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What Is New With Ehrlichiosis?

Jerome Goddard, PhD~

Ehrlichia species, which are transmitted by ticks, may cause
human monocytotrophic ehrlichiosis and human granulocytic
anaplasmosis. Symptoms of infection include fever, headache,
myalgia, progressive leukopenia, thrombocytopenia, and ane-
mia. Diagnosis is based on clinical findings, although serologi-
cal tests can identify the specific infectious ehrlichial organism.
Tick repellents, particularly permethrin, can help prevent tick
bites and lower the risk of infection by tick-borne pathogens.
Tetracycline antibiotics are therapeutic for treatment of
ehrlichial infections. [Infect Med. 2008;25:425-429]
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hrlichia species are bacteria of
E the family Anaplasmataceae.

They are small, gram-nega-
tive, pleomorphic organisms that
primarily infect circulating leuko-
cytes. The 3 main ehrlichial species
that currently cause infection in hu-
mans in the United States are Ehr-
lichia chaffeensis, Anaplasma phagocy-
tophilum (formerly Ehrlichia phagocy-
tophilum), and Ehrlichia ewingii.

E chaffeensis, the causative agent of
human monocytotrophic ehrlichio-
sis (HME), is endemic to the south-
eastern and south central United
States. The pathogen infects mono-
nuclear phagocytes in blood and
tissue.! Strains of E chaffeensis, such

as the Arkansas strain and strain
91HE17, differ pathogenically.?

Since it was first recognized in
1986, HME has become an important
public health issue in the southeast-
ern and south central United States.
The average reported annual inci-
dence is approximately 0.7 cases per
million population.® In 2007, 743
cases were reported.*

HME may cause morbidity and
can result in severe illness if left un-
treated or if treatment is delayed.
Death also is possible; the case fatal-
ity rate is approximately 2.7%.510
The history of a patient with HME
typically includes a tick bite 2 to 3
weeks before presentation. An asso-
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ciated rash is uncommon, occurring
in approximately a third of patients,
whereas a rash develops in approxi-
mately 80% of patients with Rocky
Mountain spotted fever."! On aver-
age, patients are men (75%) who re-
side in rural areas and are about 44
years of age.

A phagocytophilum infects granulo-
cytes and causes human granulocyt-
ic anaplasmosis (HGA). It is endem-
ic to New England and the north
central and Pacific states. The aver-
age reported annual incidence of
HGA s 1.6 cases per million popula-
tion.® A total of 672 cases were re-
ported in 2007.4

Symptoms of HGA include head-
ache, myalgia, rigors, and malaise.
G, respiratory, and CNS abnormali-
ties occur in a minority of patients.!2
Rash is rare. Opportunistic infections
caused by Ehrlichig-associated im-
munosuppression may develop in
the setting of HGA infection. These
infections include disseminated can-
didiasis, herpetic esophagitis, cryp-
tococcal pneumonitis, and invasive
pulmonary aspergillosis.!>13

E ewingii is primarily a dog and
deer pathogen, although it occasion-
ally causes human illness in immu-
nocompromised patients.! E ewingii
infection causes disease similar to
HME but is milder and is associated
with fewer complications; it has not
been associated with deaths.'? The
organism is endemic to the south
central and south atlantic states
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CLINICAL AND LABORATORY
FINDINGS

Clinical and laboratory manifesta-
tions of HME and HGA are similar.
The patient usually presents with fe-
ver, headache, myalgia, progressive
leukopenia (often with a left shift),
thrombocytopenia, and anemia. In
addition, there may be moderate ele-
vations in hepatic transaminase lev-
els. Sometimes cough, gastroenteri-
tis, or meningitis is present. Presence
or absence of a rash may help diag-
nosis because rash is observed only
occasionally in HME and rarely in
HGA or E ewingii infection.

Illness caused by E chaffeensis may
be more serious than that caused by
A phagocytophilum. Fatality rates are
2% to 3% for HME and less than 1%
for HGA. As mentioned, ehrlichial
organisms may alter the patient’s
immune system, allowing opportu-
nistic infections such as fungal pneu-
monia and candidiasis to occur.!?

Diagnosis of ehrlichiosis mainly
depends on clinical findings, al-
though serological tests may be used
to detect antibodies against the re-
spective ehrlichial organism. A 4-
fold increase in antibody titer to E
chaffeensis antigen (minimum, 64) or
a single serum antibody titer of 256
or higher for a patient with a clini-
cally compatible history serological-
ly confirms that E chaffeensis is the
causative pathogen. Although not
widely available, polymerase chain
reaction (PCR) amplification of DNA
from blood or cerebrospinal fluid
using primers derived from E chaf-
feensis species-specific nucleotide se-
quences of the 16S ribosomal RNA
gene®® has been used to diagnose a
substantial number of cases.

HGA may be diagnosed during
the acute stage of illness by visual-
ization of Ehrlichia-laden morulae in
peripheral blood neutrophils, but
PCR detection of Ehrlichin DNA has
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Figure 1 - This image shows a canine macrophage with intracytoplasmic aggregations (moru-
lae). (Photo courtesy of Andrea Varela-Stokes, DVM, PhD, Mississippi State University; used

with permission.)
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greater sensitivity.”* Visualization of
morulae (Figure 1), however, is ex-
tremely difficult, more so for HME
than for HGA. False positives may
occur because of toxic granulations,
Déhle bodies, or superimposed
platelets or contaminant particles
that may be mistaken for organisms.

Diagnostic confirmation of HGA
requires a serological reaction or a
4-fold increase in antibody titer to
A phagocytophilum antigen (mini-
mum, 80). Cross-reactivity of anti-
bodies with E chaffeensis are diagnos-
tically misleading, but anti-A phago-
cytophilum titers are consistently
higher than anti-E chaffeensis titers
in patients who have HGA. Because
E ewingii has not yet been cultured
and a specific serological test is
not available, diagnosis is primarily
based on molecular detection of or-
ganisms (by PCR) or on evidence of
morulae in neutrophils.

ECOLOGY OF EHRLICHIOSIS

Ehrlichiosis is transmitted to hu-
mans by the bite of an infected tick.
HME cases primarily occur within
the geographic area inhabited by the
Lone Star tick (LST) Amblyomma
americanum (Figure 2) and the white-
tailed (WT) deer. The geographic
range of the LST is central Texas east
to the Atlantic Coast and north to
the environs of Iowa and New En-
gland.’® Although WT deer appear
to be the primary reservoir and host
for the ticks, other animals may be-
come infected with E chaffeensis.'”18
In addition, domestic dogs and red
foxes have been experimentally in-
fected with E chaffeensis.’® In fact,
dogs have become a suitable model
for several studies of E chaffeensis. >
Even though the LST is the primary
vector, detection of E chaffeensis in
other ticks such as the American dog
tick Dermacentor variabilis in Arkan-
sas and the occurrence of HME cases
in the geographic range of D varia-
bilis suggest that ticks besides the
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LST may be vectors of E chaffeensis.
LSTs heavily populate the south-
ern United States (Figure 3), and
bites commonly occur in persons liv-
ing in rural areas of that region. The
incidence of HME in relation to the
high incidence of LST bites suggests
that the rate of infection with E chaf-
Jrensis may be relatively low. In one
case report, serological evidence of
ehrlichial infection was demonstrat-
ed in 7 of a few hundred soldiers
who had exposure to areas of ex-
tremely high LST populations. Two
of the 7 soldiers became clinically ill
(Mississippi Department of Health
notes and records, unpublished data,
1989). Some of the soldiers who were
interviewed during the study de-
tailed how they often crawled on
their stomachs through brush and
grassy areas, resulting in the accu-
mulation of hundreds of ticks on
their bodies. Using a drag cloth,
31,056 ticks were collected over a 2-
day period from the area in which
the soldiers trained; 99.7% of the
ticks were of the Lone Star species.
Only a paucity of information
about the ecology of HGA is avail-
able at this time. It mostly has been
diagnosed in patients from the up-
per Midwest and northeastern Unit-
ed States, although cases have oc-
curred in southern states and Cali-
fornia. The primary tick vector is
Ixodes scapularis (some may still re-
member it as [xodes dammini). Itis the
same species that transmits Borrelia
burgdorferi, which causes Lyme dis-
ease; thus, a tick bite from this spe-
cies carries with it the possibility of
coinfection with Lyme disease and
even babesiosis.”® Possible animal
reservoirs of A phagocytophilum in-
clude deer, elk, and wild rodents.
As for the ecology of E ewingii,
transmission by the LST was demon-
strated experimentally in 1990.% Ev-
idence of this Ehrlichia species in
LSTs has been shown repeatedly. 2
E ewingii can be transmitted to deer
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Figure 2 - Pictured is an adult female Lone Star tick Amblyomma americanum. (Photo
courtesy of Blake Layton, PhD, Mississippi State University Extension Service; used with
permission.)

from infected LSTs, and its transmis-
sion to goats has been shown to
cause clinical illness.?3¢

PREVENTION AND TREATMENT
OF EHRLICHIOSIS

Prevention of ehrlichiosis is essen-
tially the same as that of Rocky
Mountain spotted fever and oth-
er tick-borne rickettsial diseases
(TBRDs). Personal protection tech-
niques against ticks should be used
when working or playing in the out-
doors during warmer months. Tuck-
ing pant legs inside socks or rubber
boots will go a long way toward
keeping ticks away. In addition, in-
sect repellents may help deter biting
ticks, butnot all are equally effective.

DEET products

Insect repellents containing the ac-
tive ingredient N,N-diethyl-meta-
toluamide (DEET) have been widely
available for at least 40 years and
have some repellency against ticks.
One study demonstrated that DEET-
treated military uniforms provided
between 10% and 87.5% protection
against ticks, depending on the spe-

cies and life stage of the tick.”» The
average rate of protection against all
species of ticks was 59.8%. Obvi-
ously, protection levels in the 50%
range are less than desirable, consid-
ering the fact that only 1 infected tick
is required to transmit a tick-borne
disease.

Ina US Army repellent rating sys-
tem, DEET is assigned a 2X rating,
whereas permethrin products are
given a 3X rating.3? DEET products
are simply not as effective as per-
methrin products in protecting a per-
son from ticks.*33 However, the ad-
vantage of DEET is that it can be ap-
plied to human skin in places likely
to make contact with ticks: ankles,
legs, and arms.

Permethrin products

The most effective tick repellents
contain permethrin, a synthetic pyre-
throid pesticide with very low mam-
malian toxicity. It is for clothing use
only, not to be applied directly to
human skin. In one study, a pressur-
ized spray of 0.5% permethrin was
compared with 20% and 30% DEET
products on military uniforms worn
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Figure 3 - The south-
ern United States is a
hotbed for Lone Star
ticks. Dozens of
nymphal Lone Star
ticks are shotwn on the
author's hand. (Photo
copyright 2002 by
Jerome Goddard, PhD.)

Figure 4 ~ Application
of permethrin tick
repellent to clothing
can help prevent

tick bites.

in a highly tick-infested area®* A
1-minute application of permethrin
provided 100% protection, com-
pared with 86% and 92% protection
with the 2 DEET products, respec-
tively. In addition, permethrin has
been shown to remain in clothing,
providing 100% protection against
ticks after several washings, 3
Permethrin is applied to clothing

by slowly sweeping the aerosol
spray over the garment until it is
slightly wet (Figure 4). Label instruc-
tions should be followed. Some per-
sons hang garments on a clothesline,
spray them, and wear them after
they dry. When ticks subsequently
crawl on the treated clothing, they
are either killed or repelled.
Permethrin is extremely effective
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against New World ticks, but there
is some evidence that not all tick
species are equally repelled by per-
methrin products. One Old World
species, the camel tick Hyalomma
dromedarii, exhibits a high tolerance
to permethrin and an increased bit-
ing response when exposed to the
substance.®

THERAPEUTIC INTERVENTION
Dumler and Bakken! point out that
treatment of HME and HGA should
solely consist of a tetracycline such
as doxycycline (rifampin may be an
alternative for patients who are al-
lergic to tetracycline). The dosage of
oral or intravenous doxycycline is
100 mg twice daily for adults and
2 mg/lb of body weight per day in
2 divided doses for children who
weigh less than 100 Ib (45.4 kg).?

E ewingii infection also has been
treated successfully using the same
tetracycline dosage that is used in
the treatment of HME.? Tetracy-
clines typically are contraindicated
for use during pregnancy but might
be warranted in life-threatening situ-
ations where clinical suspicion of
TBRDs is high. Fever typically sub-
sides within 24 to 48 hours after ini-
tiation of treatment when the patient
receives doxycycline or another tet-
racycline during the first 4 to 5 days
of illness.? Failure to respond to early
treatment might be an indication
that the patient does not have a
TBRD but another disease entity.

Therapeutic agents
mentioned in this article

Doxycycline

Rifampin
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