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Acute Clinical, Hematologic, Serologic, and Polymerase Chain
Reaction Findingsin Horses Experimentally Infected with a
European Strain of Anaplasma phagocytophilum

P Franzén, A. Aspan, A. Egenvall, A. Gunnarsson, L. Aberg, and J. Pringle

Six horses were experimentally infected by administration of horse blood containing a Swedish strain of Anaplasma phagocyto-
philum. The polymerase chain reaction (PCR) signal was consistently detected 2—3 days before appearance of clinical signs and
persisted 4-9 days beyond abatement of clinical signs, whereas diagnostic inclusion bodies were 1st noted on average 2.6 = 1.5
(SD) days after onset of fever. Clinical signs and hematol ogic changes were largely indistinguishable from those previously reported
for diseases caused by A phagocytophilum (formerly Ehrlichia equi—** Californian agent’) and the human-derived human granu-
locytic ehrlichiosis agent. Horses 1st demonstrated antibody response 12—-16 days after inoculation, 2 cases of which were still
febrile, and serotiters rapidly peaked within 37 days of clinical illness. One horse died during the acute stage of disease, but
initial clinical signs and hematologic changes were similar to those of other infected horses. This report shows that, despite minor
genetic differences, a European equine-derived strain of A phagocytophilum may be similar in pathogenicity to the Californian
agent. The PCR used holds promise to widen the diagnostic window and would also be diagnostic during the initial days of clinical
disease when inclusions in neutrophils in blood smears are not yet apparent.
Key words: Ehrlichia equi; Equine granulocytic ehrlichiosis; Human granulocytic ehrlichiosis; Sudden death.

quine granulocytic ehrlichiosis (EGE) is a tick-borne
infectious disease caused by the obligate intracellular
bacterium Anaplasma phagocytophilum, previously called
Ehrlichia equi.* A phagocytophilum includes agents for-
merly named Ehrlichia equi, Ehrlichia phagocytophila, and
the human granulocytic ehrlichiosis (HE) agent. The variant
of A phagocytophilum that is pathogenic to cattle (formerly
E phagocytophila) has been reported to induce seroconver-
sion but no clinical disease when infused into horses.?2 Sim-
ilarly, infusion of horse-pathogenic variants of the bacteri-
um into cattle or lambs results in seroconversion in the
absence of clinical disease.®* Thus, cross-species differenc-
es in pathogenicity within this bacterial species appear to
exist. The variants of A phagocytophilum that have been
described to be pathogenic to horses will, for the rest of
this paper, be described as *“‘equine-derived Californian
agent” (formerly E equi), ‘‘equine-derived European
agent” (Swedish and Swiss strains), and the “* HGE agent”
(which includes European and American human-derived
strains).

EGE was 1st described in the United States 1969,° and
has since been reported in many countries, including Brazil,
Germany, Switzerland, Sweden, and the United Kingdom.”**
Diagnosis of acute EGE is usually based on typical clinica
signs, such as high fever, depression, inappetence, and dis-
tal limb edema and ataxia, coupled with the detection of
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cytoplasmic inclusion bodies in the neutrophilic and occa-
sionally eosinophilic granulocytes.? However, these clin-
ical signs are not pathognomonic for the disease, and horses
with the disease may be positive for inclusionsin the gran-
ulocytes for only a portion of the clinical illness. Although
serology is the standard method available to confirm ex-
posure to the organism, polymerase chain reaction (PCR)
analysis for detection of the organism is being introduced
as a more sensitive tool in routine diagnostic work.

The incidence of clinical disease in naturaly infected
horses is not known but it appears that subclinical infection
with A phagocytophilum in endemic areas is common, be-
cause many horses develop titers to this agent without signs
of disease.’> Gribble? 1st described experimental infection
with A phagocytophilum in horses in which clinical signs
and pathologic changes were studied by using Californian
isolates of the bacterium. Subsequently, other groups have
examined aspects of this infection with Californian iso-
lates.>1517 Despite these latter studies, none involved more
than a few animals, and al had varying aims and designs.
Thus, comprehensive details on clinical and clinicopatho-
logic findings including detection by PCR, particularly clos-
er documentation of temporal events and relationshipsin a
larger group of uniformly managed horses infected with the
equine-derived Californian agent are lacking. Further, ex-
perimental infection of horses with European isolates of
equine-derived A phagocytophilum has been only scantily
studied.®*® In contrast, a number of studies have been per-
formed where horses have been inoculated with the human-
derived HGE agent, which resultsin clinical changes large-
ly indistinguishable from EGE disease.>1%-2

EGE is commonly diagnosed in Sweden. This paper is
part of a longer-term study addressing whether persistence
of infection with A phagocytophilum can occur in horses.
Horses were infected experimentally and followed over a
4-month period with subsequent postmortem examination.
The aim of this part of the study was to infect horses with
a genetically well-defined European (Swedish) equine-de-
rived strain of A phagocytophilum and to study the acute
clinical disease stage over a 3-week period by recording the
aterations in clinical, hematologic, and serologic findings.



Anaplasma phagocytophilum Infection in Horses 233

Further, the detectable granulocytic inclusions, PCR signal,
and serologic response were related temporally to the oc-
currence of clinical signs of disease. The findings were
compared with reports of disease in horses caused by the
equine-derived Californian agent and by the HGE agent.

Materials and Methods
Animals

Five Standardbred horses aged 5-10 years, and one 19-year-old
Warmblood riding horse were used in this study. The Standardbreds
had just retired from racing careers. All horses were clinically healthy
based on a detailed clinical examination and routine blood chemistry
and CBC. Horses were negative for antibodies to A phagocytophilum
(Nationa Veterinary Institute, Uppsala, Sweden) and had negative or
negligible titers to equine herpes virus 1 and 4 and to equine viral
arteritis. Serologic status against equine infectious anemia (EIA) was
not performed because all horses were raised in Sweden, which is free
of the EIA virus. The horses were housed in individual stalls in a
shared room, without contact with other horses, in the research animal
area of the Department of Large Animal Clinical Sciences, Swedish
University of Agricultural Sciences, Uppsala, Sweden. Hospital staff
attended the horses, which were allowed daily access to outdoor, veg-
etation-free, sand paddocks. The study was carried out in winter-spring
conditions and was approved by the Ethical Committee of The Swed-
ish National Board for Laboratory Animals (reference number C153/
99).

Experimental Infection

All infective blood used for the experiment originated from a clin-
ical case of EGE in a Swedish horse. Blood for infection in this series
of experiments was collected from 2 experimentally infected horses
during the acute phase of infection; donor 1 was infected with blood
from the clinical case, as described by Franzén and others,*® and donor
2 was the 1st horse infected in this current group of experimental
horses. Blood for experimental infection to serve as donor blood for
the present study was harvested in sodium citrate-containing blood
bags during the acute phase of illness, and held a¢ —70°C. The infec-
tive blood was thawed in cold running water and then infused into the
recipient horses through the jugular vein (day 0). Horses 1 and 2 were
infected with the blood from donor 1 and the other 4 horses were
infected with blood from donor 2. The infective dose was calculated
to be 20 X 10° infected neutrophils (horses 1 and 2) or 6 X 10°
infected neutrophils (horses 3-6).

Clinical Evaluation and Sampling of Horses

All horses were examined clinically on adaily basis. The evaluation
included a complete clinical examination with specia focus on gait,
signs of neurologic disease, or lameness or ataxia while moving in the
stall and paddock. Blood samples for microscopic examination of in-
clusions and PCR evaluation were obtained on a daily basis, whereas
samples for CBC and serology were obtained during the period when
horses showed signs of disease, for the most part daily or on aternate
days. Blood was withdrawn from the jugular vein via catheter or nee-
dle puncture to tubes containing ethylenediaminetetraacetic acid
(EDTA) for CBC and into plain glass tubes for serology.

CBC

Total hemoglobin, red blood cell count, and total and differential
white blood cell and thrombocyte counts were analyzed electronically.2
Microscopic evauation of blood smears was used to detect inclusion
bodies in the neutrophilic granulocytes indicative of Anaplasma sp
within those cells. Blood smears were stained with Giemsa for light
microscopy and with Acridin orange for fluorescent microscopy. At

least 200 neutrophils in every blood sample were examined for pres-
ence of inclusions.

DNA Sequence and Data Analysis of the Inoculum

DNA sequencing reactions with fluorescently labeled dideoxynu-
cleotide technology® were applied. The PCR and sequencing primers
are listed in Table 1. Sequencing reaction products were separated and
data were collected by using an ABI 3100 automated DNA sequencer.
The sequence was fully determined for both strands of each DNA
template to ensure maximum accuracy of the data. Sequences were
edited, assembled, and analyzed by using Vector NTI Suite 8.9 DNA
extracted from blood sampled at the acute phase stage of infection
from donor 1 and from all 6 infected horses in the study were se-
quenced for the 16S rRNA (1,428 base pairs [bp]), groESL (1,339 bp),
and ankA (1,735 bp) genes. Sequences for each gene were identica
between the sampled horses. The 16S rRNA gene sequence (GenBank
accession number AY527213) proved to be identical to the A phago-
cytophilum sequenced from Swedish horses as described by Johansson
and others’® and Engvall and others,? and to the HGE agent. The ankA
and the groESL gene sequence (GenBank accession number
AY 529487 and AY 529489, respectively) were compared to sequences
deposited in GenBank.©

PCR for A phagocytophilum

DNA from EDTA blood samples was extracted by using a QlAamp
Blood Extraction Kit.! For PCR, the primers used, as described by
Goodman and others,* were GER3 (TAGATCCTTCTTAACGGAAG-
GGCQG) and GER4 (AAGTGCCCGGCTTAACCCGCTGGC).9 To pre-
vent contamination, the preparation of reaction mixtures, DNA ex-
traction, amplification, and detection of PCR products were all per-
formed in different laboratory rooms. Additionally, aerosol-resistant
filter pipette tips were used throughout the experiment. Amplification
of A phagocytophilum 16S rRNA was carried out in a 50-p.L reaction
mixture of 50 mM KCI, 10 mM Tris-HCI (pH 8.3), 4 mM MgCl,, 0.2
mM each of deoxynucleoside triphosphates,” 0.25 mM of each primer,
and 1 U of AmpliTaq Gold DNA polymerase and 10 pL of extracted
DNA as a template. The reaction mixture was subjected to amplifi-
cation by using an automated DNA thermal cycler) The amplification
reaction was started by a heating step at 95°C for 8 minutes. A touch-
down protocol followed, where each cycle involved heating to 95°C
for 15 seconds, cooling to 68°C for 30 seconds, and heating again to
72°C for 1 minute; the annealing temperature was decreased to 58°C
over 20 cycles. After the touch-down cycles, 40 additional cycles of
95°C for 15 seconds, 55°C for 30 seconds, and 72°C for 1 minute were
performed. A nontemplate control, with the DNA template substituted
with water in the reaction mixture, a positive A phagocytophilum blood
control sample, and a negative A phagocytophilum blood control sam-
ple were always included in each PCR run. Amplicons were visualized
on 1.5% agarose gels with 100-bp ladders as molecular weight mark-
ersk

Serology

Sera were analyzed by an immunofluorescence assay (IFA) for the
presence of antibodies to A phagocytophilum.*43t Briefly, 2-fold dilu-
tions of fresh sera were added to slides precoated with E equi antigen.'
Bound antibodies were visualized by fluorescein isothiocyanate
(FITC)—conjugated rabbit anti-horse immunoglobulin™ when slides
were examined by fluorescence microscopy. Samples not proving pos-
itive at 1:10 or at either of the dilutions 1:40 or 1:80 were deemed
negative. If a sample proved positive at any of the 3 initial dilutions,
the serum was titrated further until end-point titer was reached. The
sera initialy were tested at the dilutions 1:10 and 1:40. If samples
were positive at any of these dilutions, the sera were titrated with 2-
fold dilutions until the end points were reached. In this test, an IFA
titer = 1:40 was considered positive. The test is accredited according
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Table 1. Primer sequences for polymerase chain reaction (PCR) and sequencing of the 16S rRNA, ankA, and groESL
heat shock operon partial genes of Anaplasma phagocytophilum.

Gene and Primer Name Functions Nucleotide Sequences of Primers (5'—=3") Product Size (bp) Reference
16S rRNA
fD1 PCR and sequencing AGAGTTTGATCCTGGCTCAG 1,428 24
rP2 PCR and sequencing ACGGCTACCTTGTTACGACTT 24
880f Sequencing ATTAGATACCCTGGTAG 25
800r Sequencing CTACCAGGGTATCTAAT 25
1050f Sequencing TGTCGTCAGCTCGTG 25
1050r Sequencing CACGAGCTGACGACA 25
EB4F Sequencing GTGCCAGCAGCCGCGGTAATAC 26
EHR521R Sequencing CTTTAACTTACCGAACCGCCTACA 26
Epank
AQ2F3 (1812f) PCR and sequencing GAAGAAATTACAACTCCTGAAG 1,735 26
Epank 3597r PCR and sequencing TAGGGCCTTCACTTTGAGGA This study
LAGF (2252f) Sequencing GAGAGATGCTTATGGTAAGAC 27
AQ2R1 (2491r) Sequencing AAGCCGT CTTACCATAAGCAT 26
Epank 2798f Sequencing CATCCTTGGGTAGIGGCCTAG This study
Epank 2798r Sequencing CTAGGCCACTACCCAAGGATG This study
GroESL
HS43 PCR and sequencing ATAGCTAAGGAAGCATAGTC 1,339 26
groESL 1404r PCR and sequencing CGTCGTCATTCTTGCCTTTT This study
groESL 558f Sequencing TGTCTGCRAATGGAGACAAG This study
groESL 691r Sequencing GATATCCGCGATCAAACTGC This study

bp, base pairs.

to the standard EN ISO/IEC 17025 with inclusion of positive and
negative controls. The limit for seropositivity was originaly set by
calibrating the test according to results obtained from external labo-
ratories.

Results
Clinical Findings

All horses developed signs of EGE, which in each horse
consisted of at least 6 of the following signs: fever; de-
pression (interpreted from changes of reduced aertness,
somewhat lowered head position, and reduced interest in
surrounding events); partial or total loss of appetite; in-
creased heart rate; increased respiratory rate; ataxia, stum-
bling, or unwillingness to move; and edemain distal limbs.
One of 2 horses receiving the higher does of infective blood
died suddenly and unexpectedly 2 days into clinical illness.
Before death clinical and clinicopathologic findings were
indistinguishable from those of the other horses, and the
genera findings on postmortem examination resembled
changes observed by Gribble.® Details of gross, microscop-
ic, immunohistochemical, and PCR findings at postmortem
examination are being reported elsewhere. Because of loss
of this animal at day 2 of the acute illness, this horse is
from here on excluded from this report. The other horse
given the higher infective dose (horse 1) had a similar
course and severity of acute clinical disease compared to
the other 4 horses. The onset of clinical signs varied from
6 to 9 days after infection. The horse given the higher in-
fectious dose had the shortest incubation period. The febrile
period varied between 5 and 10 days (as represented by
horse 3; Fig 1), and in some cases other signs persisted for
severa days after fever subsided. The 1st sign in all horses

was fever, often accompanied with depression and in-
creased respiratory rate. Thereafter, an increased heart rate
and decreased or total lack of appetite were noted. Ataxia
occurred on days 2—4 after initial onset of clinical disease
in al horses and distal limb edema generally occurred 4
days into clinical disease, and was the sign most delayed
in onset. Duration of signs is shown in Figure 2. In 2 of
the horses, atransient grade I1/V systolic heart murmur over
the left heart base developed during the febrile stage and
disappeared thereafter. In 2 horses, fever was biphasic,
which in the 2nd fever spike in 1 horse (horse 6) was as-
sociated with a mild catheter-associated thrombophlebitis.
By 22 days after infection, al abnormal signs associated
with EGE had fully abated in all the surviving horses.

CBC

All horses developed a distinct but transient leucopenia,
neutropenia, and a marked lymphopenia during the febrile
stage of the infection. A marked thrombocytopenia also de-
veloped in al horses and persisted longer than the leuco-
penic phase (Fig 3). Mild anemia was also noted during the
infection in all horses. The most consistent hematologic al-
terations were the distinct lymphopenia and thrombocyto-
penia. Inclusions in neutrophils developed in all horses 2.6
days (range 1-5 days, SD * 1.5 days) after onset of clinical
signs, and once present persisted for 7.6 days (range 6-10
days; with horse 3 shown in Fig 1). The percentage of
neutrophils with inclusions varied over time and between
horses (range 0.5-16%).

PCR

The results of the PCR test became positive 3 days after
inoculation in 1 horse (the horse with higher infectious
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Fig 1. Rectal temperature, reciprocal immunofluorescence assay titers, polymerase chain reaction test, and ehrlichial inclusions over the initial
3 weeks after inoculation (day 0) in a representative horse (horse 3) experimentally infected with a European (Swedish)-derived Anaplasma

phagocytophilum strain.

dose) and 5-6 days after inoculation in the other 4 horses,
and remained positive through 18-21 days after inoculation
in al horses. The results of the PCR test were positive in
all horses 2—-3 days before clinical signs appeared and re-
mained positive for 4-9 days after rectal temperatures re-
turned to within the reference range. In al horses, the re-
sults of the PCR became positive from 4 to 7 days before
inclusions were found in the neutrophils.

Serology

All horses seroconverted by 12-16 days after inocula-
tion, reaching maximal titers within 3-7 days from when

seropositivity (cutoff value 1:40, Nationa Veterinary In-
stitute, Uppsala, Sweden) was identified (Fig 1). Two of the
horses were still febrile or had other clinical signs at the
time of seroconversion. Maximum titers were 1:1,280 to
1:5,120, and confirmed as true peak values because horses
were monitored for an additional 14 weeks (unpublished
data).

Discussion

We were able to induce clinical disease in al inoculated
horses. All 5 horses that were followed through the entire
acute phase of disease had a very similar clinical picture
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Fig 2. Days of onset and duration of clinical signs, compared to inclusion presence and polymerase chain reaction—positive signal in 5 horses
experimentally infected with a European (Swedish)-derived Anaplasma phagocytophilum strain. Elev HR, heart rate increase; Elev RR, respiratory
rate increase; Ataxia/unwillingness, ataxia and unwillingness to move or stumbling.
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Fig 3. Mean vaue and 1 standard deviation for total white blood cell, neutrophil, lymphocyte, and thrombocyte count, and total hemoglobin
in 5 horses experimentally infected with a European (Swedish)-derived Anaplasma phagocytophilum strain. Day O is the day of inoculation. The
dashed horizontal lines on the graphs represent reference ranges for each parameter.

of fever, depression, ataxia, and distal limb edema, which
were the same clinical signs described in the early work of
Gribble® However, in contrast to Gribble's® pioneering
study, clinically detectable icterus was not observed in the
horses in the present study, and in 2 of these horses, a
transient grade |1 systolic heart murmur was detected during
the febrile stage. The mild anemia noted was probably in-
sufficient to cause the murmur, which, based on its transient
appearance, location, and character, was most likely due to
physiologic turbulence. The hematol ogic response was con-
sistent with previous reports®? of early thrombocytopenia,

lymphopenia, neutropenia, and mild anemia. Although this
study lacked a negative control horse given uninfected
blood, the potential clinical effects of blood infusion alone
occur at the time of infusion, with the red cells being de-
stroyed within 1 week,*? which was in advance of the onset
of clinical disease in the group of horsesin this study. Thus,
the clinical illness we observed, which appeared fully after
the mgjor influence of any transfusion influence, reflected
the acute infection process with EGE. Although unlikely, it
cannot be discounted that blood transfusion alone can mar-
gindly influence the kinetics of the immune and hemato-
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logic response in acute infection with EGE when compared
to natural infection.

Blood tests to facilitate diagnosis of EGE during the clin-
ical illness have traditionally relied on the presence of in-
tracytoplasmic inclusions (morula) in the circulating neu-
trophilic granulocytes, with only the recent introduction of
PCR analysis for presence of the organism’s DNA. Diag-
nostic inclusions in neutrophils were detectable on average
2.6 days after appearance of 1st clinical signs of disease,
which is a minor but clinically important difference to ear-
lier suggestions that inclusions occur simultaneously with
onset of fever.®? Because blood smears were examined
with a high degree of scrutiny with similar methodology to
that in the work of Gribble, our findings appear to reflect
a valid, and clinically relevant difference from earlier re-
ports. However, in our work, positive confirmation of in-
clusions was set as definitive identification of A phagocy-
tophilum inclusions. Very small or single inclusions de-
scribed by Gribble® are not recorded as positive in our
laboratory because of the risk of toxic or other cytoplasmic
changes being mistaken for early inclusions. More recently,
different PCR systems have been developed to detect A
phagocytophilum for research purposes and are even com-
ing into use in routine diagnostic work in selected labora-
tories. Thus, athough the presence of neutrophilic inclu-
sions as a diagnostic tool is specific for this disease, it lacks
diagnostic sensitivity, because inclusions have a limited
window of appearance in the course of the disease. In this
model of disease, with the European equine-derived strain,
diagnosis based on detection of inclusions during the initial
days of fever can be negative, whereas the PCR was pos-
itive in al horses even in advance of appearance of clinica
signs. This indicates that in clinical cases, the diagnosis
may be missed during the 1st days of fever if presence of
clearly identifiable inclusions is used as the sole diagnostic
tool.

All horses seroconverted by 12—16 days after infection,
which was 6-8 days after onset of initial clinical signs of
fever. At the point of detection of seroconversion, all horses
were still positive for inclusion bodies and 2 of the 5 horses
were still febrile. Further, 3 horses attained maximal titers
while inclusion bodies were still present. All horses reacted
serologically very similarly to this experimental infection.
This may be due to the similar infective dose as well as
similar care and housing of the horses when infected and
thus may not necessarily be applicable to natural infection
with ticks when horses are on pasture.

If the antibody titer rises as rapidly under natural infec-
tion as in our experimentally infected horses, the 1st of
paired samples needs to be taken as early as possible into
the illness if seroconversion is to be documented. This is
because antibody titer can peak after as early as 10 days
into clinical illness, and the time frame from seroconversion
to attaining peak titer was 3—7 days (mean 4.4 days) in all
cases. However, in natural tick infection, the infectious dose
is presumably smaller or delivered over a longer time,
which might induce a less rapid antibody response. Com-
parison between intravenous inoculation versus infection
via infected ticks in experimental HGE-agent infection in
horses showed the incubation period to be significantly lon-
ger, with appearance of clinical signs and seroconversion

delayed in tick-infected horses.?? However, the severity of
clinical signs, the course of disease, and mean geometric
titers in convalescent sera taken at 30 days after infection
were similar regardless of route of inoculation. In a separate
study in which 3 horses were exposed to A phagocytophil-
um-infected ticks, 2 of the horses developed clinical signs
on days 18 and 25, respectively, after 1st exposure.’® Se-
roconversion was detected in the 2 horses 4 and 7 days,
respectively, after onset of clinical signs of disease, re-
markably similar to the time frame in the present study.
The 3rd horse remained clinically unaffected and failed to
seroconvert despite being PCR positive to the organism.
These 2 abovementioned studies support the possibility that
IV inoculation aso mimics tick-borne inoculation in the
infective process. A separate study intended to follow an-
tibody kinetics in acute infection showed that 3 of 10 horses
studied had aready reached maximal or next to maximal
titer at the 1st occasion of blood sampling in acute illness
and with simultaneous presence of inclusions. Another 2
horses also were seropositive, although not at peak level,
at 1st sample3 The above observations, when combined
with results of the present study, suggest that demonstration
of a 4-fold rise in antibody titer to confirm diagnosis of
acute EGE can require initial sampling early in the course
of clinical disease. Equally troubling for use of serology as
a diagnostic toal is the high prevalence of seropositivity in
horses from areas where EGE is endemic, despite absence
of history of clinical disease.*+3

With the ability of the HGE agent to infect horses, the
horse has been used as an anima model for human infec-
tion, perhaps at the expense of attention to equine-derived
isolates and EGE. To characterize the infectious agent used
in this study the 16S rRNA gene and the groESL and the
ankA genes were partly sequenced. The Swedish horse-de-
rived European strain of A phagocytophilum had a 16S
rRNA nucleotide sequence identical to that of the HGE
agent, but showed minor differences to the originaly re-
ported Californian agent of A phagocytophilum (previously
named E equi). The HGE-identical 16S rRNA gene se-
quence also has been reported from horses with EGE in the
eastern United States.®> By comparing the sequences of the
groESL and the ankA genes to sequences deposited in
GenBank, it is clear that our inoculate clusters together with
A phagocytophilum isolated in Europe, and not in the Unit-
ed States. Despite minor genetic variation between Califor-
nian and European isolates of A phagocytophilum seen in
this study and also reported by others,2627% it appears that
the organisms in horses act clinically and biologically in a
similar manner, because the clinical signs observed in this
experimental infection mimic naturally occurring EGE in
the United States”” and in Europe?* and, furthermore,
mimic the clinical disease described in horses after exper-
imental infection with human-derived HGE agent.31°

Footnotes

2 Cell-Dyn 350, Abbot Laboratories, Abbot Park, IL
b Dye terminator cycle sequencing ready reaction kit, Applied Biosys-
tems, Foster City, CA
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¢ABI 3100 automated DNA sequencer, Applied Biosystems, Foster
City, CA

4 Vector NTI Suite 8, InforMax, Frederick, MD

eGenBank accession numbers AF020521, AF100883, AF100884,
AF100885, AF100886, AF100887, AF100888, AF482759,
AF100889, AF100890, AF356512, AF100891, AF100892,
AF100893, AF100894, AF047897, AF100882, AF153716,
AF033101, AF482760, EPU96735, AF548385, AF548386,
EPU96730, EPU96729, AF172159, AF172158, AY219849,
ESU72628, ESU96728, AF172160, AF172161, AF172162,
AF172163, and EEU96727

fQIAamp Blood Extraction Kit, Qiagen, GmbH, Hilden, Germany

9 GER3 and GERA4 primers, MedProbe, Oslo, Norway

" Deoxynucleoside triphosphates, Applied Biosystems, Stockholm,
Sweden

" AmpliTag Gold DNA polymerase, Applied Biosystems, Foster City, CA

I PTC-200, MJ Research, Waltham, MA

k100 Base-pair ladder, Amersham Biosciences, Uppsala, Sweden

"Ehrlichia equi antigen, Protatek, St Paul, MN

™ FITC-conjugated rabbit anti-horse immunoglobulin, Cappel ICN
Pharmaceuticals, Inc, Aurora, OH

" Available at www.iso.org.
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