




day 3, and included different myeloid stages (table 2; fig 1);
the number of infected granulocytes declined rapidly after
the initiation of antibiotic treatment.

In the initial blood culture to confirm the diagnosis of
HGE, we found that the number of A phagocytophilum
inclusions increased in the patient’s own cells before they
were seen in the HL-60 cells (fig 2). The percentage of
infected patient cells increased from 4% on day 1 to 22% on
day 4 of culture, and individual patient cells contained more
morulae/cell on day 4 than at the time the culture was first
established. In contrast, the HL-60 cells showed very rare or
no inclusions during the first three days of culture
(p , 0.001, Pearson x2) and on day 4 reached an infection
rate of 9%. Table 3 shows a comparison of the absolute
numbers of infected cells. Morphological changes of the
patient’s cells in culture made it difficult to determine their
stage of differentiation and therefore to determine the
infection rate of the different myeloid stages.

Culture of bone marrow first showed intracellular
A phagocytophilum inclusions in HL-60 cells on day 3, with

the infection rate of HL-60 cells peaking at 16% on day 9. We
also saw an increase in A phagocytophilum inclusions in the
cells of the patient’s own bone marrow sample. These cells
demonstrated rare A phagocytophilum inclusions at day 0;
however, infection expanded at a slower rate than in HL-60
cells, showing a maximum of 8% infected cells on day 10
(data not shown).

PCR using groESL primers of the patient’s peripheral blood
before doxycycline treatment was positive for
A phagocytophilum nucleic acid sequences; however, PCR on
a bone marrow specimen was negative. PCR was negative on
the blood specimen used in the in vitro studies collected one
month after completion of doxycycline treatment.

The patient’s sera tested negative (titre , 80) for anti-
bodies to A phagocytophilum by indirect immunofluorescent
antibody assay on the fifth day of hospitalisation, but a
convalescent titre of > 2560 was found on both the 13th and
22nd days of hospitalisation.

In vitro infection of patient cells with two different
isolates of A phagocytophilum
Under experimental conditions, the patient’s granulocytes
obtained after completion of doxycycline treatment sup-
ported growth of both A phagocytophilum isolates (NY-33 and
NY-37) earlier than did HL-60 cells (table 4). Peripheral blood
granulocytes from a healthy donor did not survive in culture
to day 4, and infection was not detected with either strain. No
growth of A phagocytophilum was detected in the uninoculated
control flasks. After day 6 of incubation, A phagocytophilum
isolates steadily expanded in HL-60 cells, reaching higher
rates of infection than in the patient’s leucocytes after one
week of incubation (data not shown).

DISCUSSION
We report a case of HGE in a patient with newly diagnosed
CML in the chronic phase. The diagnosis of HGE was
confirmed by the recovery of A phagocytophilum in culture
from blood and bone marrow in the HL-60 cell line, positive
PCR on blood, and seroconversion. This patient presented
with multiorgan failure and many of the clinical manifesta-
tions of severe ehrlichial infection previously reported.14–17

Because of the underlying CML, the patient did not present
with the thrombocytopenia and leucopenia characteristic of
HGE. This patient shows that given the proper epidemiolo-
gical setting, the presence of leucocytosis should not exclude

Figure 1 Photomicrograph of a buffy coat smear of the patient’s blood
collected on the third hospital day stained with Wright’s stain.
Anaplasma phagocytophilum inclusions are seen in the cytoplasm of two
different granulocyte stages (a metamyelocyte and a myelocyte). Arrows
indicate morulae.

Table 2 Anaplasma phagocytophilum infection of
different granulocyte stages on peripheral blood smear
during the first three days of hospitalisation, before
treatment with doxycycline

Day of hospitalisation

Day 1 Day 2 Day 3

Total WBC infected 6109/l 157.5 143.5 116.5
Differential WBC (%)*

Granulocytes 40 (0.25) 38 (0.52) 61.3 (1.9)
Bands 10 13 5.1 (7.5)
Metamyelocytes 20 25 (1) 11.7 (0.8)
Myelocytes 10 13 (0.4) 3.1 (3)
Promyelocytes 10 3 11.1 (1.7)
Basophils 2 6 2.9
Eosinophils 2 1 0.8
Monocytes 3 0 1
Myeloblasts 2 1 2 (4.8)
Lymphocytes 1 0 1

Per cent of total WBC infected 0.1 0.5 2.0

*Numbers in parenthesis refer to per cent of infection at the different cell
stages.
WBC, white blood cell count.

Figure 2 Photomicrograph of cytospin preparation from culture
aliquots of the patient’s blood obtained during the acute phase of human
granulocytic ehrlichiosis after three days of culture incubation. Arrows
show Anaplasma phagocytophilum inclusions in the patient’s
granulocytes. Several morulae are present in the cytoplasm of the
granulocyte indicated with an arrow at the top left hand part of the
figure. Infection is not seen in the surrounding HL-60 cells.
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HGE infection from the differential diagnosis of an acute
febrile illness.18

HL-60 is the cell line most frequently used for the
cultivation of A phagocytophilum.4 19 The observation that
A phagocytophilum could be propagated in vitro in the patient’s
own leukaemic cells was unanticipated. Under normal
conditions of A phagocytophilum culture, patients’ leucocytes
do not survive for more than a few days, and become
overgrown by the HL-60 cells (unpublished observations,
1998). This patient’s cells survived until day 10 of culture,
and probably beyond, in culture; furthermore, his cells
supported infection earlier than did the HL-60 cells, both in
the initial diagnostic culture and later in the in vitro
experimental cultures. It is likely that the prolonged survival
of this patient’s cells was a result of their malignant nature.
The higher rate of infection in the patient’s leukaemic cells
than in HL-60 cells in the original coculture might have been
the result of the development of visible inclusions in cells
originally infected in vivo, but this explanation could not
account for the same observations made in the in vitro
experiments. Our findings support the notion of the
preferential infection of mature granulocytes by
A phagocytophilum.

In agreement with previous reports,20 control cells from a
healthy donor did not survive in culture, whereas our
patient’s cells were still viable at day 10. Although Yoshiie
et al were able to infect normal donor granulocytes in vitro,
they used cell free organisms and they examined the cells
every few hours for up to 96 hours.21 Our experiment, using
infected HL-60 cells that contained mostly intracellular
organisms, might have required a longer incubation period
to initiate (or transmit) infection, and our healthy donor cells
did not survive long enough.

Analogous to our findings, Klein et al have shown that
bone marrow progenitor cells (CD34+, HLA-DR+) were more
susceptible in vitro to A phagocytophilum infection after they
were allowed to differentiate to the myelomonocytic pathway

for four to five days in culture.22 Cells with increased
granularity were more susceptible to infection, whereas
undifferentiated cells were less susceptible. Whether
A phagocytophilum infected cells in peripheral blood are
derived from the infection of progenitor cells in the bone
marrow or from the infection of granulocytes in peripheral
locations is currently unknown. Information regarding
infection of bone marrow cells in vivo is scanty, because
bone marrow is not normally sampled in patients with HGE.
Our patient’s bone marrow was minimally infected, if at all,
based on the negative PCR result and the delayed detection of
culture positivity. The infected cells seen in the bone marrow
smear could have been the result of contamination with
peripheral blood. It could also be speculated that the
apparent low infection rate of bone marrow results from
the presence of only a small fraction of cells susceptible to
infection out of the much larger heterogeneous cell popula-
tion in bone marrow.

‘‘The promyelocytic HL-60 cell line might not be the ideal
cell line for the culture of Anaplasma phagocytophilum,
but currently a more mature granulocytic cell line is not
available’’

Several factors could contribute to successful infection and
propagation of A phagocytophilum within the short lived
peripheral blood granulocyte pool. In vitro and in vivo studies
have shown that there is a reduction in apoptosis of infected
neutrophils.21 23 It has also been reported that infected
granulocytes lose PSGL-1 and L selectin, thus decreasing
their binding to endothelial cells,24 and this may prolong the
time that the granulocytes are present in blood. In addition,
preliminary studies in our laboratory indicate that the
replication time of A phagocytophilum in vitro may be as short
as three hours (unpublished data, 2003).

The reason for preferential infection of later stages of the
myeloid series is unclear. It might be speculated that
different myeloid stages differentially express ligands neces-
sary for the binding or internalisation of the organism. Cells
from a bone marrow sample showed a slower rate of
expansion of A phagocytophilum infection than did the
peripheral blood, suggesting that peripheral blood may be
the principal site of infection and/or that the bone marrow
milieu is less conducive for propagation of infection. Thus,
the promyelocytic HL-60 cell line might not be the ideal cell
line for the culture of A phagocytophilum, but currently a more
mature granulocytic cell line is not available. Leukaemic cells
induced to differentiate may be more suitable for culturing
A phagocytophilum in vitro.
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Table 3 Expansion of Anaplasma phagocytophilum in patient cells and HL-60 cells
during the first four days of culture*

Cell type Day 1 Day 2 Day 3 Day 4

Total WBC count 8.66106 1.46107 1.26107 9.86106

Total infected WBC 3.46105 6.86105 1.46106 2.26106

Total HL-60 cell count 1.46106 4.46106 1.86107 2.56107

Total infected HL-60 cells 0 0 0 (rare) 2.36106

*The patient’s blood was obtained during the acute phase of infection before doxycycline treatment. Total cell
numbers represent the absolute number of viable cells in each flask at the different time points indicated.
Numbers of infected patient’s WBCs were significantly different from infected HL-60 cells at each of the first three
days of incubation (p,0.001; Pearson x2).
WBC, white blood cells.

Table 4 Comparison of the experimental infection of the
patient’s cells and HL-60 cells with two A phagocytophilum
isolates*

% Infected cells

Day 4 Day 5 Day 6

NY-33 NY-37 NY-33 NY-37 NY-33 NY-37

Patient’s cells 16 31 14 25 2 16
HL-60 cells 0 0 1 1 0 0

*Anaplasma phagocytophilum isolates are NY-33 and NY-37.
The percentage of infected patient’s cells was significantly different from
that of infected HL-60 cells at each of the times indicated (p,0.001;
Fisher’s exact test). Healthy donor cells are not shown because they did
not survive past day 4 of incubation.
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Take home messages

N The occurrence of human granulocytic ehrlichiosis
(HGE) in a patient with chronic myelogenous leukae-
mia (CML) enabled us to study whether Anaplasma
phagocytophilum infects mature or immature cells

N Anaplasma phagocytophilum seems to infect mature
granulocytes preferentially: the organism grew better
in CML cells than in HL-60 cells, there was a higher rate
of infection in the patient’s mature cells than in
immature granulocytes before treatment, and there
was a minimal level of infection of the patient’s bone
marrow

N The primary site of infection in HGE may be the
peripheral mature granulocytic population
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