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Human ehrlichioses are emerging tickborne infections. “Human ehrlichiosis” describes infections with at least

5 separate obligate intracellular bacteria in 3 genera in the family Anaplasmataceae. Since 1986, these agents

and infections (human monocytic ehrlichiosis [HME], caused by Ehrlichia chaffeensis; human granulocytic

anaplasmosis [HGA], caused by Anaplasma phagocytophilum; and human ewingii ehrlichiosis, caused by

Ehrlichia ewingii) are the causes of most human ehrlichioses. Their prevalence and incidence are increasing

where the appropriate tick vectors are found. The diseases generally present as undifferentiated fever, but

thrombocytopenia, leukopenia, and increased serum transaminase activities are important laboratory features.

Despite clinical similarities, each disease has unique features: a greater severity and a higher case-fatality rate

for HME and a higher prevalence of opportunistic infections for HGA. Once an ehrlichiosis is suspected on

historical and clinical grounds, doxycycline treatment should be initiated concurrently with attempts at eti-

ologic confirmation using laboratory methods such as blood smear examination, polymerase chain reaction,

culture, and serologic tests.

“Ehrlichiosis” is a generic name for infections caused

by obligate intracellular bacteria in the family Ana-

plasmataceae, chiefly in the genera Ehrlichia and Ana-

plasma. Human infections with organisms in this family

were first recognized in 1953, with a species now clas-

sified as Neorickettsia sennetsu; in 1986, with an Ehr-

lichia species; and in 1990, with an Anaplasma species.

The latter 2 genera now comprise the majority of hu-

man infections, which are caused by at least 3 distinct

species: Ehrlichia chaffeensis, Ehrlichia ewingii, and Ana-

plasma phagocytophilum. The purpose of this review is

to highlight changes in nomenclature and disease ter-

minology and to compare and contrast the epidemi-

ology, clinical manifestations, diagnosis, and treatment

of these distinctive infections.
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HUMAN INFECTIONS CAUSED BY
ANAPLASMATACEAE MEMBERS

Although 5 Anaplasmataceae members, including A.

phagocytophilum, E. chaffeensis, E. ewingii, Ehrlichia

canis, and N. sennetsu, infect humans, only the former

3 species are sufficiently investigated. Circulating leu-

kocytes are their targets, and the corresponding diseases

are often named according to the infected leukocyte

appended by the bacterial genus; for example, E. chaf-

feensis infecting monocytes causes human monocytic

ehrlichiosis (HME), and A. phagocytophilum infecting

granulocytes causes human granulocytic anaplasmosis

(HGA) [1, 2]. HGA was formerly called “human gran-

ulocytic ehrlichiosis,” but taxonomic revisions within

the Anaplasmataceae resulted in the name change [3].

The canine pathogen E. ewingii was recognized in 1998

to cause infections in humans [4]. E. ewingii is sero-

logically similar to E. chaffeensis but, like A. phagocy-

tophilum, propagates within neutrophils [4, 5]. To avoid

confusion, it is preferable that human E. ewingii infec-

tion be called “human ewingii ehrlichiosis.” Patients in

regions where these infections exist who present during

tick season with fever, leukopenia and/or thrombo-
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Figure 1. Cases of human monocytic ehrlichiosis (HME) and human granulocytic anaplasmosis (HGA) reported in the United States since 1986. The
data reflect information available until January 2006; data for the year 1998 were unavailable.

cytopenia, and increased serum transaminase activities should

have ehrlichiosis included in the differential diagnosis. Unique

clinical features and pathogenetic mechanisms are associated

with each pathogen [1, 6, 7], and distinguishing infections by

use of laboratory diagnostics is more than academic. Although

clinical features cannot distinguish the causative agents, each

responds to doxycycline therapy [7, 8].

EPIDEMIOLOGY AND ECOLOGY

The agents of human ehrlichiosis are tickborne, and most in-

fections occur during May through August. These infections

are now reportable in the United States, and passively collected

data provide some measure of their incidence and prevalence

[9]. In 2005, more cases of ehrlichiosis were reported than ever

before (figure 1), including 471 cases of HME (2396 cases since

1986) and 700 cases of HGA (2963 cases since 1994). However,

these figures likely represent underestimates of the true inci-

dence and prevalence, because active surveillance rates are as

high as 330–414 cases per 100,000 population (0.3%–0.4%) for

HME in Tennessee [10] and southeastern Missouri [11] and

24–58 cases per 100,000 population (0.02%–0.06%) for HGA

in Connecticut [12] and the Upper Midwest [13]. Seropreva-

lence studies show rates of ∼12.5% for HME in Tennessee [14]

and ∼14.9% for HGA in northwestern Wisconsin [15]. HME

occurs across the south-central, southeastern, and mid-Atlantic

states, corresponding to regions where white-tailed deer (Odo-

coileus virginianus) and lone star ticks (Amblyomma ameri-

canum) both exist [5]. Although limited to the United States,

E. ewingii can also be transmitted by A. americanum ticks and

may be the more prevalent species in some regions.

In contrast, A. phagocytophilum infection occurs interna-

tionally, and areas of endemicity include the United States

(northeastern and mid-Atlantic, Upper Midwest, and Pacific

Northwest states), Europe, and Asia (China, Siberian Russia,

and Korea) [6]. These regions correspond to areas where Ixodes

persulcatus group ticks (I. scapularis in the eastern United States,

I. pacificus in the western United States, I. ricinus in Europe,

and I. persulcatus in Asia) bite humans. Small mammals, such

as white-footed mice (Peromyscus leucopus); dusky-footed wood

rats (Neotoma fuscipes); or others, such as Apodemus, Microtus,

or Clethrionymus species are likely reservoirs [6]. A potential

role for cervids as reservoirs has been demonstrated [1, 6], but

their role as reservoirs must depend on parasitization by both

mature and immature vector ticks, because tick transovarian

transmission is inefficient. Owing to the shared tick vectors for

A. phagocytophilum, Borrelia burgdorferi, Babesia microti, and
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Table 1. Meta-analysis of human monocytic ehrlichiosis (HME)
and human granulocytic anaplasmosis (HGA) symptoms, signs,
and laboratory findings.

Symptom, sign, or finding

Patients, %
(no. evaluated)

HME HGA

Symptom or sign
Fever 97 (633) 93 (521)
Myalgia 57 (250) 77 (516)
Headache 80 (240) 76 (385)
Malaise 82 (234) 94 (288)
Nausea 64 (143) 38 (258)
Vomiting 33 (192) 26 (90)
Diarrhea 23 (197) 16 (95)
Cough 26 (155) 19 (260)
Arthralgias 41 (211) 46 (504)
Rash 31 (286) 6 (357)
Stiff neck 3 (240) 21 (24)
Confusion 19 (279) 17 (211)

Laboratory finding
Leukopenia 62 (276) 49 (336)
Thrombocytopenia 71 (247) 71 (336)
Elevated serum AST or ALT level 83 (276) 71 (177)

NOTE. Data are from [1]. ALT, alanine aminotransferase; AST, aspartate
aminotransferase.

Table 2. Clinical complications and risk factors for com-
plications in human monocytic ehrlichiosis (HME) and human
granulocytic anaplasmosis (HGA).

Clinical complication or risk factor HME HGA

Hospitalization 42 33–50
Intensive care unit admission ND 7
Life-threatening complications 17 7
Death 3 !1
Hemodynamic system complications

Toxic or septic shock–like syndrome ++ +
Coagulopathy 2 !1
Hemorrhage + �

Myocarditis or heart failure + �

Renal failure 2 1
Pneumonia/ARDS 1 1
CNS and PNS complications

Meningoencephalitis 4 1
Cranial nerve palsies � �

Demyelinating polyneuropathy NR �

Brachial plexopathy NR �

Acute abdominal syndrome + NR
Rhabdomyolysis NR �

Opportunistic infections + ++
Predisposing conditions

Increased severity with preexisting disease ++ ++
Underlying immunosuppressive condition 12 6
Fulminant infections in immunocompro-

mised individuals ++ �

NOTE. Data are percentages of identified patients with each clinical
complication, unless otherwise indicated, and are from [2, 5, 9, 17, 18].
++, reported in 15 publications or cases; +, reported several times; �,
reported at least once; ARDS, acute respiratory distress syndrome; ND,
not determined; NR, not reported; PNS, peripheral nervous system.

tickborne encephalitis viruses, ∼10% of patients have serologic

evidence of coinfection, and cases of simultaneous Lyme disease

or tickborne encephalitis are well documented [6].

CLINICAL AND LABORATORY FINDINGS

HME and HGA are caused by distinct but related bacterial

species that propagate in different host cells that are then altered

in different ways [1, 6]. Paradoxically, all forms of human ehr-

lichiosis share many clinical and laboratory manifestations, in-

cluding fever, headache, myalgia and malaise, thrombocyto-

penia, leukopenia, and indices of hepatic injury (table 1) [6,

7, 11]. Similarly, the median age of patients with either infection

is ∼50 years, and slightly more males (57%–61%) are infected

than females [9]. Certain clinical features are unique to either

HME or HGA, including rare CNS infections in HGA and the

greater likelihood of rash in HME. Although clinically un-

differentiated, identification of ! platelets/L and9100 � 10

! leukocytes/L is associated with a relative risk for92.5 � 10

HGA as high as 4.7–22.7 and 1.1–24.8, respectively. In contrast,

leukocytosis (1 cells/L) is associated with a low rel-910.2 � 10

ative risk (0.10–0.71) for HGA [16]. The key to diagnosing

HME or HGA is identification of fever (with or without evi-

dence of other systemic findings) and thrombocytopenia, leu-

kopenia, and elevated serum transaminase activities in a patient

exposed in a tick-endemic region during times of tick activity.

The latter features increase the probability of infection, because

they preselect at-risk populations. However, a lack of these

historical, epidemiologic, or laboratory features should not ex-

clude HME or HGA from consideration in suspected cases.

Complications of HME and HGA (table 2) are infrequent

but may be evident at the time of presentation, appear within

several days after onset, or, rarely, develop later and persist for

long intervals in the absence of active infection [1, 6, 7, 17].

Important complications differ for HME and HGA. Patients

with HME can develop a fulminant toxic or septic shock–like

syndrome, particularly individuals with HIV infection or those

with underlying immunocompromise (e.g., organ transplant

recipients or patients undergoing immunosuppression for can-

cer or immune disorders) [18]. Such presentations are less

frequent with HGA [9]. Similarly, ∼20% of patients with HME

have evidence of CNS involvement (meningitis or meningo-

encephalitis), findings not easily corroborated in patients with

HGA [1, 7]. In contrast, peripheral neuropathies, including

brachial plexopathy, demyelinating polyneuropathy, and even
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Figure 2. Ehrlichia chaffeensis (A and C; Wright stain) and Anaplasma
phagocytophilum (B and D; Hema-3 stain) morulae (arrows) in peripheral
blood monocytes (A), peripheral blood neutrophils (B), DH82 canine his-
tiocytic cell culture (C), and human HL-60 promyelocytic cell culture (D).
Original magnification, �260. (Panel A courtesy of A. Marty.)

Table 3. Diagnostic tests for human monocytic ehrlichiosis
(HME) and human granulocytic anaplasmosis (HGA), by time in-
terval after onset of clinical illness.

Weeks after onset, diagnostic test

Sensitivity, %

HME HGA

�1

Blood smear evaluation 2–38 25–75

PCR 60–85 67–90

Culture Highly variablea �55b

Serologic testing 22–55 (IgM, �44) 24–44 (IgM, 33)

1–2

Blood smear evaluation Unknown 63

PCR Unknown 68

Culture Unknown 33

Serologic testing 68 91

�3

Serologic testing �90 �95

a May require weeks of incubation.
b May require weeks of incubation; results are often positive within 2

weeks.

isolated facial palsy, are more common with HGA and can

persist for weeks or months [6]. Respiratory distress syndrome

is best documented in HME, although it may also occur in

HGA [1, 5]. Although persons with underlying immunosup-

pression—for example, as a result of kidney transplantation or

HIV infection—are at higher risk for human ewingii ehrlich-

iosis, far fewer complications and no fatalities have been re-

ported, in comparison with HME and HGA [18]. Fatalities due

to HME occur in ∼3% of infections, most commonly in im-

munosuppressed persons with respiratory distress syndrome,

hepatitis, or opportunistic nosocomial infections [1, 5, 9]. The

case-fatality rate is lower for HGA (0.7%) and largely relates

to complicating opportunistic infections, although poor out-

comes are also associated with antecedent medical conditions,

such as diabetes mellitus [2].

DIAGNOSIS

Because human ehrlichiosis can be rapidly progressive and

fatal, doxycycline treatment should be initiated promptly once

an empirical clinical diagnosis has been rendered, even in the

absence of a confirmatory laboratory test. There are several

approaches to laboratory confirmation of ehrlichiosis that

should be applied at different intervals after the onset of illness

(table 3).

Examination of peripheral blood smears. Examination of

a Wright-stained peripheral blood smear for intracytoplasmic

inclusions (morulae, Latin for “mulberry”), which may be seen

as stippled blue inclusions of bacteria in monocytes (HME) or

neutrophils or bands (HGA), is the most rapid diagnostic

method that can be used after disease onset (figure 2). This is

a relatively insensitive assay for HME, in which generally !10%

of infected patients will have these structures identified at pre-

sentation [10]. Blood smear evaluation is more useful for HGA

diagnosis, because 25%–75% of reported cases in the United

States have morulae in peripheral blood examinations, and sen-

sitivity is highest during the first week of infection [2, 16].

Doxycycline treatment adversely affects sensitivity for detection

of both E. chaffeensis and A. phagocytophilum by blood smear

examination [19].

Molecular diagnosis by PCR. PCR performed using EDTA-

or citrate-anticoagulated blood is rapidly becoming the diag-

nostic test of choice at or shortly after presentation. PCR ob-

viates the need for culture, and the timeliness of results is of

great value to the treating physicians. PCR detection sensitivity

is relatively high; it is reported to range between 60% and 85%

for E. chaffeensis infection [10, 11] and between 67% and 90%

for A. phagocytophilum infection [2, 19]. PCR is the only de-

finitive diagnostic test for E. ewingii infection, although the

sensitivity and specificity of this approach are unknown [4, 18].

Recent advances in molecular methods promise even greater

analytical sensitivity, and multiplex testing that could identify

several agents of ehrlichiosis from a single test has been de-

scribed elsewhere [20, 21]. As for blood smear microscopy, PCR

sensitivity is also adversely affected by antecedent doxycycline

treatment; therefore, blood samples should be obtained before

or at the initiation of therapy, although treatment should not
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Table 4. Currently recommended therapeutic regimens for human monocytic ehrlichiosis
(HME) and human granulocytic anaplasmosis (HGA).

Antibiotic

Dosage
Treatment
durationaAdult Pediatric

Doxycycline hyclate 100 mg iv or po every 12 h 2.2 mg/kg po every 12 h 5–14 days
Tetracycline hydrochloride 500 mg po every 6 h 25–50 mg/kg/day po in

4 divided doses
5–14 days

Rifampinb 300 mg po every 12 h 10 mg/kg po every 12 h 7–10 days

NOTE. Data are from [8]. Antibiotic treatment is not recommended for seropositive patients who are asymp-
tomatic or who lack the typical manifestations of HME or HGA. iv, intravenously; po, by mouth.

a Antibiotic therapy should be continued for 3–5 days after fever subsides.
b Rifampin is recommended only for patients with contraindications to doxycycline or tetracycline therapy (e.g.,

allergy and pregnancy).

be withheld while waiting for either samples or a laboratory

result.

In vitro cultivation. Another diagnostic alternative is the

recovery of either E. chaffeensis or A. phagocytophilum in culture

from blood or CSF (E. chaffeensis only) [10, 22]. Unfortunately,

E. ewingii has not yet been cultivated in vitro. The major pitfall

associated with cultivation is that there is only a small number

of competent laboratories, because this technique requires the

application of unique antibiotic-free cell culture methods not

typically available in clinical laboratories. Although both path-

ogens are able to grow in several different cell lines, E. chaffeensis

is most often isolated by inoculation of mononuclear leukocytes

from density gradients into the DH82 canine histiocytic cell

line [10, 18]. Cultures are monitored 2–3 times weekly for

several weeks by sampling cells in the supernatant and staining

with a rapid Romanowsky method, such as Diff-Quik. Small

clusters of tiny bacteria aggregate inside of intracytoplasmic

vacuoles to form morulae (figure 2). Individual cells can con-

tain multiple morulae in culture, although this is infrequent in

vivo. Typically, cultures require 2–6 weeks of incubation before

infected cells are detected.

Similarly, A. phagocytophilum can be recovered by culture of

leukocyte fractions or whole EDTA-treated blood on human

promyelocytic HL-60 cells [22]. The sensitivity of culture for

detection of A. phagocytophilum can be equivalent to that of

PCR and blood smear examination [2, 16, 19]; however, pos-

itive culture results are usually not obtained before ∼1 week

and can remain negative for �2 weeks. Cultures are monitored

similarly to the way in which those of E. chaffeensis are mon-

itored, and the morulae have a very similar appearance (figure

2). Prior doxycycline treatment diminishes the sensitivity of

culture to a greater degree than it does for PCR or blood smear

examination.

Serodiagnosis. The most sensitive method of diagnostic

confirmation of either HME or HGA is the detection of a

seroconversion or 4-fold change in antibody titer during the

convalescent phase [2, 11, 13, 17, 23]. The most frequently

applied serologic test is based on fluorescent detection of an-

tibodies reactive with whole E. chaffeensis– or A. phagocyto-

philum–infected tissue culture cells or purified bacteria fixed

to glass slides. Polyvalent antibody detection provides sensitivity

rates of 88%–90% for HME [11, 24] and 82%–100% for HGA

[25]; for IgM, sensitivity ranges from 44% for E. chaffeensis

[11] to 27%–37% for A. phagocytophilum [25]. Specificity stud-

ies have been conducted only for A. phagocytophilum, for which

specificity has been found to range from 83% to 100% [25].

Most nonspecificity results from cross-reactivity among E. chaf-

feensis and A. phagocytophilum antibodies, such that testing for

both pathogens is warranted for suspected cases [25].

There are several potential problems with serologic diag-

nosis that can obfuscate the interpretation of a positive test

result. Factors to consider include the following: (1) IgG an-

tibodies may persist for months to years after infection in the

absence of relapse or persistent clinical manifestations [23,

24]; (2) high seroprevalence rates exist in some regions, even

among individuals with no clinical evidence of infection [15,

26, 27]; and (3) analysis of a single acute-phase serum sample

may result in the detection of as few as 3% of patients with

HGA and HME [11, 23]. These shortcomings can be mini-

mized by emphasizing the use of antibody tests for patients

with characteristic clinical manifestations, to improve pre-

dictive value, and by comparing acute- and convalescent-

phase titers against both E. chaffeensis and A. phagocytophilum

[25]. Thus, a serologic reaction in a patient lacking typical

clinical findings should not be interpreted as representing

active, persistent, chronic, or even dormant infection [23].

On the basis of the published performance characteristics of

the fluorescent antibody test for HGA using convalescent-

phase serum (mean sensitivity, 89.9%; mean specificity,

99.2%) [25], the posttest positive predictive value under con-

ditions of low (4%) prevalence or pretest probability is still

82%; this value increases to 196% when prevalence or pretest

probability increases to 25%. Likewise, the negative predictive

value of the HGA immunofluorescent assay is 91% and 97%
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when the pretest probability of infection is 50% and 25%,

respectively. Regardless, a number of conditions are associated

with false-positive serologic test results, including Rocky

Mountain spotted fever, typhus, Q fever, brucellosis, Lyme

disease, Epstein-Barr virus infection, and autoimmune con-

ditions that yield autoantibodies (rheumatoid factor, anti-

nuclear antibodies, antineutrophil cytoplasmic antibodies,

and antiplatelet antibodies).

TREATMENT

Although no clinical trials have been conducted, empirical data

show that all forms of ehrlichiosis respond to tetracyclines [8].

Currently recommended regimens are shown in table 4. Re-

sponse is generally very rapid, with improvement evident within

24–48 h, although this can be prolonged in those for whom a

significant treatment delay has occurred. Doxycycline is pre-

ferred over tetracycline because of its twice-daily oral dosing,

better patient tolerance, and the relatively lower risk of adverse

drug effects for children !8 years of age. There is excellent in

vitro susceptibility data to support the clinical impression of

tetracycline efficacy for both E. chaffeensis and A. phagocyto-

philum infection [8, 28, 29]. Doxycycline is also the drug of

choice for children !8 years of age who are seriously ill [8].

For situations in which doxycycline is contraindicated (e.g.,

allergy and pregnancy), few data support alternative regimens.

b-Lactams, cephalosporins, macrolides, and aminoglycosides

are inactive against E. chaffeensis and A. phagocytophilum in

vitro, and there is no evidence for in vivo efficacy of these

drugs. Despite some reports of clinical response to chloram-

phenicol, in vitro MICs discourage its use for treatment of HME

or HGA [8]. Similarly, levofloxacin and other fluoroquinolones

have variably acceptable MICs for A. phagocytophilum in vitro,

but limited clinical applications suggest that they are not ef-

fective for HME and may not be effective for HGA [8]. Some

empiric clinical success has also been reported for rifampin

[30], the usefulness of which is supported by low MICs in vitro

[8, 28].

Doxycycline therapy is highly efficacious, and posttherapy

relapse has never been reported [8]. When there is objective

evidence of concurrent HGA and Lyme disease, doxycycline

can be used to treat both infections in adults. For children !8

years of age who are not seriously ill, the recommended ap-

proach is doxycycline treatment for 3 days after the patient’s

fever has abated, followed by treatment with another antibiotic

(e.g., amoxicillin) that is active against B. burgdorferi to com-

plete a full 14-day course of therapy. Individuals treated in this

manner should be followed closely to ascertain that HGA has

completely resolved.
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