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Abstract: In this study we report the usefulness of nested PCR for screening of the per-
sistent B. microti infections in rodent hosts. Female BALB/c mice were inoculated with
100 pl of donor blood infected with B. microti. Infections were detected using micro-
scopic examination of Giemsa-stained blood smears. To determine whether B. microti
DNA was present in blood and/or spleen tissue, nested PCR was performed targeting a
specific fragment of the gene encoding the 18S rRNA. Blood was sampled every 10 days
post-infection (dpi) until day 30, after which mice were sampled every 30 days until the
end of experiment at 360 dpi. The most extensive parasitaemia (39% of infected erythro-
cytes) was observed at 10 dpi. Between 20-60 dpi, less then 1% of infected erythrocytes
were detected in blood smears, and from 90 dpi onwards, infected erythrocytes were
no longer observed. B. microti DNA was successfully amplified from the blood of mice
from 10 dpi until 180 dpi, as well as from spleens of infected mice at 10 and 20 dpi. The
presented results show that nested PCR is the method of choice for monitoring infections
of B. microti in the blood of rodent hosts, and could therefore be a tool for environmental
monitoring of naturally infected rodents which are the predominant source of infection
for tick vectors.
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INTRODUCTION

Babesia microti, a tick-transmitted intraerythrocytic par-
asite of the genus Babesia (Apicomplexa, Piroplasmida),
is a common parasite of wild rodents, which are poten-
tial reservoir hosts for human babesiosis, often lethal for
immunocompromised individuals. Most cases of human
babesiosis caused by B. microti occur in North America
[7], but in Europe, infections with B. microti in humans
are being increasingly recognized as a health problem [6,
10]. Although B. microti may be accidentally transmitted
by blood transfusion [14], however, the normal means of
transmission is via infected Ixodes ticks [4, 24]. It is well
known that free-living small rodents play an important role
as reservoir hosts, and the presence of B. microti in various
rodent species has been documented in North America [22,
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3], Europe [1, 5, 17] and Asia [21, 23]. The specific diagno-
sis of babesiosis is made initially by microscopic identifi-
cation of the organism in Giemsa- or Wright-stained blood
smears [2], but it is important to note that the prevalence of
B. microti infections in rodents assessed by PCR is much
higher than that using Giemsa-stained blood smears [18,
25]. Generally, our recent microscopy-based epizootiolog-
ic studies in wild rodents revealed that the vast majority
of B. microti infections occur with very low parasitaemia,
thus suggesting that these infections are in the chronic and
persistent phase [1, 12]. A similar conclusion was drawn
from the earlier study conducted on Peromyscus leucopus
by Spielman et al. [19]. The questions, however, remain:
how long does the infection of B. microti persist in blood
and spleen tissues of infected rodent hosts? How sensitive
and comparable is nested PCR with microscopy?
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Thus, the aim of this study was to detect the duration of
persistent infection of B. microti in BALB/c mice, and to
evaluate the sensitivity and usefulness of nested PCR for
detection of these piroplasms, in both blood and spleens of
mice between 10 days and 12 months post-infection, the
time during which infected rodents might be a reservoir of
infection for the tick vectors.

MATERIAL AND METHODS

Parasites and experimental animals. B. microti strain
King’s 67, originally obtained from Dr. S. Randolph (Ox-
ford University) and maintained by weekly blood passage
in BALB/c mice, was used in this study. The mice were
housed under conventional animal house conditions with
access to food and water ad libitum. Thirty six female
BALB/c mice aged 12 weeks were inoculated with 100 pl of
donor blood by intraperitoneal injection. Three mice were
left uninfected as a control group. At each time point in
the experiment, 3 animals were killed with an overdose of
ether inhalation and their spleens collected, weighed to a
precision of £ 0.001 g, frozen and stored separately. Initial-
ly, mice were sacrificed every 10 days post infection (dpi)
until day 30, after which they were sampled every 30 days
until the end of experiment at 360 days.

Blood samples and microscopic examination. Blood
collected by heart puncture was used to prepare thin
smears on microscope slides, and the remainder pipetted
into 0.001M EDTA and stored at 4°C. Blood smears were
air-dried, fixed in absolute methanol, and stained with
Giemsa, prior to examination at x1000 magnification us-
ing a bright-field microscope (Nikon). A total of 200 fields
were scanned, and the number of red blood cells (RBC) in-
fected with B. microti recorded. Parasitemia was expressed
as the number of infected cells/1000 RBC.

Detection of B. microti DNA by nested PCR. Genomic
DNA was prepared either from 200 pl of blood in 0.001 M
EDTA, or from 20 mg of spleen tissue using either whole-
blood (Genomic Mini AX Blood, A&A Biotechnology)
or tissue DNA extraction kits (Genomic Mini AX Tissue,
A&A Biotechnology) as appropriate. The purified DNA
was used as a template for nested PCR using the outer
primers CRYPTORN (5’-GAATGATCCTTCCGCAG-
GTTCACCTAC-3’) and CRYPTOFL (5’-AACCTGGTT-
GATCCTGCCAGTAGTCAT-3") and the inner primers
Babl and Bab4, targeting a specific fragment of the gene
encoding the small-subunit ribosomal RNA (18S rRNA).
The conditions for nested PCR were as described previ-
ously [13]. Briefly, PCRs commenced at 94°C for 1 min,
followed by 94°C for 1 min, 58°C for 1 min and 72°C for 2
min (35 cycles), and 72°C for 7 min. PCR products of 238
bp were separated using electrophoresis on a 2% agarose
gel and visualised with ethidium bromide.
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Statistical analysis. Parasitaemia in blood smears was
calculated as the percent of infected RBC. Statistical eval-
uation was supported by SPSS v. 14 software. Quantitive
data (parasite abundance and spleen weight) were analysed
using one-way ANOVA with dpi entered as a factor. Analy-
sis of correlation between parasite abundance and spleen
weight was conducted using the Spearman rank correlation
test. The comparison of detection methods was performed
using Fisher’s Exact Test.

RESULTS

Monitoring of B. microti infection using microscopy.
All 36 experimentally inoculated mice became infected
with B. microti. The course of infection, as revealed by
examination of blood smears, is shown in Figure 1. The
highest parasitaemia (39% of erythrocytes) was observed
at 10 dpi. Between 20-60 dpi, few parasites were detected
in blood smears (<1% of erythrocytes), and from 90 dpi
onwards, no infected erythrocytes were observed until the
experiment ended at 360 dpi (main effect of dpi on B. microti
infection intensity: F, , = 94.3, p<0.001) (Fig. 1, Tab. 1).

Monitoring of B. microti infection using nested PCR.
B. microti DNA was successfully amplified from the blood
of infected mice from 10 dpi (the earliest animals sampled)
until 180 dpi (Fig. 3, Tab. 1). The comparison of sensitiv-
ity between microscopy and nested PCR of blood samples
revealed a significant correlation between the two methods
(comparability = 72%) (Fisher’s Exact Test: p = 0.0008).
However, the use of nested PCR detected 28% more posi-
tive samples. B. microti DNA was successfully amplified
from spleens of infected mice at 10 and 20 dpi (Fig. 3, Tab.
1). The comparison of sensitivity between nested PCR on
blood samples and nested PCR on spleen samples revealed

Table 1. Comparison of sensitivity between microscopy and nested PCR
on blood and spleen samples ([+] - positive, [-] — negative).

Dpi Microscopy Nested PCR
(No. positive/ (No. positive/No.
No. tested) tested)

Spleen Blood
10 +(3/3) +(3/3) +(3/3)
20 +(3/3) +(3/3) +(3/3)
30 +(2/3) - +(3/3)
60 +(2/3) - +(353)
90 - - +(2/3)
120 - - +(2/3)
150 - - +(3/3)
180 - - +(1/3)
210 - -
240 - -
315 - -
360 - -
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Figure 1. Course of B. microti infection on the basis of Giemsa-stained
blood smears.
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Figure 2. Changes of mean spleen mass in infected mice depending on dpi
(horizontal, dotted line — mean spleen mass of control group of mice).

significant association of these two methods (comparabil-
ity = 61%) (Fisher’s Exact Test: p = 0.0240). However,
nested PCR of blood samples detected 39% more positive
samples.

Monitoring of spleen mass. Mean spleen mass in in-
fected mice changed in a manner dependent on the dura-
tion of infection (Fig. 2; main effect of dpi on spleen mass:
F ;= 42.5 p<0.001). Between days 10-20 p.i., spleens
weighed up to 8 times more than those of uninfected con-
trol mice (Fig. 2). Between 20-60 dpi, spleen mass de-

clined significantly, but remained elevated until the end of
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the experiment (experimental mice = 0.139 g + SE, control
mice = 0.128 g + SE on 360 dpi) (Fig. 2). For the group of
10 mice with a determined intensity of B. microti infection,
a Spearman rank correlation analysis was performed be-
tween mean spleen mass and the intensity of parasite infec-
tion (No. of infected cells/1000 erythrocytes). The analysis
revealed a strong positive correlation between infection
intensity and mean spleen weight (r*= 0.787, p=0.007).
Additionally, the results of nested PCR from spleen sam-
ples were associated with mean spleen mass (main effect
of PCR result on spleen weight: F , = 114.0 p<0.001). The
mean spleen mass in the group of nested-PCR-positive mice
was 0.878 g = 0.054 g in comparison to 0.247 g + 0.024 g
in nested-PCR-negative mice.

DISCUSSION

In this study we have demonstrated the value of nested
PCR for the detection and monitoring of the persistent
phase of B. microti infection in BALB/c mice. B. microti
infections in laboratory mice have generally been believed
to last 4-6 weeks [8, 11]. However, in the present experi-
ment, B. microti DNA was amplified from mice blood up
to 180 dpi, despite very low or undetectable parasitemia
observed from 30 dpi (<1%). Microscopic examination of
Babesia parasites in stained blood smears revealed that in-
fection ended within 2 months. Much higher sensitivity of
nested-PCR methods revealed that infection persisted for
the next 4 months.

Splenomegaly following infection persisted for even
longer, until the end of the experiment at 360 dpi. However,
Babesia DNA in spleens of infected mice was only de-
tected until day 20 following infection. In this early period
of infection, Babesia schizonts [9] are probably detectable
in the spleen, where schizogony occurs in lymphocytes.
BALB/c mice are moderately sensitive to B. microti in-
fection [16], and thus constitute a reasonable model for
studying the pattern of parasite infection. Our results sup-
port previous ideas concerning the existence of persistent
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Products of nested PCR on blood samples

Products of nested PCR on spleen samples

Figure 3. PCR products of small subunit rDNA of B. microti electrophoresed in 2% agarose gel and stained by ethidium bromide (dpi — days post
infection; M — size marker [100, 200, 300, 400, 500 bp]; K+ — positive control; K- — negative control).
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infections in reservoir hosts [7, 19]. In naturally infected
hosts, the great majority of recognized infections are of a
very low intensity, suggesting a long chronic phase in these
hosts [12, 19]. Taking into account the presented results
and the fact that the average life span of wild rodents is
restricted to 3-4 months [15], it seems that once acquired,
infections may persist until the end of the rodent life.

In the present experiment, two detection methods were
compared. Nested PCR of blood had a higher sensitivity
of B. microti detection than either the visual inspection of
Giemsa stained blood smears or the nested PCR of spleens.
The latter was the least sensitive method, giving posi-
tive results only during the acute phase of the infection.
Splenomegaly is clearly associated with B. microti infec-
tion in mice, lasting even longer than the chronic phase of
infection.

The real significance of long-lasting persistent infection
in reservoir hosts remains unclear. In laboratory experi-
ments, the probability of vectors becoming infected after
feeding on chronic carriers was very low [4]. However, in
the natural environment, the majority of rodent hosts seem
to be in this chronic carrier state, but feeding sometimes
high numbers of ticks (n=50-150, unpublished data), thus
probably may serve as the source of infection for tick vec-
tors. If this is the case, persistent infections may play a sig-
nificant role in the epidemiology of B. microti infections,
also in humans.
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