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Abstract

Background Ehrlichiosis is a potentially fatal tick-borne disease that can progress to involve the central nervous sys-
tem (CNS) (i.e, neuro-ehrlichiosis), particularly in cases where diagnosis and treatment are delayed. Despite a six-fold

national increase in the incidence of ehrlichiosis over the past 20 years, recent data on the prevalence and manifesta-
tions of neuro-ehrlichiosis are lacking.

Methods We conducted a retrospective chart review of all patients tested for ehrlichiosis at University of North Caro-
lina Health facilities between 2018 and 2021 and identified patients who met epidemiological criteria for ehrlichiosis
as established by the Council of State and Territorial Epidemiologists and employed by the Centers for Disease Control
and Prevention. We estimated the prevalence of neurological symptoms and described the spectrum of neurological
manifestations in acute ehrlichiosis, documenting select patient cases in more detail in a case series.

Results Out of 55 patients with confirmed or probable ehrlichiosis, five patients (9.1%) had neurologic symptoms,
which is notably lower than previous estimates. Neurological presentations were highly variable and included confu-
sion, amnesia, seizures, focal neurological deficits mimicking ischemic vascular events, and an isolated cranial nerve
palsy, though all patients had unremarkable neuroimaging at time of presentation. All but one patient had risk factors
for severe ehrlichiosis (i.e., older age, immunosuppression).

Conclusions Neuro-ehrlichiosis may lack unifying patterns in clinical presentation that would otherwise aid in diag-
nosis. Clinicians should maintain a high index of suspicion for neuro-ehrlichiosis in patients with acute febrile illness,
diverse neurological symptoms, and negative neuroimaging in lone star tick endemic regions.

Key points

Ehrlichiosis can progress to involve the central nervous system but may present without unifying patterns of neuro-
logical symptoms. Increased awareness of the broad spectrum of clinical presentations in neuro-ehrlichiosis is impera-
tive to facilitate prompt diagnosis and treatment.
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Introduction

Ehrlichiosis is a potentially fatal tick-borne disease clas-
sically associated with infection with Ehrlichia chaf-
feensis, an obligate intracellular bacterium that infects
monocytes and is transmitted via the lone star tick
(Amblyomma americanum) [1, 2]. Historically, the lone
star tick was primarily confined to the southeastern and
midwestern United States (US), though it has undergone
rapid geographic expansion as far north as Michigan and
the New England region [3, 4]. The six-fold increase in
Ehrlichia infections in the US over the past 20 years has
further established ehrlichiosis as a public health threat
[1]. While the case fatality rate for ehrlichiosis is roughly
1% in the general population, national surveillance data
indicates that mortality can rise to nearly 15% in children
under 5 years of age and over 50% in adults over 70 years
old [1, 5].

Infection with E. chaffeensis, or related species such
as E. ewingii and less commonly the Ixodes scapularis-
transmitted E. muris eauclarensis, can result in a wide
range of symptoms. Most frequently, patients will pre-
sent with an acute febrile illness accompanied by head-
ache, myalgia, fatigue, and gastrointestinal symptoms; a
maculopapular rash may also be present [6, 7]. Leuko-
penia, thrombocytopenia, anemia, hyponatremia, and
elevated liver transaminases are also notable features of
ehrlichiosis [2, 7]. While molecular assays are increas-
ingly utilized, indirect immunofluorescence assay (IFA)
remains the most common method for diagnosing Ehrli-
chia infection. The diagnosis is confirmed by a four-fold
rise in serum immunoglobulin G (IgG) between acute
and convalescent samples over a period of 2—-4 weeks
[8]. However, as serum IgG levels may be undetectable
in early illness, relying on a single negative IFA during
acute infection can cause ehrlichiosis to be excluded pre-
maturely [9].

In cases where diagnosis and treatment are delayed,
ehrlichiosis can progress to involve nearly any organ
system, including the central nervous system (CNS) and
the peripheral nervous system [7]. Ehrlichiosis with neu-
rological symptoms, or neuro-ehrlichiosis, can have a
myriad of neurological manifestations, including enceph-
alopathy, meningitis, seizures, ataxia, plexopathies, poly-
neuropathies, and cranial nerve deficits [10-13]. Despite
the relatively severe nature of neurological involvement,
there remains a paucity of primary literature describing
the incidence, clinical manifestations, and outcomes of
neuro-ehrlichiosis. Therefore, the objective of this ret-
rospective cohort study and case series is to describe the
prevalence of neurological symptoms in patients with
ehrlichiosis and highlight the common clinical manifesta-
tions in these patients.
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Materials and methods

The study employed a cross-sectional design that
included all individuals tested for ehrlichiosis at Uni-
versity of North Carolina (UNC) Health facilities
between March 2018 and February 2021. UNC Health
is the largest academic health system in North Carolina,
comprised of 12 hospitals and approximately 350 out-
patient clinics located across the state. Specifically, we
requested medical record numbers for all patients who
had undergone diagnostic testing for ehrlichiosis by
either IFA or polymerase chain reaction (PCR) from the
Carolina Data Warehouse for Health, a central reposi-
tory containing clinical, research, and administrative
data sourced from UNC Health. We then abstracted
demographic information, clinical histories, and labo-
ratory results via chart review from the electronic med-
ical record into an electronic database (REDCap) [14].

Individuals were considered an ehrlichiosis case
if they met one of three diagnostic criteria: (i) a sin-
gle, acute IgG antibody reciprocal titer of >1:256, (ii)
a four-fold increase in reciprocal titer results between
acute and convalescent sera, or (ii) non-reactive acute
result with subsequent reactive (i.e., titer >1:64) con-
valescent result. By setting the criteria for a single IgG
titer at >1:256, we attempted to increase specificity
given the high background rate of seropositivity in the
region [15-17]. Each case was then classified as “con-
firmed” or “probable” based on definitions established
by the Council of State and Territorial Epidemiologists
(Table 1) [18].

To estimate the prevalence of neurological symptoms,
we performed a detailed review of the medical records of
confirmed and probable cases, including examination of
clinic notes for outpatient encounters and daily progress
notes and discharge summaries for inpatient encounters.
Assessment of neurological manifestations potentially
related to ehrlichiosis was performed by two investigators
(OI, EC), one of whom is board-certified in infectious dis-
eases. Disagreements were adjudicated by another physi-
cian with experience managing tick-borne infections (RB).
Neurological symptoms were defined as signs and/or
symptoms of the following diagnoses: meningitis/enceph-
alitis (e.g. fever, headache, altered mental status, pho-
tophobia, phonophobia, neck stiffness), altered mental
status (e.g., cognitive impairment, dysarthria, confusion,
somnolence, or memory issues), peripheral neuropathy or
mononeuropathy, encephalopathy, cranial nerve palsies,
brachial plexopathy, and/or seizures. Cases experiencing
only headaches or dizziness were recorded in a separate
category. Results of brain imaging (computed tomography
(CT) scan, magnetic resonance imaging (MRI)) and/or
lumbar puncture, if performed, were documented.
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Table 1 Ehrlichiosis Case definitions as established by the Council of State and Territorial Epidemiologists[18]

Confirmed Case

Probable Case

Meets clinical evidence and laboratory confirmed criteria
Clinical Evidence

One or more of the following:
@ Fever
@ Headache
@ Myalgia
@ Anemia
@ Leukopenia
@ Thrombocytopenia
@ Hepatic transaminase elevation

Laboratory Confirmed

Serological evidence of a fourfold change in IgG-specific antibody titer
to E. chaffeensis antigen by indirect immunofluorescence assay (IFA)
between paired serum samples

OR

Detection of E. chaffeensis DNA in a clinical specimen via amplification
of a specific target by polymerase chain reaction (PCR) assay

Meets clinical evidence and laboratory supportive criteria

Laboratory Supportive

Serological evidence of elevated IgG or IgM antibody reactive with E.
chaffeensis antigen by IFA, enzyme-linked immunosorbent assay (ELISA),
dot-ELISA, or assays in other formats*

OR

|dentification of morulae in the cytoplasm of monocytes or mac-
rophages by microscopic examination.

*CDC uses an IFA IgG cutoff of > 1:64 and does not use IgM test results independently as diagnostic support criteria.

During the investigation, two incident cases meeting
inclusion criteria occurring outside the pre-specified
time period were brought to the attention of the study
team. These were included in the case series but were not
incorporated into prevalence estimates.

Results

Screening and Prevalence

A total of 858 medical records of individuals tested for
Ehrlichia were identified between March 2018 and Feb-
ruary 2021. Of these, 743 records were excluded due to
non-reactive acute Ehrlichia serologies (<1:64) with no
convalescent testing performed. An additional 60 records
were excluded due to a single acute serology < 1:256 with
no convalescent testing performed or lack of a four-fold
increase in reciprocal titer. 55 individuals met criteria
for probable or confirmed ehrlichiosis and were subse-
quently included in the analysis (Fig. 1). Review of the
clinical documentation identified 5 (9.1%) subjects with
evidence of neurologic complications, all of whom met
criteria for probable ehrlichiosis. Four of the five patients
presented with altered mental status and were subse-
quently admitted to the hospital. Three of the cases are
discussed in more detail below, as well as the two cases
identified outside of the study’s time frame. Table 2 sum-
marizes the clinical, laboratory, and imaging results for
all seven patients.

Case presentations

Patient 1

A 42-year-old white male presented to an urgent care
clinic with one day of right ear fullness and acute hearing
loss. On examination, his right external ear and tympanic

membrane were normal, but air conduction was greater
than bone conduction on the right (Rinne’s test) sug-
gestive of sensorineural hearing loss. He was given a
preliminary diagnosis of “sudden sensorineural hearing
loss;” prescribed prednisone 60 mg daily for 10 days, and
referred to audiology and otolaryngology. An audiologi-
cal evaluation one week later was remarkable for mod-
erate low-frequency sensorineural hearing loss of the
right ear, likely due to right cranial nerve VIII involve-
ment. MRI of the brain without contrast did not show
any abnormalities. Subsequently, the patient, who lives in
a county with one of the highest incidences of ehrlichio-
sis in the state [19], recalled a tick bite on his buttocks
approximately 2 weeks before symptom onset. Serologi-
cal testing for Lyme disease and spotted fever group Rick-
ettsia (SFGR) was non-reactive, but Ehrlichia 1gG by IFA
was reactive at a reciprocal titer of 1:512. He was started
on a 14-day course of doxycycline — approximately 34
days after symptom onset - with rapid improvement in
symptoms. Convalescent testing sent 66 days after symp-
tom onset returned at a similar titer of 1:512. Following
completion of treatment, his symptoms resolved.

Patient 4

An 85-year-old white female with a history of hyperten-
sion, dyslipidemia, and non-Hodgkin’s lymphoma in
remission presented to her primary care clinic with five
days of fatigue, unsteadiness, and anorexia. Two weeks
prior, she had removed a tick from her right groin. On
examination in clinic, she was notably afebrile but had
an irregular heart rhythm and a small, firm, hyperpig-
mented papule at the site of the tick bite. She was initi-
ated on doxycycline. Laboratory testing demonstrated
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that underwent Ehriichia
serological testing
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Excluded (n = 743, 86.6%):

Negative acute serology (<1:64)

\ 4
.

without a convalescent test

Excluded (n = 60, 7.0%):

« Acute serology between 1:64 -
1:112 without a convalescent test

\ 4

A 4

Met criteria for "confirmed" or

“probable” ehrlichiosis

OR

o Lack of a fourfold increase in
reciprocal titer

(n =55, 6.4%)
v v
Neurological Only
symptoms headaches/dizziness
(n=5,9.1%) (n =18, 32.7%)

\ 4

symptoms

No neurological
(n =32, 58.1%)

Fig. 1 Flowchart for Subject Eligibility Criteria. The parent cohort included 858 individuals who underwent testing for tick-borne diseases. 55

individuals met the criteria for this sub-study

thrombocytopenia (98 x10” cells/L), hyponatremia (128
mmol/L), acute kidney injury (creatinine 2.5 mg/dL) and
elevations in aspartate aminotransferase (170 U/L) and
alanine aminotransferase (93 U/L), all of which were new
compared to two weeks prior. She was instructed to pre-
sent to the emergency department (ED), which she did
the following day. In the ED, her daughter reported that
the patient was experiencing a new expressive aphasia
and was frequently repeating herself. She was admitted
to the hospital, where she became progressively disori-
ented. A non-contrast CT scan of the head did not show
any acute abnormalities. In addition to doxycycline, she
received intravenous fluids to correct her hyponatremia.
By hospital day 3, her clinical and neurological status had
returned to baseline, and she was discharged to complete
a 10-day course of doxycycline. The results of tick-borne
disease testing revealed a reactive Ehrlichia 1gG IFA
(1:256) and non-reactive SFGR serology. Lyme serology
was not performed. At outpatient follow-up one week
later, she still reported some fatigue but generally felt
back to baseline. Repeat laboratory testing showed reso-
lution of her thrombocytopenia, acute kidney injury, and
liver inflammation.

Patient 5

An 86-year-old white female with no known medical
history was brought to the ED by her family for five
days of headache, chills, nausea, and vomiting after her
granddaughter found the patient confused and unable
to recall the names of family members. In the ED, she
was afebrile with vital signs notable for a blood pres-
sure of 196/94 mmHg. She was oriented only to per-
son, but not time or place. She had multiple macular
areas of erythema on her arms, which she attributed
to working in the garden. Laboratory testing demon-
strated mild hyponatremia (131 mmol/L); a complete
blood count, urinalysis, and testing for SARS-CoV-2
were unremarkable. A plain film of the chest and non-
contrast CT of the head did not reveal any abnormali-
ties. She was admitted to the hospital and, given her
outdoor exposures, was initiated on empirical doxycy-
cline for tick-borne diseases. A non-contrast MRI of
the brain identified areas suggestive of “mild chronic
small vessel ischemic disease” but no other abnormali-
ties. Further neurological and psychiatric examination
revealed impaired cognition and judgment, amnesia,
acalculia, and finger agnosia. Based on these findings,
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Table 2 Summary of demographic, clinical, and laboratory information for patients with ehrlichiosis presenting with neurologic

symptoms
Patient 1 Patient Patient 3 Patient4 Patient5 Add’l Patient1 Add’l Patient 2

2
Demographic
Age 42 71 83 85 86 66 56
Sex M M F F F F F
Race White White White White White White White
Signs & Symptoms
Headache X X X
Fever X X
AMS / Encephalopathy X X X X
Dysarthria X
Memory loss X
Seizures X
Cranial Nerve Palsies X
Laboratory
CSF Analysis
Nucleated cells - 40 - - - - 18
Protein - 195 - - - - 70
Glucose - 121 - - - - 74
Culture - Negative - - - - Negative
Ehrlichia IgG
Acute 1:512 >1:1024 1:512 1:256 1:512 1:64 1:128
Convalescent 1:512 - - - - 1:256 >1:1024
SFGRIgG
Acute <1:.64 <1.64 1:128 <1.64 1:512 <1:64 1:64
Convalescent - - - - - - 1:128
Imaging
Abnormal CT - Yes - No No - No
Abnormal MRI No Yes - - No - No
Clinical Course
Length of symptoms prior to care seek- 47 4 1 3 7 8 7
ing (days)
Length of inpatient stay (days) - 27 1 3 2 - 10
Length of doxycycline treatment (days) 14 10 14 10 10 10 14
Response to doxycycline Yes No Partial Yes Yes Yes Yes
Clinical outcome Recovered Discharged Died of myocardial Recovered Recovered Recovered Recovered

to hospice infarction 4 months

later

AMS = Altered mental status. CSF = Cerebrospinal fluid. SFGR = Spotted Fever Group Rickettsioses

she was diagnosed with Gerstmann syndrome, a con-
dition caused by a lesion of the posterior parietal lobe
of the dominant hemisphere and characterized by a
tetrad of acalculia, finger agnosia, agraphia, and right-
left disorientation [20]. Her neurological status rapidly
improved, and she was discharged on hospital day 3 to
complete the course of doxycycline. Results of serologi-
cal testing for tick-borne disease returned with reactive
titers for both Ehrlichia and SFGR at 1:512 and non-
reactive titers for Lyme.

Additional cases

Additional patient 1

A 66-year-old white female with a history of hyperten-
sion presented to a primary care clinic eight days after
developing chills, fevers to 101 °F, nausea, vomiting, diar-
rhea, anorexia, fatigue, arthralgias, headache, dizziness,
blurry vision, impaired coordination, and word-finding
difficulties while on a cruise in Germany. She lived in a
rural area and reported a possible tick bite six days prior
to symptom onset. Laboratory studies were notable for
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mild leukocytosis (11.4x 10° cells/L) and slightly elevated
total bilirubin (1.5 mg/dL). Her symptoms persisted, so
she re-presented to her primary care doctor 12 days into
illness, at which point tick-borne disease testing was per-
formed. She was not prescribed treatment at this time
but began taking veterinary doxycycline that she acquired
from a friend. Her Ehrlichia titer returned positive at
1:64 (Lyme and RSMF titers were negative), and she was
referred to the infectious diseases clinic. Her symptoms
improved with doxycycline over the subsequent 19 days,
and upon evaluation in the infectious diseases clinic,
only some occasional nausea and fatigue persisted. The
doxycycline therapy was stopped. A repeat Ehrlichia titer
returned at 1:256. She went on to have complete resolu-
tion of symptoms.

Additional patient 2

A 56-year-old white female with a history of non-insulin
dependent type 2 diabetes, rheumatoid arthritis on upa-
dacitinib, and cirrhosis due to non-alcoholic fatty liver
disease presented to the ED with a one-week history of
fevers, cough, and myalgias. The patient lived in a rural
area, where she was an avid gardener and went on fre-
quent hikes. Upon arrival, she was febrile and tachy-
cardic, and she was subsequently admitted for sepsis.
Exam at the time was unremarkable, and she was noted
to be alert and oriented and without lymphadenopathy
or rash. Labs were notable for a new anemia (hemo-
globin 10.9 g/dL), thrombocytopenia (41x10° cells/L),
hyponatremia (123 mmol/L), and an elevated aspartate
aminotransferase and alanine aminotransferase (93 and
97 U/L, respectively). A plain film of the chest was unre-
markable. Testing for SARS-CoV-2 and a multiplex res-
piratory pathogen panel were negative. Blood cultures
were obtained, and she was started on empiric broad
spectrum IV antibiotics with vancomycin and cefepime
as well as doxycycline. Her immunosuppressants were
held.

Despite this treatment, she became progressively more
obtunded, requiring intubation for airway protection on
hospital day 3. IV ampicillin and acyclovir were initiated,
and cerebrospinal fluid (CSF) from a lumbar puncture
showed a lymphocytic pleocytosis of 18 cells/pl, elevated
protein of 70 mg/dL, and normal glucose of 74 mg/dL.
Further CSF studies were negative, including bacterial
culture, HSV PCR, enterovirus PCR, HHV-6 PCR, cryp-
tococcal antigen, and an arbovirus antibody panel. MRI
of the brain with and without contrast was unremarkable.
As blood cultures returned negative, acyclovir, vancomy-
cin, ampicillin, and cefepime were discontinued. Acute
sera for Ehrlichia and SFGR IgG were sent and returned
at 1:128 and 1:64, respectively. Ehrlichia PCR from the
blood returned positive, and doxycycline was continued.
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She defervesced by hospital day 4. Her mental status
began to improve, allowing for extubation on day 4 and
eventual discharge to acute rehabilitation on hospital day
10. At follow-up four weeks after her initial presentation,
her mental status had returned to baseline without resid-
ual neurologic deficits. Convalescent sera showed an Ehr-
lichia 1gQG titer of >1:1024. SFGR convalescent sera was
1:128.

Discussion

In this review of individuals that underwent testing for
ehrlichiosis at a large academic medical system in North
Carolina between 2018 and 2021, 9.1% (5 of 55) of those
with confirmed or probable ehrlichiosis had neurological
symptoms. While encephalopathy was a common find-
ing, particularly in elderly individuals with more severe
disease, we also observed more varied manifestations
including an isolated cranial nerve palsy. Notably, acute
focal neurological deficits mimicking ischemic vascu-
lar events were seen in two patients, including a pres-
entation compatible with Gerstmann syndrome, which
is classically associated with an infarct to the dominant
parietal lobe [20]. The majority of patients had unre-
markable brain imaging, an observation consistent with
prior descriptions of neuro-ehrlichiosis [10, 21]. Taken
together with previous literature, our case series high-
lights the varied neurological presentations in ehrli-
chiosis [13, 22-24] and provides further evidence that
neuro-ehrlichiosis may lack unifying clinical patterns
or findings on neuroimaging that facilitate diagnosis.
Instead, providers must maintain a high level of suspicion
in patients with a broad range of neurological presenta-
tions, including encephalopathy, especially during spring
and summer months when human-tick encounters are
common.

One area where our study diverges from previous lit-
erature is the frequency of neurological symptoms in
ehrlichiosis. Specifically, our prevalence estimate is sub-
stantially lower than previous reports (Table 3) [25-28].
While the method of laboratory confirmation varied (i.e.,
PCR, IFA on paired sera, single IFA on unpaired sera),
these studies found that over 20% of individuals with ehr-
lichiosis had neurological symptoms. A number of fac-
tors may explain this difference. First, the most recent
of these studies was conducted nearly two decades ago.
During the interval period, the incidence of Ehrlichia
infection in the US has increased more than six-fold [1],
likely attributable not only to increased transmission, but
also increased awareness of Ehrlichia among clinicians,
contributing to more testing and earlier identification
of infections. In addition to increasing the detection of
milder cases of ehrlichiosis, a heightened clinical suspi-
cion may have led to earlier initiation of doxycycline, an
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Table 3 Summary of previous studies reporting neurological manifestations of ehrlichiosis
Study Time Period Location Sample Method of Hospitalized Reported
Confirmation (%) Manifestations of CNS
Disease
(%)
Eng et al, 1990 [28] 1988 US, nationwide 40 patients undergo- Paired IFA with four-fold 85 Confusion [29]
ing serological testing ~ change in titers Meningitis [11]
for RMSF at state health
department or private
laboratories
Fishbein etal, 1994 [27] 1985-1990  US, nationwide 237 patients undergo-  Paired IFA with four-fold 61 Confusion [20]
ing serological testing ~ change in titers Ataxia (< 10)
for RMSF at state health Hearing loss (< 10)
department or private Meningitis (< 10)
laboratories Seizures (< 10)
Stupor (< 10)
Everettetal, 1994 [25]  1989-1992  Missouri 30 patients seeking care  Positive PCR 77 Mental status changes
at an academic and Vet- or [20]
erans Affairs hospital Paired IFA with four-fold Photophobia [13]
and affiliated clinics change in titers
Olano et al, 2003 [26] 1997-1998  US, nationwide 41 patients identified Single IFA with 1gG 56 Confusion [22]
by a national reference  titers>1:64 Hallucinations [10]
laboratory or Stupor [7]
Single IFA with IgM Meningitis [7]
titers>1:20 Coma [2]
Seizures [2]

CNS = Central nervous system. US = United States. RMSF = Rocky Mountain Spotted Fever. IFA = Immunofluorescence assay. PCR = Polymerase chain reaction

intervention that has been shown to reduce the number
of patients that progress to a more severe disease with
neurological manifestations [29, 30].

It is also possible that our study captured cases of E.
ewingii ehrlichiosis, which has not only risen in inci-
dence since first being described in 1999 [1, 31], but often
results in milder illness and fewer severe complications
compared to E. chaffeensis [32, 33]. While nationwide
studies estimate that infection with E. ewingii occurs in
2-9% of patients with ehrlichiosis, [31, 34] routine sur-
veillance of E. ewingii is complicated by cross-reactivity
on IFA with other Ehrlichia species such as E. chaffeensis,
as well as lack of widespread availability of E. ewingii-spe-
cific PCR tests [31]. Interestingly, the seroprevalence of E.
ewingii may actually be higher than E. chaffeensis among
A. americanum populations in some endemic states,
including North Carolina [35-37]. Further human and
entomological studies using species-specific methods
such as PCR are needed to fully quantify the contribution
of E. ewingii to overall ehrlichiosis cases in our region.

With the exception of one patient, individuals in our
cohort with neurological symptoms also had risk factors
for severe ehrlichiosis (i.e., older age or receiving immu-
nosuppressive therapy). Similarly, some patients also had
clinical or radiographic evidence of chronic microvascu-
lar disease, some of which may have been caused by prior,
unrecognized ischemic events. These patients were likely
not only predisposed to severe disease, but also more

likely to experience an exacerbation or recrudescence
of underlying neurological disorders. It is also probable
that the older adults in our cohort had some degree of
underlying cerebral small vessel disease that predisposed
them to neurological symptoms. However, the prompt
neurologic recovery in the stroke-like deficits observed
in patients 4 and 5 after receiving doxycycline strongly
suggests that infection itself, rather than an ischemic pro-
cess, was the primary driver.

Our study has a number of strengths including the
large catchment area of the UNC Health system, the
multi-year study period, rigorous inclusion criteria that
ensured a relatively high specificity for acute ehrlichio-
sis, and a greater number of identified Ehrlichia cases as
compared to most previous studies [25-28].

Our study also has important limitations. Foremost
among these is the retrospective design and reliance
on routine medical records to evaluate for neurological
symptoms. Some patients may have experienced sub-
tle manifestations that were not identified and docu-
mented, which could have resulted in an underestimate
of the prevalence. For example, we excluded 18 patients
from our analysis who presented with headache and/or
dizziness alone due to the non-specific nature of these
symptoms, but it is possible that with further investiga-
tion, including CSF analysis, we would have identified
more cases. Given that CSF analysis and neuroimaging
were normal or absent in several patients, we are not able
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to definitively attribute the neurologic manifestations
observed to true CNS infection by Ehrlichia, particularly
given the presence of risk factors such as older age, multi-
ple comorbidities, and concomitant electrolyte derange-
ments in our cohort. Additionally, with the majority of
patients described in our series not undergoing lumbar
puncture, the possibility of a viral co-infection also can-
not be excluded. For instance, patients in our cohort were
not tested for Heartland virus, which is transmitted by A.
americanum and is known to cause altered mental status,
though the extraordinarily low prevalence of this virus
in A. americanum populations in the southeastern US
makes co-infection with Ehrlichia and Heartland virus
unlikely [38—40]. The rapid response to appropriate anti-
biotic therapy observed in five out of seven of our cases
was also more consistent with a bacterial, rather than
viral infection. Overall, these limitations illustrate the
importance of obtaining CSF studies and neuroimaging
(i.e., MRI) in patients with suspected CNS infection, par-
ticularly when the etiology of neurological symptoms is
unclear.

Furthermore, most cases were diagnosed using sero-
logical methods with few demonstrating a four-fold rise
in titers between acute and convalescent sera. While this
adds an element of uncertainty to the diagnosis, by utiliz-
ing higher cutoff titers in our inclusion criteria, we strove
to minimize the number of false positives that arose from
relying on a single acute titer for diagnosis [15, 17]. It is
also likely that reliance on serological diagnosis resulted
in underestimation of prevalence as false negative serol-
ogy in the first week of illness is frequently identified,
and only about 10% of patients in our cohort underwent
convalescent testing [17, 41]. Fortunately, our institution
is moving towards molecular diagnosis, which eliminates
the challenge of patient follow-up for convalescent test-
ing. We also cannot completely rule out Rickettsia spe-
cies involvement in some cases given the coincident
reactivity of SFGR IgG. However, the reactive titer more
likely reflects exposure to a nonpathogenic SFGR, namely
Rickettsia amblyommatis, which is the most prevalent
Rickettsia species in A. americanum ticks in the region
and may be a common co-exposure in ehrlichiosis [35,
42]. Finally, only one of the 7 patients had an electroen-
cephalogram performed to rule out seizures or post-ictal
state as a cause of the neurologic findings.

Conclusions

Our study found that neurological manifestations
occurred in approximately 9% of patients with ehrlichio-
sis presenting to a large academic health system in North
Carolina. Patients in our series demonstrated a wide vari-
ety of neurological manifestations without clear patterns
or commonalities in the neurologic deficits experienced.
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However, older age or immunosuppression were shared
features in those presenting with neurological symptoms.
This study highlights the need to consider neuro-ehrli-
chiosis in patients who present with acute febrile illness,
neurologic deficits, and unrevealing neuroimaging, par-
ticularly in regions where the lone star tick is endemic.
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