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Abstract

In the present study, we employed flow cytometry to evaluate the level of parasitemia of Babe-
sia gibsoni infecting canine erythrocytes in vivo and in vitro by using fluorescent nucleic acid
staining. Peripheral blood samples from a B. gibsoni-infected dog and cultured B. gibsoni para-
sitizing in canine erythrocytes were stained with a membrane-permeable fluorescent nucleic
acid stain, SYTO16. In this study, we utilized normal canine erythrocytes (LK erythrocytes)
and canine erythrocytes containing high concentrations of potassium, reduced glutathione,
and some free amino acids (HK erythrocytes) as host cells for culture. Parasitized cells in vivo
were discriminated completely from unparasitized cells and a correlation (r = 0.998) between
the percentage of SYTO16-positive cells and parasitemia in vivo was observed. On the other
hand, erythrocytes in vitro could not be divided clearly into parasitized and unparasitized cells.
However, when LK erythrocytes were used as host cells, the percentage of SYTO16-positive
cells was almost the same as, and was well correlated (r = 0.932) with, the level of parasitemia.
When HK erythrocytes were used as host cells, the percentage of SYTO16-positive cells was al-
most half of, but was correlated (r = 0.982) with, the level of parasitemia. Therefore, we at-
tempted to observe the changes in the percentage of parasitized cells after treatment with anti-
protozoal drug or mitochondria inhibitors by using flow cytometry. The changes in the per-
centage of SYTO16-positive cells corresponded well with the changes of the level of parasitemia
when the parasites in HK erythrocytes were cultured with each compound. The present results
suggest that flow cytometric detection using SYTO16 is a rapid and reliable method for moni-
toring parasitemia both in vivo and in vitro.
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Introduction

Babesia gibsoni is a known blood protozoan in
dogs and causative pathogen of hemolytic anemia
in infected dogs. The infection of B. gibsoni is gen-
erally demonstrated by the observation of Giemsa-
stained specimens. This method is also utilized to
monitor the change of the level of parasitemia by
many researchers. However, this method need
much time and labor, and is less objective. Flow
cytometric analysis of intraerythrocytic protozoa
using a membrane-penetrative nucleic acid-
binding fluorochrome has been performed in sev-
eral cases of protozoan infection, including ma-
laria4,5) and babesiosis3). Hoechst 33258 is a com-
mon fluorochrome for flow cytometric detection of
intraerythrocytic protozoa. However, UV excita-
tion (351 nm) is essential for detection of the
Hoechst fluorescence. Hydroethidine (HE) can be
excited by a single argon laser at 488 nm. HE has
been employed to determine the number of in-
traerythrocytic protozoa Babesia sp.1,12) and Plas-
modium sp.11). However, this fluorochrome cannot
clearly distinguish Theirelia sergenti, renamed T.
orientalis-infected erythrocytes from uninfected
erythrocytes13). SYTO16 can also be excited by a
single argon laser at 488 nm, and can penetrate in-
tact live cells and bind strongly to nucleic acid.
Therefore, it is a convenient nucleic acid-staining
fluorochrome for flow cytometry. Parasitized cells
in the peripheral blood from Theirelia orientalis-
infected cattle were discriminated completely from
unparasitized cells by the SYTO16 staining
method13). However, no studies have focused on the
use of SYTO16 in B. gibsoni-infected dogs or in the
culture of B. gibsoni. The present study was de-
signed to determine whether flow cytometry using
SYTO16 could detect B. gibsoni-infected erythro-
cytes. In addition, we also investigated whether
this method could be utilized to assess the anti-
babesial potentials of various drugs and com-
pounds.

Materials and Methods

Preparation of erythrocytes from a Babesia gibsoni-
infected dog.

For preparation of B. gibsoni-infected erythro-
cytes, blood was collected from an experimentally
B. gibsoni-infected dog with a parasitemia rate of
2.9%. Blood was also collected from a healthy dog
for preparing uninfected erythrocytes. Heparinized
blood samples were centrifuged and the buffy coat
was removed. Samples were washed three times
with phosphate-buffered saline (PBS, pH 7.4).
Washed infected and uninfected erythrocytes were
resuspended in PBS to yield a packed cell volume
(PCV) of 0.5%. To dilute the parasitized erythro-
cytes in each sample, the infected erythrocyte sus-
pension was serially diluted 2-fold to a para-
sitemia level of 0.045% with uninfected erythro-
cyte suspension. SYTO16 (Molecular Probes,
Eugene, OR) was added to each sample at a final
concentration of 1 µM. The mixture was incubated
for 20 min at 37℃ in the dark. Cells were washed
twice in PBS and resuspended in 1 mL of PBS for
flow cytometric analysis. The suspension of unin-
fected erythrocytes was also stained with SYTO16
as a control by the same procedure. A thin smear
of each sample was made and the percent of para-
sitemia was calculated by counting the number of
parasitized cells per 2,000 erythrocytes.

Preparation of Babesia gibsoni-infected erythro-
cytes from culture

The cultured B. gibsoni used in the present
study have been maintained in cultures as de-
scribed in a previous report14). We utilized either
normal canine erythrocytes (LK erythrocytes) or
canine erythrocytes containing high concentra-
tions of potassium, reduced glutathione, and some
free amino acids (HK erythrocyte) as host cells15).
Erythrocytes were obtained from a dog that had
inherited HK erythrocytes and a normal dog that
had LK erythrocytes. Infected and uninfected
erythrocytes were harvested from culture and re-
suspended in PBS to yield a PCV of 0.5%. At that
time, infected LK erythrocytes had a level of para-
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sitemia of 2.8%, and infected HK erythrocytes had
one of 4.9%. To dilute the parasitized erythrocytes
in each sample, the infected erythrocyte suspen-
sion was diluted at various ratios with uninfected
erythrocytes, which were cultured without the
parasites by the same procedure. The staining
with SYTO16 and the measurement of the level of
parasitemia of each sample were performed by the
procedure described above.

Flow cytometry
Flow cytometry was performed according to

the method of Yagi et al.13). Flow cytometric data
acquisition and analysis were performed on an
EPICS XL (Beckman-Coulter, Miami, FL),
equipped with a single argon laser operating at
488 nm, using SYSTEM software. The green fluo-
rescence of SYTO16 was detected at FL1 (525 nm).
A total of 5 x 104 events (cells) were analyzed per

sample with the detection of forward (FSC) and
side scatter (SSC) and expressed as the percentage
of fluorescence-positive cells.

Effects of quinine and anti-mitochondrial com-
pounds on the percentage of parasitized cells

Effects of the anti-protozoan parasite drug
quinine and two anti-mitochondrial compounds,
potassium cyanide ( KCN ) and N , N’ -
dicyclohexylcarbodiimide (DCCD), on the percent-
age of parasitized cells in 72 hr assays were deter-
mined by flow cytometry as described above. The
parasites in HK erythrocytes were incubated in
medium containing various concentrations of qui-
nine, KCN and DCCD. After 72 hr incubation, in-
fected HK erythrocytes were harvested and
stained with SYTO16 as described above. A thin
smear of each sample was made for estimating the
level of parasitemia under light microscopy.

Statistical analysis
Statistical analysis was performed using a

Student’s t-test. The level of parasitemia in the
presence of KCN or DCCD were compared to that
without compounds. The difference between data
was considered to be significant if the P value was

< 0.01.

Results

Figure 1 shows fluorescence histograms ob-
tained from SYTO16-stained B. gibsoni-infected
erythrocytes. SYTO16-stained intraerythrocytic
parasites were detected at FL1 by their green fluo-
rescence. Parasitized cells in vivo were discrimi-
nated completely from unparasitized cells (Figs.
1A and 1B). There was an obvious peak of parasit-
ized cells in in vivo samples (Fig. 1B). However,
there was no obvious peak of parasitized cells in in
vitro samples (Fig. 1C). Instead, the strength of
fluorescence intensity of the parasitized cells var-
ied, and there were cells having much stronger
fluorescence intensity in in vitro samples (Fig. 1C).
In in vivo samples, the percentage of SYTO16-
positive cells was well correlated (r = 0.998) with,
and was slightly higher than, the level of para-
sitemia (Fig. 2A). In LK erythrocytes cultured
with B. gibsoni, the percentage of SYTO16-positive
cells was also well correlated (r = 0.932) with, and
was almost the same as, the level of parasitemia
(Fig. 2B). In HK erythrocytes cultured with B. gib-
soni, the percentage of SYTO16-positive cells was
well correlated (r = 0.982) with, but was almost
half of, the level of parasitemia (Fig. 2C).

Moreover, we attempted to detect the changes
of the percentage of the parasitized cells by flow
cytometry. When the parasites in HK erythrocytes
were cultured in medium contained various con-
centrations of quinine, the percentage of SYTO16-
positive cells was gradually decreased with an es-
calating dose of quinine, and was well correspond-
ing with the change of, but was only about half of,
the level of parasitemia (Figs. 3A and 3B). The
percentage of SYTO16-positive cells was well cor-
related (r = 0.919) with the level of parasitemia
(Fig. 3B). When the parasites in HK erythrocytes
were exposed to various concentrations of DCCD,
the percentage of SYTO16-positive cells was sig-
nificantly (P < 0.01) decreased between 0.001 mM
and 0.1 mM DCCD (Fig. 4A), and was well
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correlated (r = 0.989) with the level of parasitemia
(Fig. 4B). When the parasites in HK erythrocytes
were exposed to various concentrations of KCN,
the percentage of SYTO16-positive cells was not
changed between 1 x 10‐7 and 10 mM KCN (Fig. 5
A), and was also well correlated (r = 0.951) with
the level of parasitemia (Fig. 5B).

Discussion

In the present study, SYTO16-stained in-
traerythrocytic B. gibsoni from an infected dog
were detected by flow cytometry, and parasitized
cells could be discriminated from unparasitized
cells. Though SYTO16-stained intraerythrocytic
parasites from cultures were also detected by flow
cytometry, parasitized cells from cultures were in-
completely discriminated from unparasitized cells.

Fig. 1. Fluorescence histograms of SYTO16-stained Babesia gibsoni-infected erythrocytes. A. Histo-
gram of uninfected erythrocytes from a healthy dog. B. Histogram of B. gibsoni-infected erythrocytes from an in-
fected dog. C. Histogram of B. gibsoni-infected HK erythrocytes from culture.

Fig. 2. Relationship between the percentage of SYTO16-positive cells observed by flow cytometry
and the levels of parasitemia in in vivo and in vitro samples. A. Babesia gibsoni-infected blood samples
from an infected dog were serially diluted with uninfected blood. B. B. gibsoni-infected LK erythrocytes from the
culture were diluted at various ratios with uninfected LK erythrocytes from the culture. C. B. gibsoni-infected
HK erythrocytes from the culture were diluted at various ratios with uninfected HK erythrocytes from the cul-
ture.
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The majority of parasites are small oval in shape
and occur singly or in pairs in the erythrocytes in
vivo10). However, in culture, the large oval shaped
parasites appeared inside and outside the erythro-
cytes, and several clusters of parasites and the
erythrocytes including 4, 8, 16, or 32 parasites
were frequently observed10). Erythrocytes includ-
ing a lot of parasites would have strong fluores-
cence intensities, because those would include a

large amount of nucleic acids. Therefore, there
was no obvious peak of parasitized cells in in vitro
samples. It is noteworthy that the percentage of
SYTO16-positive cells in cultured HK erythrocytes
was much lower than the level of parasitemia. Os-
motic fragility of HK erythrocytes naturally
showed marked increase as compared to that of LK
erythrocytes6). Moreover, superoxide anions are
produced in B. gibsoni-infected erythrocytes in

Fig. 3. The effects of various concentrations of quinine on parasite
viability observed by flow cytometry using SYTO16 and light mi-
croscopy. A. The effect of quinine is expressed as the change of the level
of parasitemia. B. Correlation between the percentage of SYTO16-positive
cells and the level of parasitemia when the parasites were cultured in me-
dium containing various concentrations of quinine.

Fig. 4. The effects of various concentrations of N , N’ -
dicyclohexylcarbodiimide (DCCD) on parasite viability observed
by flow cytometry using SYTO16 and light microscopy. A. The effect
of DCCD is expressed by the percentage of SYTO16-positive cells. ＊Signifi-
cantly (P < 0.01) different from the percentage of SYTO16-positive cells
without DCCD. B. Correlation between the percentage of SYTO16-positive
cells and the level of parasitemia when the parasites were cultured in me-
dium containing various concentrations of DCCD.
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vitro, which suggests that the parasite causes
measurable oxidation of the host erythrocytes, re-
sulting in increase of fragility of erythrocytes8).
From these previous reports, it is supposed that in-
fected HK erythrocytes in culture might be much
fragile, and might hemolyze during washing or
measurement. However, the percentage of SYTO
16-positive cells was well correlated with the level
of parasitemia both in vivo and in vitro. These re-
sults suggested that flow cytometry using SYTO16
could be applied to evaluate the percentage of the
parasitized cells both in peripheral blood from in-
fected dogs and in culture of B. gibsoni. However,
the sensitivity of this method is not determined in
the present study. It is reported that the sensitiv-
ity of flow cytometry for Hoechst 33258-stained
Plasmodium-infected erythrocytes5) and SYTO16-
stained Theileria orientalis-infected erythrocytes13)

is not sufficient to detect very low numbers of in-
fected erythrocytes. Recently, it was reported that
real-time polymerase chain reaction (PCR) assay
could also be used to detect B. gibsoni quantita-
tively7). Though real-time PCR assay has high
specificity and high sensitivity, this method needs
cumbersome procedures. Flow cytometry using
SYTO16 might be a simple method for evaluating
the percentage of parasitized cells compared to
real-time PCR assay, though the sensitivity of flow

cytometry is lower. Since SYTO16 reacts with any
intraerythrocytic microorganism, including Theile-
ria sp. and Anaplasma sp.13), this method cannot be
used for specific diagnosis of babesiosis. However,
the method employed here is a rapid and reliable
technique for the detection and analysis of blood
infection of some microorganism.

Moreover, to verify whether flow cytometry us-
ing SYTO16 could correctly detect the change of
the percentage of infected erythrocytes by anti-
babesial compounds, we compared the percentage
of SYTO16-positive cells to the level of parasitemia
after the incubation of the parasites with quinine,
KCN, and DCCD. The decrease of the parasites
caused by quinine was correctly detectable by flow
cytometry just as by the observation of Giemsa-
stained specimens, when the parasites were cul-
tured with HK erythrocytes. A high correlation be-
tween the percentage of SYTO16-positive cells and
parasitemia was observed at that time. KCN did
not affect the percentage of infected erythrocytes,
nor could the high concentration of DCCD de-
crease that. A high correlaion between the per-
centage of SYTO16-positive cells and parasitemia
was also observed. These results indicated that
flow cytometry using SYTO16 could also be em-
ployed to evaluate the changes of the percentage of
the parasitized cells in cultures and to assess the

Fig. 5. The effects of various concentrations of potassium cyanide
(KCN) on parasite viability observed by flow cytometry using
SYTO16 and light microscopy. A. The effect of KCN is expressed by the
percentage of SYTO16-positive cells. B. Correlation between the percent-
age of SYTO16-positive cells and the level of parasitemia when the para-
sites were cultured in medium containing various concentrations of KCN.
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anti-babesial potentials of various drugs and com-
pounds. Additionally, objectivity is important in
assessment of the anti-babesial potentials of vari-
ous compounds, and the observation of specimens
need much time and exacting labor. Flow cytome-
try seems to be more objective and less exacting
than the observation of Giemsa-stained specimens.
Gozar et al.2) and Shikano et al.9) assessed the in-
fluence of anti-mitochondrial compounds on para-
site viability by using [3H]hypoxanthine. However,
an appropriate facility is necessary for using [3H]
hypoxanthine because it is a radioisotope. SYTO
16 can be easily utilized compared to [3H]hypoxan-
thine. Thus, it is suggested that flow cytometry us-
ing SYTO16 is an easily-handled and convenient
method for monitoring the level of parasitemia.

In conclusion, flow cytometric detection using
SYTO16 is a rapid, simple, and reliable method of
monitoring parasitemia both in peripheral blood
from infected dogs and in culture of B. gibsoni.
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