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ABSTRACT

Background Human ehrlichiosis is a recently rec-
ognized tick-borne infection. Four species infect hu-
mans: Ehrlichia chaffeensis, E. sennetsu, E. canis, and
the agent of human granulocytic ehrlichiosis.

Methods We tested peripheral-blood leukocytes
from 413 patients with possible ehrlichiosis by broad-
range and species-specific polymerase-chain-reaction
(PCR) assays for ehrlichia. The species present were
identified by species-specific PCR assays and nucle-
otide sequencing of the gene encoding ehrlichia 16S
ribosomal RNA. Western blot analysis was used to
study serologic responses.

Results In four patients, ehrlichia DNA was de-
tected in leukocytes by a broad-range PCR assay, but
not by assays specific for E. chaffeensis or the agent
of human granulocytic ehrlichiosis. The nucleotide
sequences of these PCR products matched that of
E. ewingii, an agent previously reported as a cause
of granulocytic ehrlichiosis in dogs. These four pa-
tients, all from Missouri, presented between May and
August 1996, 1997, or 1998 with fever, headache, and
thrombocytopenia, with or without leukopenia. All
had been exposed to ticks, and three were receiving
immunosuppressive therapy. Serum samples ob-
tained from three of these patients during convales-
cence contained antibodies that reacted with E. chaf-
feensis and E. canis antigens in a pattern different
from that of humans with E. chaffeensis infection
but similar to that of a dog experimentally infected
with E. ewingii. Morulae were identified in neutro-
phils from two patients. All four patients were suc-
cessfully treated with doxycycline.

Conclusions These findings provide evidence of
E. ewingii infection in humans. The associated dis-
ease may be clinically indistinguishable from infec-
tion caused by E. chaffeensis or the agent of human
granulocytic ehrlichiosis. (N Engl J Med 1999;341:
148-55.)
©1999, Massachusetts Medical Society.

UMAN ehrlichioses are recently recog-
nized tick-borne zoonotic infections.!
Worldwide, four species of ehrlichia have
been identified as pathogens in humans.
In the United States, Ebriichia chaffeensis causes hu-
man monocytic ehrlichiosis,2? and a species closely
related to E. equi and E. phagocytophila causes human
granulocytic ehrlichiosis.45 E. sennetsu causes a mono-
nucleosis-like illness in Japan and Malaysia.¢ Asymp-
tomatic infection with E. canis has been reported in
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one patient in Venezuela.” The zoonotic nature of the
human ehrlichioses is supported by reports of natu-
ral infections with the same ehrlichia species in dogs,
deer, horses, and rodents.3-10

Human monocytic ehrlichiosis is endemic in Mis-
souri, where 142 cases were reported from 1989
through 19971 By comparison, 742 cases of this
disease were reported from 1986 through 1997 in
the entire United States.!? Since 1994, when infec-
tion with the agent of human granulocytic ehrlichio-
sis was first reported,* our laboratory at Washington
University Medical Center has used polymerase-chain-
reaction (PCR) assays for rapid confirmation of cases
of acute ehrlichiosis. We used a broad-range PCR as-
say designed to detect all known species of ehrlichia
to test all blood samples obtained from 1994 through
1998 from patients suspected of having ehrlichiosis.
Unexpectedly, PCR products from four patients had
sequences that matched those of E. ewingss, an agent
previously reported as a cause of granulocytic ehr-
lichiosis in dogs. This report describes the clinical
and laboratory characteristics of E. ewingii infection
and the methods used to identify the infection in
these four patients.

METHODS

Specimens

EDTA-treated blood samples were collected from 413 patients
with possible ehrlichiosis during the period from 1994 through
1998. Leukocytes were separated by sedimentation with dextran
(molecular weight, 500,000; T500, Amersham Pharmacia Bio-
tech, Piscataway, N.J.), and alkaline lysates were prepared as pre-
viously described.l3s DNA from 300 wl of each sample was ex-
tracted with a QlAamp blood kit (Qiagen, Valencia, Calif)) and
resuspended in 70 ul of 10 mM TRIS-EDTA buffer.

PCR Assays

Four diagnostic PCR assays targeting the 16S ribosomal RNA
(rRNA) gene were used: a broad-range assay designed to amplify
all known ehrlichia species and assays specific for E. chaffeensis,
E. ewingis, and the agent of human granulocytic ehrlichiosis. The

From the Edward Mallinckrodt Department of Pediatrics (R.S.B.,,M.A,,
S.PH., M.G.-K., G.A.S.) and the Department of Medicine (A.M.L., N.S.),
Washington University School of Medicine, St. Louis; St. Louis Children’s
Hospital, St. Louis (R.S.B., M.A., SPH., M.G.-K,, G.A.S.); the Centers
for Disease Control and Prevention, Atlanta (C.D.P, JW.S.); the Depart-
ment of Veterinary Biosciences, College of Veterinary Medicine, Ohio State
University, Columbus (Y.R., A.U.); and St. John’s Mercy Medical Center,
St. Louis (EA.M.). Address reprint requests to Dr. Storch at the Depart-
ment of Pediatrics, Division of Infectious Diseases, St. Louis Children’s
Hospital, 1 Children’s Pl., St. Louis, MO 63110, or at storch@al.kids.
wustl.edu.

Reprinted from THE NEW ENGLAND JOURNAL OF MEDICINE
(ISSN 0028-4793) Vol. 341: 148-155 (July 15, 1999).

Copyright © 1999 Massachusetts Medical Society. All rights reserved.
Printed in the US.A. Fax: (781) 893-8103 www.nejm.org



S FL R T

EHRLICHIA EWINGII, A NEWLY RECOGNIZED AGENT OF HUMAN EHRLICHIOSIS

following primers were used: ECA and HE3 for the broad-range
assay,*15 HE1 and HE3 for the E. chaffeensis assay, EHR 521
and EHR 747 for the assay for the agent of human granulocytic
chrlichiosis,'¢ and EWI and HE3 for the E. ewingii assay.” For
each patient, PCR assays were performed on lysates containing
DNA from 105 leukocytes. Reactions were performed in 100-ul
samples with a DNA thermal cycler (model 480, Perkin-Elmer
Cetus, Norwalk, Conn.). Final concentrations of reaction mix-
tures and cycling protocols for the broad-range assay, the E. chaf-
Jfeensis—specific assay, and the E. ewingii—specific assay were based
on modifications of a previously published procedure.1s

For the broad-range assay, the reaction mixture contained 10
mM TRIS (pH 9.2), 75 mM potassium chloride, 1.5 mM magne-
sium chloride, 200 uM 2'-deoxyadenosine triphosphate, 200 uM
deoxycytidine triphosphate, 200 M deoxyguanosine triphosphate,
200 pM deoxythymidine triphosphate, 15 percent glycerol, 40
pmol of each primer, and 2.5 U of Tag polymerase. Amplification
was then carried out with 3 cycles at 94°C for 1 minute, 55°C for
2 minutes, and 70°C for 1.5 minutes followed by 37 cycles at
88°C for 1 minute, 52°C for 2 minutes, and 70°C for 1.5 minutes.

For the E. chaffeensis—specific assay and the E. ewingii—specific
assay, the reaction mixture consisted of 10 mM TRIS-hydrochlo-
ric acid (pH 8.8), 75 mM potassium chloride, 1.5 mM magne-
sium chloride, 200 uM 2'-deoxyadenosine triphosphate, 200 uM
deoxycytidine triphosphate, 200 M deoxyguanosine triphosphate,
200 M deoxythymidine triphosphate, 50 pmol of each primer,
5 percent formamide, and 2.5 U of Tag polymerase. Amplifica-
tion was then performed according to the same protocol as that
used for the broad-range assay, except that the initial phase con-
sisted of five cycles at 94°C for 1 minute, 60°C for 2 minutes, and
70°C for 1.5 minutes, For the assay for the agent of human gran-
ulocytic ehrlichiosis, we used a final reaction mixture and cycling
conditions described by Pancholi et al.1s

Nucleotide Sequencing

Amplicons from the broad-range PCR assay for chrlichia were
sequenced by adding 125 ng of purified amplicon and 3.2 pmol
of primer to a dye-terminator cycle-sequencing reaction (Perkin-
Elmer Applied Biosystems, Foster City, Calif,) with AmpliTag FS
DNA polymerase. Extension products were analyzed in an auto-
mated DNA sequencer (model 3734, Applied Biosystems). Se-
quence data derived from reactions initiated by at least two prim-
ers for each PCR product were processed with the Factura
program (Applied Biosystems) and aligned with known sequences
from GenBank and with other experimental sequences.

Two other methods were used to sequence large portions of
the 168 rRNA gene. At Washingron University School of Medi-
cine, a 1360-bp product of a nested PCR assay amplified from
blood samples from two of the four patients with samples positive
for E. ewingsi (Patients 3 and 4 in Table 1) was sequenced with
the use of 8F and 1448R as outside primers and 15F and 1442R
as inside primers.}” At the Centers for Disease Control and Pre-
vention (CDC), amplification of 16S rDNA from samples of whole
blood was performed according to the method of Anderson et
al.? with two exceptions: primer EC12A (5 TGATCCTGGCT-
CAGAACGAACG) was substituted for EC12, and the PCR
product was sequenced directly. For Patient 3, a 2-ul sample of
the reaction mixture was used as a template in a heminested PCR
with primers EC12A and EC11.3 The product was cloned into
the TA cloning vector pGEM-T (Promega, Madison, Wis.) and
sequenced with a dRhodamine kit (Perkin-Elmer) and an auto-
mated sequencer (model 377, Applied Biosystems).

Serologic Analysis

Serum and plasma samples obtained from the patients during
the acute and convalescent phases were evaluated at the CDC
with an indirect immunofluorescence assay for IgG antibodies re-
actve with E. chaffeensis’® End-point titers were recorded as the
reciprocal of the highest dilution exhibiting specific fluorescence.

Serum samples from Patients 1, 2, 3, and 4 and from two dogs

| belonging to Patient 3 and one dog é;cpcrimentally infected with
! E. ewingii were tested by Western blot analysis with preparations
| of E. chaffeensis and E. canss that were free of host cells (chroma-
| tography-purified) as antigen, as previously described!® but with
J the following modification. The assay membranes were incubated
] with the human or canine serum at a 1:1000 dilution and then

with a preparation of peroxidase-conjugated, affinity-purified an-
thuman IgG, IgM, and IgA (Kirkegaard & Perry Laboratories,
Gaithersburg, Md.) or with antidog IgG ar 1:2000, followed by
bathing in developing and stop solutions.

RESULTS
Patients

From 1994 through 1998, samples from 413 pa-
tients with possible ehrlichiosis were tested by PCR.
A total of 60 samples (15 percent) were positive for
an ehrlichia species: 56 for E. chaffeensis and 4 for
E. ewingii. All four patients with E. ewingii were
male, lived in Missouri, and presented with a febrile
illness between May and August 1996, 1997, or
1998. They ranged in age from 11 to 65 years, and
all reported having been exposed to ticks before
their illness (Table 1). Three of the four patients
were receiving immunosuppressive therapy for un-
derlying conditions. All four had fever and head-
ache, prompting lumbar puncture in three. All four
patients had thrombocytopenia (<150,000 platelets
per cubic millimeter), and two had leukopenia (<4500
white cells per cubic millimeter). All four patients re-
sponded to treatment with doxycycline.

Clinical data for all four patients are summarized in
Table 1. Patients 1 and 4 are described in detail below.

Patient 1 was an 1l-year-old boy from southern
Missouri who had received a kidney graft from a liv-
ing related donor at 27 months of age. In May 1996,
fever, headache, nasal congestion, myalgia, and a stiff
neck developed. The patient had a pet dog and had
been exposed to ticks on multiple occasions during
the month preceding his illness. Physical examina-
tion revealed acute illness with mild cervical, axillary,
and inguinal lymphadenopathy. The white-cell count
was 4500 per cubic millimeter, the hemoglobin lev-
cl was 9.7 g per deciliter (6.0 mmol per liter), the
platelet count was 105,000 per cubic millimeter, and
the creatinine level was 1.3 mg per deciliter (115
pmol per liter; previous base-line value during reg-
ular follow-up after transplantation, 1.0 mg per dec-
iliter [88.4 wmol per liter]). Routine bacterial cultures
of blood and PCR assays of blood were negative for
cytomegalovirus and Epstein~Barr virus. The boy was
treated with intravenous vancomycin, ceftazidime,
and doxycycline. A blood sample obtained on the
day of admission was negative for E. chaffeensis on a
PCR assay. No morulae were seen on a peripheral-
blood smear obtained on the third hospital day. Dox-
yeycline treatment was discontinued after five days.

One week after discharge from the hospital, the
boy’s condition had improved. A broad-range PCR
assay of the blood sample initially tested for E. chaf-
| feensis subsequently tested positive for ehrlichia, and
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TasLE 1. CLNicAL CHARACTERISTICS OF THE FOUR PATIENTS
WITH EHRLICHIA EWINGII INFECTION.*

CHARACTERISTIC PaTENT 1 PATIENT 2 PATENT 3 PATENT 4
Age (yr) ul 49 60 65
Underlying condition Kidney trans-  Rheumatoid None  Chronic obstructive
plantadon arthrits pulmonary disease
Immunosuppressive therapy Prednisone, Methotrexate None Prednisone
azathioprine

Maximal temperature (°C) 38.9 40.0 39.1 39.5
Myalgia Yes No No No
Headache Yes Yes Yes Yes
Stiff neck Yes No No No
Exposure to ticks Yes Yes Yes Yes
Morulae on blood smear No No Yes Yes
Minimal white-cell count 4,500 1,400 4,000 6,800

(per mm?)
Minimal platelet count 105,000 88,000 130,000 29,000

(per mm?)
Abnormal liver-function testst No No No Yes
Cerebrospinal fluid leukocyte. 0 0 ND 774

count (per mm3)
E. chaffeensis titer during 22,048 ND 256 4,096

convalescenced

*All four patients were male. ND denotes not done.

TLiver-functon tests included measurements of aspartate aminotransferase, alanine aminotransfer-

ase, alkaline phosphatase, and bilirubin.

1The titer was determined by indirect immunofluorescence assay.

treatment with doxycycline was resumed and contin-
ued for 10 days. A serum specimen obtained during
convalescence and tested by an indirect immunoflu-
orescence assay contained antibodies reactive with
E. chaffeensis at a titer of at least 2048. No antibod-
ies to the agent of human granulocytic ehrlichiosis
or rickettsia species were detected.

Patient 4 was a 65-year-old man with a history of
chronic obstructive pulmonary disease and hyper-
tension. In August 1998, a respiratory tract infection
developed and was treated with amoxicillin and 60
mg of prednisone per day, with subsequent tapering
of the dose. Twelve days later a severe frontal head-
ache developed. The patient had regular contact
with a dog and had hiked in the woods and removed
a tick from his left shoulder several days before the
onset of symptoms. On examination, his tempera-
ture was 39.3°C and his pulse rate was 100 beats per
minute. His neck was supple, and breath sounds on
the right were decreased. The liver and spleen were
not palpable, and there was no lymphadenopathy.
The white-cell count was 6800 per cubic millimeter,
with 79 percent neutrophils, 9 percent lymphocytes,
9 percent monocytes, 1 percent eosinophils, and 2 per-
cent basophils; the hemoglobin level was 9.4 g per
deciliter (5.8 mmol per liter), and the platelet count
was 54,000 per cubic millimeter.

A lumbar puncture revealed an opening pressure
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of 20 cm of water. The cerebrospinal fluid contained
774 white cells per cubic millimeter, with 95 percent
neutrophils, and was initially reported to contain
intracellular gram-negative coccobacilli. Ceftriaxone
therapy was begun. Subsequently, examination of the
peripheral-blood smear revealed morulae in approx-
imately 50 percent of neutrophils and in a few eo-
sinophils (Fig. 1A), and on reinspection the cerebro-
spinal fluid smear was found to contain morulae in
neutrophils (Fig. 1B). Treatment with doxycycline
was begun for possible ehrlichiosis. The broad-range
ehrlichia PCR assay revealed ehrlichia DNA in blood
and cerebrospinal fluid, and serologic studies indicat-
ed that seroconversion to E. chaffeensis had taken place
(Table 1). The patient received a two-week course of
doxycycline and had an uneventful recovery.

Molecular Testing of Specimens

PCR analyses of specimens from Patients 1, 2, 3,
and 4 yielded positive results on the broad-range PCR
assay and negative results on the assays specific for
E. chaffeensis and the agent of human granulocytic
chrlichiosis.

Sequencing of PCR Products

To identify the organism responsible for the posi-
tive results on the broad-range PCR test for the four
patients, the products of this assay were sequenced.
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Figure 1. Detection of Morulae in Specimens from Patient 4.

In Panel A, a peripheral-blood smear reveais a morula (arrow) in
a neutrophil (Wright's stain, X1000). in Panel B, a cytospin prep-
aration of cerebrospinal fluid shows morulae (arrows), which
were originally identified as gram-negative coccobacilli (Gram's
stain, X1000).

Sequences from all four patients were identical: all
differed at 12 nucleotide positions from the known
sequence of E. chaffeensis (GenBank accession num-
ber, M73222) but matched the known sequence of
the 16S rRINNA gene of E. ewingii (GenBank acces-
sion number, U96436) (Table 2). In addition, the
four sequences contained a 2-bp insert not present in
the E. chaffeensis sequence. All these differences were
within a 28-bp segment from positions 54 through
81 of the E. ewingsi 16S rRNA gene. Sequences from
12 patients in whom E. chaffeensis infection had been
diagnosed on the basis of positive results with E. chaf-
feensis—specific PCR were identical to one another and
to the sequence of E. chaffeensis.

Sequencing of the 16S rRNA Gene

Partial and nearly full-length 16S rRNA gene se-
quences were obtained from blood specimens from

Patients 3 and 4. A 750-bp segment from the 5’ end
of the 16S gene from Patient 3 and 951-bp and 1284-
bp segments from Patient 4 were amplified and se-
quenced. All the sequences were identical to the cor-
responding 16S rRNA sequence of E. ewingis.

PCR Assay for E. ewingii

To confirm the presence of E. ewingii, a PCR as-
say specific for E. ewingii was performed on the
product of the broad-range PCR assay from Patient
1 (for whom no blood specimen was available) and
on blood samples from Patients 2, 3, and 4, as well
as on blood samples from 12 of the 56 patients with
PCR-confirmed E. chaffeensis infection. Positive re-
sults were obtained only in specimens from Patients
1, 2, 3, and 4 (Fig. 2). E. ewingii DNA was also de-
tected in blood samples from two dogs owned by
Patient 3. Neither dog was ill at the time the blood
samples were obtained.

Serologic Studies

Serum samples from Patients 1, 3, and 4 con-
tained IgG antibody that reacted with E. chaffeensis
at titers of at least 2048, 256, and 4096, respective-
ly, on an indirect immunofluorescence assay. West-
ern blot analysis of samples obtained from these three
patents during convalescence, with the use of E. chaf-
feensis and E. canis as antigens, revealed patterns in-
dicative of infection with E. ewingis: the samples re-
acted with antigens of at least 40 kd but not with
the 28-kd major antigen of E. chaffeensis or the 30-
kd major andgen of E. canis1®2 (Fig. 3). A serum
sample from one of the two dogs belonging to Pa-
tient 3 and from the dog experimentally infected with
E. ewingii showed the same pattern. The serum sam-
ple from the other dog belonging to Patient 3 had
a pattern suggestive of infection with multiple ehr-
lichia species: it showed reactivity with high-molec-
ular-weight antigens as well as with the 28-kd and
30-kd antigens of E. chaffeensis and E. canis, respec-
tively. Serum samples from two patients with E. chaf-
feensis were strongly reactive to the 28-kd and 30-kd
antigens, indicating infection with either E. chaffeen-
sis or E. canis (Fig. 3).

DISCUSSION

Using evidence obtained from molecular and sero-
logic testing, we confirmed that E. ewingis caused dis-
ease in four patients from Missouri, an area where
E. chaffeensis infection is also endemic. Findings that
supported the diagnosis of E. ewingii infection in-
cluded the detection of E. ewingii DNA sequences in
the patients’ blood specimens, serologic responses
similar to those of dogs infected with E. ewingsi, and
the presence of morulae in granulocytes from two of
the patients, both of whom were negative on PCR as-
says for the agent of human granulocytic ehrlichiosis.
The finding of morulae in these patients’ granulocytes
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TABLE 2. NUCLEOTIDE SEQUENCES OF THE PCR PRODUCTS FROM 4 PATIENTS WITH EHRLICHIA EWINGII INFECTION
AND 12 WITH E. CHAFFEENSIS INFECTION.*

SOuRCE 168 rRNA NUCLEOTIDE SEQUENCE

E. chaffeensis (GenBank ACAATTGCTT ATAACCTTTT GGTTAT--AA ATAATTGTTA GTGGCAGA
accession no. M73222)

E. ewingsi(GenBank accession . . . . . . C.. A SAEEGIC.C. AL s TG ol alG e s A e
no. U96436)

Patients with E. ewingsi . . . . . . C..A .AT.GTC.C. SACT VARG | L 0iGaed S IA vt
infection

Patients:with-E, chaffeensis: v "0 Y i v b e R TR e e R AN S L e G SRR R T o s
infection

*The sequence shown is the variable region (positions 48 through 95 of E. ewingii sequence) of the 16S tRNA gene of E. chaffeensis. Dots
indicate positions that are identical to those of the E. chaffzensis sequence, and dashes the E. chaffzensis sequence that corresponds to the 2-bp
insert in E. ewingis. X

kd kd

500 — 500 —

400 — 400 —

300 — 300 —

200 — 200 —

A All Ehrlichia B E. chaffeensis
kel M G e omhse@ s B g f g alegST . g e 0 D og sl g e il
500 — 500 —

400 — 400 —

200 — 200 —

C Agent of Human Granulocytic Ehrlichiosis D E. ewingii

Figure 2. Ethidium Bromide—-Stained Gels of Products of PCR Assays for Ehrlichia.

Panel A shows the results of broad-range assays for ehrlichia; Panel B, assays specific for E. chaffeensis; Panel C, assays specific
for the agent of human granulocytic ehrlichiosis; and Panel D, assays specific for E. ewingii. MW denotes the molecular-weight
markers. In each panel, lane 1 shows an E. chaffeensis—positive control from a patient; lane 2 a control positive for the agent of
human granulocytic ehrlichiosis (plasmid pDGE-2, containing the 16S rRNA gene of the agent of human granulocytic ehrlichiosis
[kindly provided by Dr. R. Massung, CDCI); lane 3 an E. ewingii-positive control (leukocytes from an experimentally infected dog
lkindly provided by Dr. S. Stockham, University of Missouri, Columbial); lanes 4, 5, 6, and 7 leukocytes from Patients 1, 2, 3, and-4,
respectively; and lane 8 leukocytes from a patient with E. chaffeensis infection, as confirmed by nucleotide sequencing of the prod-
uct of 16S rRNA gene amplification. Gels were photographed under ultraviolet illumination with a digital imaging system (model
1S-1000, Alpha Innotech, San Leandro, Calif.). PCR assays also included negative controls, in which water was substituted for spec-
imen; all consistently yielded negative results (data not shown).

parallels the finding of morulae in the granulocytes of
dogs infected with E. ewingiéi and is in contrast to the
presence of morulae in mononuclear cells in patients
infected with the closely related E. chaffeensis. The
four patients, all of whom were male and had a recent
history of exposure to ticks, presented with an illness
indistinguishable from the other human ehrlichioses
recognized in the United States. Indeed, on the basis
of the clinical features, ehrlichial infection was includ-
ed in the initial differential diagnoses.
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The observation that three of these patients were
immunocompromised raises the question whether
E. ewingsi infection is symptomatic primarily in such
patients. Nonetheless, the fourth patient had mod-
erate disease despite an apparently normal immune
system. All four patients had dramatic responses to
treatment with doxycycline, as is seen in cases of in-
fection caused by E. chaffeensis or the agent of hu-
man granulocytic ehrlichiosis.}#3

Canine granulocytic ehrlichiosis was first described
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Patient 1 Patient 3 Patient 4 Patient 5 with
: E. chaffeensis
Infection

Patient 6 with Dog Dog Dog with
E. chaffeensis Belonging to Belonging to E. ewingii
Infection Patient 3 Patient 3 Infection

Figure 3. Western Blot Analysis of Serum Samples for Reactivity with Ehrlichia chaffeensis and E. canis Antigens.
Serum specimens were analyzed with the use of antigen prepared from cultures of DH82 canine macrophages infected
with E. chaffeensis or E. canis. Uninfected DH82 cells were used as a control. Serum from patients with E. chaffeensis
infection is expected to show reactivity with the 28-kd major antigen of E. chaffeensis, the 30-kd major antigen of
E. canis (indicated by arrowheads), or both; serum from dogs infected with E. ewingii has shown reactivity with anti-
gens of 40 kd or greater but not with the 28-kd or 30-kd major antigens of E. chaffeensis or E. canis. Shown are results
for Patients 1, 3, and 4; results for two patients known to be infected with E. chaffeensis (Patients 5 and 6); two dogs
belonging to Patient 3; and a third dog experimentalily infected with E. ewingii.
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in a dog from Arkansas in 1971,22 and subsequently
in dogs from several other states, including Missou-
11.28 E. ewingti was identified as an etiologic agent of
this syndrome in 1992.2¢ Since then, canine infec-
tion with E. ewsngii has béen reported in Oklahoma,
North Carolina, and Virginia.82425 E. ewingii is one
member of a group of closely related specics that also
includes E. chaffeensis, E. muris, E. canis, and Cowdria
ruminantinm. Members of this group exhibit anti-
genic similarities and closely related 16S rRNA gene
sequences (=98 percent homology between E. ewing-
# and E. chaffeensis and between E. ewingii and
E. canis).®* In dogs, E. ewingii infection is usually
milder than E. canis infection and responds to treat-
ment with tetracycline.2

In experiments in dogs, E. ewingii infection has
been transmitted by the Lone Star tick (Amblyomma
americanum), the tick that also transmits E. chaf
feensis?” All four of our patients had been exposed
to ticks and had had contact with dogs shortly be-
fore the onset of symptoms. Dogs belonging to one
of the patients had serologic and molecular evidence
of asymptomatic E. ewingii infection, suggesting that
dogs may act as a reservoir for this agent. Human
and canine infections with identical ehrlichia species
have also been described in Minnesota, Wisconsin,
and Sweden, where the agent of human granulocytic
ehrlichiosis has been implicated as a cause of both
human and canine granulocytic ehrlichiosis.?82

We do not know whether E. ewingii infection in
humans is a new phenomenon or merely a newly
recognized phenomenon. As illustrated by the cases
of Patients 1, 3, and 4, E. ewingii and E. chaffeensis
are antigenically related and stimulate the produc-
tion of cross-reacting antibodies, as measured by in-
direct immunofluorescence assay.l® Differences be-
tween E. ewingii infection and E. chaffeensis infection
in the pattern of serologic reactivity were apparent
on Western blot analyses: in specimens from the pa-
tients and from dogs infected with E. ewingsi, there
was no reactivity to the 28-kd antigen of E. chaffeen-
sis or to the 30-kd antigen of E. ewingsi. This pattern
suggests that the cross-reactivity observed on the in-
direct immunofluorescence assay is due to other an-
tigens, such as those of higher molecular weight that
were seen on the Western blots. Since the indirect
immunofluorescence assay is the most widely used
serologic method for detecting antibodies to ehr-
lichia, the use of this method could lead to errone-
ous identification of E. ewingii infection as E. chaf-
feensis infection.

Since E. ewingii has not been cultivated, laborato-
ry confirmation of infection currently requires mo-
lecular techniques. Because of the variation between
E. ewingii and E. chaffeensis in the 16S rRNA gene
segment corresponding to the binding region of
published E. chaffeensis primers,¢ PCR testing with
E. chaffeensis 16S rRNA primers would fail to detect
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E. ewingii. Thus, it is possible that some previously
reported cases of ehrlichiosis with a serologic response
to E. canis or E. chaffeensis antigens but negative re-
sults on PCR assay for E. chaffeensis may have been
due to E. ewingsi.3° Human infection with E. ewingii
is also suggested by the report of a patient from Mis-
souri who had granulocytic ehrlichiosis and positive
results on a broad-range PCR assay but negative re-
sults on a E. chaffeensis—specific assay.3!

On the basis of our findings, E. ewingii should be
added to the list of ehrlichia pathogens of humans.
In our laboratory, E. ewingii accounted for 7 percent
of all specimens that were positive for ehrlichia. Fur-
ther study is required to refine this estimate and to
define more precisely the magnitude, geographic dis-
tribution, ecologic features, and clinical manifesta-
tions of E. ewingii infection in humans.

Supported by a grant from the National Institutes of Health (RO1
AT409343, to Dr. Rikihisa).

We are indebred 1o Janet Wart and Magds Dwidar, M.D, Sfor
technical assistance; to S.L. Stockham, D.V.M.,, for E. ewingii—infect-
¢d canine blood for use as a positive control; to Thomas Steinbery,
M.D, for assistance with the photography of patient specimens; and,
to Barbara Hartman for assistance in the preparation of the many-
Scripe.

REFERENCES

1. Dumler JS, Bakken JS. Ehrlichial diseases of humans: emerging tick-
borne infections. Clin Infect Dis 1995;20:1102-10.

2. Macda K, Markowitz N, Hawley RC, Ristic M, Cox D, McDade JE.
Human infection with Ebrlichia canis, a leukocytic rickettsia. N EnglJ
Med 1987;316:853-6.

3. Anderson BE, Dawson JE, Jones DC, Wilson KH. Ebrlichia chaffeensis,
a new species associated with human ehrlichiosis. J Clin Microbiol 1991;
29:2838-42.

4. Bakken JS, Dumler JS, Chen SM, Eckman MR, Van Etta LL, Walker
DH. Human granulocytic ehrlichiosis in the upper midwest United States:
a new specics emerging? JAMA 1994;272:212-8.

5. Chen SM, Dumler JS, Bakken JS, Walker DH. Identification of a gran-
ulocytotropic Ehrlichia species as the etiologic agent of human disease.

J Clin Microbiol 1994;32:589-95.

6. Misao T, Kobayashi Y. Studies on infectious mononucleosis: isolation
of ctiologic agent from blood, bone marrow, and lymph node of 2 patient
with infectious mononucleosis by using mice. Tokyo Iji Shinshi 1954;71:
683-6.

7. Perez M, Rikihisa Y, Wen B. Ebrlichia canis-like agent isolated from a
man in Venezuela: antigenic and genetic characterization. J Clin Microbiol
1996;34:2133-9.

8. Dawson JE, Biggic KL, Warner CK, et al. Polymerase chain reaction
evidence of Ehrlichia chaffeensis, an etiologic agent of human ehrlichiosis,
in dogs from southeast Virginia. Am J Vet Res 1996;57:1175-9.

9. Lockhart JM, Davidson WR, Stallknecht DE, Dawson JE, Howerth
EW. Isolation of Ebrlickin chaffecnsis from wild whitc-tailed deer (Odocoile-
us vigginianys) confirms their role as natural reservoir hosts. J Clin Micro-
biol 1997;35:1681-6.

10. Telford SR III, Dawson JE, Katavolos P, Warner CK, Kolbert CP,
Persing DH. Perpetuation of the agent of human granulocytic chrlichiosis
in a deer tick-rodent cycle. Proc Natl Acad Sci U S A 1996;93:6209-
14.

11. Hardin LE, Satalowich FT. Tick-borne disease summary — 1997.
Mo Epidemiol 1998;20(3):6-9.

12. McQuiston JH, Paddock CD, Holman RC, Childs JE. Human ehr-
lichioses in the United States. Emerg Infect Dis (in press).

13. Roberts TC, Buller RS, Gaudreault-Keener M, ct al. Effects of storage
temperature and time on qualitative and quantitative detection of cytomeg-
alovirus in blood specimens by shell vial culture and PCR. J Clin Microbiol
1997;35:2224-8.

14. Anderson BE, Sumner JW, Dawson JE, et al. Detection of the etio-



EHRLICHIA EWINGII, A NEWLY RECOGNIZED AGENT OF HUMAN EHRLICHIOSIS

logic agent of human chrlichiosis by polymerase chain reaction. J Clin Mi-
crobiol 1992;30:775-80.

15. Standzert SM, Dawson JE, Schaffner W, et al. Ehrlichiosis in a golf-
oriented retirement community. N Engl T Med 1995;333:420-5.

16. Pancholi P, Kolbert CP, Mitchell PD, et al. Ixodes dammini as a po-
tental vector of human granulocytic ehrlichiosis. J Infect Dis 1995;172:
1007-12.

17. Warner CK, Dawson JE. Genus- and specics-level identification of
Ebrlichia specics by PCR and sequencing. In: Persing DH, ed. PCR pro-
tocols for emerging infectious discases: a supplement to Diagnostic Molec-
ular Microbiology: Principles and Applications. Washington, D.C.: ASM
Press, 1996:100-5.

18. Dawson JE, Rikihisa Y, Ewing SA, Fishbein DB. Serologic diagnosis
of human chulichiosis using two Ehrlichia canis isolates. J Infect Dis 1991,
163:564-7.

19. Rikihisa Y, Ewing SA, Fox JC, Sircgar AG, Pasaribu FH, Malole MB.
Analyses of Ebrlichia canis and a canine granulocytic Ehrlichia infection.
J Clin Microbiol 1992;30:143-8.

20. Ohashi N, Unver A, Zhi N, Rikihisa Y. Cloning and characterization
of multigenes encoding the immunodominant 30-kilodalton major outer
membrane proteins of Ehrlichia canis and application of the recombinant
protein for serodiagnosis. J Clin Microbiol 1998;36:2671-80.

21. Reddy GR, Sulsona CR, Barbet AF, Mahan SM, Burridge MJ, Alleman
AR. Molecular characterization of a 28 kDa surface antigen gene family of
the tribe Ehrlichiac. Biochem Biophys Res Commun 1998;247:636-43.
22. Ewing SA, Roberson WR, Buckner RG, Hayat CS. A new strain of
Enrlichia canis. ] Am Vet Med Assoc 1971;159:1771-4.

23. Stockham SL, Schmidt DA, Curts KS, Schauf BG, Tyler JW, Simpson
ST. Evaluarion of granulocyrtic chrlichiosis in dogs of Missouri, including

-

serologic starus to Ehrlichia canis, Ehrlichia equi and Borrelia bugdorferi.
Am J Vet Res 1992;53:63-8.

24. Anderson BE, Greene CE, Jones DC, Dawson JE. Ebrlichia ewingii
Sp. nov., the etiologic agent of canine granulocytic ehrlichiosis. Int J Syst
Bacteriol 1992;42:299-302.

25. Breitschwerdt EB, Hegarty BC, Hancock SI. Sequential evaluation of
dogs naturally infected with Ebrlichia canis, Ebrlichia chaffzensis, Ebrlichia
equt, Ebriichin ewingis, or Bartonella vinsonii. ] Clin Microbiol 1998;36:
2645-51.

26. Anziani OS, Ewing SA, Barker RW. Experimental transmission of 2

granulocytic form of the tribe Ebriichicac by Der varigbilis and
Ambh amers to dogs. Am J Vet Res 1990;51:929-31.
27. Anderson BE, Sims KG, Olson JG, et al. Ambi ameri

2 potential vector of human chrlichiosis. Am J Trop Med Hyg 1993;49:
239-44.

28. Greig B, Asanovich KM, Armstrong PJ, Dumler JS. Geographic, clin-
ical, scrologic, and molecular evidence of granulocytic chrlichiosis, a likely
Zoonotic disease, in Minnesota and Wisconsin dogs. J Clin Microbiol
1996;34:44-8.

28, Johansson KE, Pettersson B, Uhlen M, Gunnarsson A, Malmqvist M,
Olsson E. Identification of the causative agent of granulocyric chrlichiosis
in Swedish dogs and horses by dircct solid phase sequencing of PCR prod-
ucts from the 165 rRNA gene. Res Vet Sci 1995;58:109-12.

30. Everett ED, Evans KA, Henry RB, McDonald G. Human chrlichiosis
in adults after tick exposure: diagnosis using polymerase chain reaction.
Ann Intern Med 1994;120:730-5.

31. Ramasamy N, Everett ED, Roland WE, McDonald G, Caldwell CW.
Central nervous system manifestations of human chrlichiosis. Clin Infect
Dis 1996;23:314-9.



