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In this work we describe a flow cytometry–based method using SYTO16 (a DNA inter-
calating agent) to quantify Anaplasma marginale–infected erythrocytes in blood from
bovine animals. The linearity and reproducibility of the results obtained with SYTO16
labeling followed by flow cytometry analysis make it a suitable approach for measure-
ment of parasitemia in A. marginale infections.

Key words: Anaplasma marginale; flow cytometry; parasitemia; SYTO16

Introduction

Bovine anaplasmosis is a tick-borne infection
caused by Anaplasma marginale, an obligate intra-
cellular Gram-negative bacterium of the family
Anaplasmataceae. Erythrocytes are the main site
of infection of A. marginale in cattle and within
these cells these bacteria reside and replicate in
membrane-bound inclusions (also called inclu-
sion bodies) that usually contain four to eight
bacteria.1 Even though light microscopy is the
most widely used technique for estimation of
parasitemia, this method relies on the exper-
tise of the technician, leading to less-accurate
and -reproducible results. Flow cytometry has
been used to test the efficacy of antimicrobial
agents against A. marginale in short-term ery-
throcyte cultures using the vital dye, hydroethi-
dine.2 In addition, the fluorochrome SYTO16,
which is able to penetrate intact cells and bind

Address for correspondence: Rosaĺıa Moretta, Instituto de Biotec-
nologı́a, CICVyA, INTA, Los Reseros y Las Cabañas, CP 1712, Caste-
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strongly to nucleic acids, was employed to de-
termine Theileria sergenti parasitemia in bovine
whole blood.3 In the present study we evalu-
ated the SYTO16 staining method for measur-
ing parasitemia in blood from bovines infected
with A. marginale.

Materials and Methods

Cell staining for fluorescence-activated cell-
sorting (FACS) was performed according to the
method of Yagi and collaborators.3 In brief, 3
μL of citrated blood were labeled with 50 μM
SYTO16 (Molecular Probe, Eugene, OR) in a
final volume of 1 mL for 30 min at 37◦C in the
dark. Cells were washed twice in PBS and re-
suspended in 1 mL of FACS flow buffer for flow
cytometry analysis. The suspensions were ana-
lyzed by argon-ion laser fluorescence excitation
at 488 nm and emission at 535 nm in log FL1
data mode using a Becton–Dickinson FAC-
SCalibur and CellQuest computer software
(BD Biosciences, San Jose, CA). An inclusion
gate was set based on the forward- and
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Figure 1. (A) Fluorescence histogram of stained A. marginale–infected erythrocytes. The
x-axis shows SYTO16 fluorescence intensity (FL1 535 nm). Parasitized cells appeared as
a second population with a log shift in mean fluorescent intensity as compared with unin-
fected cells. (B) Correlation between expected parasitemia in serial dilutions versus percent-
age of fluorescence-positive cells. Calf 877, R2 = 0.997; Calf 868, R2 = 0.991; Calf 66,
R2 = 0.988.

side-scatter characteristics of the control
(SYTO16-treated uninfected erythrocyte). The
percentage of infected erythrocytes was ex-
pressed as the percentage of fluorescence-
positive cells (PFPCs). Parasitemia was deter-
mined by light microscopy in Giemsa-stained
thin smears, counting the number of erythro-
cytes containing inclusion bodies per 1000 ery-
throcytes and expressed as the percentage of
infected cells.

Results and Conclusions

Infected erythrocytes were clearly differen-
tiated from noninfected erythrocytes (Fig. 1A).
Parasitized erythrocytes appeared as a second
population with a log-increase in mean fluo-
rescent intensity. Infected cells showed a fluo-
rescence resolution into discrete peaks in most
samples. This fact might reflect that the num-
ber of bacteria contained in each erythrocyte
could be variable but not random. Sensitivity
and linearity of the SYTO16 staining protocol
was evaluated using serially diluted infected-
blood samples of known parasitemia. A very
good correlation between the PFPCs and the
expected parasitemia (initial parasitemia × di-

lution factor) was observed in three indepen-
dent curves (Pearson’s coefficient of correla-
tion, R2 = 0.997, 0.991, and 0.988; Fig. 1B).
Reproducibility of the technique was assessed
by performing duplicate labeling of each sam-
ple. The standard deviation of these inde-
pendent measurements was always less than
± 1.0%.

The performance of the new staining
method was evaluated during the time course
of an experimental infection with A. marginale.
The PFPC values during the acute phase re-
sembled the parasitemia estimated by blood
thin-smear examination. However, values ob-
tained by light microscopy were always be-
low PFPC values, showing an underestima-
tion in the number of infected erythrocytes by
the former method (data not shown). These
results could be due to a greater sensibility
of flow cytometry to detect infected erythro-
cytes in early stages of invasion (incipient inclu-
sion bodies) that are not yet visualized by light
microscopy.

In conclusion, this method accurately de-
termined parasitemia in the range of 1–50%
and allowed monitoring the magnitude of
infected erythrocytes during the acute phase
of the disease in a objective and rapid way.
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