, she was discharged
from the hospital with platelet levels within the reference range (150–350 × 109/L). She continued the
dual therapy for 14 days. To follow up on the patient’s response to treatment, we measured parasitemia levels by blood smear microscopy, PCR (3), and
digital PCR (Appendix).
We later confirmed the infection by serology using an indirect immunofluorescence assay specific
to another member of the large Babesia group, B. divergens (MegaFLUO BABESIA divergens; Megacor,
https://www.megacor.at). Antibodies were crossreactive, and results demonstrated a 4-fold increase
in IgG titer (Appendix Table).
Reports of babesiosis in humans are increasing
with the increase in number of immunocompromised
persons; a species previously known only as an
		

animal pathogen is posing a greater threat to those
with weakened immune systems. B. crassa has been
detected in sheep in Iran (4), goats and ticks in Turkey
(5,6), and ticks in Hungary (7), and a case series of infections with B. crassa–like parasite in humans, sheep,
and ticks was reported in northeastern China (8).
We report an infection of B. crassa–like parasite
in an asplenic person in Europe that was confirmed
by blood smear examination, PCR, sequencing, and
serology (with assay specific to distant relative B.
divergens). The patient recovered after treatment
with the standard dual antimicrobial regimen. In
addition to blood smear, we used a unique digital
PCR assay to follow the decrease in concentration of
babesial DNA in the patient’s blood until complete
recovery. Note that DNA levels in blood do not necessarily correlate with levels of live pathogen (i.e.,
active infection).
With the development of new and more sensitive
diagnostic techniques, parasites like Babesia spp., primarily recognized as animal pathogens, are becoming
increasingly reported as human pathogens too, even
in areas where the parasite has not been reported previously. Babesiosis should be included in the differential diagnoses for immunocompromised patients
displaying fever worldwide.
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The United States is in the midst of unprecedented person-to-person hepatitis A outbreaks. By using Healthcare
Cost and Utilization Project data, we estimated the average costs per hepatitis A–related hospitalization in 2017.
These estimates can guide investment in outbreak prevention efforts to stop the spread of this vaccine-preventable disease.

T

he introduction of hepatitis A vaccine has dramatically changed the epidemiology of hepatitis
A in the United States. After vaccine licensure in 1995,
hepatitis A incidence declined substantially; 3,366
hepatitis A cases were reported nationally in 2017 (1).
During July 1, 2016–February 7, 2020, state health
departments publicly reported >31,000 outbreak-associated cases, primarily affecting persons who use
drugs and persons experiencing homelessness, in the
1040

largest person-to-person hepatitis A outbreaks in the
postvaccine era (2). More than 18,900 (61%) outbreakassociated patients have reportedly been hospitalized
in these outbreaks (2). As these unprecedented outbreaks continue, we sought to estimate the average
direct medical costs per hepatitis A–related hospitalization, which can be used to guide investment in
outbreak prevention efforts.
We analyzed data from the 2017 Healthcare Cost
and Utilization Project National Inpatient Sample
(NIS). NIS, a 20% stratified sample of discharges
from US community hospitals, is the largest publicly
available all-payer inpatient database in the country
(3). We considered a hospitalization to be hepatitis
A–related if it included codes B15.0 or B15.9 from
the International Classification of Diseases, 10th Revision, Clinical Modification, as any of the 30 listed
diagnosis codes. We converted the total hospital
charges into cost estimates (in 2017 US dollars) by
multiplying total charges with 2017 hospital-specific
cost-to-charge ratios (4), then estimated the average
cost of hospitalization, SD, and 95% CI on the basis
of the NIS survey sampling design. We multiplied
the average costs by the number of patients hospitalized for outbreak–associated hepatitis A to generate an estimate of the preventable economic burden
of hospitalizations in the ongoing person-to-person
outbreaks (2).
We examined hepatitis A–related hospitalizations in the 2017 NIS dataset for evidence of associated liver transplantation (procedure codes 0FY00Z0,
0FY00Z1, and 0FY00Z2 from the International Classification of Diseases, 10th Revision, Clinical Modification, listed as any of the 15 procedure codes). Because
the unweighted number of hospitalizations associated with liver transplantation was <10, we included
such hospitalizations in the analysis but did not report them as a separate category (5).
Overall, the average costs per hepatitis A–related hospitalization in the United States in 2017 were
$16,232 (SD $602; 95% CI $15,052–$17,411). The average costs ranged from $12,921 (SD $1,443; 95% CI
$10,091–$15,750) in the West North Central Census Division to $19,680 (SD $1,932; 95% CI $15,891–
$23,467) in the Pacific Census Division.
During July 1, 2016–February 7, 2020, a total of
32 states reported >18,900 outbreak-associated hepatitis A hospitalizations resulting from the ongoing
hepatitis A outbreaks (2). On the basis of results of
our analysis as a multiplier, we estimate that hospitalization costs associated with these outbreaks have
exceeded $306.8 million (SD $11.4 million) as of February 7, 2020.
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