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Case Report: Clinical Isolation of Anaplasma phagocytophilum in South Korea
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Abstract. We report the first isolation of Anaplasma phagocytophilum in South Korea. A 61-year-old woman
presented with a 6-day history of fever, headache, and myalgia. Initial investigation showed neutropenia and
thrombocytopenia. We diagnosed human granulocytic anaplasmosis by microscopic examination and serologic
testing. The patient recovered fully without antibiotic therapy. The isolate was obtained from the patient’s blood by cell
culture and mouse inoculation. Its identity was confirmed by an immunofluorescence assay, sequencing of the 16S
rRNA gene,msp2 (p44), and ankA genes, and staining and electron microscopy of morulae of A. phagocytophilum in
cultured human promyelocytic leukemia HL-60 cells.

INTRODUCTION

The obligate intracellular bacterium Anaplasma phag-
ocytophilum causes human granulocytic anaplasmosis
(HGA). The bacterium is a zoonotic tick-borne pathogen
mainly transmitted by Ixodes spp. ticks that infect domestic
mammals and humans.1 Clinical features of the human in-
fection range from mild illness such as fever, headache, my-
algia, malaise, thrombocytopenia, and leukopenia to severe
disease with gastrointestinal and respiratory distress, myo-
carditis, neurological complications, septic shock-like dis-
ease, and even death.2,3 However, the majority of human
infections caused by A. phagocytophilum do not result in se-
vere disease.4

In South Korea, Ixodes spp. ticks are uncommon.5

However, A. phagocytophilum has been demonstrated
in Haemaphysalis longicornis ticks, which are the most
abundant species in South Korea,6 and this has led to
growing concern about the possible emergence of HGA
in South Korea. Actually, recent seroprevalence studies
have shown that 1.8% of serum samples from febrile pa-
tients were positive for A. phagocytophilum in an immu-
nofluorescence assay (IFA) test in 2002, and in 2003
the percentage was 8.9% from patients with symptoms of
high fever suspected mainly scrub typhus.7,8 Despite this,
the first HGA case with isolation in South Korea was only
reported in 20149 and there were no other reports of isolation
of A. phagocytophilum from the patients. Here, we report the
second and better defined isolation of A. phagocytophilum
from a patient with HGA.

STUDY

A 61-year-old woman presented to a hospital in Jeonju
City with 6-day fever, headache, and myalgia on May 19,

2015. She lived in Jeonju City, province of Jeollabuk-do,
Korea. She had visited her ancestor’s grave and there, she
had gathered bracken on a hill about 3 weeks earlier. She
was transferred to Asan Medical Center because of bicyto-
penia (white blood cells 2.9 × 109/L and platelets 9.0 × 109/L).
Body temperature was 36.6�C, blood pressure 107/72
mmHg, and pulse rate 84 beats per minute. Headache and
chill gradually improved from the time of admission. There
was no eschar or skin rash. Laboratory tests showed pan-
cytopenia and poor liver function (Figure 1). The clinical
condition of the patient improved rapidly without antibiotics;
she recovered fully by hospital day 4 and was discharged.
She was followed as an outpatient at month later. The bicy-
topenia fully resolved (Figure 1).
The initial differential diagnosis was severe fever with

thrombocytopenia syndrome, a rickettsial disease such as
HGA, scrub typhus, or possible hematologic malignancy
such as leukemia. Tests for hantavirus, Leptospira, and
Orientia tsutsugamushi antibodies were negative. Periph-
eral blood smear demonstrated mild anemia and marked
thrombocytopenia with increase of reactive lymphocytes.
No A. phagocytophilummorulae were detected (Figure 2A).
A bone marrow biopsy was performed to differentiate he-
matologic malignancy, but there was no evidence of he-
matologic disease, except for occasional occurrence of
hemophagocytic histiocytes. However, we found baso-
philic inclusions in vacuoles suggestive of histiocytes
containing A. phagocytophilum morulae (Supplemental
Figure 1).
To observe bacteria within monocytes and neutrophils,

a thick peripheral blood smear was stained with Diff-Quik
solution. Anaplasma phagocytophilum morulae were found
within the monocytes (Figure 2B). We confirmed that Ehrli-
chia chaffeensis was not detected by specific 16S rRNA
gene nested polymerase chain reaction (PCR) in patient
blood and IFA using a commercial kit revealed it was not
E. chaffeensis. To amplify the A. phagocytophilum from
bloodwe inoculated the buffy coat of the 100 ml of buffy coat
from patient’s blood into two C3H/HeJ mice via in-
traperitoneal route.10 Protocols using live animals were
reviewed and approved by an Institutional Animal Care
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and Use Committee (KCDC-049-15-1A). On day 7 post-
inoculation (dpi7), we obtained a positive result for IFA
against A. phagocytophilum, and a positive result for PCR
of the 16S rRNA gene in infected mouse blood on dpi 10.11

On dpi 14, the infected mice were killed and we observed
splenomegaly (Supplemental Figure 2). To culture the
A. phagocytophilum, cells of the human promyelocytic
leukemia cell line HL-60 (KCLB-10240) were inoculated
with a homogenate of infected mouse spleen in RPMI1640
medium (Thermo Fisher, Waltham,MA) supplemented with
2% fetal bovine serum (Thermo Fisher) and 2 mM L-glu-
tamine (Thermo Fisher) and cultured in an incubator at
37�C with 5% CO2 with regular change of medium (cell
density of 1–5 × 105 cells/mL). The cultured cells were exam-
ined microscopically by Diff-Quik staining of cytocentrifuged
cells at 2–3day intervals. Ondpi13weobservedmorulaewithin
the cultured HL-60 cells (Supplemental Figure 3), and
transmission electron microscopy revealed adhesion and
invasion of individual A. phagocytophilum and their replica-
tion within the HL-60 cells (Figure 3). DNA was extracted from
initial patient’sbloodwithaG-spinTotalDNAExtractionMini kit
(Intronbio, Korea) to detect A. phagocytophilum 16S rRNA,
ankA, and msp2 DNA.11–13 Nested PCR was conducted
usingA.phagocytophilum-specificprimers toamplify fragments
of the 16S rRNA, ankA, and msp2 genes.11–13 This gave
positive results for the infected cells as well as the patient’s

blood. Direct sequencing of the PCR products confirmed
the isolate as A. phagocytophilum (NCBI accession Nos. 16S
rRNA:KT986058, ankA:KT986059, msp2:KT986060).
The PCR sequences obtained from the isolate were

99–100% similar to A. phagocytophilum for the 16S rRNA,
especiallywithKorea (2014, human, KF805344). The 16S rRNA
sequences were dissimilar to the isolates from United States
and Sweden (Figure 4). In addition, the sequences of ankA and
msp2of our isolateweredistant from thoseof strains isolated in
other countries from patients, ticks, and animals, but similar to
otherKorean isolates. In termsof serology, seroconversionwas
observed using a commercial A phagocytophilum serologic kit
(Fuller Laboratories Fullerton, CA): the patient’s serum was
negative on day 4 but by day 37 it had increased to IgG 640
and IgM 16.

CONCLUSIONS

We have obtained a Korean A. phagocytophilum isolate
through animal experiment and cell culture using a blood
specimen from a patient who had spent time on a moun-
tain. In a phylogenetic analysis, this isolate was similar to
other Korean A. phagocytophilum isolates with 100%
identity in the investigated region of the 16S rRNA gene
(Figure 4). There have been a few reports of serological
surveys and molecular surveys in ticks, animals, and

FIGURE 1. Time-course of white blood cells (WBCs), platelets, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) in the
human granulocytic anaplasmosis patient.

FIGURE 2. (A) A peripheral blood smear showing bicytopeniawith occasional circulating reactive lymphocytes (Wright–Giemsa stain, ×1000), thin
smear; (B) Anaplasma phagocytophilummorulae (arrows) in peripheral white blood cells (A; Diff-Quik staining) of patient’s blood. Original magni-
fication, ×400.
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humans in Korea. Using molecular detection methods, 9.9%
tickswere found infected in2003,663.6%inKoreanwaterdeer in
201114 and by serological detection 1.8–8.9% was shown in
humans in 2002–2003.7,8 Although there has been concern
about the emergence ofHGA inSouthKorea, to our knowledge
this is the secondcaseofHGA inSouthKorea following the first
patient.9 In addition, this is an extant clinical isolate has been
obtained froman infectedKoreanpatient, and thiswill provide a
basis for characterizing a human isolate and identifying

diagnostic materials in South Korea. Furthermore, this human
isolate may play a role as a reference strain for studying
transmission and pathogenicity using Korean ticks and other
animals.
This case shows that detectingA. phagocytophilummorulae

in thin peripheral blood smears is difficult in actual clinical
practice. The detection rate of morulae was known to be
25–75%, and is higher in the firstweek of a disease than in later
weeks.2 We performed microscopic examination through

FIGURE 3. Adhesion, invasion and replication of the isolated A. phagocytophilum within HL-60 cells. Anaplasma phagocytophilum in mouse
spleen extract were incubated with HL-60 cells (A: adhesion, B: invasion, C and D: replication).
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whole blood for further experimental analysis. No morulae
were found in a thin blood smear from the patient at 7 days from
the development of fever and myalgia (Figure 2A) but morulae
were found in a thick smear (Figure 2B). Recently, it has been
suggested that inspection of more than 200 granulocytes could
increase the diagnostic yield.15 We therefore suppose that there
are not enough granulocytes to detectmorulae in the thin smears
routinely used to evaluate hematologic disorders. However, thick
smears can permit examination of more than 500 granulocytes.
So, we assume that thick blood smears would be more sensitive
than thin blood smears in patients with suspected HGA. Fur-
thermore, blood smear using buffy coat may increase the
sensitivity for the detection of morulae, although we did not
perform blood smear this way. In addition, we obtained a neg-
ative serologic result on day 4 from the onset of fever, but found
an IgG titer of 640 one month later. This emphasizes that paired
samples are needed for serologic confirmation. We conclude
that although the detection rate inmorulae will vary according to
granulocyte density and may be affected by interobserver vari-
ability, the use of thick and thin blood smear evaluation could be
helpful, especially in the acute phase of the illness. Until more
data are available, in the early stageofHGA,molecular diagnosis
by PCR and blood smear evaluation are the preferred proce-
dures for diagnosing HGA.
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