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Abstract

Human monocytotropic ehrlichiosis (HME) is a tick-borne bacterial infection caused by Ehrli-

chia chaffeensis. Most available data come from case reports, case series and retrospective

studies, while prospective studies and clinical trials are largely lacking. To obtain a clearer

picture of the currently known epidemiologic distribution, clinical and paraclinical presenta-

tion, diagnostic aspects, complications, therapeutic aspects, and outcomes of HME, we sys-

tematically reviewed the literature and analyzed and summarized the data. Cases of HME

are almost exclusively reported from North America. Human infections due to other (non-

chaffeensis) Ehrlichia spp. are rare. HME primarily presents as an unspecific febrile illness

(95% of the cases), often accompanied by thrombocytopenia (79.1% of the cases), leukope-

nia (57.8% of the cases), and abnormal liver function tests (68.1% of the cases). Immuno-

compromized patients are overrepresented among reviewed HME cases (26.7%), which

indicates the role of HME as an opportunistic infection. The incidence of complications is

higher in immunocompromized compared to immunocompetent cases, with ARDS (34% vs

19.8%), acute renal failure (34% vs 15.8%), multi organ failure (26% vs 14.9%), and second-

ary hemophagocytic lymphohistiocytosis (26% vs 14.9%) being the most frequent reported.

The overall case fatality is 11.6%, with a significant difference between immunocompetent

(9.9%) and immunocompromized (16.3%) cases, and sequelae are rare (4.2% in immuno-

competent cases, 2.5% in immunocompromised cases).

Author summary

Human monocytotropic ehrlichiosis (HME) is a bacterial disease caused by Ehrlichia chaf-
feensis which is transmitted by tick bites and exclusively reported from Northern America.

Infections with other Ehrlichia bacteria are rare, and only very rarely are such cases

reported from outside North America. Most cases of HME are likely to be asymptomatic,

and symptomatic cases of HME can be easily overlooked or confused as they present
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primarily as a non-specific febrile illness. Patients with a weakened immune system (e.g.

organ transplant patients) are more susceptible to HME and show more complications

when compared to patients with a normal immune system. Although response to antimi-

crobial treatment is usually fast and effective, complications may arise (particularly in

patients with a weakened immune system) and the outcome even be fatal. Since most

available data on HME comes from case reports, case series and retrospective studies, data

on several aspects of the disease remains patchy. To obtain a better overview on various

aspect of HME we systematically reviewed the existing literature and compiled and ana-

lyzed the reported data on epidemiology, clinical presentation, complications, diagnosis,

treatment, and outcome of HME.

Introduction

Ehrlichioses and anaplasmoses are tick-borne zoonotic infections caused by gram-negative,

obligate intracellular bacteria of the family Anaplasmataceae in the order Rickettsiales. All

members of the Anaplasmataceae have in common that they survive in vacuoles of host cells,

which usually originate from bone marrow, but occasionally also from endothelial cells. The

different Anaplasmataceae vary with regard to their tropism for certain cell lines. E.g. Ehrlichia
chaffeensis, Ehrlichia canis and Ehrlichia muris infect mostly the monocytes and macrophages,

while Anaplasma phagocytophilum and Ehrlichia ewingii infect mostly the granulocytes of

their mammalian hosts. This tropism for certain cell lines is reflected in some of the historical

names of the illnesses these pathogens cause in their natural animal as well as accidental

human hosts. In the context of human infection this is human monocytotropic ehrlichiosis
(HME) and human granulocytotropic anaplasmosis (HGA).

Human ehrlichiosis

The first recognition of Ehrlichia as a pathogen dates back to 1935, when canine ehrlichiosis

caused by Ehrlichia canis and its transmission by Rhipicephalus sanguineus ticks was discov-

ered. Later studies revealed that two other economically important veterinary pathogens, Ana-
plasma marginale (first described in 1910) and Cowdria ruminantium (first described in 1925),

are also ehrlichiae [1]. The first human infections caused by Ehrlichia were reported as early as

1954, when Rickettsia sennetsu (later Ehrlichia sennetsu, today Neorickettsia sennetsu) was

identified as the causative agent of Sennetsu fever (a glandular fever-like disease) in Japan

[2,3]. Until then, bacteria of the family Anaplasmataceae (today including the genera Ehrlichia,

Anaplasma and Neorickettsia) were primarily known as veterinary pathogens. This changed

following the identification of Ehrlichia chaffeensis (then thought to be E. canis) in a blood

sample of a 51-year-old man presenting with a febrile illness clinically similar to Rocky Moun-

tain spotted fever after a tick bite in rural Arkansas in 1986 [4,5]. Since then, human monocy-

totropic ehrlichiosis (HME) due to E.chaffeensis has increasingly been recognized as an

important tick-borne pathogen in the United States.

In 1999, E. ewingii (first described in 1971 [6]), a Ehrlichia strain closely related to E. canis
and E. chaffeensis and, like E. canis a causative agent of canine ehrlichiosis, was found to also

cause illness in humans. These E. ewingii infections presented with a clinical picture similar to

that of HME caused by E. chaffeensis [7]. The natural enzootic cycles of both E. chaffeensis and

E. ewingii primarily involve the Lone Star tick (Amblyomma americanum) and the white-tailed

deer (Odocoileus virginianus) as vector and reservoir. Human infections represent zoonotic

spillover events mostly related to recreational, occupational, military-related or peridomestic
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exposure to the tick vector [8]. In 1999, HME became a reportable disease in the United States.

Between 1987 and 2017, 15,527 cases of HME were reported in the USA [9]. From 2008 to

2012, the incidence of HME was 3.2 cases per million population in the United States, a four-

fold increase from 2000 [10]. In areas of high endemicity, incidence rates as high as 138–330

per 100,000 population [11,12] and seroprevalence rates of up to 12.5% are found [11]. In

2009, the spectrum of Ehrlichia species causing human ehrlichiosis (HE) in the United States

extended to E. muris subsp. eauclairensis (formerly Ehrlichia muris-like agent), whose enzootic

cycle primarily involves the blacklegged deer tick (Ixodes scapularis) and the white-footed

mouse (Peromyscus leucopus) and other small mammals as vector and reservoir [13]. Table 1

shows the currently known human pathogenic Ehrlichia species.

Besides infections transmitted by ticks, cases of HME acquired by blood-transfusion [14–

16] and organ transplantation have been reported [17,18].

Human ehrlichial infections/pathogens have also been reported in South America, Africa,

and Asia, but the epidemiology of HE outside the United States is still largely unknown [19–23].

The taxonomic order of the Anaplasmataceae underwent significant changes over time,

with the most relevant one being the identification of Anaplasma as an own genus and its sepa-

ration from the genus Ehrlichia in 2001 [1]. With this change of taxonomic order, the previ-

ously called human granulocytotropic ehrlichiosis (HGE, first described as a human pathogen

presenting similarly to HME in 1994 in the United States [24] became human granulocytotro-

pic anaplasmosis (HGA)). Although human infection caused by all members of the family

Anaplasmataceae have been, and often continue to be, generically referred to as ehrlichiosis, it

is increasingly apparent that the clinical manifestations and causative agents are distinct [8].

Clinical presentation

Human ehrlichiosis and human anaplasmosis both present as febrile illnesses manifesting one

to two weeks after the bite of an infected tick. The fever is accompanied by unspecific symp-

toms like weakness, malaise, headache, myalgia, arthralgia, nausea, and vomiting and some-

times a rash is present. Most infections are uncomplicated and self-limiting (and most likely

even asymptomatic), but severe complications, including septic shock, acute respiratory fail-

ure, meningoencephalitis, renal failure, and multi-organ failure may occur and even be fatal.

The higher incidence and risk for life-threatening complications in older patients suggests that

host factors are important parameters influencing disease severity. Increased severity and mor-

tality is also observed in immunosuppressed or immunocompromised patients, particularly in

HME.

Table 1. The currently known human pathogenic Ehrlichia species and their known mammalial hosts and tick vectors.

Ehrlichia spp. Mammalian hosts Major target cell / cell

tropism

Reported tick vectors

E. chaffeensis Deer, coyotes, dogs, humans Monocytes, macrophages Amblyomma americanum, Dermacentor variabilis,
Ixodes pacificus

E. canis Dogs, humans Macrophages Rhipicephalus sanguineus
E. ewingii Deer, dogs, humans Granulocytes Amblyomma americanum, Dermacentor variabilis
E. muris ssp. muris and ssp.

eauclairensis
Mice, voles, (humans*) Macrophages, endothelial

cells?

Ixodes scapularis, Ixodes persulcatus, Haemaphysalis
flava

E. ruminantium Cattle, sheep, goat, wild ruminants,

(humans*)
Endothelial cells Amblyomma variegatum

Amblyomma hebraeum
Candidatus E. erythraense ?, (humans*) ? Haemaphysalis longicornis

* to date, only very few isolated human infections have been reported.

https://doi.org/10.1371/journal.pntd.0012377.t001
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Diagnostics

Diagnosis of HME and HGA rests primarily on clinical suspicion, epidemiological plausibility,

and suggestive unspecific routine blood laboratory results, as the availability of sensitive and

specific acute diagnostic tests (i.e. PCR) is often limited. Since the risk for complications

increases and prognosis worsens if treatment is delayed, it is recommended to start empirical

antimicrobial treatment before the results of the laboratory tests are available [8]. Routine

blood laboratory investigations often show cytopenia, particularly leukopenia and thrombocy-

topenia, elevated liver function test levels (transaminases, alkaline phosphatase), and elevated

C-reactive protein levels [25].

Light microscopic examination of blood smears (stained with e.g. Wright’s, Diff-Quik,

Giemsa) may be diagnostic if the typical, intracellularly located inclusions called morulae

(from the Latin word for mulberry) are detected. These morulae represent clustered microco-

lonies of the pathogen within the host cell vacuole (Fig 1). Although this method is rapid, it is

relatively insensitive compared to other confirmatory tests, especially beyond the acute phase

(first week of infection) and in immunocompetent patients where disease is usually associated

with a very low bacterial burden [8,25]. The sensitivity of microscopy also largely depends on

the causative species: morulae are detectable in 25–75% of the blood smear examinations in

HGA but only in 3–7% of the blood smear examinations in HME [8,25]. Except for micros-

copy, PCR assays, serology, immunostaining of biopsy/autopsy material, and cell culture are

used to diagnose HME and HGA. Table 2 gives an overview on the advantages, disadvantages

and applications of the different diagnostic methods available.

Treatment and outcome

The treatment of choice for human ehrlichiosis and anaplasmosis is doxycycline or tetracy-

cline and in most cases, clinical response is rapid. The observation that mildly affected patients

recover spontaneously even without specific therapy, as well as the high seroprevalence rates

reported in some populations, suggest that most infections are mild, self-limiting and to a

large extend probably subclinical [8,25].

National surveillance data for HME from the United States show a hospitalisation rate of

57% and an overall death rate of 1%. Higher case fatality rates of 4% in children <5 years and

3% in the elderly�70 years are reported [10].

With our systematic review of human ehrlichiosis presented here, we aim to provide clini-

cians with a comprehensive summary of the available data, focusing on the clinically relevant

Fig 1. Microscopical detection of Ehrlichia chaffensis morulae. Intracellular Ehrlichia chaffeensis morulae in: (A)

light microscopy of the peripheral blood smear preparation (magnification x 1500); (B) leukocyte in the stroma of the

ovary (magnification x 1200) [courtesy of Prof. Aileen M. Marty].

https://doi.org/10.1371/journal.pntd.0012377.g001
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core aspects (Note that an analogously compiled systematic review of human granulocytotro-

pic anaplasmosis (HGA) was conducted in parallel by our group).

Methods

We performed a systematic literature search of the databases EMBASE, CINAHL, Cochrane,

PubMed, Scopus and Web of Science on 04/Jan/2023, using the search term ((“Ehrlichia” OR

“Ehrlichiosis” AND “Monocytes”)) OR (“Ehrlichi*” OR “Neoehrlichi*” OR “HME Agent” OR

“chaffeensis” OR “ruminantium” OR “muris eauclairensis” OR “muris” OR “sennetsu” OR

“ewingii” OR “Ehrlichia canis”) NOT (“Animals” NOT “Humans”)), adapted to the search for-

mat of the different databases. A detailed description of the literature search is available in S1

Text. After removing duplicated by EndNote (Version X9.3.3) and manually, the publications

were pre-screened by title and abstract, removing those not concerning HME or not including

the objectives of this study (data of clinical cases, including epidemiology, mode of transmis-

sion, diagnostic, treatment, outcome). A full-text review of the remaining publications was

then performed excluding those not meeting the inclusion criteria, according to the systematic

review protocol (concerning HME and the objectives of the study, published in English, Ger-

man, French, Italian or Spanish), as prescribed in S2 Text to exclude those not meeting the

inclusion criteria. Publications that could neither be retrieved through the respective journals,

nor by contacting libraries or the corresponding authors, were classified as ‘not retrievable’

and excluded. During the full-text review, the reference lists of the publications were screened

for additional relevant articles not identified previously («snowball-search» strategy). We con-

ducted a second literature search with the identical search strategy on 26/June/2023 to include

the most recently published articles. From the finally screened eligible studies, we extracted the

following data: author, title, year of publication, type of study, country of study, study period,

number of HME cases reported, age, sex, most likely country/province of acquisition/

Table 2. Overview of laboratory methods available to diagnose HME and HGA and their advantages, disadvantages and application/use [26,27].

Diagnostic method Advantages Disadvantages Application / use

Microscopy of blood

smear or buffy coat

preparation

Widely available Limited sensitivity (demands expertise, depends

on density of morulae); highest sensitivity during

acute phase/first week of infection; limited

specificity (does not allow conclusive species

differentiation)

Used in the acute phase of infection when

PCR is not available

PCR High specificity (allows species

differentiation); high sensitivity in the

acute phase of infection; also suitable for

biopsy/ autopsy samples

Decreased sensitivity beyond the acute phase/first

week of infection and after administration of

appropriate antibiotics

Used for diagnosis in the acute phase of

infection; availability often limited to

larger/reference laboratories

Serology (IFA, ELISA) Enables retrospective diagnosis beyond

the acute phase of infection

Not useful in acute phase of infection (due to

delayed seroconversion); confirmation of

diagnosis demands paired samples (acute and

convalescent serum); limited specificity due to

persisting antibodies after infection and cross-

reactivity of assays with other rickettsial

pathogens; decreased sensitivity after early

administration of appropriate antibiotics

Paired serology by IFA is the serological

gold standard but the result will only be

available retrospectively; used for

epidemiological studies

Immunostaining of

biopsy / autopsy tissue

High specificity; can also be applied to

biopsy/ autopsy samples

Availability limited to larger/reference

laboratories; decreased sensitivity after

administration of appropriate antibiotics

Useful for confirming the diagnosis in fatal

cases where diagnostic levels of antibodies

did not develop before death

Cell culture High specificity Low sensitivity; time and resource demanding;

decreased sensitivity after administration of

appropriate antibiotics

Diagnostic reference standard, but

availability largely restricted to reference

and research laboratories

IFA, immunofluorescence assay; ELISA, enzyme-linked immunosorbent assay, PCR, polymerase chain reaction.

https://doi.org/10.1371/journal.pntd.0012377.t002
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infection, autochthonous or imported case, if imported: time between end of trip and symp-

toms, country/province of diagnosis, risk factors for tick bite, year of acquisition/infection,

pre-existing conditions, immunosuppression, pregnancy, symptomatic/asymptomatic infec-

tion, hospital admission, time between first symptoms and presentation to hospital/physician,

duration of hospital stay, signs and symptoms, duration between fever and appropriate treat-

ment, presumed vector of disease, history of tick bite/exposure, tick species, duration between

bite and symptoms, diagnostic methods (serology, PCR, microscopy, culture, biopsy), grade of

diagnostic certainty, Ehrlichia species, coinfections, laboratory data, used drug(s) and treat-

ment regimen(s), number of treated or untreated patients, complications and outcome. Dis-

crepancies and unclear cases were discussed and resolved by consulting a second reviewer.

The probability of diagnostic certainty of the individual HME cases was graded according to

the diagnostic method used in the included studies, with PCR, culture and immunostaining of

tissue having the highest (grade A+) and clinical diagnosis the lowest (grade D) evidence for a

correct diagnosis (Table 3). The grading system was derived from the CDC case definition of

HME [23]. For interpretation of the laboratory parameters, we used our in-house laboratory

reference ranges. For parameters not commonly done in our laboratory, we used the reference

ranges of the University Hospital of Basel. The reference table used to interpret the laboratory

findings can be found in S3 Text. To limit confounding, patients with coinfections and preex-

isting conditions were excluded from some of the analyses if it was not clear whether the symp-

toms, the laboratory abnormalities, complications or the outcome were attributable to HGA.

For analysis, we divided the reviewed clinical cases into two categories, cases reported with

individual data (CRID) and cases reported with non-individual data (CRNID), i.e. case series

with cumulatively reported/pooled data, and differentiated between HME monoinfections and

cases of HME with coinfection(s). The data extraction sheet is available in S4 Text. Data were

analyzed and descriptively summarizing in percentages, medians, and ranges. We used the

free online geographic application Mapchart (www.mapchart.net) to visualize the worldwide

and regional distribution of HME cases and the causative Ehrlichia spp. This review was regis-

tered on PROSPERO under the number CRD42022385413.

Results

Our search identified 12,646 publications, of which 264 proved eligible for inclusion in the

review (Fig 2). The reference lists of the included and excluded publications, considered publi-

cations, and the PRISMA checklist for systematic reviews are available in S5 Text and S6 Text,

respectively.

246 of the 264 analyzed publications reported information on 416 CRID. The other 18 ana-

lyzed studies reported on cohorts of HME patients with a total of 844 CRNID. For the analysis

of signs and symptoms, laboratory findings, complications and outcome, we used data only

from cases clearly indicating the causative species as E. canis or E. chaffeensis monoinfections,

thus resulting in 321 CRID and 659 CRNID. The analysis of the data on epidemiology, diag-

nostics and antimicrobial treatment included mono- and coinfections. Although the analysis

of the cases reported with non-individual data (CRNID, i.e. case series, cohorts) was limited,

we nevertheless summarized the data analogously to CRID to allow a rough overview and

comparison (S7 Text). We also summarized the data on CRID with coinfection(s) (S8 Text),

but due to the data heterogeneity and the overall low numbers, we omitted the attempt of spe-

cific subgroup analyses. Fig 3 shows the allocation of cases to the respective analysis group.

It should be noted that throughout the further manuscript we use the term HME when spe-

cifically referring to human infections with E. canis and E. chaffeensis, while we use the term

HE when referring to human infections with Ehrlichia, regardless of species.
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Epidemiology

Fig 4 and Table 4 show the number of publications reporting cases of human ehrlichiosis, the

number of CRID and CRNID, and the geographic origin of these reports from 1987 to 2023.

Table 5 lists the number of CRID and CRNID reported from the different regions of the

world. Fig 5 shows the worldwide distribution of reported HE cases. Fig 6 shows the distribu-

tion of HE cases in the USA according to national surveillance data and according to the data

analyzed for this review.

Fig 7 shows the number of HE due to E. canis and E. chaffeensis. The red line marks the

year in which it was discovered that in humans the culprit Ehrlichia species is E. chaffeensis
and not E. canis [4].

Of the 264 analyzed publications, 12 publications reported a total number of 61 non-canis/
non-chaffeensis HE cases (Table 6). In 32 cases of HE, a co-infection was present. The most

common co-infection was with Rickettsia spp., the 2nd most common with Borrelia burgdorferi

Table 3. Diagnostic grading system to judge the certainty of the correct diagnosis of HME [26,28,29].

Diagnostic method Description Grade of

diagnostic

certainty

Case classification

(provided illness

clinically compatible

with ehrlichiosis)

Comment

PCR Detection of Ehrlichia spp. DNA in a clinical

specimen via amplification of a specific target by

polymerase chain reaction (PCR) assay

A+ Direct evidence,

confirmed diagnosis

High level of evidence, especially in the first

week of illness and before start of antibiotics,

mostly done from whole blood specimens,

also possible in solid tissue and bone marrow

specimens

Culture Isolation of Ehrlichia spp. from a clinical

specimen in cell culture

A+ Direct evidence,

confirmed diagnosis

High level of evidence, especially in the first

week of illness and before start of antibiotics,

difficult to carry out, time demanding

Immunostaining of

biopsy/autopsy tissue

Demonstration of ehrlichial antigen in a biopsy/

autopsy sample by immunohistochemical

methods

A+ Direct evidence,

confirmed diagnosis

High level of evidence, difficult to carry out,

time demanding

Serology—IgG IFA,

paired samples

Serological evidence of a fourfold rise in IgG-

specific antibody titer to E. chaffeensis/E. canis
antigens by indirect immunofluorescence assay

(IFA) in paired serum samples (i.e. an acute

phase sample [first week of infection] and a

convalescent phase sample [2–4 weeks later])

A Indirect evidence,

confirmed diagnosis

High level of evidence, serological gold

standard, cross-reaction with other rickettsial

diseases possible

Blood smear or buffy

coat preparation

microscopy

Identification of intracellular morulae in

monocytes (E. ewingii: granulocytes) by

microscopic examination

B+ Direct evidence, probable

diagnosis

Intermediate level of evidence, easy to carry

out, examiner-dependent, likelihood of

detection depends on level of Ehrlichia in

blood; limited specificity as morulae of E.

ewingii cannot by differentiated from

morulae of A. phagozytophilum which also

show a tropism for granulocytes

Serology—IgG IFA

single sample or ELISA

Serological evidence of elevated IgG antibody

reactive with E. chaffeensis/E. canis antigen by

ELISA or IFA (CDC uses an IFA IgG cutoff of

�1:64)

B Indirect evidence,

probable diagnosis

Intermediate level of evidence, no certain

differentiation between acute and past

infection possible, cross-reaction with other

rickettsial diseases possible

Serology—IgM ELISA

or IFA

Serological evidence of elevated IgM antibody

reactive with E. chaffeensis/E. canis antigen by

IFA, ELISA, or assays in other formats

C Indirect evidence,

possible diagnosis

Low level of evidence, IgM tests are not

always specific and not useful as single means

of diagnosis

Clinical diagnosis Signs and symptoms compatible with

ehrlichiosis

D Clinical diagnosis The lowest level of evidence for correct

diagnosis

CDC, Centers for Disease Control and Prevention; DNA, deoxyribonucleic acid; ELISA, enzyme-linked immunosorbent assay; IFA, immunofluorescence assay; IgG,

immunoglobulin G; IgM, immunoglobulin M; PCR, polymerase chain reaction.

https://doi.org/10.1371/journal.pntd.0012377.t003
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(Table 7). Data on the diagnostic methods used to diagnose HE was available for 413 CRID

and 814 CRNID, the majority of cases having been diagnosed with PCR (Table 8).

In 66 cases, the detection of morulae by light microscopy was described. In 43 of these cases

(65.2%), the diagnosis of HE was confirmed by PCR and in 32 of the cases the cell line contain-

ing the morulae was specified (Table 9).

The use of cell culture was reported in 17 cases. In 15 cases, a DH82 cell line was used

[30,41] and in two cases the used cell line was not specified [42,43].

Analysis of HME infection cases reported with individual data (CRID)

For 414 cases, the patient’s sex was reported: 268 (64.7%) were male, 146 (35.3%) were female.

For 409 cases (264 male, 145 female) sex and age was reported: the median age (range) of male

and female patients was 45.5 (2–85) and 50 years (2–95), respectively.

For 111 cases (26.7%), preexisting immunocompromization/-suppression was reported: 92

were on immunosuppressive medication, 61 of them due to a solid organ transplantation; 14

were HIV positive, 10 of them with a reported low CD4 cell count or AIDS defining condi-

tions; three had a splenectomy; one chronic renal failure; one was described as immunosup-

pressed by the authors without further explanation.

Fig 2. Flow diagram of search and selection of eligible publications. HE, human ehrlichiosis.

https://doi.org/10.1371/journal.pntd.0012377.g002
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The suspected route of transmission was tick-borne in 245 (96.1%) cases. Among 210

patients actively assessed for the history of a tick bite, 152(72.4%) recalled a tick bite. The cul-

prit tick species was only mentioned in two cases, in both cases it was Amblyomma ameri-
canum (the Lone star tick). In 114 (97.4%) of 117 cases with respectively available data,

outdoor activities were reported as risk factor for HME. The reported outdoor activities were

recreational (camping, hiking, biking, fishing, playing golf, gardening) in 73% and occupa-

tional (most commonly work in construction, on farms or military training, rarely field biol-

ogy) in 27% of the cases. Other reported transmission routes included blood transfusion

(n = 3; Table 10) and organ transplantation (n = 7; Table 11).

Two cases of HE related to international travel were reported (Table 12).

One case of HE during pregnancy was reported. The woman was 13 weeks pregnant. She

recovered completely and both mother and infant showed no long-term sequelae during the 1

year of follow-up. No data on whether vertical transmission occurred was reported [46].

Fig 3. Allocation of the reviewed human ehrlichiosis cases to the respective analysis groups. CRID, cases reported with individual data; CRNID, cases

reported without individual data; HME, human monocytotropic ehrlichiosis.

https://doi.org/10.1371/journal.pntd.0012377.g003
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For 299 HME monoinfection CRID the information whether the patients were symptom-

atic or asymptomatic was reported: 298 (99.7%) were symptomatic, 1 (0.3%) was asymptom-

atic. For 175 (58.7%) HME monoinfection CRID, data on the timespan from symptom onset

to presenting to a physician or hospital was available: median 5 days (range 0–28 days). Data

on the incubation period in case of tick-borne transmission was available for 72 cases: median

14 days (range 1–66 days). Data on the incubation period in case of transmission by organ

transplantation was available for all 7 reported cases: median 11 days (range 9–25 days). Data

on the incubation period in case of transmission by blood product transfusion was only avail-

able for only one of the 3 reported cases: 22 days (Table 10).

Hospitalization was reported for 248 (83.2%) of the symptomatic cases. Data on the length

of hospitalization was available for 76 patients: median eight 8 days (range 1–127).

Signs and symptoms

For 290 of the 299 HME monoinfection CRID, data on signs and symptoms was available (Fig

3). Fig 8 shows the frequency of the most commonly reported symptoms. Information on the

exact duration of fever was available for 39 patients: median 8 days (range 1–120), with five

patients having a persistent or recurring fever for more than 20 days. For 153 cases, data on

the maximum temperature measured was available: median 39.4˚C (range 36.3–41.6˚C).

The presence of a rash was reported in 71 (24.5%) cases. In children (i.e. <18 years), 27 out

of 62 case patients (43%) presented with a rash. In adults, 44 out of 226 case patients (19%) pre-

sented with a rash. In 48 (67.6%) of these cases, information on the rash morphology was avail-

able: macular (29.1%), petechial (25%), erythematous (20.8%), maculopapular (14.6%). Less

frequently, the rash was described as: purpuric (4.2%), vasculitic (2.1%), nodular (2.1%) or lacy

(2.1%).

Fig 4. Number of publications reporting cases of human ehrlichiosis and the respective number of cases published 1987–2023. CRID, cases reported with

individual data; CRNID, cases reported with non-individual data.

https://doi.org/10.1371/journal.pntd.0012377.g004
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Laboratory findings

Of the 299 HME monoinfection CRID, data on laboratory findings was available for 254 cases

(Fig 3). Fig 9 shows the frequency and Table 13 the median values and ranges of the reported

abnormal laboratory findings.

Complications

Complications were reported in 159 (63.1%) of 252 HME monoinfection CRID (Fig 3). Fig 10

shows the most frequently reported complications among the 159 cases. Exacerbation of an

Table 4. Number of publications reporting human ehrlichiosis cases and number of reported cases by country

1987–2023.

Country Number of publications reporting human ehrlichiosis

cases n (%)

Number of reported human ehrlichiosis

cases n (%)

USA 236 (89) 1173 (93)

China 2 (<1) 20 (2)

Cameroon 1 (<1) 12 (1)

Venezuela 2 (<1) 7 (1)

Israel 2 (<1) 7 (1)

Belgium 1 (<1) 1 (<1)

Brazil 2 (<1) 11 (<1)

Canada 1 (<1) 1 (<1)

Colombia 3 (1) 3 (<1)

Japan 1 (<1) 3 (<1)

Mali 0 (0) 1 (<1)

Mexico 2 (<1) 3 (<1)

Nicaragua 1 (<1) 1 (<1)

Portugal 1 (<1) 1 (<1)

Serbia 1 (<1) 1 (<1)

South

Africa

1 (<1) 3 (<1)

Spain 1 (<1) 1 (<1)

Taiwan 2 (<1) 2 (<1)

Thailand 1 (<1) 3 (<1)

Tunisia 1 (<1) 5 (<1)

Türkiye 1 (<1) 1 (<1)

Australia 1 (<1) 0 (0)

Total 264 (100) 1260 (100)

USA, United States of America.

https://doi.org/10.1371/journal.pntd.0012377.t004

Table 5. Number of human ehrlichiosis cases by geographic region.

Geographic region Number of CRID n (%) Number of CRNID n (%)

North America 373 (90) 805 (95)

South America 21 (5) 0 (0)

Asia 13 (3) 22 (3)

Europe 5 (1) 0 (0)

Africa 4 (1) 17 (2)

Total 416 (100) 844 (100)

CRID, cases reported with individual data; CRNID, cases reported with non-individual data.

https://doi.org/10.1371/journal.pntd.0012377.t005
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underlying medical condition was not considered a complication of HME (e.g. exacerbation of

COPD).

Hemophagocytic lymphohistiocytosis (HLH) was reported in 64 cases: 43 HME monoin-

fection CRID and 21 non-canis/non-chaffeensis HE cases and/or in cases with coinfection

(Table 14).

Treatment

Data on antimicrobial treatment was available for 396 of the 416 analyzed HE CRID: 381 cases

(96.2%) received antimicrobial treatment, 11 (2.8%) cases received no antimicrobial treatment,

Fig 5. Reported human ehrlichiosis cases by country. A+, diagnosed by PCR, culture and/or immunostaining of biopsy/autopsy tissue; A, diagnosed by

paired IgG IFA serology; B, diagnosed by single IgG IFA or ELISA serology.

https://doi.org/10.1371/journal.pntd.0012377.g005

Fig 6. Distribution of human ehrlichiosis in the United States of America. (A) Annual incidence (per million population) of reported Ehrlichia chaffeensis
ehrlichiosis for 2019 [9]; (B) Reviewed cases according to diagnostic certainty; A+, diagnosed by PCR, culture and/or immunostaining of biopsy/autopsy tissue;

A, diagnosed by paired IgG IFA serology; B+, diagnosed by microscopy of blood smear or buffy coat preparation; B, diagnosed by single IgG IFA serology.

https://doi.org/10.1371/journal.pntd.0012377.g006
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and in four cases (1%) the antimicrobial treatment was not specified. Of the 381 cases receiving

antimicrobial treatment, 365 (95.8%) received appropriate antimicrobial treatment (* sub-

stances listed in Table 15). One case was treated with tigecycline, which was considered ade-

quate for the treatment of HE by the authors [18].

For 88 of the 365 appropriately treated patients, the time between presentation to a physi-

cian or hospital and administration of appropriate therapy was known: median 2 days (range

0–38 days). In 235 of the 365 appropriately treated cases (64.4%), antimicrobial treatment was

initiated empirically, in 37 cases (10.1%) antimicrobial treatment was initiated after receiving a

positive diagnostic result for HE, and for 93 cases (25.5%), information was not available. Data

on the time window between symptom onset and administration of appropriate antimicrobial

treatment was available for 62 cases: median 7 days (range 0–59).

Data on the time window between first administration of appropriate antimicrobial treat-

ment and the resolution of fever was available for 72 cases: median time 2 days (range<1–6

days). In one case, treatment was only started after the fever had already subsided. In the major-

ity of cases, doxycycline in the standard dose of 200 mg per day (100mg BID) was given. The

overall median duration of antimicrobial treatment was 14 days (range 4–30 days) (Fig 11).

Outcome

Data on the outcome was available for 292 of the HME CRID: 34 (11.6%) died due to acute

complications related to their infection (Table 16), 21 of them were immunocompetent, 13

were immunosuppressed, resulting in case fatality rates of 9.9% and 16.3% respectively. Infor-

mation on the time between first symptoms and death due to ehrlichiosis was reported in 19

cases: median 13 days (range 7–68 days). Of the survivors with respectively available data, 11

Fig 7. Diagnosed human ehrlichiosis cases by species before and after the discovery of Ehrlichia chaffeensis. E. chaffeensis, Ehrlichia chaffeensis;

E. canis, Ehrlichia canis.

https://doi.org/10.1371/journal.pntd.0012377.g007
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Table 6. Reported cases of human ehrlichiosis due to non-canis/non-chaffeensis Ehrlichia species (n = 61).

Species Number

of cases

(n)

Country

of

infection

Year of

publication

Mode of

diagnosis (n

patients)

Clinical features (n

patients)

Laboratory findings (n

patients)

Outcome Comment Ref.

E. ewingii 4 USA 1999 PCR (4/4),

blood

smear (2/4)

Fever (4/4), headache (4/

4), myalgia (1/4), neck

stiffness (1/4),

lymphadenopathy (1/4)

Thrombocytopenia (4/

4), anemia (2/4),

leukopenia (1/4),

abnormal liver-

function tests (1/4)

All

survived

3/4

immunocompromised

[7]

1 USA 2004 PCR, blood

smear,

culture

N.r. N.r. N.r. [30]

3 USA 2007 PCR (3/3) Fever (3/3), headache (2/

3), nausea and vomiting

(2/3), myalgia (1/3),

cough (1/3)

N.r. All

survived

3/3

immunocompromised

[31]

1 USA 2009 PCR Fever, chills, myalgias,

nausea and headache

Leukopenia, elevated

liver enzymes

Survived No cross-reactivity with

E. chaffeensis
[32]

7 USA 2009 PCR (7/7) Fever (7/7), headache (3/

7), cough (2/7), malaise

(2/7), rash (1/7),

arthralgias (1/7),

weakness (1/7), nausea

(1/7), dyspnea (1/7)

N.r. All

survived

7/7

immunocompromised

[33]

1 USA 2013 PCR, blood

smear

Fever, fatigue, vomiting,

diarrhea, petechial rash

Neutropenia,

thrombocytopenia,

elevated liver enzymes

Survived E. ewingii infection

through platelet

transfusion,

immunocompromised

[14]

1 USA 2014 PCR, blood

smear

Fever, cough, myalgia,

fatigue, weakness,

petechiae and bruising

Pancytopenia, elevated

bilirubin, LDH and

ferritin

Survived Involvement of bone

marrow

[34]

5 USA 2016 PCR (5/5) Fever (5/5), headache (2/

5), nausea (2/5), malaise

(1/5), rash, myalgia(1/5),

arthralgia (1/5),

vomiting (1/5),

abdominal pain (1/5),

diarrhea (1/5)

Leukopenia (4/5),

thrombocytopenia (4/

5), elevated liver

enzymes (2/5)

4/5

survived, 1/

5 died of

HE

unrelated

cause

[35]

*

1 USA 2017 PCR, blood

smear

Fever, chills, nausea,

vomiting, pedal edema

Pancytopenia Survived Immunocompromised [36]

10 USA 2019 PCR (10/

10)

N.r. N.r. 2/10 died,

8/10

survived

7/10

immunocompromised

[37]

E.

ruminantium
3 South

Africa

2005 PCR (3/3) Encephalitis (2/3), 1/3

fever, headache, ataxia,

progressive sleepiness

Leukocytosis and

thrombocytosis (1/3)

All died [38]

Panola

Mountain

Ehrlichia

1 USA 2008 PCR Neck pain N.r. Survived [39]

Ehrlichia sp.

Wisconsin

HM543745

4 USA 2011 PCR (4/4),

culture (1/

4)

Fever (4/4), headache (4/

4), malaise/fatigue (4/4),

nausea and vomiting (1/

4)

Lymphopenia (4/4),

thrombocytopenia (3/

4), elevated liver

enzymes (3/4)

All

survived

2/4

immunocompromised

[13]

(Continued)
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(3.8%) were reported to suffer from sequelae, 4.2% in the immunocompetent group and 2.5%

in the immunocompromized group (Table 17).

Discussion

Publications on HME

Since HME was first described in 1987, the number of publications reporting cases of HME

has increased slightly over time, with large cohort studies published in 1994, 2019 and 2020

each providing data on more than 100 cases (Fig 4) [37,115,116].

Table 6. (Continued)

Species Number

of cases

(n)

Country

of

infection

Year of

publication

Mode of

diagnosis (n

patients)

Clinical features (n

patients)

Laboratory findings (n

patients)

Outcome Comment Ref.

Candidatus
Ehrlichia

erythraense

19 China 2023 PCR (15/

19), paired

IgG-IFA

serology (4/

19)

19/19 fever, rash,

asthenia and anorexia,

15/19 myalgia

6/19 leukopenia,

thrombocytopenia,

elevated liver enzymes,

18/19 increased CRP

All

survived

[40]

CRP, C-reactive protein; E. ewingii, Ehrlichia ewingii; E. ruminantium, Ehrlichia ruminantium; HE, human ehrlichiosis; IgG, immunoglobulin G; IFA,

immunofluorescence assay; LDH, lactate dehydrogenase; N.r., none/not reported; PCR, polymerase chain reaction; Ref., reference; USA, United States of America.

* regarding [35]: this publication describes an additional five cases of human Ehrlichia ewingii infections. Those cases were not included in our analysis because of

insufficient clinical data.

https://doi.org/10.1371/journal.pntd.0012377.t006

Table 7. Reported coinfections in human ehrlichiosis (n = 32).

Reported coinfection

pathogen(s)*
Number of coinfections among human

ehrlichiosis CRID [n = 416] n (%)

Number of coinfections among human

ehrlichiosis CRNID [n = 844] n (%)

Number of coinfections among all human

ehrlichiosis cases [n = 1260] n (%)

Tick-borne pathogens

Borrelia burgdorferi sensu

lato

7 (1) 1 (<1) 8 (<1)

Colorado tick fever - 1 (<1) 1 (<1)

Borrelia burgdorferi s.l. +

Babesia spp.

1 (<1) - 1 (<1)

Babesia spp. 2 (<1) - 2 (<1)

Rickettsia spp. 6 (1) 4 (<1) 10 (<1)

Rickettsia rickettsii
+ Coxiella burnetti

1 (<1) - 1 (<1)

Anaplasma
phagocytophilum

3 (<1) - 3 (<1)

Other arthropod-borne

pathogens

Orientia tsutsugamushi 1 (<1) - 1 (<1)

Dengue virus 1 (<1) - 1 (<1)

Non-vector-borne

pathogens

Escherichia coli 1 (<1) - 1 (<1)

Epstein-Bar virus 3 (<1) - 3 (<1)

Total 26 6 32

CRID, cases reported with individual data; CRNID, cases reported with non-individual data; spp. species.

* Note that the list of coinfections is based on the coinfections reported by the authors in the original publication, which, however, often cannot by checked for validity

due to a lack of information on the corresponding diagnostics and therefore do not allow a conclusive assessment.

https://doi.org/10.1371/journal.pntd.0012377.t007
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Epidemiology

The vast majority of HE cases are reported from the USA (Table 4 and 5). Until 1991, it was

assumed that cases of HME in the US were exclusively caused by E. canis. Then, in 1991,

Anderson et al. identified a new Ehrlichia species in the US, closely related to but different

from E. canis, which was named E. chaffeensis. Since then, the majority of published HME

cases is reported to be due to E. chaffeensis, with only very few publications reporting cases due

to E. canis. This led to the recognition that the main causative pathogen of HME is E. chaffeen-
sis and and not E. canis [4]. This paradigm change is nicely illustrated in Fig 4.

Very few publications report HE cases from regions of the world other than North America.

Most of these cases are based on low diagnostic certainty regarding the correct diagnosis of

Table 8. Diagnostic methods used to diagnose human ehrlichiosis.

Diagnostic method Level of

diagnostic

certainty*

Human ehrlichiosis CRID [n = 413] Human ehrlichiosis CRNID [n = 814]

Number of cases tested

positive by this method

n (%)#

Number of cases for which this

level of diagnostic certainty was

the highest n (%)

Number of cases tested

positive by this method

n (%)#

Number of cases for which this

level of diagnostic certainty was

the highest n (%)

PCR A+ 216 (52.3) 219 (53) 432 (53.1) 432 (53.1)

Culture 3 (<1) 14 (1.7)

Immunostaining of

biopsy tissue

16 (3.9) -

Serology–IgG IFA,

paired samples

A 109 (26.4) 92 (22.3) 341 (41.9) 308 (37.8)

Microscopy B+ 53 (12.8) 12 (2.9) 13 (1.6) 2 (<1)

Serology–IgG IFA,

single sample

B 50 (12.1) 33 (8.0) 86 (10.6) 69 (8.5)

Serology–IgG ELISA,

single sample

- -

Serology–IgM IFA or

ELISA

C 8 (1.9) 53 (12.8) - 3 (<1)

Serology–method not

specified

70 (16.9) 28 (3.4)

Clinical diagnosis D 4 (<1) 4 (1) - -

CRID, cases reported with individual data; CRNID, cases reported with non-individual data; ELISA, enzyme-linked immunosorbent assay; IFA, immunofluorescence

assay; PCR, polymerase chain reaction.

* A+, diagnosed by PCR, culture and/or immunostaining of biopsy/autopsy tissue; A, diagnosed by paired IgG IFA serology; B+, diagnosed by microscopy of blood

smear or buffy coat preparation; B, diagnosed by single IgG IFA or ELISA serology; C, diagnosed by IgM serology and/or unspecified serology method; D, clinically

diagnosed.
# in many cases a combination of diagnostic tests was used to establish the diagnosis. Thus, the number of positive test results exceeds the number of cases.

https://doi.org/10.1371/journal.pntd.0012377.t008

Table 9. Cell line(s) in which Ehrlichia morulae were reported (n = 66).

Cell line Number of cases n (%) Ehrlichia species

Monocytes 22 (33.3) 18 E. chaffeensis, 1 E. canis, 3

unspecified E. spp.

Granulocytes 9 (13.6) 5 E. ewingii, 3 E. chaffeensis, 1

unspecified E. spp.

Thrombocytes 1 (1.5) E. chaffeensis
Unspecified and/or multiple cell lines and/or

morulae in bone marrow biopsy

34 (51.5)

https://doi.org/10.1371/journal.pntd.0012377.t009
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HE or report case series of human infections with unusual Ehrlichia species, like E. ruminan-
tium in South Africa [38], or Candidatus Ehrlichia erythraense in China [40] (Table 6 and par-

agraph below). Thus, it remains largely unclear if HME and to what extend HE exists outside

North America, especially, in the absence of known transmission cycles, vector ticks or animal

reservoirs. An unspecified febrile illness may easily be misdiagnosed as ehrlichiosis if based on

serology only, as serological assays are hampered by cross-reactivity among Anaplasmataceae

species, such as Anaplasma phagocytophilum [10]. This might explain some of the putative HE

cases reported from regions outside the known ehrlichiosis endemic areas (Fig 5). The latter

are well characterized for the US, with our analyzed data nicely mirroring the national surveil-

lance data (Fig 6).

Table 12. Reported cases of travel-related human ehrlichiosis (n = 2).

No. Year of

publication

Number of

cases (n)

Country of

infection

Country of

diagnosis

Level of diagnostic

certainty of human

ehrlichiosis

Coinfections Ref.

1 1992 1 Mali Canada A N.r. [44]

2 2015 1 USA Australia A N.r. [45]

A, diagnosed by paired IgG IFA serology; N.r., none/not reported; Ref., reference; USA, United States of America.

https://doi.org/10.1371/journal.pntd.0012377.t012

Fig 8. Signs and symptoms of cases of human monocytotropic ehrlichiosis monoinfection reported with individual data (n = 290 cases: 211

immunocompetent, 79 immunocompromized). A+, diagnosed by PCR, culture and/or immunostaining of biopsy/autopsy/tissue; A, diagnosed by paired IgG

IFA serology; B+ diagnosed by microscopy of blood smear or by buffy coat preparation; B, diagnosed by single IgG IFA or ELISA serology; C, diagnosed by

IgM serology; D, clinically diagnosed. * definition: altered mental state, confusion, somnolence, delirium, or coma. # other neurological symptoms included:

ataxia (9.5%); dysarthria (9.5%); agitation (9.5%); hyperreflexia (9.5%); tingling in hand and feet (4.8%); glove and stocking numbness (4.8%); hallucinations

(4.8%); hemiparesis (4.8%); hyperosmia (4.8%); tinnitus (4.8%); tremor (4.8%); decreased vision (4.8%); psychotic episodes (4.8%); visual changes + ataxia

+ tingling + areflexia + decreased vibration sensation with a glove and stocking pattern (4.8%); ataxia + distal sensory loss + global areflexia (4.8%); sixth cranial

nerve palsy + diplopia + ataxia (4.8%); bilateral eye deviation + anisocoria (4.8%). † other cardiovascular signs and symptoms included: murmurs (46.7%);

additional heart sounds (13.3%); atrial fibrillation (6.7%); hypertension (6.7%); bradycardia (6.7%); muffled heart sounds (6.7%); not further specified irregular

heartbeat (6.7%); hypertension + murmur (6.7%). ‡ hemorrhagic manifestations: petechiae (45.5%); ecchymoses (18.1%); epistaxis (9.1%); subconjunctival

hemorrhages (9.1%); gingival bleeding (9.1%); ecchymoses + subconjunctival hemorrhages (9.1%). § definition: headache plus neck stiffness and/or

photophobia. Δ more rare signs and symptoms not included in the figure:<1–2%: dizziness, chest pain, otalgia, syncope, vertigo, epididymitis/epididymal pain,

unspecified falls.

https://doi.org/10.1371/journal.pntd.0012377.g008
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Non-canis/non-chaffeensis human Ehrlichiosis

Only a very small proportion of the published cases of HE are due to non-canis/non-chaffeensis
Ehrlichia species (Table 6). The most frequently reported non-canis/non-chaffeensis Ehrlichia
species in the US is E. ewingii, which accounts for 5.5% of reported HE cases, according to

Fig 9. Laboratory findings in human monocytotropic ehrlichiosis (n = 254 cases: 207 immunocompetent, 47 immunocompromized). A+, diagnosed by

PCR, culture and/or immunostaining of biopsy/autopsy/tissue; A, diagnosed by paired IgG IFA serology; B+ diagnosed by microscopy of blood smear or by

buffy coat preparation; B, diagnosed by single IgG IFA or ELISA serology; C, diagnosed by IgM serology; D, clinically diagnosed. AST, aspartate

aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; AP, alkaline phosphatase; BUN, blood urea nitrogen [The cut-offs defining

abnormal values of the individual laboratory parameters are listed in S7 Text].

https://doi.org/10.1371/journal.pntd.0012377.g009

Table 13. Medians and ranges of laboratory parameters in human monocytotropic ehrlichiosis.

Laboratory parameters Median Range Number of cases with available data (n)

Leukocytes (103/μl) 2.9 0.4–28.9 177

Thrombocytes (103/μl) 62 6–413 191

Hemoglobin (g/dl) 11.1 4.8–16 106

Hematocrit (%) 36 0.14–0.46 48

AST (U/l) 189 6–5460 137

ALT (U/l) 124 9–1575 114

AP (U/l) 225 48–650 53

Total bilirubin (μmol/l) 28.1 1.4–1009 42

LDH (U/l) 945 212–19130 48

BUN (mg/dl) 49 12–136 35

Creatinine (μmol/l) 202 26–972 58

Ferritin (μg/l) 21187 402–85517 29

Sodium (mmol/l) 129 112–153 43

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; BUN, blood urea

nitrogen; LDH, lactate dehydrogenase.

https://doi.org/10.1371/journal.pntd.0012377.t013
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Heitmann and colleagues [10]. In our analysis we found that E. ewingii is reported in 3.3% of

the published cases, but it should be pointed out that the proportion of reported E. ewingii
cases is likely influenced by the used PCR assay [10].

In 2023, a new Ehrlichia species may have been discovered in China. In some provinces

reported endemic typhus cases increased four-fold in spring 2021 compared to previous years.

This led to an investigation to determine whether these cases were really all due to endemic

typhus. The patients in question all tested negative for typhus group rickettsiae by PCR, but all

serum samples showed IgM for E. chaffeensis. Subsequent phylogenetic analysis indicated that

a new Ehrlichia species was the causative pathogen in these patients, who were misdiagnosed

Fig 10. Frequency of complications in human monocytotropic ehrlichiosis (n = 252: 202 immunocompetent, 50 immunocompromized)*. A+,

diagnosed by PCR, culture and/or immunostaining of biopsy/autopsy/tissue; A, diagnosed by paired IgG IFA serology; B+ diagnosed by microscopy of

blood smear or by buffy coat preparation; B, diagnosed by single IgG IFA or ELISA serology; C, diagnosed by IgM serology; D, clinically diagnosed. ARDS,

acute respiratory distress syndrome. * as in many cases, multiple complications were concomitantly present, the number of complications exceeds the

number of cases. # cardiac complications: myocarditis (27.3%); cardiac arrest (22.7%); heart failure (18.2%); cardiac arrhythmia (13.6%); myocardial

infarction (13.6%); ventricular tachycardia + heart failure (4.5%). † coagulopathy: disseminated intravascular coagulopathy (61.9%); unspecified

coagulopathy (19.0%); disseminated intravascular coagulopathy + hemorrhagic manifestation (19.0%). ‡ other neurologic complications: coma (15.0%);

cerebral edema with herniation (15.0%); Guillain-Barré syndrome (10.0%); hearing loss (10.0%); cranial nerve palsy (10.0%); acute inflammatory

demyelinating polyradiculoneuropathy (5.0%); subarachnoid hemorrhage (5.0%); critical illness myopathy (5.0%); bilateral foot drop (5.0%); visual

hallucinations (5.0%); psychotic episode (5.0%); partial Bell’s palsy + monoparesis possibly due to a ischemic infarction (5.0%); sixth cranial nerve palsy

+ diplopia + ataxia (5.0%). Δ more rare complications not included in the figure:<1%: pulmonary edema, nephrotic syndrome, adrenal insufficiency,

pulmonary embolism, rhabdomyolysis, appendicitis, cholestasis, abdominal compartement syndrome, ileus, syndrome of inappropriate antidiuretic

hormone secretion, posterior uveitis, cholecystitis, graft failure with autologous reconstitution and residual acute myelogenous leukemia, spontaneous

vaginal bleeding; esophageal ulcer + pulmonary hemorrhage, candiduria + severe thrombocytopenia requiring platelet transfusions, systemic hemorrhages

+ hemolysis, ecchymosis + thrombotic thrombocytopenic purpura-like illness, lower extremity deep vein thrombosis + Candida spp. fungemia, ascites

+ peripheral edema, mixed cryoglobulinemia + secondary membrano-proliferative glomerulonephritis + hand abscess, cytomegalie virus viremia

+ hemorrhagic cystitis, Clostridium difficile colitis + relapsed Ehrlichia infection, Clostridium difficile colitis + Candida albicans fungemia + Pseudomonas
aeruginosa urinary tract infection + Staphylococcus aureus and Candida albicans sternal osteomyelitis, pulmonary embolism + endobronchial hemorrhage

+ cholestasis, pulmonary aspergillosis + cytomegalie virus infection + cholestasis + pancreatitis + intestinal infarction + congestive splenomegaly + gastric

ulcers.

https://doi.org/10.1371/journal.pntd.0012377.g010
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as endemic typhus. The name Candidatus Ehrlichia erythraense was proposed as all 19 patients

presented with a rash [40].

Coinfections

Among the reviewed HE cases, we found a coinfection rate with other tick-borne pathogens of

2.1% (26/1260) (Table 7). However, reported data on the rate of co-infection in HE cases

should generally be interpreted with caution (limited sample sizes, questionable representa-

tiveness, lack of systematic testing for coinfections). In addition, the report of concomitantly

diagnosed coinfections should especially interpreted with caution if the causative pathogens

are exclusively transmitted by different tick species.

Diagnostic

The most frequently reported diagnostic methods used to diagnose HE are PCR and serology

(Table 8). PCR is highly specific but specificity varies among assays. In the reviewed publica-

tions, often an unspecific Ehrlichia PCR assay was used, which might lead to an overestimation

of HE cases, as some of these assays not only detect Ehrlichia spp. but also Anaplasma spp.

[117,118]. In serology, similar specificity problems arise due to the cross-reactivity of serologi-

cal assays with pathogens from the Anaplasmataceae family as well as between different Ehrli-
chia species [21]. In addition, false positive serological results may also be seen. A notable

example in this regard is that of a woman with clinical symptoms consistent with HE who had

a positive E. chaffeensis-specific IgM and IgG test result but did not respond to appropriate

antimicrobial treatment. This patient was eventually diagnosed with systemic lupus erythema-

tosus (SLE), and after SLE-specific treatment, her ehrlichiosis serology became negative, con-

firming that her false-positive test was likely due to SLE [116].

The higher proportion of CRID diagnosed by PCR compared to CRNID (Table 8) is proba-

bly due to the fact that CRID were more frequently reported in context of acute infection, for

which PCR is the ideal tool, whereas CRNID were more frequently reported in retrospective

studies and therefore diagnosed retrospectively by serology. Microscopy of blood smears for

the presence of morulae is rarely performed. This is probably due to the fact that the presence

of morulae in HME is rare overall (much rarer than in anaplasmosis) and therefore the sensi-

tivity is low, and that PCR is a much more sensitive method for acute diagnosis. In connection

with microscopy, it should be noted that the tropism of E. chaffeensis for monocytes is not

100%, contrary to the suggestive designation human monocytotropic ehrlichiosis (Table 9).

Immunostaining of biopsy tissue and culture is rarely performed (Table 8), which is under-

standable, considering that these diagnostic methods are technically challenging as well as

resource and time demanding and rarely available.

Patients’ characteristics

HME was more commonly diagnosed in males than in females (M:F ratio = 1.84) and mostly

seen in middle-aged and older individuals, which corresponds to US surveillance data [119]

and most likely reflects the higher recreational and/or occupational exposure risk of males to

ticks. Of the cases we analyzed, 26.7% were reported in immunocompromized patients. In

54.9% of these patients the immunocompromization was due to past organ transplantation.

This is in complete agreement with the literature, which usually states that a quarter of HME

patients fall into the group of immunocompromized patients [8]. HME is therefore an oppor-

tunistic infection that should be included in the differential diagnoses of immunocompro-

mized patients, particularly organ transplant recipients, living in endemic areas.
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Among our reviewed cases, the hospitalization rate was 83.2%, which is considerably

higher than the 57% reported in US national surveillance data [10], but similar to the hospi-

talization rate of 88.4% reported by a tertiary care centre in an endemic area [116]. The dis-

crepancy in the reported hospitalization rates is thus plausibly explained by the nature of

the underlying data sources with our data primarily reflecting the more likely published

data on severe cases.

Route of transmission

The most common route of transmission of HME is by tick bite, which is confirmed by the

fact that in 96.1% of the reviewed HME cases the reported suspected route of transmission was

Table 15. Antimicrobial treatment of human ehrlichiosis (n = 356) considered effective*.
Antimicrobial treatment Number of cases n (%)

Doxycycline 298 (83.7)

Tetracycline 21 (5.9)

Chloramphenicol 20 (5.6)

Minocycline 4 (1.1)

Rifampicin 2 (<1)

Multiple compounds 11 (3.1)

Doxycycline + chloramphenicol 8

Doxycycline + rifampicin 2

Tetracycline + chloramphenicol 1

* tetracyclines (doxycycline, minocycline) and rifampicin were considered effective/appropriate; chloramphenicol

was also considered effective/appropriate, although evidence is limited; beta-lactams, quinolons, macrolides,

aminoglycosides, glycopeptides, nitroimidazoles, sulphonamides, and lincosamide were considered ineffective/

inappropriate.

https://doi.org/10.1371/journal.pntd.0012377.t015

Fig 11. Duration of antimicrobial treatment for human ehrlichiosis (n = 112).

https://doi.org/10.1371/journal.pntd.0012377.g011
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a tick bite. Transmission through blood transfusions (n = 3; Table 10) and organ transplants

(n = 7; Table 11) is reported, but appears to be rather rare overall.

Whether HE is vertically transmissible in case of infection during pregnancy remains

unclear. We encountered only one case report of HE during pregnancy, and in this case no

vertical transmission was reported.

Travel-related cases

With only two ever reported cases, HE appears to not be a relevant infection in the context of

international travel. Although the awareness of physicians to suspect HE as well as the diagnos-

tic capacities to confirm HE is likely very low outside US endemic areas, we do not consider it

likely that HE is frequent among international travelers.

Signs and symptoms

HME presents similarly to many other febrile illnesses without specific signs and symptoms

(Fig 8) and can be easily misdiagnosed or overlooked as it is often mild, oligosymptomatic and

self-limiting, even in the absence of antimicrobial treatment. The majority of ehrlichiosis infec-

tions may even be asymptomatic and therefore go unnoticed, as supported by respective case

reports [114]. Since Ehrlichiae belong to the order Rickettsiae, it is not surprising that the clas-

sic clinical triad of fever, headache and skin rash is also observed in HE. However, we found

this classical triad reported in only 10% of the reviewed cases. The presence of a rash was

described in 24.5% of the reviewed cases, with some discrepancies when looking on certain

subgroups: e.g. rash was reported in 43% of pediatric and 19% of adults HME cases and in 28%

of immunocompetent and 13% of immunocompromized cases, respectively. The range and

difference in the age-specific proportions is roughly in line with the literature, where the pres-

ence of a rash is described in approximately 48–60% of pediatric and<30% of adult HME

cases [42,120]. Regarding our finding of a lower, but still considerable rate of rash in immuno-

compromized patients, it is interesting that in a retrospective study comparing immunocom-

petent HME cases (n = 43) with organ transplanted HME cases (n = 15), the only statistically

significant different symptom was rash, being present in 38% of immunocompetent but 0% of

organ transplant patients [31].

Laboratory findings

Laboratory findings in HME cases are not specific, but often characterized by the combination

of cytopenia (with thrombocytopenia being the most common, followed by leukopenia and

less commonly mild non-hemolytic anemia) and elevated transaminase levels (Fig 9). How-

ever, this pattern may also be observed with other infections, including many other tick-borne

infections (e.g., anaplasmosis, rickettsiosis, tularemia, babesiosis, tick-borne relapsing fever, Q

fever, and tick-borne arboviral infections) [121].

Complications

The reported rate of complications among the reviewed monoinfected CRID was 63.1% and

thus rather high when compared to the complication rate of up 17% according to the literature

[25,115,116]. This difference is very likely explained by reporting and publication bias, but

very likely also by differences in case definition. We defined a complicated course of HE as a

case whose severity requires specific therapeutic interventions/care beyond the administration

of antimicrobial therapy (e.g., respiratory support, renal replacement therapy, circulatory sup-

port, blood transfusion, intensive care monitoring etc.), whereas many publications restricted
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the definition of complications to life-threatening organ-failure. Also, the results of our analy-

sis regarding complications very likely reflect a worst-case scenario, as the denominator used

to calculate the incidence of complications was conservatively chosen when using only data

from cases in which data on complications where available. In addition, 25% of the cases with

reported complications we reviewed were immunocompromised. As complications are known

to occur more frequently in immunocompromised individuals [122–125], this may also have

contributed to the higher complication rate we found.

The most common complications were ARDS, acute renal failure, multi-organ failure and

HLH, with the first two complications occurring statistically significantly more frequently in

immunocompromized patients (Fig 10). Particularly HLH appears to be a prominent compli-

cation of HE. HLH comes in two forms, primary (inherited) HLH, and secondary (acquired)

HLH (sHLH). The latter has many known triggers, including neoplasms, autoimmune pro-

cesses, and particularly infections, with the most common infectious cause being viral

[85,126]. sHLH results from defective hyperactivation of natural killer and cytotoxic T-cells

that can progress to multi-organ failure [126]. In septic patients, the incidence of sHLH is esti-

mated between 3.7 and 4.3% [126]. Among the reviewed cases with reported data on complica-

tions, HLH was reported in 17% (43/252) of the cases. This number is very likely

overestimating the frequency of HE-related HLH due to reporting and publication bias, but

even if assuming the absence of HLH in all reviewed HE-cases not specifically reporting the

absence of HLH, the incidence of HLH would still be 6.5% (64/980). Although many patho-

gens are known as possible triggers of HLH, we have not found any other pathogen in the liter-

ature that has a similarly high association rate with HLH as Ehrlichia. We found a CFR among

HE-related HLH cases of 18% (12/64). Since the overall reported case fatality rate of HLH is

50–80% [127], HE-related HLH appears to have a comparatively good outcome.

Treatment

All patients with a suspected diagnosis of HME should be treated empirically without delay,

regardless of whether the diagnosis is confirmed, as delayed treatment leads to prolonged

illness, longer hospitalization, and an increased risk of complications [128]. Doxycycline is

the most commonly and widely used antimicrobial agent (Table 16) and the recommended

treatment of choice. The most frequently recommended and most widely adopted dosing

regimen for adults is 100mg of doxycycline twice daily [26], but no studies have yet been

conducted to define an optimal treatment regimen for HME. In our analysis, the median

duration of antimicrobial treatment was 14 days, with a clear tendency of physicians to

either opt for a 7-, 10-, 14- or 21-day treatment regimens (Fig 11). The tendency to opt for

10–14 days is probably due to the fact that physicians want possible Lyme co-infection to be

covered [42,129], while for HME, a treatment duration of 4–5 days (corresponding to three

days after defeverence) is otherwise considered adequate [26,130]. Our analysis confirms

that fever resolves rapidly (mostly within 2 day) after starting appropriate antimicrobial

treatment. Thus, in the case of persisting fever, the diagnosis of HME should be reconsid-

ered. While tetracycline is contraindicated in children <8 years of age due to the risk of irre-

versible dental staining, administration of doxycycline for up to 21 days is considered safe

at any age [131–133]. The recommended pediatric dose of doxycycline for children weigh-

ing less than 45 kg is 2.2mg/kg body weight twice daily [26]. Regarding pregnant woman,

doxycycline has shown no evidence for increased teratogenicity [133] and the US CDC

states: "in cases of life-threatening allergies to doxycycline, severe doxycycline intolerance,

and in some pregnant patients for whom the clinical course of ehrlichiosis appears mild,

physicians might consider alternate antibiotics" [130].Of note, with regard to severe
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doxycycline allergies, a protocol for rapid desensitization to doxycycline has been published

[134]. Besides doxycycline (or tetracycline), rifampin is the only potentially effective alter-

native, although there is little data available on it. Rifampin appears effective against E. chaf-
feensis in vitro [135] whereas animal model data on the efficacy of rifampicin against E.

canis is inconsistent [136]. The successful use of rifampin in HGA is reported [137, 138],

but respective reports on its use in children and pregnant women with HME are lacking.

Only one case report has been published describing a successful use of rifampin for treat-

ment of HME [139]. In addition, rifampin would not be effective in the case of Rocky

Mountain Spotted Fever (RMSF), a feared differential diagnosis of ehrlichiosis. The latter is

particularly relevant as their endemic areas in the USA overlap considerably. In vitro data

show that chloramphenicol, ciprofloxacin, cotrimoxazole (trimethoprim/sulfamethoxa-

zole), erythromycin, penicillin, and gentamicin are not effective against E. chaffeensis [135].

Outcome

Most patients recover without sequelae. In only 4% of cases with data on outcome, sequelae

were reported, mostly lasting for a few weeks after acute disease (Table 17). The overall case

fatality rate in our analysis was 11.6%, with a higher CFR in immunocompromised than in

immunocompetent patients (16.5% vs 9.9%). In the literature, the case fatality rate of ehrlichio-

sis is much lower. The highest case fatality rate is seen in children <4 years and in patients

>70 years with 4% and 3%, respectively [10]. The higher case fatality rate in our analysis is

likely explained by publication bias as cases with complications and/or fatal outcome are much

more likely to be published than mild or asymptomatic cases (Table 16). Regarding immunity

after infection with Ehrlichia, there is no conclusive evidence whether patients are susceptible

to reinfection or not [122]. A single case of molecular proven reinfection by another E. chaf-
feensis strain has been documented in a liver transplant patient [140]. Of note, one case of a

despite appropriate antimicrobial treatment (tetracycline and chloramphenicol) persistent and

finally fatal infection with E. chaffeensis has been reported and suggests that Ehrlichia, similarly

to other intracellular pathogens (like e.g. Coxiella) may, albeit rarely, cause chronic persistent

infection [88].

Limitations

Our analyses have several limitations. Next to publication bias and the retrospective nature

of most available data sets, most reviewed studies did only provide incomplete data sets. In

addition to the inhomogeneity and incompleteness of the available data sets, the data and

results of studies that reported on case series or cohorts were often given as total values,

medians or percentages, so that it was often not possible to assign the data to individual

cases (see section on CRNID). Even though we tried to eliminate case duplicates, the cohort

studies we looked at could potentially contain duplicate cases already described in other

cohort studies or case reports. When we compare our findings in case studies with the

cohorts we looked at as well as CDC data on HME in the USA [119], we see that the course

of illness in our cases was comparatively severe, which points to reporting and publication

bias. The latter particularly impacts systematic review being based on a considerable num-

ber of case reports, as severe cases are more likely to be reported and published than mild

cases.

Box 1 summarizes the main conclusions we have drawn from our review and Box 2 con-

tains our selection of publications that we recommend clinicians to read.
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Box 1

Key learning points:

• There is little evidence to support the existence of HME (E. chaffeensis-) endemic regions outside

North America. The very few sporadic cases of human Ehrlichia infections reported from other

regions of the world are based on low diagnostic certainty or report cases of human infections

with other Ehrlichia species

• Although primarily tick-borne, transmission by solid organ transplantation and blood-transfu-

sion is reported

• HME usually presents as a non-specific febrile illness accompanied by cytopenia (primarily

thrombocytopenia, leukopenia) and elevated liver function tests

• Although usually mild and self-limiting, HME may cause severe and even life-threatening com-

plications, particularly in immunocompromized patients

• Secondary hemophagocytic lymphohistiocytosis (sHLH) is an above-average complication of

HME, but appears to have a more favorable outcome compared to sHLH of other causes

• The antimicrobial treatment of choice is with doxycycline and treatment response is usually fast

with fever subsiding within 2 day after starting treatment

• The case fatality rate of HME is higher in immunocompromised compared to immunocompe-

tent patients and sequelae are rare

Box 2

Key references:

1. Dahlgren FS, Mandel EJ, Krebs JW, Massung RF, McQuiston JH. Increasing incidence of

Ehrlichia chaffeensis and Anaplasma phagocytophilum in the United States, 2000–2007. Am

J Trop Med Hyg. 2011;85(1):124–31. Epub 2011/07/08. doi: 10.4269/ajtmh.2011.10–0613

PubMed PMID: 21734137; PubMed Central PMCID: PMCPMC3122356.

2. Biggs HM, Behravesh CB, Bradley KK, Dahlgren FS, Drexler NA, Dumler JS, et al. Diagno-

sis and Management of Tickborne Rickettsial Diseases: Rocky Mountain Spotted Fever and

Other Spotted Fever Group Rickettsioses, Ehrlichioses, and Anaplasmosis—United States.

MMWR Recomm Rep. 2016;65(2):1–44. Epub 2016/05/14. doi: 10.15585/mmwr.rr6502a1

PubMed PMID: 27172113.

3. Ismail N, McBride JW. Tick-Borne Emerging Infections: Ehrlichiosis and Anaplasmosis.

Clinics in Laboratory Medicine. 2017;37(2):317–40. doi: 10.1016/j.cll.2017.01.006

4. Otrock ZK, Eby CS, Burnham CAD. Human ehrlichiosis at a tertiary-care academic medical

center: Clinical associations and outcomes of transplant patients and patients with hemo-

phagocytic lymphohistiocytosis. Blood Cells, Molecules, and Diseases. 2019;77:17–22. doi:

10.1016/j.bcmd.2019.03.002

5. Kuriakose K, Pettit AC, Schmitz J, Moncayo A, Bloch KC. Assessment of Risk Factors and

Outcomes of Severe Ehrlichiosis Infection. JAMA Netw Open. 2020;3(11):e2025577. Epub

2020/11/18. doi: 10.1001/jamanetworkopen.2020.25577. PubMed PMID: 33201233;

PubMed Central PMCID: PMCPMC7672514.

PLOS NEGLECTED TROPICAL DISEASES Human monocytotropic ehrlichiosis—A systematic review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012377 August 2, 2024 33 / 42

https://doi.org/10.4269/ajtmh.2011.10&ndash;0613
https://doi.org/10.15585/mmwr.rr6502a1
https://doi.org/10.1016/j.cll.2017.01.006
https://doi.org/10.1016/j.bcmd.2019.03.002
https://doi.org/10.1001/jamanetworkopen.2020.25577
https://doi.org/10.1371/journal.pntd.0012377


Supporting information

S1 Text. Search terms used.

(DOCX)

S2 Text. Systematic review protocol.

(DOCX)

S3 Text. Laboratory reference values used.

(DOCX)

S4 Text. Data extraction sheet used for screening and selecting eligible publications.

(DOCX)

S5 Text. Reference list of considered publications.

(DOCX)

S6 Text. PRISMA checklist.

(DOCX)

S7 Text. Additional analyses of CRNID.

(DOCX)

S8 Text. Additional performed analyses of CRID with coinfections.

(DOCX)

S1 Table. Master table of raw data.

(XLSX)

Author Contributions

Conceptualization: Esther Kuenzli, Andreas Neumayr.

Data curation: Larissa Gygax, Sophie Schudel.

Formal analysis: Larissa Gygax, Christian Kositz.

Methodology: Christian Kositz, Esther Kuenzli, Andreas Neumayr.

Resources: Sophie Schudel.

Supervision: Christian Kositz, Esther Kuenzli, Andreas Neumayr.

Visualization: Larissa Gygax, Sophie Schudel.

Writing – review & editing: Larissa Gygax, Christian Kositz, Esther Kuenzli, Andreas

Neumayr.

References
1. Dumler JS, Barbet AF, Bekker CPJ, Dasch GA, Palmer GH, Ray SC, et al. Reorganization of genera

in the families Rickettsiaceae and Anaplasmataceae in the order Rickettsiales: Unification of some

species of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and Ehrlichia with Neorickettsia, descrip-

tions of six new species combinations and designation of Ehrlichia equi and ’HGE agent’ as subjective

synonyms of Ehrlichia phagocytophila. International Journal of Systematic and Evolutionary Microbiol-

ogy. 2001; 51(6):2145–65. https://doi.org/10.1099/00207713-51-6-2145 PMID: 11760958

2. Fukuda T, Kitao T, Keida Y. Studies on the causative agent of “Hyuganetsu” disease. I. Isolation of the

agent and its inoculation trial in human beings. Med Biol. 1954; 32(2):9.

3. Misao T, Kobayashi Y. Studies on mononucleosis. 1 report. Isolation of the infectious agent. Fukuoka

Med J. 1954; 45:519.

PLOS NEGLECTED TROPICAL DISEASES Human monocytotropic ehrlichiosis—A systematic review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012377 August 2, 2024 34 / 42

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s007
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s008
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0012377.s009
https://doi.org/10.1099/00207713-51-6-2145
http://www.ncbi.nlm.nih.gov/pubmed/11760958
https://doi.org/10.1371/journal.pntd.0012377


4. Anderson BE, Dawson JE, Jones DC, Wilson KH. Ehrlichia chaffeensis, a new species associated

with human ehrlichiosis. Journal of Clinical Microbiology. 1991; 29(12):2838–42. https://doi.org/10.

1128/jcm.29.12.2838-2842.1991 PMID: 1757557

5. Maeda K, Markowitz N, Hawley RC, Ristic M, Cox D, McDade JE. Human Infection with Ehrlichia

canis, a Leukocytic Rickettsia. New England Journal of Medicine. 1987; 316(14):853–6. https://doi.

org/10.1056/NEJM198704023161406 PMID: 3029590

6. Ewing SA, Roberson WR, Buckner RG, Hayat CS. A new strain of Ehrlichia canis. J Am Vet Med

Assoc. 1971; 159(12):1771–4. Epub 1971/12/15. PMID: 5128792.

7. Buller RS, Arens M, Hmiel SP, Paddock CD, Sumner JW, Rikihisa Y, et al. Ehrlichia ewingii, a newly

recognized agent of human ehrlichiosis. New England Journal of Medicine. 1999; 341(3):148–55.

https://doi.org/10.1056/NEJM199907153410303 PMID: 10403852

8. Blaser JB, Raphael D, Martin J. Mandell, Douglas and Bennett’s Principles and Practice of Infectious

Diseases. 9th Edition ed: Elsevier; 2019.

9. (CDC) CfDCaP. Ehrlichiosis 2023 [17.10.2023]. Available from: https://www.cdc.gov/ehrlichiosis/

stats/index.html.

10. Heitman KN, Dahlgren FS, Drexler NA, Massung RF, Behravesh CB. Increasing Incidence of Ehrlichi-

osis in the United States: A Summary of National Surveillance of Ehrlichia chaffeensis and Ehrlichia

ewingii Infections in the United States, 2008–2012. American Journal of Tropical Medicine and

Hygiene. 2016; 94(1):52–60. https://doi.org/10.4269/ajtmh.15-0540 WOS:000367705500009. PMID:

26621561

11. Standaert SM, Dawson JE, Schaffner W, Childs JE, Biggie KL, Singleton J Jr, et al. Ehrlichiosis in a

golf-oriented retirement community. New England Journal of Medicine. 1995; 333(7):420–5. https://

doi.org/10.1056/NEJM199508173330704 PMID: 7616991

12. Olano JP, Masters E, Hogrefe W, Walker DH. Human monocytotropic ehrlichiosis, Missouri. Emerg

Infect Dis. 2003; 9(12):1579–86. Epub 2004/01/15. https://doi.org/10.3201/eid0912.020733 PMID:

14720399; PubMed Central PMCID: PMC3034327.

13. Pritt BS, Sloan LM, Hoang Johnson DK, Munderloh UG, Paskewitz SM, McElroy KM, et al. Emergence

of a new pathogenic Ehrlichia species, Wisconsin and Minnesota, 2009. New England Journal of Medi-

cine. 2011; 365(5):422–9. https://doi.org/10.1056/NEJMoa1010493 PMID: 21812671

14. Regan J, Matthias J, Green-Murphy A, Stanek D, Bertholf M, Pritt BS, et al. A confirmed Ehrlichia

ewingii infection likely acquired through platelet transfusion. Clinical Infectious Diseases. 2013; 56

(12):e105–e7. https://doi.org/10.1093/cid/cit177 PMID: 23511303

15. Mah A, Viola GM, Ariza Heredia E, Rezvani K, Kebriaei P, Bhatti MM, et al. Graft loss attributed to pos-

sible transfusion-transmitted ehrlichiosis following cord blood stem cell transplant. Transpl Infect Dis.

2018; 20(4):e12899. Epub 2018/04/19. https://doi.org/10.1111/tid.12899 PMID: 29668040.

16. Alcántara-Rodrı́guez VE, Sánchez-Montes S, Contreras H, Colunga-Salas P, Fierro-Flores L, Avalos

S, et al. Human Monocytic Ehrlichiosis, Mexico City, Mexico. Emerg Infect Dis. 2020; 26(12):3016–9.

Epub 2020/11/22. https://doi.org/10.3201/eid2612.200520 PMID: 33219798; PubMed Central

PMCID: PMC7706933.

17. Saha A, Browning C, Dandamudi R, Barton K, Graepel K, Cullity M, et al. Donor-derived Ehrlichiosis: 2

Clusters Following Solid Organ Transplantation. Clin Infect Dis. 2022; 74(5):918–23. Epub 2021/07/

31. https://doi.org/10.1093/cid/ciab667 PMID: 34329411; PubMed Central PMCID: PMC8906657.

18. Sachdev SH, Joshi V, Cox ER, Amoroso A, Palekar S. Severe life-threatening Ehrlichia chaffeensis

infections transmitted through solid organ transplantation. Transpl Infect Dis. 2014; 16(1):119–24.

Epub 2013/12/18. https://doi.org/10.1111/tid.12172 PMID: 24330198.

19. Calic SB, Galvão MA, Bacellar F, Rocha CM, Mafra CL, Leite RC, et al. Human ehrlichioses in Brazil:

first suspect cases. The Brazilian journal of infectious diseases: an official publication of the Brazilian

Society of Infectious Diseases. 2004; 8(3):259–62. https://doi.org/10.1590/s1413-

86702004000300011 PMID: 15476059

20. Heo EJ, Park JH, Koo JR, Park MS, Park MY, Dumler JS, et al. Serologic and molecular detection of

Ehrlichia chaffeensis and Anaplasma phagocytophila (human granulocytic ehrlichiosis agent) in

Korean patients. Journal of Clinical Microbiology. 2002; 40(8):3082–5. https://doi.org/10.1128/JCM.

40.8.3082-3085.2002 PMID: 12149387

21. Brouqui P, Le Cam C, Kelly PJ, Laurens R, Tounkara A, Sawadogo S, et al. Serologic evidence for

human ehrlichiosis in Africa. European Journal of Epidemiology. 1994; 10(6):695–8. https://doi.org/10.

1007/BF01719283 PMID: 7672049

22. Ndip LM, Ndip RN, Ndive VE, Awuh JA, Walker DH, McBride JW. Ehrlichia species in Rhipicephalus

sanguineus ticks in Cameroon. Vector Borne Zoonotic Dis. 2007; 7(2):221–7. Epub 2007/07/14.

https://doi.org/10.1089/vbz.2006.0608 PMID: 17627442.

PLOS NEGLECTED TROPICAL DISEASES Human monocytotropic ehrlichiosis—A systematic review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012377 August 2, 2024 35 / 42

https://doi.org/10.1128/jcm.29.12.2838-2842.1991
https://doi.org/10.1128/jcm.29.12.2838-2842.1991
http://www.ncbi.nlm.nih.gov/pubmed/1757557
https://doi.org/10.1056/NEJM198704023161406
https://doi.org/10.1056/NEJM198704023161406
http://www.ncbi.nlm.nih.gov/pubmed/3029590
http://www.ncbi.nlm.nih.gov/pubmed/5128792
https://doi.org/10.1056/NEJM199907153410303
http://www.ncbi.nlm.nih.gov/pubmed/10403852
https://www.cdc.gov/ehrlichiosis/stats/index.html
https://www.cdc.gov/ehrlichiosis/stats/index.html
https://doi.org/10.4269/ajtmh.15-0540
http://www.ncbi.nlm.nih.gov/pubmed/26621561
https://doi.org/10.1056/NEJM199508173330704
https://doi.org/10.1056/NEJM199508173330704
http://www.ncbi.nlm.nih.gov/pubmed/7616991
https://doi.org/10.3201/eid0912.020733
http://www.ncbi.nlm.nih.gov/pubmed/14720399
https://doi.org/10.1056/NEJMoa1010493
http://www.ncbi.nlm.nih.gov/pubmed/21812671
https://doi.org/10.1093/cid/cit177
http://www.ncbi.nlm.nih.gov/pubmed/23511303
https://doi.org/10.1111/tid.12899
http://www.ncbi.nlm.nih.gov/pubmed/29668040
https://doi.org/10.3201/eid2612.200520
http://www.ncbi.nlm.nih.gov/pubmed/33219798
https://doi.org/10.1093/cid/ciab667
http://www.ncbi.nlm.nih.gov/pubmed/34329411
https://doi.org/10.1111/tid.12172
http://www.ncbi.nlm.nih.gov/pubmed/24330198
https://doi.org/10.1590/s1413-86702004000300011
https://doi.org/10.1590/s1413-86702004000300011
http://www.ncbi.nlm.nih.gov/pubmed/15476059
https://doi.org/10.1128/JCM.40.8.3082-3085.2002
https://doi.org/10.1128/JCM.40.8.3082-3085.2002
http://www.ncbi.nlm.nih.gov/pubmed/12149387
https://doi.org/10.1007/BF01719283
https://doi.org/10.1007/BF01719283
http://www.ncbi.nlm.nih.gov/pubmed/7672049
https://doi.org/10.1089/vbz.2006.0608
http://www.ncbi.nlm.nih.gov/pubmed/17627442
https://doi.org/10.1371/journal.pntd.0012377


23. Ndip LM, Labruna M, Ndip RN, Walker DH, McBride JW. Molecular and clinical evidence of Ehrlichia

chaffeensis infection in Cameroonian patients with undifferentiated febrile illness. Ann Trop Med Para-

sitol. 2009; 103(8):719–25. Epub 2009/12/25. https://doi.org/10.1179/000349809X12554106963753

PMID: 20030996; PubMed Central PMCID: PMC2913319.

24. Chen SM, Dumler JS, Bakken JS, Walker DH. Identification of a granulocytotropic Ehrlichia species as

the etiologic agent of human disease. Journal of Clinical Microbiology. 1994; 32(3):589–95. https://doi.

org/10.1128/jcm.32.3.589-595.1994 PMID: 8195363

25. Ismail N, Bloch KC, McBride JW. Human ehrlichiosis and anaplasmosis. Clinics in Laboratory Medi-

cine. 2010; 30(1):261–92. https://doi.org/10.1016/j.cll.2009.10.004 PMID: 20513551

26. Biggs HM, Behravesh CB, Bradley KK, Dahlgren FS, Drexler NA, Dumler JS, et al. Diagnosis and

Management of Tickborne Rickettsial Diseases: Rocky Mountain Spotted Fever and Other Spotted

Fever Group Rickettsioses, Ehrlichioses, and Anaplasmosis—United States. MMWR Recomm Rep.

2016; 65(2):1–44. Epub 2016/05/14. https://doi.org/10.15585/mmwr.rr6502a1 PMID: 27172113.

27. Vaca DJ, Dobler G, Fischer SF, Keller C, Konrad M, von Loewenich FD, et al. Contemporary diagnos-

tics for medically relevant fastidious microorganisms belonging to the genera Anaplasma,Bartonella,

Coxiella,OrientiaandRickettsia. FEMS Microbiol Rev. 2022; 46(4). Epub 2022/02/18. https://doi.org/

10.1093/femsre/fuac013 PMID: 35175353; PubMed Central PMCID: PMC9300619.

28. National Notifiable Diseases Surveillance System. Ehrlichiosis and Anaplasmosis 2008 Case Defini-

tion | CDC 2021 [updated 16.04.2021; cited 2023 17.10.]. Available from: https://ndc.services.cdc.gov/

case-definitions/ehrlichiosis-and-anaplasmosis-2008/.

29. Engel J. Public Health Reporting and National Notification for Ehrlichiosis and Anaplasmosis. CSTE.

2009.

30. Hamilton KS, Standaert SM, Kinney MC. Characteristic peripheral blood findings in human ehrlichio-

sis. Modern Pathology. 2004; 17(5):512–7. https://doi.org/10.1038/modpathol.3800075 PMID:

14976527

31. Thomas LD, Hongo I, Bloch KC, Tang YW, Dummer S. Human ehrlichiosis in transplant recipients.

American Journal of Transplantation. 2007; 7(6):1641–7. https://doi.org/10.1111/j.1600-6143.2007.

01821.x PMID: 17511689

32. Masters EJ, Storch GA, Sumner JW. Ehrlichia ewingii in an immunocompetent adult. Missouri medi-

cine. 2009; 106(4):301–3. PMID: 19753925

33. Lawrence KL, Morrell MR, Storch GA, Hachem RR, Trulock EP. Clinical outcomes of solid organ trans-

plant recipients with ehrlichiosis. Transplant Infectious Disease. 2009; 11(3):203–10. https://doi.org/

10.1111/j.1399-3062.2009.00373.x PMID: 19228344

34. Allen MB, Pritt BS, Sloan LM, Paddock CD, Musham CK, Ramos JM, et al. First reported case of Ehrli-

chia ewingii involving human bone marrow. Journal of Clinical Microbiology. 2014; 52(11):4102–4.

https://doi.org/10.1128/JCM.01670-14 PMID: 25187638

35. Harris RM, Couturier BA, Sample SC, Coulter KS, Casey KK, Schlaberg R. Expanded geographic dis-

tribution and clinical characteristics of ehrlichia ewingii infections, United States. Emerging Infectious

Diseases. 2016; 22(5):862–5. https://doi.org/10.3201/eid2205.152009 PMID: 27089171

36. Regunath H, Rojas-Moreno C, Olano JP, Hammer RD, Salzer W. Early diagnosis of Ehrlichia ewingii

infection in a lung transplant recipient by peripheral blood smear. Transplant Infectious Disease. 2017;

19(2). https://doi.org/10.1111/tid.12652 PMID: 28036138

37. Otrock ZK, Eby CS, Burnham CAD. Human ehrlichiosis at a tertiary-care academic medical center:

Clinical associations and outcomes of transplant patients and patients with hemophagocytic lympho-

histiocytosis. Blood Cells, Molecules, and Diseases. 2019; 77:17–22. https://doi.org/10.1016/j.bcmd.

2019.03.002 PMID: 30913447

38. Louw M, Allsopp M, Meyer EC. Ehrlichia ruminantium, an emerging human pathogen a further report.

Samj South African Medical Journal. 2005; 95(12):948–. WOS:000234362800020. PMID: 16465354

39. Reeves WK, Loftis AD, Nicholson WL, Czarkowski AG. The first report of human illness associated

with the Panola Mountain Ehrlichia species: A case report. Journal of Medical Case Reports. 2008;2.

https://doi.org/10.1186/1752-1947-2-139 PMID: 18447934

40. Lu M, Qin XC, Jiang YZ, Guo Q, Jin XJ, Teng ZQ, et al. Emergence of ehrlichiosis by a new tick-borne

Ehrlichia species in China. International Journal of Infectious Diseases. 2023; 131:32–9. https://doi.

org/10.1016/j.ijid.2023.03.038 WOS:000981486100001. PMID: 36967037

41. Tan HP, Dumler JS, Maley WR, Klein AS, Burdick JF, Fred Poordad F, et al. Human monocytic ehr-

lichiosis: An emerging pathogen in transplantation. Transplantation. 2001; 71(11):1678–80. https://

doi.org/10.1097/00007890-200106150-00030 PMID: 11435982

42. Chapman AS. Diagnosis and management of tickborne rickettsial diseases: Rocky Mountain spotted

fever, Ehrlichioses, and anaplasmosis—United States: a practical guide for physicians and other

PLOS NEGLECTED TROPICAL DISEASES Human monocytotropic ehrlichiosis—A systematic review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012377 August 2, 2024 36 / 42

https://doi.org/10.1179/000349809X12554106963753
http://www.ncbi.nlm.nih.gov/pubmed/20030996
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
http://www.ncbi.nlm.nih.gov/pubmed/8195363
https://doi.org/10.1016/j.cll.2009.10.004
http://www.ncbi.nlm.nih.gov/pubmed/20513551
https://doi.org/10.15585/mmwr.rr6502a1
http://www.ncbi.nlm.nih.gov/pubmed/27172113
https://doi.org/10.1093/femsre/fuac013
https://doi.org/10.1093/femsre/fuac013
http://www.ncbi.nlm.nih.gov/pubmed/35175353
https://ndc.services.cdc.gov/case-definitions/ehrlichiosis-and-anaplasmosis-2008/
https://ndc.services.cdc.gov/case-definitions/ehrlichiosis-and-anaplasmosis-2008/
https://doi.org/10.1038/modpathol.3800075
http://www.ncbi.nlm.nih.gov/pubmed/14976527
https://doi.org/10.1111/j.1600-6143.2007.01821.x
https://doi.org/10.1111/j.1600-6143.2007.01821.x
http://www.ncbi.nlm.nih.gov/pubmed/17511689
http://www.ncbi.nlm.nih.gov/pubmed/19753925
https://doi.org/10.1111/j.1399-3062.2009.00373.x
https://doi.org/10.1111/j.1399-3062.2009.00373.x
http://www.ncbi.nlm.nih.gov/pubmed/19228344
https://doi.org/10.1128/JCM.01670-14
http://www.ncbi.nlm.nih.gov/pubmed/25187638
https://doi.org/10.3201/eid2205.152009
http://www.ncbi.nlm.nih.gov/pubmed/27089171
https://doi.org/10.1111/tid.12652
http://www.ncbi.nlm.nih.gov/pubmed/28036138
https://doi.org/10.1016/j.bcmd.2019.03.002
https://doi.org/10.1016/j.bcmd.2019.03.002
http://www.ncbi.nlm.nih.gov/pubmed/30913447
http://www.ncbi.nlm.nih.gov/pubmed/16465354
https://doi.org/10.1186/1752-1947-2-139
http://www.ncbi.nlm.nih.gov/pubmed/18447934
https://doi.org/10.1016/j.ijid.2023.03.038
https://doi.org/10.1016/j.ijid.2023.03.038
http://www.ncbi.nlm.nih.gov/pubmed/36967037
https://doi.org/10.1097/00007890-200106150-00030
https://doi.org/10.1097/00007890-200106150-00030
http://www.ncbi.nlm.nih.gov/pubmed/11435982
https://doi.org/10.1371/journal.pntd.0012377


health-care and public health professionals. MMWR: Morbidity & Mortality Weekly Report. 2006; 55

(RR-4):1–29. PubMed PMID: 106434258. Corporate Author: Tickborne Rickettsial Diseases Working

Group. Language: English. Entry Date: 20060505. Revision Date: 20151019. Publication Type: Jour-

nal Article.

43. Peters TR, Edwards KM, Standaert SM. Severe ehrlichiosis in an adolescent taking trimethoprim- sul-

famethoxazole. Pediatric Infectious Disease Journal. 2000; 19(2):170–2. https://doi.org/10.1097/

00006454-200002000-00021 PMID: 10694012

44. Uhaa IJ, MacLean JD, Greene CR, Fishbein DB. A case of human ehrlichiosis acquired in Mali: Clini-

cal and laboratory findings. American Journal of Tropical Medicine and Hygiene. 1992; 46(2):161–4.

https://doi.org/10.4269/ajtmh.1992.46.161 PMID: 1539750

45. Burke A, Graves SR, Anstey NM. Fever and rash from Timor: where have you been and when? Medi-

cal Journal of Australia. 2015; 203(8):338–. https://doi.org/10.5694/mja15.00936 Language: English.

Entry Date: PMID: 26465700. Revision Date: 20191111. Publication Type: journal article.

46. Sehdev AES, Sehdev PS, Jacobs R, Dumler JS. Human monocytic ehrlichiosis presenting as acute

appendicitis during pregnancy. Clinical Infectious Diseases. 2002; 35(9):E99–E102. https://doi.org/10.

1086/342887 WOS:000178641200025. PMID: 12384854

47. Burns S, Saylors R, Mian A. Hemophagocytic lymphohistiocytosis secondary to ehrlichia chaffeensis

infection: A case report. Journal of Pediatric Hematology/Oncology. 2010; 32(4):e142–e3. https://doi.

org/10.1097/MPH.0b013e3181c80ab9 PMID: 20224442

48. Hanson D, Walter A, Powell J. Ehrlichia-induced hemophagocytic lymphohistiocytosis in two children.

Pediatric Blood and Cancer. 2010; 54(6):829–30. https://doi.org/10.1002/pbc.22814 PMID: 21298756

49. Badireddi S, Joshi M. Hemophagocytic lymphohistiocytosis: An unreported complication of ehrlichiosis

in adults. Chest. 2012; 142(4). https://doi.org/10.1378/chest.1390907

50. Kumar N, Goyal J, Goel A, Shakoory B, Chatham W. Macrophage Activation Syndrome Secondary to

Human Monocytic Ehrlichiosis. Indian Journal of Hematology and Blood Transfusion. 2013; 30

(1):145–7. https://doi.org/10.1007/s12288-013-0299-3 PMID: 25332563

51. Otrock ZK, Eby CS. Ehrlichia-induced hemophagocytic lymphohistiocytosis: A case series. Blood.

2014;124(21).

52. Otrock ZK, Gonzalez MD, Eby CS. Ehrlichia-Induced Hemophagocytic Lymphohistiocytosis: A Case

Series and Review of Literature. Blood Cells, Molecules, and Diseases. 2015; 55(3):191–3. https://doi.

org/10.1016/j.bcmd.2015.06.009 PMID: 26227842

53. Scott MC, Holtzman NG, Afshar M, Hines SE. Ehrlichiosis-induced hemophagocytic lymphohistiocyto-

sis presenting as septic shock-an immune response gone haywire and its lessons for the ICU setting.

American Journal of Respiratory and Critical Care Medicine. 2014;189.

54. Vijayan V, Thambundit A, Sukumaran S. Hemophagocytic lymphohistiocytosis secondary to ehrlichio-

sis in a child. Clinical Pediatrics. 2015; 54(1):84–6. https://doi.org/10.1177/0009922814529183 PMID:

24691079

55. Statler VA, Marshall GS. Hemophagocytic lymphohistiocytosis induced by monocytic ehrlichiosis.

Journal of Pediatrics. 2015; 166(2):499–.e1. https://doi.org/10.1016/j.jpeds.2014.09.053 PMID:

25449215

56. Cheng A, Williams F, Fortenberry J, Preissig C, Salinas S, Kamat P. Use of Extracorporeal Support in

Hemophagocytic Lymphohistiocytosis Secondary to Ehrlichiosis. Pediatrics. 2016; 138(4). https://doi.

org/10.1542/peds.2015-4176 PMID: 27633921

57. Kaplan RM, Swat SA, Singer BD. Human monocytic ehrlichiosis complicated by hemophagocytic lym-

phohistiocytosis and multi-organ dysfunction syndrome. Diagnostic Microbiology and Infectious Dis-

ease. 2016; 86(3):327–8. https://doi.org/10.1016/j.diagmicrobio.2016.08.007 PMID: 27575459

58. Nguyen LP. Hemophagocytic lymphohistiocytosis caused by infection by ehrlichia chaffeensis: A case

report. Journal of Investigative Medicine. 2016; 64(4):974. https://doi.org/10.1136/jim-2016-000120.

131

59. Naqash AR, Yogarajah M, Vallangeon BD, Hafiz M, Patel D, Kolychev E, et al. Hemophagocytic lym-

phohistiocytosis (HLH) secondary to Ehrlichia chaffeensis with bone marrow involvement. Annals of

Hematology. 2017; 96(10):1755–8. https://doi.org/10.1007/s00277-017-3085-8 PMID: 28762082

60. Khoury JA, Mickey W, Marrocco M, Katyal A. A Fatal Case of Hemophagocytic Lymphohistiocytosis in

a Patient with Ehrlichiosis. Infectious Diseases in Clinical Practice. 2018; 26(6):e64–e6. https://doi.

org/10.1097/IPC.0000000000000621

61. Lowther GH, Chertoff JL, Cherabuddi K, Zumberg M, Ataya A. A case of ehrlichia chaffeensis induced

hemophagocytic lymphohistiocytosis. American Journal of Respiratory and Critical Care Medicine.

2018;197(MeetingAbstracts).

PLOS NEGLECTED TROPICAL DISEASES Human monocytotropic ehrlichiosis—A systematic review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012377 August 2, 2024 37 / 42

https://doi.org/10.1097/00006454-200002000-00021
https://doi.org/10.1097/00006454-200002000-00021
http://www.ncbi.nlm.nih.gov/pubmed/10694012
https://doi.org/10.4269/ajtmh.1992.46.161
http://www.ncbi.nlm.nih.gov/pubmed/1539750
https://doi.org/10.5694/mja15.00936
http://www.ncbi.nlm.nih.gov/pubmed/26465700
https://doi.org/10.1086/342887
https://doi.org/10.1086/342887
http://www.ncbi.nlm.nih.gov/pubmed/12384854
https://doi.org/10.1097/MPH.0b013e3181c80ab9
https://doi.org/10.1097/MPH.0b013e3181c80ab9
http://www.ncbi.nlm.nih.gov/pubmed/20224442
https://doi.org/10.1002/pbc.22814
http://www.ncbi.nlm.nih.gov/pubmed/21298756
https://doi.org/10.1378/chest.1390907
https://doi.org/10.1007/s12288-013-0299-3
http://www.ncbi.nlm.nih.gov/pubmed/25332563
https://doi.org/10.1016/j.bcmd.2015.06.009
https://doi.org/10.1016/j.bcmd.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/26227842
https://doi.org/10.1177/0009922814529183
http://www.ncbi.nlm.nih.gov/pubmed/24691079
https://doi.org/10.1016/j.jpeds.2014.09.053
http://www.ncbi.nlm.nih.gov/pubmed/25449215
https://doi.org/10.1542/peds.2015-4176
https://doi.org/10.1542/peds.2015-4176
http://www.ncbi.nlm.nih.gov/pubmed/27633921
https://doi.org/10.1016/j.diagmicrobio.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27575459
https://doi.org/10.1136/jim-2016-000120.131
https://doi.org/10.1136/jim-2016-000120.131
https://doi.org/10.1007/s00277-017-3085-8
http://www.ncbi.nlm.nih.gov/pubmed/28762082
https://doi.org/10.1097/IPC.0000000000000621
https://doi.org/10.1097/IPC.0000000000000621
https://doi.org/10.1371/journal.pntd.0012377


62. Kollipara V, Sofi U. HOW HIGH CAN FERRITIN LEVEL BE? A RARE CASE OF EHRLICHIOSIS-

INDUCED HLH WITH REACTIVATION OF EBV. CHEST. 2018; 154:232A–A. https://doi.org/10.

1016/j.chest.2018.08.209 Language: English. Entry Date: In Process. Revision Date: 20190909. Pub-

lication Type: Article. Supplement Title: Oct2018 Supplement. Journal Subset: Biomedical.

63. Samannan R, McCaffree DR. Successful treatment of hemophagocytic lymphohistiocytosis second-

ary to ehrlichia infection. American Journal of Respiratory and Critical Care Medicine. 2018;197

(MeetingAbstracts).

64. Wilfong EM, Hewlett JC, Kerchberger VE, Bloch KC, Sevin CM. Ehrlichia-an unusual cause of hemo-

phagocytic lymphohistiocytosis. American Journal of Respiratory and Critical Care Medicine.

2018;197(MeetingAbstracts).

65. Amariei D, Beer T, Armstrong F, Todd NW, Deepak J. Multi-organ failure in hemophagocytic lympho-

histiocytosis secondary to ehrlichiosis: A success story. American Journal of Respiratory and Critical

Care Medicine. 2019; 199(9).

66. Strumpf ZB, Wilding E. Don’t forget doxycycline: A case of ehrlichiosis complicated by myocarditis and

hemophagocytic lymphohistiocytosis. American Journal of Respiratory and Critical Care Medicine.

2019; 199(9).

67. Chung P, Arain E, Gilbert E. EHRLICHIOSIS: A RARE CAUSE OF SEPSIS AND HEMOPHAGOCY-

TIC LYMPHOHISTIOCYTOSIS. Chest. 2019; 156(4):A41. https://doi.org/10.1016/j.chest.2019.08.

142

68. Raru Y, Abu-Hashyeh A, Zeid F. SEPTIC SHOCK AND HEMOPHAGOCYTIC LYMPHOHISTOCY-

TOSIS IN AN IMMUNOCOMPROMISED HOST SECONDARY TO EHRLICHIOSIS. Chest. 2019;

156(4):A1976. https://doi.org/10.1016/j.chest.2019.08.1958

69. Cabler SS, Hogan PG, Fritz SA, Bednarski JJ, Hunstad DA. Incidence and treatment of hemophago-

cytic lymphohistiocytosis in hospitalized children with Ehrlichia infection. Pediatric Blood and Cancer.

2020; 67(10):e28436. Epub 2020/07/25. https://doi.org/10.1002/pbc.28436 PMID: 32706439.

70. Dahm CN, Yang BQ, Clark DE, Armstrong WC, Stevenson LW. Human Monocytic Ehrlichiosis Associ-

ated With Myocarditis and Hemophagocytic Lymphohistiocytosis. JACC: Case Reports. 2020; 2

(3):420–5. https://doi.org/10.1016/j.jaccas.2019.12.042 PMID: 34317254

71. Patel TP, Beck P, Chairman D, Regunath H. Ehrlichiosis Presenting as Hemophagocytic Lymphohis-

tiocytosis in an Immunocompetent Adult. IDCases. 2020;20. https://doi.org/10.1016/j.idcr.2020.

e00813 PMID: 32455115

72. Judge C, Ravichandran A, Walsh A. Secondary Hemophagocytic Lymphohistiocytosis Due to Human

Monocytic Ehrlichiosis In an Immunosuppressed Renal Transplant Adult. Neurology. 2021; 96(15).

WOS:000729283605146.

73. Mitma AA, Burgess MJ, van Rhee F. Ehrlichia-induced hemophagocytic lymphohistiocytosis after

autologous stem cell transplant. Transplant Infectious Disease. 2021; 23(4). https://doi.org/10.1111/

tid.13621 PMID: 33877729

74. Ambati SR, Sinha S, Barry S, Sanchez J. Lone star tick bites big apple: Ehrlichia chaffeensis-induced

hemophagocytic lymphohistiocytosis. Critical Care Medicine. 2021; 49(1 SUPPL 1):27. https://doi.org/

10.1097/01.ccm.0000726236.26151.c4

75. Higuita NIA, Yuen C. Hemophagocytic Lymphohistiocytosis Secondary to Ehrlichia Chaffeensis in

Adults: A Case Series From Oklahoma. American Journal of the Medical Sciences. 2021; 361(2):269–

73. WOS:000628856400022. https://doi.org/10.1016/j.amjms.2020.08.029 PMID: 32928497

76. Zoglman J, Kapoor A, Naydenov S. A 13 syllable clinical conundrum. American Journal of Respiratory

and Critical Care Medicine. 2021; 203(9). https://doi.org/10.1164/ajrccm-conference.2021.203.1_

MeetingAbstracts.A2938

77. Hassan A, Akhtar K, Parmar M, Hussain SYED, Brown B. EHRLICHIOSIS: A RARE CAUSE OF

HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS. Chest. 2021; 160(4):A884. https://doi.org/10.

1016/j.chest.2021.07.826

78. Nelson ME, Pandey R, Nguyen T. Don’t forget to ask about ticks: An unusual clinical course of ehrlichi-

osis in a teenage boy. Pediatrics. 2021; 147(3):432–3. https://doi.org/10.1542/peds.147.3-

MeetingAbstract.432

79. Novoselova V, Organti N, Katyal A, Sadaka F. Ehrlichiosis? Check for hemophagocytic lymphohistio-

cytosis. Critical Care Medicine. 2022; 50(1 SUPPL):347. https://doi.org/10.1097/01.ccm.0000809152.

66364.19

80. Singh NS, Pagano AL, Hays AJ, Kats A, Dahl SM, Warady BA, et al. Ehrlichia-induced hemophagocy-

tic lymphohistiocytosis in a pediatric kidney transplant recipient. Pediatric Transplantation. 2022; 26

(1). https://doi.org/10.1111/petr.14134 PMID: 34595809

PLOS NEGLECTED TROPICAL DISEASES Human monocytotropic ehrlichiosis—A systematic review

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012377 August 2, 2024 38 / 42

https://doi.org/10.1016/j.chest.2018.08.209
https://doi.org/10.1016/j.chest.2018.08.209
https://doi.org/10.1016/j.chest.2019.08.142
https://doi.org/10.1016/j.chest.2019.08.142
https://doi.org/10.1016/j.chest.2019.08.1958
https://doi.org/10.1002/pbc.28436
http://www.ncbi.nlm.nih.gov/pubmed/32706439
https://doi.org/10.1016/j.jaccas.2019.12.042
http://www.ncbi.nlm.nih.gov/pubmed/34317254
https://doi.org/10.1016/j.idcr.2020.e00813
https://doi.org/10.1016/j.idcr.2020.e00813
http://www.ncbi.nlm.nih.gov/pubmed/32455115
https://doi.org/10.1111/tid.13621
https://doi.org/10.1111/tid.13621
http://www.ncbi.nlm.nih.gov/pubmed/33877729
https://doi.org/10.1097/01.ccm.0000726236.26151.c4
https://doi.org/10.1097/01.ccm.0000726236.26151.c4
https://doi.org/10.1016/j.amjms.2020.08.029
http://www.ncbi.nlm.nih.gov/pubmed/32928497
https://doi.org/10.1164/ajrccm-conference.2021.203.1%5FMeetingAbstracts.A2938
https://doi.org/10.1164/ajrccm-conference.2021.203.1%5FMeetingAbstracts.A2938
https://doi.org/10.1016/j.chest.2021.07.826
https://doi.org/10.1016/j.chest.2021.07.826
https://doi.org/10.1542/peds.147.3-MeetingAbstract.432
https://doi.org/10.1542/peds.147.3-MeetingAbstract.432
https://doi.org/10.1097/01.ccm.0000809152.66364.19
https://doi.org/10.1097/01.ccm.0000809152.66364.19
https://doi.org/10.1111/petr.14134
http://www.ncbi.nlm.nih.gov/pubmed/34595809
https://doi.org/10.1371/journal.pntd.0012377


81. Almajali F, Oleary C, Hallcox T, Lok J, Hermelin D, Guenette A, et al. Ehrlichiosis in a Recent Liver

Transplant Recipient Leading to Multiorgan Failure. Case Rep Transplant. 2022; 2022:3062836. Epub

2022/06/21. https://doi.org/10.1155/2022/3062836 PMID: 35722444; PubMed Central PMCID:

PMC9205736.

82. Bolling T, Ritter AS, Gupte AA. An Unusual Case of Ehrlichiosis Manifesting With Hyponatremia,

Acute Encephalopathy, and Hemophagocytic Lymphohistiocytosis. Cureus. 2022; 14(7):e26943.

Epub 2022/08/23. https://doi.org/10.7759/cureus.26943 PMID: 35989779; PubMed Central PMCID:

PMC9378938.

83. Mikheev AT, Adawi M, Mirza A, Bechtel A. Prolonged fever and inflammation in a young child in the

midst of the pandemic—it’s not always MIS-C. American Journal of the Medical Sciences. 2023; 365:

S390. https://doi.org/10.1016/S0002-9629(23)00717-6

84. Hammoud K, Fulmer R, Hamner M, El Atrouni W. Ehrlichiosis-Associated Hemophagocytic Lympho-

histiocytosis: A Case Series and Review of the Literature. Case Rep Hematol. 2023; 2023:5521274.

Epub 2023/02/28. https://doi.org/10.1155/2023/5521274 PMID: 36846547; PubMed Central PMCID:

PMC9946753.
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