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To evaluate the efficacy of an immunoglobulin M indirect immunofluorescent-antibody procedure for diag-
nosing acute babesiosis, we tested patients with acute babesiosis from a site in New England where the disease
is enzootic. The sensitivity of the test was 91%, the specificity was 99%, the positive predictive value was 86%,
and the negative predictive value was 99%. This B. microti immunoglobulin M indirect immunofluorescent-
antibody procedure is sufficiently sensitive, specific, and reproducible for use in the routine clinical diagnosis
of acute babesiosis.

Acute human babesiosis, which is caused by the malaria-like
piroplasm Babesia microti, often defies diagnosis early in the
course of illness because of the absence of pathognomonic
clinical findings and the generally sparse nature of the devel-
oping parasitemia (2, 12). A recently described indirect im-
munofluorescent-antibody (IFA) test can usefully aid in the
diagnosis of babesiosis late in the course of the illness after
demonstration of a fourfold seroconversion between acute-
and convalescent-phase sera (3). Although the immunoglobu-
lin M (IgM) IFA test may be suitable for rapid diagnosis, it has
not yet been evaluated systematically. Such an evaluation can
be performed most effectively with patients with clinically doc-
umented cases of infection and with a subject population that
is exposed to this tick-borne zoonosis. Accordingly, we con-
ducted a blinded study of the sensitivity, specificity, and repro-
ducibility of the babesial IgM IFA test with patients with babe-
siosis and a group of asymptomatic residents from a region in
southern New England where the disease is enzootic.
Blood samples were obtained from 921 Block Island, R.I.,

residents (511 females and 410 males; mean age, 51 6 19
years) who participated in a yearly serological survey for the
detection of B. microti antibody and from 169 Block Island and
southeastern Connecticut residents (83 females and 86 males;
mean age, 44 6 21 years) who were evaluated for possible
babesial infection from 1992 to 1994. For each clinically ill
subject, a history was obtained and a physical examination and
a battery of laboratory tests were performed. Informed consent
was obtained from each study participant. The study was car-
ried out in accordance with the guidelines of the Human Sub-
jects Committee of the Harvard School of Public Health. We
sought evidence of parasitemia by examining Giemsa-stained
blood smears at 31,000 magnification and by PCR amplifica-
tion of parasite DNA. Serological testing included IFA tests
for IgG and IgM antibodies. A subject was considered to have
acute babesial infection if piroplasm DNA was amplified by
PCR or a fourfold rise in antipiroplasm IgG antibody was
detected.

Antigen for the IFA test was derived from the GI strain of
B. microti that was maintained in continuous passage in female
golden hamsters by monthly intraperitoneal inoculation, alter-
nating with a passage through tick vectors every 4 months (3).
When at least 40% of the erythrocytes were parasitized, 1 ml of
blood was collected in a heparinized syringe by cardiac punc-
ture following halothane anesthesia. The blood was centri-
fuged at 500 3 g for 5 min, the plasma was removed, and the
packed cells were diluted in 10 ml of phosphate-buffered sterile
saline (PBS; pH 7.6). The cells were washed three times in PBS
and were resuspended in PBS so that thick smears contained
100 to 500 piroplasms per field (3400). A 5-ml drop of cell
suspension was added to each well of a 12-well glass IFA slide
(Cel-Line Associates, Inc., Newfield, N.J.), permitted to air dry
at 238C, fixed in chilled acetone, dated, and stored in a desic-
cator at 48C until use. Such slides were used within 3 months of
preparation. For IFA testing, slides were permitted to come to
room temperature. Test sera were diluted 1:32 in PBS, and 20
ml of the dilution was added to a slide well. Each slide was
incubated for 30 min at 378C, washed three times with agita-
tion in PBS, and allowed to air dry. A 20-ml drop of goat
anti-human IgG or IgM immunoglobulin labeled with fluores-
cein isothiocyanate (Kirkegaard & Perry, Gathersburg, Md.)
diluted in PBS and Evans Blue (final concentration, 0.0005%)
was added to each well, and the contents of the wells were
permitted to incubate for 30 min at 378C. The slide was again
washed three times with agitation in PBS, air dried, mounted
with buffered glycerin (pH 9.0), and covered with a coverslip. A
Leitz fluorescence microscope with a 3100 water immersion
objective and310 oculars (for a total magnification of31,000)
was used to examine the test slides. The controls used with
each run included serum from a patient with babesiosis con-
firmed with a blood smear (positive control), serum from a
healthy subject (negative control), and PBS. Reactions were
graded on a scale of 0 to 41. All specimens with 11 to 41
reactions were retested at dilutions of 1:16 and 1:32. A positive
serum was defined as one reacting at 1:32. The titers of positive
specimens were determined to the endpoint.
For the babesial PCR assay, whole-blood samples were an-

alyzed and processed by personnel blinded to the clinical status
of the donor, as described previously (8, 10). A 238-bp portion
of the B. microti nuclear small-subunit ribosomal gene was
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targeted for amplification by a PCR protocol described previ-
ously, except that the volume of blood analyzed was 0.5 ml
rather than 0.2 ml (8, 10). The control samples used with each
amplification assay included three blank control samples with 5
ml of water substituted for DNA and a positive control sample
with 60 pg of total genomic DNA extracted from a hamster
with 10% B. microti parasitemia. Because amplification prod-
ucts were rarely seen on ethidium bromide-stained gels, sam-
ples were considered reactive on the basis of signal detection
after hybridization with a radiolabeled or chemiluminescent
internal oligonucleotide probe. Barrier-filtered pipette tips and
a dedicated set of pipettors were used to prepare all samples.
Isopsoralen sterilization was used routinely, and rigorous pre-
cautions were used to prevent amplification product contami-
nation.
We compared the IgM seroreactivities of the clinically ill,

parasitemic patients with those of the apparently asymptomatic
residents of the site where the disease is enzootic. B. microti
IgM antibody was detectable in 91% (50 of 55) of those with
acute babesial infection and was absent from 99% (1,021 of
1,029) of those without infection (Table 1). Twenty-eight of the
50 subjects with B. microti IgM antibodies had detectable B.
microti DNA in their blood; 17 of the 28 also had a fourfold
rise in B. microti IgG antibody titers in acute- and convales-
cent-phase sera, while 11 had B. microti IgG antibodies, but
early serum samples from these subjects for the detection of a
fourfold rise in antibody were lacking. Seventeen B. microti
IgM-positive subjects had no detectable B. microti DNA, and
the B. microti PCR test was not performed with samples from
5 subjects; all 22 of these subjects had a fourfold rise in B.
microti IgG antibody titers. The characteristics of the B. microti
IgM antibody test by using titers of 1:32 or 1:64 as positive
cutoff values were as follows: sensitivities 91 and 89%, respec-
tively; specificities, 99 and 99%, respectively; positive predic-
tive values, 86 and 88% respectively; negative predictive val-
ues, 99 and 99%, respectively.
The need for rapid and reliable diagnostic testing for babe-

siosis is increasing because of the rising incidence of the dis-
ease in the northeastern United States and its emergence in
new sites in the Midwest and far west (1, 4, 5, 7, 9, 11).
Conventional laboratory diagnosis of acute babesiosis relies
mainly on the discovery of parasites in stained smears of pe-
ripheral blood (2, 6, 12). This technique is limited, however,
because so few erythrocytes are infected early in the course of
the illness. Although the presence of babesial IgG antibody in
convalescent-phase serum is useful in the confirmation of the
diagnosis, IgG appears only late in the infection, after the
acute phase of the illness has run its course.
Serodiagnosis of B. microti infection depends on fluorescent-

antibody testing; no enzyme-linked immunosorbent assay

(ELISA) or immunoblot procedure has yet become available.
The IFA technique described here is readily established in
conventional diagnostic laboratories for IgM and IgG testing.
Experienced microscopists generally derive reproducible re-
sults with this test, even in the absence of previous experience
with human babesiosis. Subjectivity may be introduced in the
determination of the serum dilution used as the diagnostic
cutoff value, and we have adopted an IgM antibody titer of 1:32
for that purpose. Each laboratory that uses such a test should
derive its own cutoff value on the basis of a series of specimens
from patients with defined cases of babesiosis, as well as spec-
imens from patients without disease. These values may vary
from laboratory to laboratory.
Serological cross-reactivity with the Lyme disease spirochete

or Ehrlichia species is unlikely because of the dissimilarity of
these microorganisms. No cross-reactivity has been reported
previously, and we have found no evidence of such a reaction.
Of the 55 subjects whose sera reacted to B. microti antigen in
the present study, 48 were nonresponsive to Borrelia burgdorferi
antigen by either ELISA and Western blot (immunoblot) test-
ing. The remaining seven subjects had strong evidence of con-
current illness with babesiosis and Lyme disease. All seven of
these patients had a fourfold rise in B. burgdorferi-specific
antibody titers, three were B. burgdorferi PCR positive, and
three had erythema migrans rash. Thus, there was no evidence
of serologic cross-reactivity among our study participants.
Our series of tests with numerous babesia-infected as well as

apparently uninfected subjects provides reasonable assurance
of the usefulness of the IgM diagnostic procedure. An other-
wise undetectable parasitemia also may be detected by PCR
amplification of single-stranded RNA gene sequences with B.
microti-specific primers. The PCR technique remains available
at only a few research and commercial laboratories (8, 10). We
conclude that IgM IFA testing appears to provide a reliable
method for diagnosing acute human babesiosis when parasites
cannot be seen in peripheral blood.
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