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Abstract

Background Bartonella species are fastidious, intracellular bacteria responsible for an expanding array of human
pathologies. Most are considered to be transmitted by direct inoculation with infected bodily fluids from a mam-
malian reservoir species or vector-transmitted through a variety of arthropod species and their excrement. However,
there are mounting reports of infection in the absence of documented animal or vector contact. A variety of Bar-
tonella species have been documented in conditions affecting both the peripheral and central nervous systems.
More common conditions, including neuroretinitis, are often associated with Bartonella henselae. However, Bartonella
quintana, the agent of trench fever, as well as emerging pathogens related to rodent reservoir species, B. grahamii
and B. elizabethae, have also been documented. Encephalitis and encephalopathy, also most often associated with B.
henselae, have been reported with B. quintana, B. washoensis (ground squirrels) and B. vinsonii subsp. vinsonii (voles)
infections. Bartonella infections have also been associated with peripheral neuropathies, such as cranial nerve paresis
and neuropathic pain, including infection with less commonly encountered species such as Bartonella koehlerae.
Recently, molecular diagnostic testing revealed that DNA from Bartonella spp. was found to be more prevalent

in blood of patients with neuropsychiatric disorders such as schizophrenia and psychoses compared to healthy
controls.

Methods A systematic literature search was conducted on PubMed, Google Scholar and Web of Science. Search
terms included Bartonella and specific neurological conditions and focused on peer-reviewed case reports published
after 2012 pursuant to a prior review, with limited exceptions for conditions not previously covered. Published diag-
nostic testing, serology, molecular testing or pathology, were necessary for inclusion, except for one case which had
clinical and epidemiological evidence consistent with diagnosis along with follow-up.

Results Neurobartonelloses included neuralgic amyotrophy, complex regional pain syndrome, chronic inflammatory
demyelinating polyneuropathy, cranial nerve paralysis, Guillain-Barré syndrome, peripheral vasculitic polyneuropathy,
acute transverse myelopathy, neuroretinitis, encephalitis/encephalopathy, cerebral vasculitis/aneurysm and neuropsy-
chiatric conditions.

Conclusions The breadth of reported symptoms and clinical syndromes associated with an increasing number

of Bartonella species continues to expand. Increased clinical awareness of this important zoonotic pathogen is neces-
sary to advance One Health among the medical and veterinary communities.

Keywords Bartonella, Bartonellosis, Neurological, Neuropsychiatric, Central neuropathy, Peripheral neuropathy, Cat
scratch disease, Vector-borne, One Health
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Background

With the development of more sensitive and specific
diagnostic testing modalities, Bartonella species are
being increasingly recognized as important emerging
human pathogens. In conjunction with an expansion
in the basic microbiological, pathological and clinical
understanding of these stealth bacteria, there is evolv-
ing evidence that this genus of bacteria is a more impor-
tant contributor to neurological and neuropsychiatric
illnesses than has been historically appreciated. Despite
research progress to date, substantial gaps remain in our
medical understanding of neurobartonelloses.

Bartonella species comprise an expanding genus of fac-
ultative intracellular Gram-negative bacteria that have
coevolved in association with a large variety of mamma-
lian species. These bacteria invade erythrocytes, vascu-
lar endothelium and other cell types and are capable of
inducing long-lasting bacteremia [1-3]. Considered pri-
marily vector-borne bacteria, arthropod transmission,
most often among reservoir-adapted hosts, has been
proven for some Bartonella species, whereas the vector
remains unknown for other species [4, 5]. Direct inocula-
tion of Bartonella-infected arthropod feces, or blood or
bodily fluids from infected hosts, has also been reported
via a scratch, bite or needle stick [1, 4—7]. Humans are
considered the reservoir host for two species of Bar-
tonella: B. quintana and B. bacilliformis. Bartonella quin-
tana, the causative agent of trench fever, exists worldwide
in association with its vector species, the human body
louse (Pediculus humanus humanus), while Bartonella
bacilliformis, the causative agent of Carrion’s disease,
exists in a geographically isolated region in the Peruvian
Andes [1]. Many other human pathogenic Bartonella spe-
cies exist worldwide in mammalian reservoirs and vector
species that environmentally overlap with human habita-
tion, contributing to a high transmission risk to human
beings [4, 8—12]. Since 1913, approximately 50 Bartonella
species or candidates have been described in scientific
publications [4]. In addition to humans, Bartonella spe-
cies infect a wide range of wild and domestic animals,
including bats, rodents, raccoons, foxes, deer, sheep, dogs
and cats [4]. Periodically, Bartonella is transmitted from
the reservoir host or its associated vector to a human
being, who acts as an incidental host. In the context of
emerging from obscurity, about 20 Bartonella species
have been documented as zoonotic pathogens, of which
nine have been reported in cases of neurological diseases.
Bartonella henselae, the etiological agent of cat scratch
disease (CSD), has been the most frequently implicated
species. Named in 1931 by French physicians Robert
Debre and George Semelaigne, “la maladie des griffe du
chat” described suppurative adenitis in a 10-year-old boy
also presenting with ipsilateral cat scratches [13]. Febrile
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illness and lymphadenopathy may precede development
of symptoms in some cases of neurobartonellosis; none-
theless, there are several reported cases of neurological
dysfunction following interaction with other animal spe-
cies and cases where neither arthropod vector nor animal
interaction is documented [2, 10].

Historically, the central nervous system (CNS) has
been considered “immune privileged” because of several
factors, including restricted pathogen access through
the blood-brain barrier (BBB), a diminished immune
response secondary to low MHC class I and II expres-
sion and a lack of a professional antigen-presenting cells
[14, 15]. It is now known that the CNS routinely inter-
acts with microbes and the systemic immune system and
that these interactions, essential for brain homeostasis,
are compromised during pathological conditions [14,
15]. Most recently, the effects of infectious organisms
on chronic CNS disorders have been highlighted by the
number of people suffering signs of cognitive impairment
following coronavirus (SARS-CoV2) infection [16—18].
Data suggest that BBB dysfunction occurs in associa-
tion with systemic SARS-CoV2 infection, with inflam-
mation and vascular injury allowing for cytokine leakage
into the CNS in the absence of the virus [18]. Of note,
SARS-CoV2 infection has also unmasked or exacerbated
preexisting bartonellosis, supporting the chronic, stealth
nature of Bartonella infections [19, 20]. Evolving evi-
dence supports a role for systemic inflammation due to
Bartonella infection as well as pathogen presence within
neurological tissues as causes of Bartonella-associated
neurological dysfunction (BAND). In addition to eryth-
rocytes and vascular endothelial cells, B. henselae infects
a variety of other cell types, including macrophages, den-
dritic cells, mesenchymal cells and microglia, which may
facilitate infection of nervous tissues [1, 2, 21-24].

This review will focus primarily on neurobartonel-
loses cases reported in the literature from 2012 through
2024, subsequent to the previous publication by Bre-
itschwerdt, Sontakke and Hopkins that summarized
case reports of neurological manifestations in immuno-
competent patients secondary to Bartonella infection
reported between 2005 and 2012. Selected cases pub-
lished earlier or within that time period will be included
to illustrate evolution in the medical understanding of
neurobartonelloses and to expand on conditions not cov-
ered in the prior review. It will differ in scope from the
previously published reviews, including those by Mazur-
Melewska et al., which focused on the multi-system dis-
eases associated with Bartonella; Canneti et al., which
evaluated the frequency of neurological diseases in a ret-
rospective study of Bartonella henselae-positive patients;
Nawrocki et al., who focused on a variety of atypical
cases of CSD; and Jurja et al, who gave an insightful
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overview of Bartonella and neuro-ophthalmological dis-
orders and pathogenesis [25—28]. We will review cases of
peripheral and central nervous system conditions related
to infection with Bartonella species in conjunction with
the mechanisms by which bacterial pathogenesis may
relate to the development of neurological symptoms and
pathology. Current diagnostic options and published
treatment recommendations will be summarized. The
purpose of this review is to further focus attention on
the genus Bartonella as an underappreciated etiologi-
cal agent that is being implicated in an increasingly wide
spectrum of neurological presentations.

Methods

This review is comprised of literature identified through
electronic databases, including PubMed, Google Scholar
and Web of Science, as well as the library system at the
North Carolina State University. The review is organized
by neuroanatomical location and primary clinical signs
to include conditions afflicting the peripheral and central
nervous systems. Inclusion criteria were peer-reviewed
journal articles spanning the period of 2012 through July
of 2024 as well as individual reports on specific neurolog-
ical conditions from earlier time points not included in
the previous review. Two cases documented in the previ-
ous review are included as examples of a novel Bartonella
species causing neurological disease and to exemplify the
range of neuropsychiatric symptoms possible in cases
of Bartonella infection. Data on neurological disorders
associated with Bartonella species consisted primarily of
single- or multiple-patient case reports and a few review
articles. Diagnostic methods including serology, molecu-
lar diagnostics or pathology with results were impera-
tive for inclusion, although one case of facial nerve palsy
was chosen to exemplify findings on abdominal imaging,
which were consistent with disseminated cat scratch dis-
ease. Background information on neurological condi-
tions was obtained from recent descriptive, pathogenesis
or review articles specific to the condition. Search terms
were used alone and in conjunction to decrease reporting
bias, and searches were performed for both Bartonella
and cat scratch disease in addition to the following terms:
neurologic, neurologic disorders, neuropathy, peripheral
neuropathy, peripheral nerve paresis, facial palsy, Bell’s
palsy, neuropathic pain, peripheral polyneuropathy, Guil-
lain-Barré syndrome, vascular neuropathy, spinal disease,
spinal neuropathy, myelopathy, myelitis, acute transverse
myelitis, meningitis, meningoencephalitis, central nerv-
ous system, encephalitis, encephalopathy, seizures, epi-
lepsy, behavior, cognition, psychiatric, neuropsychiatric,
immune-mediated, autoimmune, neuroophthalmologi-
cal, optic nerve, neuroretinitis, cerebral vasculitis, cer-
ebral aneurysm, infectious aneurysm, mycotic aneurysm,
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infectious neuropathy, pathogenesis, neuropathologic,
pathological, coinfection and zoonoses. Additionally,
human pathogenic Bartonella species, B. henselae, B.
quintana, B. vinsonii subsp. vinsonii, B. vinsonii subsp.
berkhoffii, B. koehlerae, B. grahamii, B. washoensis and B.
elizabethae, were searched in association with neuropa-
thies. All included references were read to completion
by at least one author, and references within included
manuscripts were also evaluated for additional case and
background information. Most references were listed on
PubMed.

Clinical syndromes: peripheral neuropathies

Peripheral neuropathies are common, with an overall
prevalence of 1-7% of the general population [29]. Etiol-
ogy is variable, and up to 46% of cases are deemed idi-
opathic [29]. Sensory abnormalities, such as numbness,
pain and loss of sensation, may be among the earliest
symptoms and may progress to weakness and muscle
atrophy. Symptoms related to autonomic dysfunction
such as blurry vision, orthostatic hypotension and
changes in urinary, gastric or bowel function may also
occur in conjunction with the neuropathy [29]. Other
reported symptoms include hyperalgesia, hyperesthesia,
stabbing pain and allodynia (pain in response to a non-
painful stimulus). In this section, we report on cases pub-
lished between 2000 and 2024, as the previous review
focused more on central neurological conditions.

Neuropathic pain

Neuralgic amyotrophy (NA), or brachial plexus neuritis,
is a debilitating disease that classically presents as acute
severe upper extremity pain followed by patchy muscle
weakness and loss of sensation [30]. Overall incidence is
presumed higher than the reported statistic of one per
thousand individuals. Considered a multifocal, inflam-
matory condition, the etiology is thought to be autoim-
mune [30]. Although NA is often classified as idiopathic,
it has been well described as a post-infection sequela
related to multiple intracellular pathogens, including
Chlamydia pneumoniae, Borrelia burgdorferi, group A
Streptococcus and a variety of viral pathogens including
SARS-CoV2 and Epstein-Barr virus (EBV) [30]. In cases
of systemic infection with B. henselae, the mechanism
underlying neuropathic symptomology is thought to be
secondary to a CD8+T cell immune response that leads
to an autoimmune response, resulting in nerve damage.
Due to the lack of patient response to antibiotic therapy,
immune aspects of this disorder rather than direct bac-
terial effects have been hypothesized. It is thought that
a disruption in the blood-nerve barrier allows for focal
inflammation, with pain and nerve damage occurring
secondary to inflammatory mediators and ischemia [30].
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In the four cases presented in the literature (Table 1),
unilateral and bilateral disease is reported, and three
patients experienced a prior febrile illness and localized
lymphadenopathy weeks to months prior to the onset of
NA [31, 32]. Electroneuromyographic (EMG) features of
denervation are consistent with NA, and patients often
suffer significant loss of motor and sensory function
lasting weeks to years. Whether due to antimicrobial or
immunomodulatory effects, intravenous immunoglobu-
lin (IVIG) may be therapeutically beneficial, allowing for
near complete recovery in one documented case of NA
neurobartonellosis [31, 32].

Another neuropathic pain disorder, complex regional
pain syndrome (CRPS), is typified by spontaneous onset
of pain, numbness or burning, altered skin temperature
or color, and varying levels of loss of motor function,
most commonly affecting a distal limb, presenting days
to weeks following an injury [33]. Pain is disproportion-
ate to the inciting injury; the latter cannot be determined
in some cases [33]. Most patients present with unilateral
limb pain, but there are cases where pain occurs in mul-
tiple limbs or other body parts [33]. Vascular changes
to the skin, including skin surface temperature changes,
skin discoloration and swelling are common, and symp-
toms can spread to previously unaffected areas of the
body [34]. Two primary classifications of CRPS exist
based on specific nerve damage: Type I, the more com-
mon clinical presentation, occurs following trauma
or an illness unaffiliated with a specific nerve. Type II
CRPS occurs after injury to a specific nerve [33]. Pro-
posed pathophysiological mechanisms that cause CRPS
are thought to be multifactorial and include inflam-
mation, autonomic nervous system alteration in which
there are shifts in vascular and neuronal sensitivity to
neurotransmitters, and CNS sensitization secondary to
chronic peripheral nociceptor stimulation [34]. The role
of the CNS in propagating CRPS appears linked to spinal
cord glial activation that potentiates cytokine messaging
and sensory transmission of pain stimuli [33, 34]. Type
I CRPS has been documented in one case of Bartonella
infection, without a defined preceding injury, in which
a patient developed ankle pain that progressed to inter-
mittent edema, erythema and cyanosis of both feet fol-
lowing a febrile episode that occurred after a spider bite
on an upper extremity [35]. The patient, a veterinarian
in Raleigh, NC, was diagnosed with CRPS after autoim-
mune and neurodiagnostic testing did not elucidate any
other etiology. Bartonella koehlerae DNA was amplified
from the patient’s blood directly and following enrich-
ment culture in Bartonella-Alphaproteobacteria growth
media (BAPGM) [36], and she was B. koehlerae and Bar-
tonella vinsonii subspecies berkhoffii type I and II serore-
active on sequential blood testing. Symptoms, which had
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caused debilitation to the point of requiring a wheelchair,
were controlled with a combination of nortriptyline and
gabapentin, but resolution was not attained until the
patient completed a 12-week therapeutic antibiotic regi-
men consisting of rifampin and azithromycin [35].

Peripheral nerve paresis

Chronic inflammatory demyelinating polyneuropa-
thy (CIPD) has been described in two patients in asso-
ciation with Bartonella infection [37, 38]. Considered
an autoimmune condition, CIPD is predominantly diag-
nosed in older male individuals and classically presents
with an insidious onset, followed by progressive signs
of relapsing and recurring symmetric peripheral mus-
cle weakness, sensory alterations and paresthesia [39].
Loss of reflexes, neuropathic pain, autonomic dysfunc-
tion and cranial nerve abnormalities can coexist because
of segmental demyelination related to inflammatory cell
infiltration within the nervous system [39]. Infection or
immunization has also been associated with the develop-
ment of CIPD, and this population tends to be of younger
age [40]. There is a case report of a 3-year-old male sub-
ject who developed symmetric distal muscular weak-
ness and numbness with loss of deep tendon reflexes
6 weeks after being treated for lymphadenitis second-
ary to B. henselae infection (Table 2) [37]. Diagnosis of
CIPD was based on clinical signs in combination with
cerebrospinal fluid (CSF) findings of elevated monocytes,
protein, oligoclonal banding and evidence of intrathecal
IgG synthesis. Interestingly, serum IgG titers remained
high following treatment with clarithromycin, which
could indicate persistent infection. Functional recovery
occurred over a period of 4 months with a tapering cor-
ticosteroid dose [37]. The second case involved a fam-
ily that suffered from woodlouse hunter spider bites in
their home following a flood and subsequent infestation
of woodlice [38]. Spiders had been visualized on both
sons and in their bedding. Suspected spider bites on the
youngest son were documented by the child’s pediatri-
cian when he was 5 months of age, and signs of muscle
weakness and pain developed in toddlerhood. After an
initial diagnosis of Guillain-Barré syndrome (GBS), this
patient was subsequently diagnosed with CIPD following
episodic relapsing weakness and evidence of demyelina-
tion on EMG (Table 2). This patient displayed rising titers
during serial testing to several Bartonella species, which
diminished after antibiotic therapy (refer to Table 2).
His older brother also experienced symptoms following
spider bites, including disruptive sleep, and both boys
developed anxiety, irritability and panic attacks that
could not be attributed to another somatic disease. The
older son developed cervical lymphadenopathy about a
year after experiencing the spider bites, and his mother,
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although she could not confirm being bitten by a spider,
experienced headaches, eye pain, weakness and loss of
sensation in her extremities along with joint pain, fatigue
and neurocognitive signs of memory loss, insomnia and
disorientation in the months pursuant to the presence
of spiders in the dwelling. Interestingly, all three family
members tested positive by immunofluorescent antibody
(IFA serology) to B. henselae San Antonio 2 (SA2) and B.
vinsonii subsp. berkhoffii type 11, although at a lower titer
than the youngest son. There was no history of cat inter-
action, although the family dog had a history of fleas. The
dog’s blood was screened during the same time interval
as the mother and found to be serologically negative to all
tested Bartonella species [38]. Thirteen spiders and four
woodlice were collected from the home for Bartonella
screening. Compellingly, B. henselae SA2 DNA was
genetically sequenced from two spiders and one wood-
louse and B. vinsonii subsp. berkhoffii sequenced from a
third spider [38]. Although vector competency was not
confirmed for these species, the findings bear considera-
tion due to the temporal association of spider bites and
the development of bartonellosis [38].

Facial nerve paresis, or Bell’s palsy, is the most com-
monly reported cranial nerve paresis. Up to 75% of adult
cases are considered idiopathic, with traumatic causes
making up an additional 10-23% [41]. Infection is cited
in comparatively few cases, but it may be more preva-
lent when facial nerve paresis is combined with other
systemic symptoms [41]. General symptoms include
abrupt onset of unilateral facial muscle weakness result-
ing in incomplete closure of the eyelid, lack of forehead
wrinkling and labial droop. The incidence varies with
age, being less prevalent in children < 15 years old. Etiol-
ogy in children, however, is more likely to be infectious,
accounting for up to 36% of cases, as opposed to 3.1%
of cases in adults on average [42]. In terms of infectious
pathogenesis, acute otitis media secondary to bacterial
infection is cited as the most common cause of facial
palsy in children, although B. burgdorferi, the spiro-
chetal organism responsible for Lyme disease, is deemed
responsible for up to 50% of facial palsy in children living
in Lyme-endemic regions. This may relate to the location
of B. burgdorferi inoculation in this population, in which
tick bites on the head or neck are more common [43, 44].
As Bartonella and Borrelia can coinfect and the organ-
isms have been documented in the same arthropod vec-
tors, Bartonella may go untreated if clinical symptoms
are assigned solely to Lyme disease [43-46]. In cases of
neurobartonelloses, facial palsy is commonly associ-
ated with other systemic symptoms (Table 2). Of the
nine Bartonella cases documented in the literature since
2005, four cases are reported in children/adolescents
< 18 years old [47-50]. Fever was common in all cases.
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Concomitant headaches and weight loss, granuloma-
tous lymphadenopathy and parotid swelling were noted,
respectively, in three patients [47—49]. The fourth pedi-
atric patient, who was co-infected with herpes simplex
virus (HSV), presented with ocular pain and loss of vision
[50]. In the adult cases, fever was reported in three of
the five patients, and regional parotid swelling was com-
monly noted [49, 51-53]. Two patients presenting with
facial palsy also developed Parinaud’s oculoglandular
syndrome (discussed further in the section on Neuroreti-
nitis), illuminating this pathogen’s ability to incite multi-
focal pathology. The first of these patients, a 28-year-old
man, developed fever and malaise followed by upper
eyelid weakness ipsilateral to conjunctival signs, with
compression of the facial nerve secondary to enlarged
pre-auricular lymph nodes and parotid sialadenitis. He
reported being scratched by kittens adopted 2 months
prior to the onset of clinical signs, although the localized
ocular symptomology may suggest inoculation through
the conjunctiva. Serology revealed B. henselae IgG at
1:640, consistent with active or recent infection [52]. The
second patient, a previously healthy 47-year-old woman,
presented with left-sided palsy of the abducens nerve and
dipoplia. Her condition progressed over a 4-day period to
visual loss secondary to neuroretinitis. CSF revealed evi-
dence of aseptic meningitis, and upon further question-
ing, the patient recalled a “flu-like illness” and cat contact
2 weeks prior to the onset of her clinical signs.

Subsequent Bartonellaserology was determined to be
positive [53]. Table 2 includes four cases of peripheral
nerve palsy chosen to illustrate variation in clinical pres-
entation, laboratory and imaging parameters, and patient
outcome.

Peripheral polyneuropathies

Guillain-Barré Syndrome

Guillain-Barré syndrome (GBS) is a polyradiculoneu-
ropathy that arises from autoimmune damage to periph-
eral nerves [54]. Two primary subtypes of GBS exist. The
more common subtype, acute inflammatory demyelinat-
ing polyneuropathy (AIDP), involves immune-mediated
damage of the peripheral nerve myelin sheath, whereas
in the second subtype, acute motor axonal neuropathy
(AMAN), the immune injury involves the axolemma
(axonal membranes) [55]. The most common presenta-
tion is acute onset of ascending weakness and hypore-
flexia, typically arising from the lower limb(s), which may
be preceded by paresthesia and/or pain [56]. Although
a genetic predisposition is suspected, a seasonal varia-
tion associated with infectious disease outbreaks also
exists [58]. Patients commonly report a previous illness,
often accompanied by respiratory or gastrointestinal
symptoms. Outbreaks of GBS have been associated with
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multiple pathogens, including Zika virus, SARS-CoV2
and Campylobacter jejuni [56, 57]. Incidence increases
with age, and the condition is more common in females.
In a case report by Massei et al., a 10-year-old female
patient presented with loss of mobility in her lower limbs,
with a 1-day history of vomiting and fever 4 days prior
to the onset of neurological signs [58]. Weakness, myal-
gia and loss of deep tendon reflexes in the lower extremi-
ties were noted, along with pelvic and truncal weakness.
An extensive diagnostic workup (Table 3) was normal
aside from reduced motor nerve conduction velocity and
amplitude, consistent with axonal damage. This high-
lights a neurobartonellosis case with no classical signs
of CSD such as fever and lymphadenopathy. Screening
for Bartonella was elected because of the patient’s his-
tory of living in a rural setting and having previous kitten
interactions. Elevated titers to B. henselae (1gG 1:1024
and IgM +) were detected on blood serology, while CSF
was negative via polymerase chain reaction (PCR). The
patient demonstrated rapid response to IVIG and was
discharged with no lingering neurological deficits.

Peripheral vasculitic polyneuropathy

In recent years, the association between hematological
and neurological diseases has become an increased area
of investigation [59]. Peripheral vasculitic polyneuropa-
thy is a multifactorial condition in which inflammation
of the vasa nervorum, the complex of vessels which sup-
plies nutrition to peripheral nerves from adjacent vas-
culature, results in thrombosis and secondary ischemic
injury [60]. The vasculitis itself can be regional, affecting
only a peripheral nerve, or more systemic, either primary,
or secondary to autoimmune or infectious disease [59,
61]. Cases that present solely with peripheral neuropa-
thy symptoms require a high index of suspicion to deter-
mine whether underlying vasculitic changes are driving
the condition [59, 61]. In the case of infection, vascular
damage can be indirect, from immune complex deposi-
tion or cell-mediated immune hypersensitivity, or arise
directly because of pathogen influence. Some patho-
gens, including Bartonella, can cause damage by direct
endothelial invasion [59, 61-63]. In the presented case, a
patient infected by B. henselae endured relapsing cutane-
ous ulcerations on his feet and developed an asymmetri-
cal peripheral neuropathy involving both legs and hands,
with concomitant hyperesthesia and hyperalgesia over a
period of a few years (Table 3) [64]. The patient, a 40-year-
old male, initially presented with an acute onset of joint
pain, digital swelling and pain, and livedo reticularis on
his distal limbs. He also had symptoms of Raynaud’s phe-
nomenon and a digital ulcer on the right foot. A muscle
biopsy revealed axonal neuropathy, but treatment with
corticosteroids was unsuccessful. Recurrent cutaneous
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ulcerations, night sweats and weight loss continued over
several years. Further diagnostics, including an exten-
sive investigation into immune-mediated and infectious
diseases, were not conclusive. Due to the recurrent pres-
entation of cutaneous ulcers, suspicion of bacillary angio-
matosis was raised, and Bartonella serology was obtained
(Table 3). Antibody titers to B. henselae were determined
to be elevated, along with equivocal titers to B. quin-
tana, and a tissue biopsy of the cutaneous lesion dem-
onstrated subepithelial proliferation of small vessels [64].
The patient responded to doxycycline, and at follow-up,
Bartonella titers had decreased, and the patient had only
residual signs of neuropathy. This case is an extreme
example of the chronic, insidious nature of Bartonella
infections, underscoring the need for high clinical suspi-
cion and collaborative efforts in determining an etiology.

Central neuropathies

Spinal cord conditions

Depending on the location(s) of the offending lesion,
patients with neuropathological conditions affecting the
spinal cord can present with a spectrum of neurological
symptoms, varying from exclusively motor to predomi-
nantly sensory abnormalities, or concurrent sensory and
motor nerve deficits [65]. Due to overlap with common
spinal conditions that manifest in sensory or motor signs,
including degenerative myelopathy, intervertebral disc
disease or nutritional deficiencies, diagnosis of primary
infectious myelopathies is complicated. Symptoms can be
secondary to spinal compression because of focal inflam-
mation or to internal or external abscessation. Symptoms
can also arise secondary to direct nervous tissue inva-
sion by microbes, such as Enterovirus [66]. These para-
and postinfectious presentations of spinal pathology can
impact timely diagnosis [66, 67].

In cases of BAND, acute transverse myelitis (ATM)
is the most commonly documented spinal condition,
with or without overlapping GBS. Interestingly, these
two conditions are being reported more frequently and
are termed GBS/ATM overlap syndrome [68]. ATM is
described as a rare disorder, in which spinal cord inflam-
mation results in myelin damage. Although most com-
monly termed idiopathic, multiple infectious agents have
been implicated, including B. burgdorferi, Mycoplasma
and, most recently, SARS-CoV2, where post-infection
and post-vaccination cases were seen with unexpect-
edly high frequency [68-71]. Most often, one or more
focal inflammatory lesions traversing the thoracic spinal
cord leads to bilateral motor weakness and other symp-
toms including autonomic dysfunction, sensory deficits
and bladder or bowel dysfunction [70]. Partial involve-
ment affecting only one side of the body can also occur
[70]. ATM progresses rapidly, and by the time of peak
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neurological deficit, about half of patients are paraplegic.
The disorder can be temporary (3—6 months) or perma-
nent, with patient outcome roughly divided equally into
one of three categories: complete resolution, moderate
disability or severe, permanent disability [70]. Addition-
ally, patients with ATM can develop other demyelinat-
ing disorders, such as multiple sclerosis (MS), at a later
date [71]. Of interest, however, in the publication by Kim
et al. (2023), biomarkers of neuronal and astroglial dam-
age, though comparable in acute-onset patients with
relapsing-remitting MS, do not remain elevated during
remission. Lack of specific damage-associated biomark-
ers during remission suggests that MS is not prone to
progression [72]. This finding underscores the need for
more broad infectious disease testing in cohorts that do
not achieve disease resolution. Four Bartonella-asso-
ciated cases have been published since the prior neuro-
bartonellosis review, all of whom were diagnosed with B.
henselae (Table 4). Three patients reported a cat scratch
or bite days to weeks prior to development of neurologi-
cal symptoms, and the fourth patient had exposure to
kittens and various arthropod vector species in her rural
environment. In two of these ATM patients, a 10-year-
old girl and a 62-year-old woman, the initial presenting
signs of lower limb weakness, hyperalgesia and anuria
led to a diagnosis of ATM, confirmed by the presence
of spinal lesions on magnetic resonance imaging (MRI)
[73, 74]. The older patient also had blood pressure exac-
erbations suggestive of autonomic dysfunction. Both had
elevated CSF leukocyte counts and protein, and neither
responded to ceftriaxone and vancomycin therapy. Once
CSD was suspected because of history of cat interac-
tion/bite wound, both patients demonstrated clinical
improvement with doxycycline administration but still
had significant residual pain, weakness and dysuria. Both
patients were diagnosed with concurrent GBS when
EMG documented diminished motor nerve conduction.
Addition of IVIG resulted in full recovery in the older
patient and clinical resolution with minor sensory defi-
cits at a 4-month follow-up appointment in the younger
patient (Table 4). A third patient, a 12-year-old boy with
a historical cat bite injury, presented with inability to
walk, anuria and fluctuating hypertension, similar to
the 62-year-old female patient, who had also sustained
a cat bite [74, 75]. In this case, however, a high-normal
erythrocyte sedimentation rate (ESR), CSF findings of
low protein and glucose, and evidence of a demyelinat-
ing polyneuropathy on EMG led to the initial diagnosis
of GBS, after which IVIG therapy was instituted. Lack
of improvement in clinical signs led to spinal imaging,
which was consistent with ATM, and Bartonella anti-
body titers were elevated (Table 4). Addition of meth-
ylprednisolone, rifampin and doxycycline resulted in
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near complete recovery by the 4th day of therapy. At a
1-month follow-up appointment, the boy had no residual
neurological deficits aside from hypoactive deep tendon
reflexes [75]. The fourth patient, a 46-year-old woman
with a history of a cat scratch and axillary lymphadenop-
athy, developed a larger spectrum of clinical abnormali-
ties [76]. Her ATM symptoms included acute onset of
paresthesia, lower limb weakness and pain, and diagnosis
was confirmed by MRI (Table 4). However, her additional
symptoms included dysarthria, peripheral neuropathic
features of dysphagia and facial paralysis, and central
neuropathic signs including gaze-induced nystagmus
and aphasia, suggesting central and peripheral nervous
system involvement [76]. Cerebrospinal fluid monocyte,
protein and lactate values were increased, and the CSF:
serum albumin ratio supported blood-CSF barrier dys-
function. Of note, this patient had an extensive diagnos-
tic workup for infectious and immune-mediated diseases
prior to being assessed for neurobartonellosis (Table 4).
Bartonella henselae serology was positive, as was PCR
from a tissue biopsy obtained from the site of the cat
scratch. Bartonella DNA was not PCR amplified from
the CSE. The patient was treated with a 3-week course
of doxycycline and a tapering dose of corticosteroids,
and although she had improvement in her overall clini-
cal status, she reported persistent fatigue, chronic head-
ache and radicular nerve pain, and had gait deficits at a
6-month follow-up appointment [76].

Neuroretinitis

Ophthalmological findings in neuroretinitis are charac-
terized by unilateral non-painful vision loss with color
discrimination deficits, optic disc edema and a star-
shaped pattern of lipid accumulation around the mac-
ula, first described as idiopathic stellate maculopathy by
Theodor Leber in 1916 [77-79]. Additional ophthalmo-
logical findings can include small, white chorioretinal
lesions in both the unaffected and affected eye, retinal
vasculitis and, occasionally, bilateral vision loss [21, 77].
Bartonella henselae is the most common infectious etio-
logical agent associated with neuroretinitis, responsible
for about 2/3 of clinical cases [22, 78—89]. Other Bar-
tonella species have also been documented, including B.
quintana, B. grahamii and B. elizabethae, the latter spe-
cies first reported in association with Leber’s neuroreti-
nitis, bringing into question an infectious etiology in this
condition [86—89] (Table 5). Historically, neuroretinitis
associated with Bartonella species has fallen under the
classification of CSD, in large part due to a predominance
of patients reporting interactions with cats. In contrast
to typical CSD, which more commonly affects younger
children, teenagers or older adults, Bartonella-associated
neuroretinitis tends to affect individuals in their 30s and
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40s and may better be classified as a manifestation of
ocular bartonellosis, which includes other presentations
such as uveitis, retinal arterial occlusion and Parinaud’s
oculoglandular syndrome, characterized by regional lym-
phadenopathy and ulcerative conjunctival granulomas
stemming from trans-conjunctival inoculation of bacte-
ria from infected animal saliva or other sources [90-93].
Other precedent or concurrent clinical signs that may be
present in cases of Bartonella-associated neuroretinitis
include protracted fever, lymphadenopathy, arthralgia,
headache and a skin rash. The presenting complaint is
most often acutely diminished visual acuity, visual field
abnormalities and dyschromatopsia (color blindness).
Optic disc edema is a common initial finding, whereas
other typical ophthalmological abnormalities, including
the development of the macular star, choroidal lesions
and vascular occlusion or proliferation, can take several
weeks to develop [79-82, 85, 91]. Although pathogenesis
of many ocular changes is currently unknown, neovas-
cularization could arise secondary to Bartonella’s ability
to stimulate vascular proliferation by enhancing vascu-
lar endothelial growth factor (VEGF) production upon
endothelial cell infection [94—99]. Increased VEGF has
been identified for potential to differentiate Bartonella
infections from other infectious or noninfectious ocular
lesions [28]. Ocular inflammation is a common finding
in cases of Adamantiades-Behcet’s disease, a systemic
condition affecting the microvasculature, and in a publi-
cation from 2016, coinfection with B. henselae with con-
current elevation in VEGF was documented in a patient
suffering from a multitude of wide-spread clinical signs
[100, 101].

Clinically, most cases resolve without intervention;
however, antimicrobial drugs, corticosteroids and intra-
venous immunoglobulin have been utilized, especially
when the patient has other systemic signs of bartonel-
losis. In a multicenter retrospective review by Chi et al.
(2012), it was noted that good visual acuity at presenta-
tion and the absence of systemic symptoms were the
only factors associated with good visual prognosis; use
of systemic antibiotics or corticosteroids had no associa-
tion [83]. Similarly, in a 2018 review by Abdelhakim and
Rasool, the authors agree that in cases of Bartonella-
associated neuroretinitis, visual recovery is favorable
regardless of medication administration [21]. Early anti-
microbial intervention has been suggested, however, to
hasten ocular recovery, eliminate the inciting pathogen
and reduce potential sequelae of chronic infection [81].
Of note, there is a solitary case report by Rodriguez et al.
in which a 28-year-old woman with a history of systemic
lupus erythematosus treated with immunosuppres-
sive drugs developed neuroretinitis in combination with
multiple brain abscesses, with B. henselae detected via
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PCR from a brain biopsy [102]. It was hypothesized that
hematogeneous spread of the organism resulted in this
pathology [102].

Although most cases of neuroretinitis appear to occur
following contact with a cat, there are several published
cases in which either cat interaction did not occur or
there was association with a different animal species
[103]. In Table 5, a patient suffering from a racoon bite
was diagnosed with neuroretinitis caused by B. eliza-
bethae. This species was first reported in a patient with
endocarditis in 1993, later found in association with
IV drug use, and was recently detected in an immuno-
compromised patient with bacillary angiomatosis [104,
105]. Rats are the suspected mammalian reservoir for
B. elizabethae, although it has also been found in asso-
ciation with the murine genus Mastomys [106]. A patient
with B. grahamii DNA isolated from her ocular fluid
had suffered not only from neuroretinitis, but also acute
onset headache and behavioral changes, including anxi-
ety and irritability, signs that are more commonly seen
with Bartonella-associated encephalitis/encephalopathy
[87]. Bartonella-associated neuroretinitis has also been
reported in association with bull ant stings [107], and
bites or scratches from a pet dog, ferret and guinea pig
[103, 104, 108], as well as multiple cases in which cat or
animal contact did not occur, highlighting the need for
clinical suspicion even in the absence of animal contact
[103, 109, 110].

Encephalitis and encephalopathy

Encephalitis denotes inflammation within the brain
whereas encephalopathy encompasses a range of symp-
toms involving altered mental status, consciousness or
personality that can occur in the absence of inflamma-
tion. These topics will be covered jointly in this section
because of the interchangeable use of the terminology in
the reported literature, reports of Bartonella-associated
encephalitis progressing rapidly to encephalopathy and
reports in which encephalopathy was not associated with
inflammation [111].

Classically, infectious encephalitis can be caused by
numerous pathogens, including viruses, bacteria, fungi
and others, although etiology remains unidentified in up
to 63% of cases [24, 111-121]. Due to the potential for
high mortality, it is imperative that potentially treatable
infectious causes be rapidly addressed, both diagnosti-
cally and therapeutically [24, 112, 113]. Herpes simplex
virus (HSV) is cited as the most common infectious cause
of encephalitis in Western countries, but worldwide,
Japanese encephalitis virus is the most prevalent cause
[113]. In meningoencephalitis, inflammation involves
the brain parenchyma as well as the surrounding menin-
geal membranes [113]. In terms of Bartonella-associated
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disease, encephalitis occurs in 1-7% of cases of classi-
cal cat scratch disease, with children most commonly
impacted [114—118]. Symptoms generally include head-
ache and acute onset of seizures, often classified as status
epilepticus refractory to treatment [115, 119]. Additional
encephalopathic signs include lethargy, confusion, diso-
rientation, sleep disorders, expressive aphasia and word-
substitution errors. Personality changes such as agitation
and combative or aggressive behavior are also fairly com-
mon (40% of cases) [116]. Other reported comorbid
symptoms include gait abnormalities, dystonia, weak-
ness, myelitis and hemiplegia, indicating that a menin-
geal component may be more commonly encountered
[116, 117, 119, 120]. Concurrent signs of gastrointesti-
nal pain are not uncommon, and in most reported cases,
lymphadenopathy and fever are also present, accentuat-
ing the systemic nature of infection [119, 120]. Similar
to other sources of encephalitis, brain imaging is gener-
ally normal despite neurological deficits, although subtle
changes may occur [121, 122].

Bartonella henselae is the most commonly reported
species identified in cases of Bartonella-associated
encephalitis/encephalopathy, although case reports exist
where other species or co-infections have been reported.
Regarding B. henselae infections, most cases are in chil-
dren aged 7 through 12 [123], and hospitalization is
more common in males [123]. Prior interactions with
cats are common, and most patients have preexisting
fever 1-2 weeks prior to the onset of neurological signs
[123]. The most common presenting abnormality is sei-
zures (status epilepticus), while electroencephalograms
(EEG) are consistent with encephalopathy (slow delta
waves and lack of epileptiform discharges) [113]. Table 6
contains select cases in children to demonstrate the clini-
cal spectrum of B. henselae-associated encephalitis [120,
124-126).

A thorough patient history can provide critical clues
in forming differential diagnoses and help to avoid over-
looking treatable conditions. Ozer (2021) underscores
the importance of obtaining a detailed history in a case
report involving a 3-year-old girl referred for a sus-
pected neurodegenerative metabolic condition [127].
The child was suffering from an impaired ability to walk,
hand tremors and irritability, and had previously been
treated medically for a cat scratch and subsequent fever,
lymphadenopathy, otitis and mastoiditis. The neurologi-
cal signs occurred about 6 weeks after a 1-week course
of amoxicillin-clavulanate prescribed for the febrile ill-
ness. Treatment for neurobartonellosis was delayed
because CSD, the preliminary diagnosis, was considered
self-limiting by the infectious disease department of
the admitting hospital. Extensive metabolic, infectious
and immune diagnostics, CSF testing and imaging were
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performed both before and after titers for B. henselae
were obtained and treatment initiated with rifampin. The
author emphasizes that CSD is not considered a differen-
tial diagnosis in cases of serious neurological illness and
is misclassified as “self-limiting and benign,” a conclusion
that given the broad spectrum of Bartonella-associated
illnesses bears reconsidering [127].

Encephalopathic symptoms, such as behavioral changes
or psychiatric symptoms, may be the predominant clini-
cal feature in some patients. In a case report by Bejarano
et al. (2020), a 2-year-old boy presented with seizures and
impaired consciousness following a traumatic head injury
[119]. Rapid deterioration was noted, and the patient was
placed on broad-spectrum antimicrobials and acyclovir
along with anticonvulsants for refractory generalized and
focal seizures. The patient also experienced hypotonia,
incoordination, disorientation and hypersomnia. As there
was no history of cat contact, Bartonella titers were not
obtained until 14 days after admission. In the interim, the
boy was treated with multiple anti-epileptic drugs with
medication changes due a lack of efficacy or suspected
potential adverse drug reactions. Psychiatric symptoms
including hallucinations and unprovoked laughter were
noted. Several behavioral symptoms, including aggression,
impulsivity and restlessness, persisted despite successful
control of the seizure activity once rifampin and azithro-
mycin were instituted for neurobartonellosis. Additionally,
this patient experienced recurrent neurological symptoms,
including ataxia, hypersomnia and incomprehensible lan-
guage that occurred 2 days after the cessation of his anti-
biotic course. An EEG displayed diffuse brain involvement,
whereas MRI documented only mildly restricted con-
trast diffusion to the left cerebral cortex, consistent with
a history of recent seizures. Rapid recovery accompanied
reintroduction of antimicrobial therapy. At the patient’s
9-month follow-up appointment, he had experienced no
further seizure activity while continuing anti-convulsant
medications, but impulsivity, aggression and agitation per-
sisted, along with the development of significant hyperac-
tivity [119]. Although many cases of Bartonella-associated
encephalitis/encephalopathy report some degree of neu-
ropsychiatric symptomology, this case is especially inter-
esting because of the youthful age of the patient and the
continued symptoms following antibiotic treatment [119].
Although immune-mediated encephalitis secondary to the
initial infection remains an etiological consideration, per-
sistent, incompletely treated infections are also possibili-
ties. Cases with prominent neuropsychiatric signs will be
discussed in a following section.

Species other than B. henselae, including B. quintana
[128, 129], B. washoensis [130] and Bartonella coinfec-
tions have been noted in cases of encephalitis/encepha-
lopathy [131] (Table 7). The agent responsible for trench
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fever, B. quintana, is transmitted by the human body
louse (Pediculus humanus humanus), and humans are
its natural reservoir [132, 133]. In addition to the louse,
B. quintana DNA has been isolated from dental pulp
from cats, cat and monkey fleas, and a woman follow-
ing a cat bite [133-136]. Endocarditis is the most com-
mon presentation, and B. quintana is responsible for
75% of Bartonella- associated endocarditis cases [136].
Neurological manifestations have been less commonly
reported. In a case report from France, a previously
healthy 20-year-old woman presented with a 5-day his-
tory of fever and headache [128]. Viral encephalitis was
initially diagnosed based upon elevated CSF lymphocytes
and an elevated blood CRP level. She was not seroreac-
tive to B. henselae but was B. quintana seroreactive at
the lowest positive dilution (IgG 1:50). Continued head-
ache compounded by agitation and confusion developed
over 3 days, at which point reevaluation of her Bartonella
titers documented a rising titer to B. quintana (Table 7).
She was treated with IV ofloxacin and was normal at a
1-year follow-up appointment [128]. Bartonella quin-
tana has been implicated in two additional cases of
encephalitis in children, in which Bartonella coinfec-
tions were present [129]. The first case was more typical
in presentation: an 8-year-old boy with a history of kit-
ten interaction presented with lymphadenopathy and
fever. Seizures developed a few weeks after he had been
treated with an antibiotic for typical CSD, at which point
B. henselae titers were determined to be seroreactive
(Table 7). Phenytoin was prescribed for seizure activity,
and no additional antibiotics were given. The boy devel-
oped cognitive decline, ataxia, tremor and agitation 2
weeks later, at which point rising titers to B. henselae and
amplification of B. quintana DNA from the patient’s CSF
were indicative of Bartonella-associated encephalopathy.
The anti-seizure medication was switched to carbamaz-
epine, and the patient improved over a 2-week period
(Table 7). In a second case, a young girl had extensive,
chronic neuro-behavioral and neurological conditions
diagnosed over a period of several years (Table 7) [131].
Historically, she had evidence of normal to low white
blood cells in the face of relapsing fevers. Extensive prior
testing for infectious and immune-mediated conditions
were negative. As part of a study evaluating healthy and
ill people for evidence of Bartonella, B. quintana expo-
sure was first diagnosed by our laboratory via serology
[131]. Despite treatment with a combination of antibi-
otics for a 2-month period, there was minimal sympto-
matic improvement. Repeat serology was seronegative
to several species of Bartonella, but PCR detected DNA
from B. quintana (blood) and B. vinsonii subsp. vinsonii
(enrichment blood culture). Typically associated with
rodents, B. vinsonii subsp. vinsonii was first reported in
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association with a febrile illness in Thailand [137]. The
chronicity of clinical symptoms in this case may be indic-
ative of a protracted infection. Whether infection per-
sistence or coinfection with a second Bartonella species
impacted the lack of clinical response remains unknown.
In a third case, a 47-year-old woman with extensive ani-
mal exposure developed symptoms concerning for men-
ingitis or early sepsis but failed to fully respond to several
antimicrobial agents [130]. Bartonella washoensis was
documented in her blood cultures using multiple Bar-
tonella spp. gene targets. Bartonella washoensis has been
isolated from ground squirrels and their fleas. Although
specific animal scratch or bite wounds were denied, the
patient had a history of handling a squirrel carcass, and
this combined with the presence of squirrel burrows on
her property potentially impacted her Bartonella expo-
sure [130]. The only other case of B. washoensis infection
involved a 70-year-old man with fever and myocarditis
[138]. There is abundant literature reporting encephalitis
in patients with coinfections with Bartonella and other
pathogens, particularly B. burgdorferi and Toxoplasma
gondii [43, 139, 140]. Coinfections are beyond the scope
of this review.

Cerebral vasculitis and aneurysm
Similar to peripheral vasculitis, inflammation in brain
vasculature results in blood vessel damage. This can be
primary, limited to the brain, meninges and spinal cord,
or secondary to systemic vasculitis [141]. Headache is
the most common clinical finding, often with sub-acute
onset, followed by a variety of neurological/neuropsychi-
atric features including behavioral or personality changes,
cognitive dysfunction and dementia. Transient ischemic
attacks (TIA) occur in up to 50% of people with CNS vas-
culitis, and less common symptoms can include seizures,
cranial neuropathies, ataxia and coma [141]. Concur-
rent signs of illness, such as fever, may be present when
central vasculitis is secondary to a systemic condition.
In these cases, central vasculitis tends to occur later in
the disease process, which may explain delayed onset or
progressive symptoms [141]. Importantly, the effects of
various pathogens can “mimic” vasculitis and may impact
any size of blood vessel, compounding the difficulty of
etiological determination in these cases [142, 143]. Bar-
tonella has rarely been diagnosed in cases of cerebral
vasculitis (Table 8). Notably, the patients displayed vastly
different clinical presentations, with one patient display-
ing acute onset headaches and other neurological signs,
while the other suffered a protracted condition spanning
several years [143, 144].

Another vascular condition, intracranial infectious
aneurysm, is considered a rare cause of cerebral aneu-
rysm development [145]. Pathogenically, these occur
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secondary to infection where neutrophilic vasculitis
leads to destruction of the vascular elastic lamina, sub-
sequently causing vascular weakening and ballooning
[145]. Bacterial pathogens are the most prevalent cause
of mycotic aneurysms, and Bartonella has been associ-
ated with cerebral aneurysm and embolism as a sequela
to culture-negative endocarditis [145-149]. Bartonella
is one of the most common causes of culture-negative
endocarditis, and several species have been implicated,
most commonly B. henselae and B. quintana [150]. Inter-
estingly, approximately 30% of culture-negative endocar-
ditis cases demonstrate neurological symptoms as the
initial clinical presentation [147]. Bartonella endocarditis
has a higher prevalence in middle-aged men and a predi-
lection for the aortic valve [147]; however, a diversity in
valvular locations and symptoms can occur. Table 9 sum-
marizes cases in which neurological symptoms secondary
to aneurysm preceded the diagnosis of Bartonella-asso-
ciated endocarditis [146—149].

Neuropsychiatric and cognitive conditions

Microbial pathogens including Treponema pallidum,
Toxoplasma gondii and group A Streptococcus spe-
cies have long been associated with psychiatric illness
although exact pathogenesis is debated [151]. Illnesses
with cognitive or neuropsychiatric changes typically
occur over a lengthy temporal period, a feature that
may relate to chronic infection, through host-immune
directed recurrent or persistent activity or by direct path-
ogen effects on brain function [151]. Similarities exist
between neurobartonellosis and autoimmune encepha-
litis [112]. Conspicuous neuropsychiatric manifesta-
tions, including psychosis, aggression, mutism, memory
loss, movement disorders and cognitive decline, in the
absence of other etiological agents, are common to both
conditions. Although few cases are represented in the
literature, neurobartonellosis is likely underestimated
because of the wide range of clinical presentations pos-
sible [4]. Table 10 summarizes cases in which cognitive
or neuropsychiatric signs were the primary presentation.
Prior history of a cat bite was documented in one case,
a 53-year-old man who was treated with a 10-day course
of doxycycline for the bite wound before developing con-
fusion, expressive dysphasia and diminished cognitive
function a few days after antibiotic completion [152].
These symptoms resolved when treatment was changed
to a combination of doxycycline and rifampin, with com-
plete resolution of neurocognitive symptoms by the 8th
day of antimicrobial therapy. Two patients presented
with sudden onset psychotic behavior and rage. The first,
a l4-year-old boy, was diagnosed with pediatric acute
onset neuropsychiatric syndrome (PANS) secondary to
Bartonella infection after months of neuropsychiatric
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drugs for schizophrenia and treatment for autoimmune
encephalitis [153]. Bartonella had not been considered
until the development of epidermal striae-like lesions,
consistent with Bartonella-associated cutaneous lesions
(BACL) [154]. This patient had serological and molecular
evidence of both B. henselae and B. vinsonii subsp. berk-
hoffii and regained normal function following combina-
tion antimicrobial therapy (Table 10). The other patient
experienced acute onset of rage, insomnia and person-
ality changes following reported tick bites [155]. The
patient was seroreactive to B. henselae, although antibi-
otic therapy was not instituted until further psychiatric
illnesses, including panic attacks and major depression,
were diagnosed, and the patient demonstrated poor clini-
cal improvement on various psychotropic medications.
Interestingly, this patient suffered worsening anxiety fol-
lowing the commencement of antimicrobial therapy but
improved substantially over 8 weeks with an adjusted
dose of anti-psychotic medication (Table 10). In cases
of spirochetal infections, including Lyme borreliosis and
syphilis (7. pallidum), patients often report worsening
of clinical signs following administration of antimicro-
bial therapy, termed Jarisch-Herxheimer reaction [156].
Although this clinical syndrome has not been established
in patients suffering from Bartonella infections, it has
been documented following treatment with doxycycline
in other cases and may be worth considering in cases of
neurobartonellosis [156].

Two recent publications examined patients with psy-
choses for evidence of Bartonella infection. Lashnits
et al. evaluated patients with schizophrenia or schizoaf-
fective disorder for the presence of Bartonella in blood
and found a higher percentage of patients tested posi-
tive for the presence of Bartonella spp. DNA by droplet
digital PCR (ddPCR) (11/17) than healthy controls (1/12)
[157]. A study by Delaney et al. (2024) evaluated the asso-
ciation between Bartonella species and adult psychosis
[158]. A total of 116 patients and controls were evaluated
for evidence of Bartonella spp. DNA using quantitative
PCR (qPCR), digital PCR (dPCR) and ddPCR. Similar to
the prior study, there was a higher proportion of adults
with psychosis demonstrating evidence of Bartonella
spp. DNA in their blood (43.2%) compared to non-
psychotic adults (14.3%). The species of Bartonella was
determined for just over half of the bacteremic patients
(18/31), and coinfection with different Bartonella spp.
was also demonstrated in three patients with psychoses.
Bartonella species represented included B. henselae, B.
vinsonii subsp. berkhoffii, B. quintana, B. rochalimae and
B. alsatica [158]. The latter two species had not previ-
ously been identified in people suffering from neurologi-
cal conditions. Bartonella rochalimae was first diagnosed
in a febrile patient in 2007 and has since been detected in
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two other people, the most recent report from a patient
suffering from infective endocarditis with a non-clinical
infectious embolism [159]. It has also been documented
in dogs with endocarditis in the USA and Europe and
from fleas [160-162]. The mammalian reservoir spe-
cies for B. alsatica is wild rabbits [163]. It has been
documented to date in three patients, two of whom had
culture-negative endocarditis, and one patient with gen-
eralized lymphadenitis [163]. Identification of these two
novel Bartonella species in people suffering from psy-
choses underscores potential undescribed zoonotic or
vector-borne risk for these organisms.

Of note, neither study demonstrated significant differ-
ences in Bartonella seroreactivity between patients with
signs of neuropsychiatric disease and control subjects,
and serological results commonly do not correlate with
results of molecular testing [157, 158]. It is anticipated
that Bartonella exposure is common, as seroreactiv-
ity in absence of disease has been reported [164—166].
IFA sensitivity is considered low, potentially because
of antigenic variation in Bartonella strains resulting in
false-negative serology [167, 168]. Evidence of immuno-
logical dysfunction was demonstrated in two B. hense-
lae-infected patients with IgG deficiency, a factor that
could also impact false-negative serology [169, 170]. The
incongruency between the detection of bacterial DNA
through targeted PCR and antibody titers continues to
confuse diagnosis and frustrate attempts at formulating
a standardized diagnostic protocol, placing the burden
on the clinician or the patient to pursue a diagnosis of
this stealth pathogen [169]. As the recent manuscripts
on neuropsychiatric illness demonstrate, PCR detection
of the organism may be the preferred diagnostic test in
cases of neurobartonellosis [157, 158].

Pathogenesis

The neuropathogenic mechanisms related to Bartonella
infection can be broadly classified as direct, through
hematogeneous spread and vascular endothelial cell inva-
sion, and indirect, secondary to its repertoire of immune
evasion tactics [171, 172]. In mammals, Bartonella infec-
tion is characterized by persistent intraerythrocytic infec-
tion, but it has shown in vitro capabilities of infecting a
range of other cell types, including CD34 4+ bone marrow
progenitor cells, pericytes, microglia, macrophages and
dendritic cells. [172—-179]. The ability to inhabit vascu-
lar endothelial cells may account for persistence through
recurrent bacterial seeding and is also anticipated to be a
primary pathway for Bartonella to enter the central nerv-
ous system [63]. Additionally, evidence of the pathogen’s
ability to survive in mesenchymal stromal cells, which
are involved in vascular angiogenesis, provides a poten-
tial further indication of a cellular niche [179]. In vitro

Page 28 of 36

studies have shown the ability of B. henselae to invade
human brain vascular pericytes, which exist embed-
ded in the capillary basement membrane with direct
endothelial cell contact, and diminish their proliferation
[174]. This could impact vascular permeability through
diminished vessel coverage [174, 180]. In fact, CNS dis-
eases including Alzheimer’s disease, amyotrophic lateral
sclerosis and stroke are associated with loss or damage
of pericytes, and evaluation of infectious mechanisms of
pericyte damage should be considered [180-182]. Infec-
tion of microglial cells has been documented in vitro in
feline cell culture, where viable, intracellular B. henselae
was cultured up to 28 days post-infection [175]. Other
in vitro research using peripheral macrophages as an
infection model suggests that macrophages may serve as
shuttles (a Trojan horse) for brain entrance [176].

Bartonella infection is well known to stimulate pro-
duction of VEGEF, a potent stimulating agent for angio-
genesis [96—99]. VEGF would be anticipated to have a
protective role in neurocognitive conditions, as it has
been shown to diminish capillary loss and promote neu-
rogenesis [183]. Interestingly, brain vascular alterations
are pivotal in a variety of neurological conditions aside
from stroke, including Alzheimer’s disease, depression
and schizophrenia [184-187]. Some studies have found
that VEGF serum levels change during the course of the
disease. Although the literature depicts some conflicting
associations of VEGF on the progression of neurocog-
nitive disease, it is possible that Bartonella-associated
VEGEF-driven vasculoproliferation leads to abnormal ves-
sel structure, which could compound cognitive disorders
or impact cellular signaling [184—190]. Interleukin 8, a
cytokine that has both angiogenic and chemotactic func-
tions, was also demonstrated to be elevated in human
microvascular endothelial cells in vitro within 6 h of Bar-
tonella infection, providing further support for the abil-
ity of this organism to significantly impact vasculogenesis
[191]. Use of VEGF as a biomarker in neurological and
neurocognitive disease may be of potential clinical use,
and further studies to determine Bartonella’s effect on
the VEGF family of chemokines would be beneficial in
delineating the role of this pathogen in neurocognitive
dysfunction [189, 190].

In averting immune detection, one of the mechanisms
that Bartonella uses is to subvert cellular transcrip-
tion factor STAT3 (signal transducer and activator of
transcription) to enhance production of the canoni-
cal anti-inflammatory cytokine, interleukan-10 (IL-10).
This cytokine is naturally produced during infection
and inflammation and acts as a safeguard to halt chronic
activation of the immune response [171]. IL-10 was
demonstrated to have inhibitory effects on microglial
phagocytosis of amyloid-beta protein in a mouse model
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of Alzheimer’s disease, with reversal of phagocytosis inhi-
bition later demonstrated in an IL-10 knock-out mouse
model [192]. IL-10 from CD4+T cells has recently
been shown to promote CNS inflammation by sustain-
ing survival of effector T cells [193]. In cases of chronic
IL-10 overproduction, it may serve to propagate neuro-
inflammatory changes and inhibit appropriate immune
responses, which could enhance neurological damage
[194].

Although in most cases of BAND tissue biopsies are
not obtained, patients with ischemic stroke second-
ary to CSD have cerebral arteritis pathology consist-
ent with an immune-mediated process [144, 195]. The
modified lipopolysaccharide component of Bartonella’s
outer membrane is poorly recognized by Toll-like recep-
tor 4, an innate immune receptor involved in pathogen
clearance [171]. Additionally, bacterial virulence fac-
tors, including BadA (B. henselae) and the Vomp outer
membrane proteins (B. quintana), avoid host immu-
nity through antigenic variation [196]. It is possible
that immune-mediated attacks on host cells could arise
because of molecular mimicry secondary to Bartonella’s
sub-inflammatory cellular components [197]. Bystander
activation, which describes activation of local inflam-
matory cells leading to tissue injury in the presence of
an infection, may be another mechanism by which Bar-
tonella imparts neurological tissue damage [197].

Neuropathology

Due to the development of less invasive diagnostic tech-
niques, biopsies of the central nervous system have been
rarely performed in neurological patients infected with
Bartonella spp. Histological lesions have been described
in the meninges and/or different regions of the brain.
Granulomatous meningoencephalitis with prominent
perivascular lymphocytic infiltrates has been noted in the
right thalamus of a 19-year-old man [129]. There was no
evidence of bacteria with a Warthin-Starry stain, which is
a silver stain used in the detection of Bartonella, and spi-
rochetes including Borrelia. Nevertheless, infection with
B. quintana was identified by PCR. Notably, mild gliosis
was the only finding initially reported with a stereotac-
tic biopsy. Two fatal cases of disseminated B. henselae
infection with encephalitis have been published: both
concerned children with initial lymphadenitis, the typical
symptom of CSD [114, 198]. At the microscopic evalu-
ation of necropsy samples, lesions were observed in the
lymph nodes, spleen and brain; lung, liver and menin-
ges were additional lesions reported in case 1. Anatomic
location of the brain lesion was specified only for case
2: the frontal, parietal and occipital lobes and the pons
contained lesions, characterized by perivascular lympho-
cytic infiltrates (cases 1 and 2) and glial nodules (case 2).
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Molecular evidence of B. henselae and visualization of
the bacteria with a Warthin-Starry stain were successful
in the brain for only case 1. Cerebral vasculitis with sec-
ondary infarction has been rarely reported in Bartonella-
infected patients [144, 195]. A vascular lesion involved
the right parietal lobe in an 11-year-old girl. For this case,
Bartonella was visualized with confocal laser scanning
microscopy, and there was amplification of B. hense-
lae DNA from the formalin-fixed paraffin-embedded
brain biopsy. Perivascular infiltrates, mainly composed
of T lymphocytes and plasma cells, were also seen at the
periphery of the lesion. Focally extensive granulomatous
meningitis, with multinucleated giant cells, has been
described in two adults infected with either B. henselae
or B. quintana [199, 200]. The granulomatous meningi-
tis lesion led to secondary brain atrophy by compression.
No bacteria were identified with Gram staining in direct
smears, but PCR was positive in both cases. One patient
was frequently scratched by his cat on the scalp, sug-
gesting direct extension as potential portal of entry for
Bartonella.

Diagnostic considerations

For diagnostic confirmation of neurobartonelloses, it is
generally accepted that the higher sensitivity of molecu-
lar diagnostic methods, such as qPCR and digital PCR,
are preferred to, or are used in addition to, other con-
ventional direct detection methods such as culture
isolation, biochemical identification and microscopic
visualization [201-204]. Current molecular methods
for the detection of Bartonella spp., like assays for many
other vector-borne pathogens, are usually laboratory-
developed tests rather than commercially available and
federally approved diagnostic test kits, most often used
in commercial diagnostic laboratories. As such, estab-
lishing ideal diagnostic specimens for testing, variability
in pathogen DNA amplification in various patient sam-
ples (blood, cerebrospinal fluid, pathological effusions,
tissues), DNA stability in diagnostic specimens dur-
ing shipment or storage, standardization of PCR proto-
cols, assessment of laboratory contamination risks and
molecular assay sensitivity compared to conventional
assays (including cost-effectiveness and availability) are
among the biggest challenges for a particular molecular
detection method to become the preferred or reference
diagnostic method. Despite these and other limitations,
molecular-based assays have played an increasingly sig-
nificant role in our evolving understanding of neuro-
bartonelloses. As documented by a number of research
laboratories, combining a sample enrichment step with
PCR can further improve the sensitivity of detecting Bar-
tonella spp. DNA in a patient specimen [36]. Although
there are minimal data, enrichment culture of CSF has
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facilitated the diagnosis of neurobartonelloses and has
in some instances facilitated bacterial isolation from the
patient’s CSF [153]. Clearly, additional research is needed
to improve the molecular (pathogen DNA-based) diag-
nosis of neurobartonelloses, which is challenging because
of the numerous and genetically diverse Bartonella spp.

Due to its historical acceptance and relative simplic-
ity, serology has been used most often for the diagnosis
of neurobartonelloses [202, 204]. Due to limitations asso-
ciated with serology, results must be interpreted care-
fully in the diagnostic setting, and whenever possible the
diagnosis should be further supported by one or more
direct detection methods [203, 204]. Selected limita-
tions include differences in immune response (antibodies
may not be detectable in the early stages of the disease,
and some infected patients do not have detectable anti-
bodies despite being chronically infected), selection of
the appropriate antigen (both at Bartonella species and
strain levels), variability in pathogen antigen expres-
sion over time in the patient and lack of standardization
between laboratory protocols (i.e. cut-off values). Anti-
gen preparation for indirect immunofluorescent assays
requires isolates (considering > 50 Bartonella spp.), is
labor intensive and time-consuming and requires spe-
cially trained personnel working in appropriate biocon-
tainment settings.

Treatment considerations

Standardized treatment protocols have not yet been
established for the various neurobartonellosis disease
presentations [203, 204]. In addition, in vitro antibi-
otic susceptibility testing has only been performed on a
small number of the Bartonella spp. that infect humans,
predominantly B. bacilliformis, B. henselae and B. quin-
tana [205-211]. The extent to which in vitro suscepti-
bility data correlate with treatment efficacy in patients
deserves future research consideration. A manuscript
by Zheng et al. (2020) evaluated the in vitro efficacy of
a variety of antimicrobial drugs, as single agents and in
combination, against B. henselae growing in a stationary
phase and in biofilm [206]. Combinatory antimicrobi-
als, including azithromycin/ciprofloxacin and rifampin/
ciprofloxacin, were found to kill stationary phase bac-
teria after 24 h of exposure and to eradicate B. henselae
biofilm after 6 days of treatment, which may explain the
response to multi-drug therapy in patients suffering from
chronic neurobartonelloses [206]. Due to the increas-
ingly large number of Bartonella spp., the considerable
number and diversity of animal reservoir hosts, and doc-
umented or suspected transmission by several arthro-
pod vectors, people are more frequently exposed to this
genus of bacteria than has been historically appreciated
[1, 2, 178]. In most instances, host immunity eliminates
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Bartonella prior to or during an acute infection, such as
cat scratch fever [208]. Therefore, antibiotics are not rou-
tinely administered for uncomplicated cat scratch fever
or Bartonella-associated neuroretinitis. However, blood-
stream infection in blood donors from Brazil supports
the ability of B. henselae to cause persistent intravascular
infection in healthy individuals [166]. In patients, isola-
tion or repeated documentation of Bartonella spp. DNA
in blood, CSE, synovial fluids, pathological effusions or
tissues supports a role for these bacteria in chronic infec-
tions, a concept that is not universally accepted by many
practicing physicians. Based upon case reports, thera-
peutic elimination of Bartonella spp. from the blood or
nervous tissues of some patients with neurological symp-
toms is more difficult to achieve than is generally appre-
ciated [212]. Patients with neurological symptoms have
failed to eliminate the bacteria from blood following sev-
eral weeks of combination antibiotic therapy and after 6
months of doxycycline (single antibiotic) treatment [212].
Based upon currently available testing modalities, pre-
treatment diagnostic confirmation of neurobartonellosis
via culture or molecular confirmation of the presence of
pathogen RNA or DNA is challenging; therefore, prov-
ing therapeutic elimination of the bacteria is technically
more difficult to achieve, emphasizing the importance of
long-term patient follow-up in the clinical setting.

Prevention

Currently, no vaccines are available for the prevention of
infections with individual or multiple Bartonella species.
Researchers are investigating potential vaccine targets for
B. bacilliformis, B. henselae and B. quintana [213-215].
Whether, or the extent to which, effective vaccines can
be developed, or will be utilized if developed, will ulti-
mately be determined by improved understanding of
the medical importance of this genus of bacteria. Most
importantly, we need to understand the extent to which
these bacteria contribute to chronic, insidious or relaps-
ing illnesses, including involvement of the cardiovascular,
musculoskeletal and nervous systems. As infection with
the same Bartonella species has been reported in multi-
ple family members, it is important to investigate other
modes of transmission, including blood transfusion, sex-
ual, transplacental and salivary [38]. As discussed previ-
ously, arthropod vector and animal exposures are definite
risk factors for acquiring neurobartonelloses. Therefore,
as reviewed in depth elsewhere, avoiding arthropod bites
and animal bites and scratches are important prevention
strategies [1, 2, 178, 216].
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Conclusions

Although neurobartonelloses are emerging from obscurity,
there remains a substantial need for research that addresses
the neuropathogenesis, optimal diagnostic approaches,
defined treatment regimens for various neurological pres-
entations and prevention strategies. As chronic bacteremia
has been confirmed with several Bartonella spp. in patients
and healthy individuals, it is critical that physicians and
researchers investigate and define the role of these bacteria
not only in association with acute disease presentations but
also in patients with chronic, incompletely understood neu-
rological and neuropsychiatric illnesses.
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