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ABSTRACT: White-tailed deer (Odocoileus virginianus) play an integral role in the natural
history of Ehrlichia chaffeensis, the causative
agent of human monocytic ehrlichiosis (HME).
Paraffinized tissues from a white-tailed deer
submitted as a diagnostic case to the Southeastern Cooperative Wildlife Disease Study
(Athens, Georgia, USA) in October of 1985 and
originally described as infected with an unidentified rickettsial organism were re-examined by
specific nested polymerase chain reaction
(PCR) for evidence of infection with Ehrlichia
spp. Ehrlichia chaffeensis was identified from
the bone marrow and inguinal lymph node of
this deer based on amplification of a characteristic sequence-confirmed 16S rDNA fragment
from these tissues. Parallel PCR tests on the
same samples were negative for 16S rDNA
fragments of the agent of human granulocytic
ehrlichiosis (HGE) and for an Ehrlichia-like organism widely distributed in white-tailed deer
populations. This report describes detection of
E. chaffeensis in archived tissue from a deer
collected before the index case of human
monocytic ehrlichiosis was established.
Key words: Ehrlichia chaffeensis, human
monocytic ehrlichiosis, Odocoileus virginianus,
retrospective study, specific nested polymerase
chain reaction, white-tailed deer.

Human monocytic ehrlichiosis, caused
by the rickettsia Ehrlichia chaffeensis, is an
emerging tick-borne disease which manifests as a febrile illness characterized by
headache, myalgia, thrombocytopenia, and
occasionally death (Fishbein et al., 1989).
White-tailed deer (Odocoileus virginianus)
were first implicated as a reservoir host of
E. chaffeensis due to widespread serologic
activity to and PCR evidence of E. chaffeensis in wild deer (Dawson et al., 1994a;
Lockhart et al., 1996, 1997a). The importance of deer in the epidemiology of E.
chaffeensis was confirmed by cell culture
isolation of this organism from deer (Lockhart et al., 1997b; Little et al., 1998). Deer
also have been reported to be infected
with at least two other Ehrlichia spp.; the
human granulocytic ehrlichiosis (HGE)

agent (Belongia et al., 1997; Little et al.,
1998) and a distinct Ehrlichia-like organism described only from 16S rDNA sequence data (Dawson et al., 1996; Little et
al., 1997).
In April of 1985, a male white-tailed
deer from Wilkes County, Georgia (USA;
338459N 088249W) was submitted for diagnostic examination to the Southeastern
Cooperative Wildlife Disease Study (College of Veterinary Medicine, University of
Georgia, Athens, Georgia). The deer was
debilitated, emaciated, and heavily parasitized with lone star ticks (Amblyomma
americanum) and medium stomach worms
(Ostertagia ostertagi), findings reported
previously; it died within 24 hr of presentation (Conti and Howerth, 1987). In that
report, granular rickettsial-type intracytoplasmic inclusions were described in
monocytes in blood and lymph node
smears (Conti and Howerth, 1987) stained
with Diff-Quik (Dade Diagnostics of PR,
Inc., Aguada, Puerto Rico). In the present
report, we identify E. chaffeensis from tissues of that deer by polymerase chain reaction (PCR) amplification and sequencing
of a species-characteristic rDNA fragment.
Two, 8 mm sections were cut from each
of three blocks of archived, paraffin-embedded bone marrow, inguinal lymph
node, and spleen, and placed in individual
sterile 1.5 ml microcentrifuge tubes. Sections were extracted twice with 1 ml of xylene for 30 min at room temperature. The
tissue pellet was washed twice with 0.5 ml
of 100% ethanol, dried, and digested in
100 ml of 50 mM KCl, 100 mM Tris-HCl,
2.5 mM MgCl2, 0.5% Tween-20, 1% lauryl
sulfate, and 200 mg/ml proteinase K at 50
C for 1 hr. Digested tissue was incubated
at 95 C for 1 hr, placed on ice, and then
centrifuged for 1 min at 7,000 3 g.
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FIGURE 1. Agarose gel (2%) showing amplification products generated by PCR of nucleic acid extracted
from tissue sections of bone marrow (BM), inguinal lymph node (LN), and spleen (SP) with primers for E.
chaffeensis (1a), the HGE agent (1b), or the deer Ehrlichia-like organism (1c). A positive control (1) consisting
of DNA extracted from E. chaffeensis-infected DH82 cells (1a), HGE-infected HL60 cells (1b), or whole
blood from which sequence-confirmed deer Ehrlichia was previously amplified (1c) was included with each
set of reactions. A negative control (2) of molecular biology grade water as template DNA was also included
in each reaction set. The sequences of the 389 bp fragments from bone marrow and lymph node sections
(1a) were identical to that of E. chaffeensis.

The resultant supernatant was used in
diagnostic nested PCR as previously described (Dawson et al., 1994b; Little et al.,
1997). Ehrlichia-wide primers ECB (59CGTATTACCGCGGCTGCTGGCA-39)
and ECC (59-AGAACGAACGCTGGCGGCAAGCC-39) were used to generate a
474–479 bp product from 5 ml extracted
nucleic acid in a 50 ml primary reaction
(0.2 mM dNTP, 2.5 mM MgCl2, 50 mM
KCl, 10 mM Tris-HCl, 0.1% Triton X-100,
0.8 mM each primer, and 2.5 units Taq
DNA polymerase) which was cycled 30
times through 1 min at 94 C, 1 min at 45
C, and 2 min at 72 C. One ml of the product of this reaction was then added to each
of three, individual secondary reactions
identical in composition to the primary reactions except primers were either HE1
(59-CAATTGCTTATAACCTTTTGGTTATAAAT-39) and HE3 (59-TATAGGTACCGTCATTATCTTCCCTAT-39) for E.
chaffeensis, GE9f (59-AACGGATTATTCTTTATAGCTTGCT-39) and GA1UR (59GAGTTTGCCGGGACTTCTTCT-39) for
the HGE agent, or DGA (59-TTATCTCTGTAGCTTGCTACG-39) and GA1UR for
the deer Ehrlichia-like organism. The
temperature profile of the secondary reactions with DGA/GA1UR and GE9F/
GA1UR were identical to that for the pri-

mary reactions except the annealing temperature was raised to 55 C. Secondary reactions with HE1/HE3 were cycled 40
times through 1 min at 94 C, 1 min at 55
C, and 15 sec at 72 C with a 1 sec extension per cycle.
Identity of amplicons was confirmed by
sequencing both strands of individual PCR
products. Internal amplification products
were purified with a Microcony spin filter
(Amicon Inc., Beverely, Massachusetts)
and submitted with corresponding primers
to the Molecular Genetics Facility at the
University of Georgia for sequencing following the Applied Biosystems Inc. protocol for the ABI 373A automated sequencer (Perkin-Elmer, Foster City, California). Resulting sequences were aligned
using DNAsis Mac v 2.0 and compared
with published sequence data for all Ehrlichia spp.
Figure 1 shows results of PCR testing
of the bone marrow, inguinal lymph node,
and spleen from this deer. Nested PCR
produced amplicons with E. chaffeensisspecific primer pair HE1/HE3 from bone
marrow and lymph node. The sequence of
these products was identical to the published sequence of E. chaffeensis. Products
were not generated with primers designed
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to amplify the HGE agent or the deer
Ehrlichia-like organism (Fig. 1).
Our results indicate that the rickettsialike organism described in the parasitized
deer from 1985 was E. chaffeensis, the
causative agent of HME. The index case
of HME occurred in 1986 in a patient bitten by a tick in Arkansas (USA; Maeda et
al., 1987), and human cases have been retrospectively identified from archived samples from 1985 (Fishbein et al., 1994). Although no official national system of notifying public health officials exists, the Centers for Disease Control and Prevention
(Atlanta, Georgia) has documented more
than 400 cases of HME since the emergence of this disease (Walker and Dumler,
1996). Experimental and field data indicate that the organism is transmitted
among deer and to people by the lone star
tick, A. americanum (Ewing et al., 1995;
Standaert et al., 1995; Lockhart et al.,
1995, 1996). In the original case report,
this deer was described as ‘‘covered by
thousands of lone star ticks’’ (Conti and
Howerth, 1987).
White-tailed deer are considered the
major reservoir host for E. chaffeensis
based on serologic, PCR, and cell culture
evidence of infection of wild white-tailed
deer with this organism (Dawson et al.,
1994a; Lockhart et al., 1997a,b). Thus, the
finding that this deer was infected with E.
chaffeensis is not of great surprise. However, monocytic morulae characteristic of
E. chaffeensis have not been found in
blood smears or buffy coat smears of infected deer, although immunohistochemistry has detected morula-like structures in
the lymph nodes of experimentally infected deer (Dawson et al., 1994b). Furthermore, clinical disease due to E. chaffeensis
has not been described in deer (Dawson
et al., 1994b; Ewing et al., 1995). In the
present report, the presence of distinct
morulae in the monocytes suggests this
deer had an exceptionally high level of
rickettsemia, which may have contributed
in part to the animal’s debilitation.
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