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Comparison of Babesia microti Real-Time Polymerase Chain Reaction Assays
for Confirmatory Diagnosis of Babesiosis
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Abstract. Babesiosis is an emerging tick-borne disease caused by apicomplexan parasites of the genus Babesia.
Most human infections in the United States are caused by Babesia microti, but other infection-causing Babesia parasites
have been documented as well. Polymerase chain reaction (PCR)–based methods can be used to identify this parasite
to the species level. In this study, published real-time PCR assays for the specific detection of B. microti were evaluated
against conventional PCR for their analytical performance. All evaluated real-time PCR assays had comparable
dynamic range and amplification efficiency, but the sensitivity and specificity varied. The best performing test, a
TaqMan assay targeting the 18S ribosomal RNA gene, was further evaluated for diagnostic performance using blood
specimens submitted to the Centers for Disease Control and Prevention for parasite detection and was found to have
100% sensitivity and specificity. In conclusion, the 18S TaqMan real-time PCR assay is a sensitive, specific, and rapid
method for identification of B. microti among cases of babesiosis in the United States.

INTRODUCTION

Babesiosis is a zoonosis caused by intraerythrocytic
apicomplexan parasites of the genus Babesia. These parasites
are generally transmitted by tick bites, but blood transfusion
and congenital transmissions have been reported as well.1,2

Babesia infection may be asymptomatic in otherwise healthy
people, but can be severe in immunocompromised or asplenic
individuals. Common clinical manifestations include nonspecific
flu-like symptoms (e.g., fever) and hemolytic anemia.
The Centers for Disease Control and Prevention (CDC)

has supported health departments in their investigations of
cases of babesiosis in the United States since the first docu-
mented case was identified in 1966.3 Babesiosis is considered
an emerging infectious disease, with a majority of cases
reported in the northeast and upper midwest. Babesiosis
became a nationally notifiable disease in January 2011; that
year, CDC was notified of 1,124 cases that fulfilled the
established case definition.4

The current gold standard for the laboratory diagnosis of
babesiosis is microscopic examination of Giemsa-stained
blood smears.5 However, microscopy can identify Babesia
only to the genus level, and morphological features alone are
not always sufficient to distinguish Babesia from Plasmo-
dium. Molecular methods or serology can be used to confirm
the microscopic findings and in addition provide a species-
specific diagnosis.6,7

In the United States, babesiosis is most often caused by
Babesia microti, but sporadic human cases caused by other
Babesia parasites have been documented.8,9 For many years,
CDC relied on a nested polymerase chain reaction (PCR)
assay for the species-specific identification of B. microti in
human clinical specimens10; however, this assay is time con-
suming and requires handling of amplified DNA, which is a
risk factor for false-positive results due to contamination. To
facilitate a faster diagnosis in a more practical format, we eval-
uated different real-time PCR assays specific for B. microti,

aiming to identify an alternative for the detection of this spe-
cies in human blood specimens.

MATERIALS AND METHODS

Specimens. Seventy-eight ethylenediaminetetraacetic acid–
whole blood human specimens from different areas of the
United States received at CDC between 2001 and 2016 were
included in this study. The specimens had originally been
submitted for confirmatory diagnosis of parasitic infections
and were used in accordance with the CDC Human Subjects
Research Protocol titled “Use of residual diagnostic speci-
mens from humans for laboratory methods research.” As
part of CDCs reference diagnostic services, these specimens
were examined by microscopy of Giemsa-stained blood smears
upon reception at CDC. Following the diagnostic algorithm
for babesiosis at CDC, specimens that were microscopy posi-
tive for Babesia spp. (N = 44) were subjected to a B. microti–
specific nested PCR.10 Thirty-six specimens were positive for
B. microti by this PCR assay. Specimens positive for Babesia
by microscopy but negative for B. microti by PCR (N = 8)
were subjected to a generic PCR assay followed by DNA
sequencing analysis of the amplicon to determine the infecting
species11: two were positive for Babesia duncani (of which
one case was described previously),12 one for a Babesia CA1-
type parasite, four for Babesia MO1-type parasites, and one
for another Babesia divergens–like parasite.13 Specimens nega-
tive for Babesia spp. by microscopy but positive for other
blood-borne pathogens were confirmed with species-specific
PCR and included as specificity controls.14,15 Fifteen speci-
mens were included as parasite-free negative controls. In addi-
tion to the specificity controls described above, the specificity
of the real-time PCR assay was evaluated with four labora-
tory isolates of B. divergens s.s. (of which one was the Purnell
strain),16 originally cultured from cattle in Europe. Genomic
DNA was extracted from 200 μL of each blood specimen
using QIAamp DNA Blood Mini Kit using the QIAcube
automated system (QIAGEN, Valencia, CA) according to the
manufacturer’s instructions.
Nested PCR assay. All specimens positive for Babesia spp.

by microscopy were subjected to a nested PCR specific for
B. microti using primers and thermal cycling structure described
elsewhere.10 The PCR reactions contained AmpliTaq Gold
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PCR Master Mix (Applied Biosystems, Foster City, CA),
50 pmol of each primer (Bab1 and Bab4 for the first step reac-
tion, and Bab2 and Bab3 for the nested reaction), and 1 μL
template DNA (genomic DNA or the product from the first
step reaction) in a 50 μL total volume. The nested PCR prod-
ucts were visualized by 1.5% agarose gel electrophoresis
stained with ethidium bromide.
Real-time PCR assays. Nine published real-time PCR

assays specific for B. microti were identified by a literature
search in March 2014.17–24 In silico analysis of the oligonucle-
otides were performed by comparing the primer and probe
sequences with the target gene; if more than one unique tar-
get gene sequence was available in GenBank, a pairwise or
multiple alignment was made. The oligonucleotides were
mapped to the target genes using Geneious v.8.1 (Biomatters
Inc., Newark, NJ). If any mismatches were identified between
the primer and probe sequences and the target gene
sequences, the assay was not evaluated further since such
mismatches can lead to false-negative results due to sub-
optimal annealing.
The four real-time PCR assays selected for laboratory

evaluation were performed as described in the original publi-
cations, but with the following adjustments: 1 μL of DNA
template was combined with QuantiTect Multiplex PCR
Master Mix (QIAGEN) for the probe-based assays, or the
QuantiTect SYBR Green PCR Master Mix (QIAGEN) for
the SYBR Green assay; all assays were performed in
Mx3000 thermal cyclers and the fluorescence data was ana-
lyzed using MxPro (Version 4.10; Agilent, 2007, Santa Clara,
CA). For all assays, specimens with a Ct value < 40 (plus
correct melting curve results for the SYBR Green assay)
were considered positive for B. microti.
The B. microti Gray strain was propagated in male Golden

Syrian hamsters (Mesocricetus auratus) to obtain enough par-
asites for the creation of broad dynamic range standard curves.
Golden hamsters have been shown to be suitable animal models
for human babesiosis.25 The hamsters were handled in accor-
dance with CDC animal use protocol 2641BISMULC-A2.
Standard curves were made with parasite-infected blood (ver-
sus genomic DNA) to account for possible variability in DNA
extraction efficiency at different levels of parasitemia, and to
get a realistic limit of detection. Blood samples from three
experimentally infected hamsters were serially diluted in para-
site-free hamster blood down to 0.1 parasites/μL. The three
hamsters had parasitemia levels of 4.4, 18.7, and 25.6%,
respectively, which were calculated to correspond to 220,000,
935,000, and 1,280,000 parasites/μL, respectively.5

Data analysis. PCR test performance measures were calcu-
lated according to the Clinical Laboratory Improvement
Amendment of 1988. Confidence intervals were calculated
based on the Wilson procedure for a single proportion.26

RESULTS AND DISCUSSION

Selection of real-time PCR assays for evaluation. Upon lit-
erature review, nine published real-time PCR assays were
identified and included in this evaluation. Seven of them target
the 18S ribosomal RNA (rRNA) gene, one targets the surface
antigen 1 gene (sa1), and one targets the thiamine pyrophos-
phokinase gene (tpk). Five assays targeting the 18S rRNA gene
had at least one oligonucleotide with one or more mis-
matches when aligned to the target gene (Supplemental
Figure 1); these assays were eliminated from further evalua-
tion to avoid potential problems with false-negative results.
Four assays had correct oligonucleotide designs according to
this in silico test and were therefore selected to be evaluated
in the laboratory: the SA1 TaqMan assay, the TPK molecular
beacon assay, the 18S TaqMan assay, and the 18S SYBR
Green assay.17,19,21

Comparison of four real-time PCR assays. The detection
limits, amplification efficiencies, and dynamic ranges of the
four real-time PCR assays were determined using serial dilu-
tions of three samples with known parasite densities. Results
are summarized in Table 1 and Figure 1. All real-time PCR
assays had comparable dynamic range and amplification effi-
ciency, but the analytical sensitivity (limit of detection) var-
ied. The most sensitive assay was the SYBR Green assay
with 2.4 parasites/μL, which is the same level of sensitivity as
for the nested PCR. The 18S TaqMan assay had a detection
limit of 12 parasites/μL, but it also produced positive results
on some samples with fewer parasites, although inconsistently
(positive results for two of three replicates of 3 parasites/μL
and one of three replicates of 0.5 parasites/μL). The SA1 and
TBK assays were both less sensitive, with a detection limit of
14 parasites/μL. The multicopy nature of the 18S rRNA gene
probably contributed to the superior detection limit for the
nested, SYBR Green, and 18S TaqMan assays.
The analytical specificity of the assays was determined with

a panel of 27 clinical specimens positive for parasites other
than B. microti, plus four B. divergens isolates (see Materials
and Methods section for details). Only one test, the SYBR
Green assay, displayed evidence of nonspecific amplification
with nine false-positive results. The Ct values for the false
positives were all 33 or above (mean = 36), but the melting
curve analysis did not separate the false positives from the
weak B. microti specimens that were detected with similar
Ct values. A BLAST similarity search of the SYBR Green
primers in the GenBank database revealed that these primers
have the capability to bind efficiently to other parasites besides
B. microti (data not shown). Thus, the SYBR Green assay was
considered not specific for B. microti. Taken together, these
data indicated that the 18S TaqMan assay was the most accu-
rate real-time PCR assay for B. microti.

TABLE 1
Comparison of analytical performance of five PCR-based assays for Babesia microti detection

Assay Target gene
Amplicon size
(base pairs) Detection mode

Amplification
efficiency (%)

Detection limit
(parasites/μL)

Lowest detected
(parasites/μL) Analytical specificity (95% CI) Reference

Nested 18S rRNA 154 Agarose gel NA 2.4 0.5 31/31 × 100 = 100% (89.0–100%) 10

18S TaqMan 18S rRNA 98 TaqMan probe 108 12 0.5 31/31 × 100 = 100% (89.0–100%) 21

SYBR Green 18S rRNA 154 SYBR Green 108 2.4 0.1 22/31 × 100 = 71% (53.4–83.9%) 17

SA1 TaqMan sa1 114 TaqMan probe 102 14 2.4 31/31 × 100 = 100% (89.0–100%) 21

TBK tbk 141 Molecular beacon 104 14 2.4 31/31 × 100 = 100% (89.0–100%) 19

CI = confidence interval; NA = not applicable; PCR = polymerase chain reaction; rRNA = ribosomal RNA.
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Diagnostic validation of the 18S TaqMan assay. The 18S
TaqMan assay was validated for sensitivity, specificity, accu-
racy, and reproducibility as defined by the Clinical Labo-
ratory Improvement Amendments of 1988. The assay was
performed with 78 clinical specimens (of which 36 were posi-
tive for B. microti, 27 were positive for other parasites, and 15
were parasite free; see Materials and Methods section for
details). We found the sensitivity and specificity for B. microti
to be 100% (Table 2). To assess reproducibility, the 78 spe-
cimens were retested in six separate runs on four different
days, totaling 468 individual result points. All positive speci-
mens remained positive in all runs, and among the negative
specimens, only one borderline positive result (Ct = 39) was
obtained with one malaria specimen in one single run. These
findings led to a reproducibility of almost 100% (Table 2).
Since the false-positive result was so weak and not repeatable,
it was most likely due to a random contamination event. Posi-
tive and negative predictive values were not calculated since
the real prevalence of babesiosis in the test population is
unknown and the numbers of positives and negatives included
in this validation most likely did not reflect the real prevalence.

Concluding remarks. Real-time PCR assays can provide a
faster diagnosis compared with conventional PCR assays,
especially nested assays. This study compared the performance
of published real-time PCR assays against a conventional
nested PCR assay for the specific detection of B. microti in
human blood specimens and identified a TaqMan assay tar-
geting the 18S rRNA gene to be the best performing assay.
The 18S rRNA gene is highly conserved within each Babesia
species and is present in high copy number in the genome.
PCR-based assays targeting this gene therefore have the
potential to be very sensitive and species specific. Although
not quite as analytically sensitive as the nested PCR assay, the
18S TaqMan showed a 100% diagnostic sensitivity and did
not yield any false-negative results for the actual clinical speci-
mens analyzed in this study.
This study only evaluated the use of real-time PCR as a

qualitative method to detect B. microti. The possibility to use
this as a quantitative assay to estimate parasitemia remains
to be explored. Although parasitemia calculations are not
part of the diagnostic algorithm at CDC, the parasitologists
sometimes noted an estimate of the number of infected

FIGURE 1. Standard curves based on serial dilutions of blood samples with calculated parasitemia from experimentally infected hamsters. The
Ct values obtained from each dilution were plotted against the initial parasite count. The data points: 18S rRNA assay, gray circles; SYBR Green
assay, black diamonds; SA1 TaqMan assay, black triangles; and TBK assay, gray squares. Logarithmic trend lines were calculated for each real-
time PCR assay: 18S rRNA assay, solid gray line; SYBR Green assay, dashed black line; SA1 TaqMan assay, solid black line; and TBK assay,
dashed gray line.

TABLE 2
Diagnostic performance of the 18S TaqMan real-time PCR assay

Characteristic Calculations Value 95% CI

Sensitivity (true positives)/(true positives + false negatives) 36/(36 + 0) × 100 = 100% 90.3–100.0%
Specificity (true negatives)/(true negatives + false positives) 42/(42 + 0) × 100 = 100% 91.6–100.0%
Accuracy (true positives + true negatives)/(true positives +

true negatives + false negatives + false positives)
(36 + 42)/(36 + 42 + 0 + 0) × 100 = 100% 95.3–100.0%

Reproducibility (results in agreement)/(total no. of results) 467/468 × 100 = 99.8% 98.8–100.0%
CI = confidence interval; PCR = polymerase chain reaction.
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blood cells when reading the blood smears. Based on these
estimates, 18 of the B. microti–positive specimens were clas-
sified as having few parasites; the mean Ct value for these
specimens in the 18S TaqMan assay was 26 (range, 17–37).
Four specimens were classified as having high parasite den-
sity, with a mean Ct value of 22 (range, 20–23). More studies
are needed to clarify the usefulness of this real-time PCR
assay for quantification of parasitemia in babesiosis cases.
In conclusion, the 18S TaqMan real-time PCR assay is a

rapid, sensitive, and specific method for detection of B. microti
in human blood specimens. This assay has now replaced the
nested PCR as the method of choice for the identification of
B. microti among cases of babesiosis at the CDC.
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