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Human babesiosis in Europe is caused by multiple
zoonotic species. We describe a case in a splenec-
tomized patient, in which a routine Babesia divergens
PCR result was negative. A universal Babesia spp.
PCR yielded a positive result and enabled classifica-
tion of the parasite into the less-described Babesia
crassa—like complex.

Babesiosis is a widely distributed, tickborne, zoo-
notic, parasitic disease caused by different species
of the apicomplexan genus Babesia and occasionally
involving human infections (1). In its vertebrate host,
the parasite undergoes repeated erythrocytic cycles.
Clinical manifestations in humans vary widely, rang-
ing from asymptomatic infections to rapidly evolving
and sometimes fatal infections. In Europe, symptom-
atic human cases are infrequently observed and oc-
cur mostly in asplenic patients, where infections can
rapidly become life-threatening. The most known
species in Europe are Babesia divergens and B. vena-
torum, which are naturally found in cattle and deer
(2). In contrast, infections in the United States are pre-
dominantly attributed to the rodent parasite species
B. microti in the Northeast and Midwest and to B. dun-
cani on the Pacific Coast and are more frequently de-
scribed in human cases (3). These cases are normally
mild to moderate in immunocompetent persons but
can be fatal in asplenic patients.
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Reports of B. microti in ticks (4) and humans in
Germany and Poland (5,6) and B. divergens in the
United States (7) cast doubt on the reliability of these
clear-cut geographic patterns. In addition, numerous
zoonotic species exist and are occasionally described
in human cases (8). Given the life-threatening poten-
tial of Babesia infections, rapid and reliable diagnostic
methods are needed. Results of serologic testing are
often negative during the acute phase. Moreover, sen-
sitivity and specificity are, especially for nonclassical
species, not yet well described. Direct parasite detec-
tion is therefore preferable. PCR tests are performed
in some specialized laboratories. However, they are
usually designed to detect the major species, notably
B. divergens and B. microti. We present a case study
that demonstrates the need to develop a consensus
for a general molecular means of detecting Babesia.

The Case Report

This case report was approved by the Ethics Com-
mittee of Medical Faculty and University Hospi-
tal of Strasbourg, France. A 61-year-old man from
western France visited the emergency department
of a general hospital for elevated fever, dyspnea,
and jaundice. The patient had undergone gastric
cancer-related gastrectomy and splenectomy 30
years before. He lived in an isolated woodland en-
vironment and raised goats. At initial examination,
the only clinical abnormality was oliguria with
dark urine. A blood test revealed acute renal failure
(creatinine 5.6 mg/dL [reference range 0.7-1.3 mg/
dL]), anemia (Hb 112 g/L [reference range 130-170
g/L]), and thrombocytopenia (18,000 platelets/pL
[reference range 150,000-450,000 platelets/pL])
with hyperbilirubinemia (bilirubin 10.9 mg/dL
[reference range <1.2 mg/dL]).
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That night, the patient experienced septic shock
and was transferred to an intensive-care unit (ICU).
Upon arrival, the patient received fluid challenge
associated with vasopressor treatment and broad-
spectrum antibiotics (ceftriaxone, metronidazole, and
amikacin) for a suspected urinary or biliary infection.
A new cellular and biochemical blood examination
gave no result because of hemolysis. Twelve hours
after ICU admission, the blood sample was again
hemolyzed. Microscopic analysis of a blood smear
showed intracellular and extracellular parasites sug-
gestive of Babesia, demonstrating parasitemia of 14%.
A combination treatment with quinine (8 mg/kg/8
h) and dalacine (600 mg/8 h) was started. Antibiotic
therapy by ceftriaxone was continued for confirmed
urinary sepsis with Escherichia coli bacteremia.

On day 2 after admission, the patient was anuric,
and renal replacement therapy was started. On day 4,
the patient was put on mechanical ventilation because
of septic cardiac failure-induced respiratory failure.
That day, a tick was found on the patient. The species
remained unknown because the tick was not sent to a
laboratory. Lyme serologic testing was requested and
returned positive results, so ceftriaxone was adminis-
tered for 3 weeks and quinine/dalacine for 10 days,
yielding a negative parasitemia at the end of treatment.
The patient slowly recovered; mechanical ventilation
and catecholamines were stopped on day 7, dialysis on
day 25. He left the ICU on day 34 and left the hospital
on day 70 after regaining normal renal function; he re-
turned home after readaptation on day 117.

Microscopic examination (Figure 1; Appendix Fig-
ure, https://wwwnc.cdc.gov/EID/article/28/2/21-
1596-Appl.pdf) showed characteristics typically
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Figure 1. Two representative microscopic fields (original
magnification x1,000) of a May—Grinwald—Giemsa stained blood
smear, showing different forms of Babesia trophozoites, from a
61-year-old man from western France.
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described for Babesia trophozoites, including extracel-
lular parasites, abundant binary fission, and absence
of schizonts. The observed forms were highly pleo-
morphic. We observed piriform parasites, resembling
B. divergens, as well as more round forms, as shown in
the original description of B. crassa (9), but the round
forms were not as abundant as usually described. We
also observed voluminous forms resembling band-
form trophozoites of Plasmodium malariae. Although
4 parasites in 1 erythrocyte were frequently observed,
the tetrad (Maltese Cross) form, typical for B. diver-
gers, was never seen.

We performed our routine PCR tests for B. diver-
gens and B microti, using LightCycler FastStart DNA
Master HybProbe (Roche, https:/ /www.roche.fr) (Ap-
pendix). Unexpectedly, both PCRs came back nega-
tive. We then applied a universal Babesia spp. PCR, tar-
geting a consensus sequence of the internal transcribed
spacer 1 gene of the 185 RNA, as previously reported
(10) (Appendix). Visual inspection of the agarose gel
showed a PCR fragment of ~480 bp. The PCR product
was purified and sequenced on both strands by Euro-
fins Genomics (https:/ /www.eurofins.com). We iden-
tified the consensus sequence (GenBank accession no.
MW504968) as Babesia spp. by using BLAST (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). We conducted phy-
logenetic and molecular evolutionary analyses by us-
ing MEGA X 10.1.8 (https://www.megasoftware.
net) (11). We constructed a phylogenetic tree with cor-
responding sequences of the Babesia genus obtained
from GenBank by using the neighbor-joining method
with Kimura 2-parameter distances and using Theileria
spp. as the outgroup (Figure 2). Our sequence aligned
with the B. crassa complex and specifically with a B.
crassa-like sequence from Slovenia (GenBank acces-
sion no. MK240324) with 99.11% identity.

Conclusions

Recent serologic and clinical studies suggest that
human babesiosis infections are more frequent than
expected, especially in Europe, but symptoms are
often not recognized as babesiosis (12). Microscopic
identification of Babesia is easily possible in a case-
patient with high parasitemia, as in the case we de-
scribe. However, in the early phase of infection or in
immunocompetent patients, parasitemia often is too
low to be detected by routine examination, especially
outside specialized laboratories. Therefore, PCR is
crucial for reliable diagnosis. The negative result we
obtained using our routine PCRs, despite substan-
tial parasitemia, demonstrates once more that unex-
pected species can be found in human samples and
underscores the need to use universal Babesia prim-
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Figure 2. Evolutionary analysis of 18S RNA sequences of Babesia from a 61-year-old man from western France and reference
sequences. Neighbor-joining tree of 1,000 bootstrap pseudoreplicates with Kimura 2-parameter distances of internal transcribed
spacer 1 gene from 18S RNA sequences of the Babesia genus (MEGA X 10.1.8, https://www.megasoftware.net). Bootstrap proportions
>50% are indicated. This phylogenetic tree illustrates the relationship between the species infecting this patient (GenBank accession
no. MW504968) and the 20 different species of Babesia obtained from GenBank. Species, host, origin, and accession number are
indicated. Theileria spp. was used as outgroup. Scale bar represents 1% of divergence. Asterisk indicates in vitro culture.

ers and sequencing of amplicons in positive samples,
such as the PCR we used to successfully detect the
parasites (10). Sequencing identified the isolate as
being close to B. crassa, which was originally de-
scribed in sheep in Iran (9) and was later phyloge-
netically characterized (13). Human infections with B.
crassa-like parasites, all with mild to moderate clini-
cal symptoms, have been described in China, along
with numerous isolations from ticks and sheep (14),
and from an asplenic patient in Slovenia (15), dem-
onstrating the wide geographic distribution of these
parasites. Our case proves its presence in France,
again in a splenectomized patient, which is probably
just the visible part of a wider unnoticed presence in
Europe. Detailed microscopic and genetic analysis of
more isolates would be useful to better characterize
this poorly described complex. Cases of B. crassa-like
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infection can be expected in wildlife throughout the
palearctic region and sporadically in humans, espe-
cially immunocompromised persons.

In summary, we demonstrate that Babesia infec-
tions in Europe and elsewhere might implicate species
not yet been described in humans, which could lead
to false-negative PCR results and delayed treatment of
patients at high risk. All facilities performing Babesia
diagnostic tests should be aware of this possibility and
make sure that PCRs are adapted accordingly.
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Most people love leafy greens—about fifty per-
cent have eaten romaine lettuce in the past week.
But favorite vegetables can also be a source of
deadly disease. From 2009 through 2018, the
United States and Canada experienced 40 out-
breaks of Shiga toxin-producing E. coli related to
leafy greens. But how do these vegetables get
contaminated in the first place?

In this EID podcast, Katherine Marshall, an epi-
demiologist at CDC, walks listeners through the
steps of a foodborne outbreak investigation.

Visit our website to listen:
http://go.usa.gov/xGGx3
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Appendix

Protocol of Our Routine PCR

DNA extraction from 100 puL of whole blood was performed according to the “Pathogen
universal 200” program on a MagNA Pure 96 Instrument (Roche, Meylan, France) using
MagNA Pure 96 DNA and Viral NA Small volume Kit (Roche, Meylan, France), preceded with
lysis using 100 uL MagNAPure 96 Bacterial Lysis Buffer and 10 pL Proteinase K (solution
containing >600 mAU/ml, QIAGEN, Courtaboeuf, France) according to the manufacturer’s
instructions. PCR reactions were set up with extracted DNA (2 pL for B. divergens, 5 uL for B.
microti), 1 x LightCycler FastStart DNA Master HybProbe (Roche), 0.9 uM primers (Invitrogen,
Courtaboeuf, France) (Bdiv_mic Fw 5’ACAACGATGAAGGACGCAG3' for both reactions and
either Bdiv.Rv 5’GATCACACGTGGCGATACC3' for B. divergens detection or Bmic_Rv 5’
TCAGCGGATCRTCACATCC3' for B. microti detection) and 0.2 uM probe (Eurogentec,
Serain, Belgium) (Bdiv_probe FAM-CGTTTCAGTGAGCCCCCTTTCCT-BHQI1, Bmic_probe
YY-AGTGCACCCATTTCAGCGCCT-BHQ1) and 4 mM MgCl,. PCR was performed using a
fluorescence detecting temperature cycler (LightCycler 2.0, Roche). The reaction mixture was
incubated for 10 min at 95°C, followed by 50 cycles of amplification, 10s at 95°C, 20s at 56°C
and 20s at 72°C. The generation of target amplicons was monitored at 530 nm for B. divergens
or 560 nm for B. microti. Samples were considered positive when their fluorescence exceeded
background fluorescence, confirmed by visual inspection of the graphical plot generated by the

instrument.
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Universal Babesia spp. PCR

The PCR was performed as described in (/), with modifications. Briefly, 5 pl of template
DNA were added to the reaction mix containing 0.5 pM of each primer, 1.5mM MgCl2, 0.2mM
dNTP, lunit of HotStarTaq Plus DNA Polymerase and 10x associate buffer (Qiagen,
Courtaboeuf, France) in a final volume of 25ul. A touchdown protocol of 40 cycles was
conducted: 30s at 95°C, 30s at 55°C with a decrement of 0.5°C per cycle, 30s at 72°C. PCR

products were separated on an agarose gel and visually inspected.
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