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ABSTRACT
Background: With the advent of more sensitive culture and molecular diagnostic testing modalities, Bartonella spp. infections have been
documented in blood and/or cerebrospinal fluid specimens from patients with diverse neurological symptoms. Pediatric acute-onset neuropsychiatric syndrome (PANS) is characterized by an unusually abrupt onset of cognitive, behavioral, or neurological symptoms. Between
October 2015 and January 2017, a 14-year-old boy underwent evaluation by multiple specialists for sudden-onset psychotic behavior (hallucinations, delusions, suicidal and homicidal ideation).
Methods: In March 2017, Bartonella spp. serology (indirect fluorescent antibody assays) and polymerase chain reaction (PCR) amplification, DNA sequencing, and Bartonella enrichment blood culture were used on a research basis to assess Bartonella spp. exposure and
bloodstream infection, respectively. PCR assays targeting other vector-borne infections were performed to assess potential co-infections.
Results: For 18 months, the boy remained psychotic despite 4 hospitalizations, therapeutic trials involving multiple psychiatric medication
combinations, and immunosuppressive treatment for autoimmune encephalitis. Neurobartonellosis was diagnosed after cutaneous lesions
developed. Subsequently, despite nearly 2 consecutive months of doxycycline administration, Bartonella henselae DNA was PCR amplified
and sequenced from the patient’s blood, and from Bartonella alphaproteobacteria growth medium enrichment blood cultures. B henselae
serology was negative. During treatment with combination antimicrobial chemotherapy, he experienced a gradual progressive decrease in
neuropsychiatric symptoms, cessation of psychiatric drugs, resolution of Bartonella-associated cutaneous lesions, and a return to all preillness activities.
Conclusions: This case report suggests that B henselae bloodstream infection may contribute to progressive, recalcitrant neuropsychiatric symptoms consistent with PANS in a subset of patients.
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Bartonella spp. constitute emerging, vector-borne, intravascular
pathogens that produce long-lasting bloodstream infections in
reservoir-adapted (defined as natural host or passive carrier of
a microorganism) or, at times, relapsing opportunistic infections in non-reservoir animals and human hosts.1,2 Recent
observations support the possibility that this genus of bacteria
can cause a spectrum of neurological symptoms, diverse disease
manifestations, and multi-organ system pathology that varies
in severity and diagnostic complexity over a protracted time
course, perhaps ranging from months to decades.1-3 With the
advent of more sensitive and specific diagnostic tests, there is
evolving microbiological evidence to support bloodstream and
cerebrospinal fluid (CSF) infections with 1 or more Bartonella

spp. in patients with neurological, neurocognitive, and neuropsychiatric symptoms.4-6
A clinical syndrome in youth, defined by the sudden onset of
neuropsychiatric symptoms including obsessions/compulsions
or food restriction, has been designated pediatric acute-onset
neuropsychiatric syndrome (PANS).7 Depression, irritability,
anxiety, and decline in school performance often accompany
PANS symptoms. PANS can be triggered by infection (Group
A streptococcal infections), metabolic disturbances, and other
inflammatory reactions.7 This report documents Bartonella
henselae bloodstream infection in a boy diagnosed with schizophrenia, who, after failing psychiatric drug combinations and
an immunosuppressive agent for presumptive autoimmune
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encephalitis, experienced symptom resolution in association
with antimicrobial therapies.

Case Report

A 14-year-old boy was in his usual state of good health until
October 2015, when he developed psychiatric symptoms
including feeling overwhelmed, confused, depressed, and agitated. He said that he was an “evil, damned son of the devil” and
wanted to kill himself because he was afraid of his new-onset
homicidal thoughts toward those he cared about. In October
2015, he was admitted for emergency psychiatric hospitalization at a local hospital and was placed on aripiprazole for major
depressive disorder (MDD) with psychotic features. He was
discharged after 1 week, still somewhat psychotic but no longer
suicidal or homicidal.
His early history was unremarkable except for an episode of
depression in the 3rd grade (9 years of age) that the parents
attributed to his feeling unchallenged in school and being bullied by peers, as he was very bright, but socially awkward.
Placement on sertraline 25 mg for 1 year plus transfer to a small
school for gifted children resulted in complete remission. The
evaluating psychiatrist noted the possibility of Asperger’s syndrome as a secondary diagnosis. In April 2014, he was treated
with antibiotics for Mycoplasma pneumoniae with a recurrence
and retreatment in December 2014.
In June 2015, he was treated with topical steroids for poison
ivy and an oral cephalosporin for multiple bug bites, obtained
while visiting a farm in Missouri. The family history was positive for depression and alcohol abuse on both sides of the family tree, possible bipolar disorder, compulsive gambling, and
possible attention deficit hyperactivity disorder (ADHD):
maternal side—ulcerative colitis, fibromyalgia in 2 relatives,
and rheumatoid arthritis; paternal side—multiple sclerosis and
adult-onset diabetes mellitus.
Historically, prior to psychiatric symptom onset, the boy was
socially, athletically, and academically active, as evidenced by participation in national geography and history competitions, and a
lead actor in a school play, winning an award in fencing and
achieving excellent course grades. In the context of animal and
arthropod exposures, the family resided in a Midwestern state, in
suburban housing, and had multiple pets: cats, a dog, a spotted
gecko, and a giant African millipede. Two cats were adopted as
strays in 2010, 1 of which had an open wound over his back
requiring treatment. A visiting dog infested with fleas entered
the household in 2011. The boy had sustained cat bites and
scratches prior to illness onset. Outdoor activities consisted of
gardening and hiking. In addition to fleas and ticks, his parents
reported exposure to mosquitoes and spiders. He had traveled in
northeastern, southeastern, and western states. International
travel was limited to 2 trips to Mexico in June 2013 (family vacation) and July 2015 (mission trip to impoverished areas).
Weeks after initial hospitalization in October, he became
more dysfunctional; school was not possible; he developed progressively severe psychiatric symptoms including obsessional
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intrusive thoughts, phobias, irrational fears, emotional lability,
unpredictable rage outbursts, and increased psychotic thinking.
He believed that he had special powers and that a family cat
wanted to kill him. By December 2015, his illness had progressed in severity, causing his mother to quit her job to provide
full-time supervision. In addition to persecutory delusions
related to his pets, he developed auditory, visual, and tactile hallucinations and began refusing to leave the house. A second
psychiatric hospitalization occurred in December 2015.
In January 2016, following discharge after a week-long hospitalization, he developed non-specific somatic symptoms,
including excessive fatigue, daily headaches, chest pains, shortness of breath (possible panic anxiety), and urinary frequency.
Figure 1 depicts a timeline including major medical interventions, physician consultations, and hospitalizations, during
which he was treated with multiple different psychotropic
medications including antipsychotics, mood stabilizers, antidepressants, and benzodiazepines, often in combination with
other pharmacologic agents (Figure 2). Two local psychiatrists
diagnosed schizophrenia.
In the summer of 2016, he was hospitalized for 11 weeks at
a large out-of-state psychiatric teaching hospital where extensive testing, including inflammation markers (erythrocyte sedimentation rate [ESR], C-reactive protein [CRP]), a Mayo
Clinic Encephalopathy Autoimmune Evaluation Panel, voltage-gated potassium channel antibody testing, an electroencephalogram (EEG), and a brain magnetic resonance imaging
(MRI) were performed, all of which were considered unremarkable. Provisional discharge diagnoses were schizophrenia
and obsessive-compulsive disorder.
After returning home in August 2016, the parents noted
cutaneous “stretch marks.” Although he remained quite ill, his
parents refused psychiatric re-hospitalization in favor of inhome treatment. In October 2016, a consulting neurologist
proposed the diagnosis of autoimmune encephalitis based on a
positive antinuclear antibody (ANA) titer (1:320), increasing
CRP levels = 1.03 (Nl < 0.30 mg/dL) on August 31 and 1.96
on October 11, as well as increased CSF gamma interferon
level = 6.0 (Nl < 4 pg/mL). His CSF neopterin value was
2.0 nmol/L (NI < 16.5 nmol/L).
An outpatient lumbar puncture was otherwise unrevealing.
He was treated with rituximab infusion for autoimmune encephalitis, which decreased the duration and frequency of psychotic
episodes; however, daily behavioral disruptions continued.
In January 2017, PANS was diagnosed based on historical
symptoms (Table 1). Testing for Group A streptococcal infection, including antistreptolysin O titer, anti-DNase B titer, and
other infections including M pneumoniae Immunoglobulin class
G (IgG) and Immunoglobulin class M (IgM) antibodies, a
Lyme enzyme-linked immunosorbent assay (ELISA) and
Western blot IgG and IgM and viral titers were negative or
equivocal. ANAs were not detected. When the evaluating physician observed the cutaneous “stretch mark-like” lesions on the
boy’s thighs and armpit (Figure 3), neurobartonellosis was
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Figure 1. Hospitalization, major medical interventions, and physician consultation timeline for the boy in this report. Open circles represent specific
examinations, testing time points, or treatment interventions. Circles with a dot in the center reflect short-duration hospitalization (days to a week). The
circles connected by a solid line represent an extended 11-week hospitalization period (see case report). From October 2015 through April 2017, 24-hour
psychosis remained unchanged despite the administration of various neuropsychiatric drug combinations (see Figure 2). Beginning in January 2017,
antibiotics were administered, after which psychoses decreased in frequency (yellow panel). By November 2017, no psychoses were reported (green
panel).
EEG, electroencephalography; EKG, electrocardiogram; MRI, magnetic resonance imaging.

proposed as a differential diagnostic consideration. Subsequent
consultation with a dermatologist confirmed that cutaneous
lesions were not oriented along the skin tension lines and the
location and color were not consistent with striae and fluctuations in body weight. Histological examination of a 3-mm punch
biopsy revealed sparse lymphohistiocytic dermal infiltration.
Doxycycline monohydrate (100 mg BID) was administered.
Preantibiotic Bartonella spp. diagnostic testing was not pursued.
In February, the parents requested that their son be entered
into a research study approved by North Carolina State
University’s Institutional Review Board (Protocol No. 1960,
Detection of Bartonella Species in the Blood of Healthy and
Sick People).

Research Methods

In collaboration with the boy’s attending physicians, sequential
serology, polymerase chain reaction (PCR), enrichment blood
culture, and Bartonella sp. DNA sequencing results were generated at the Comparative Medicine Institute, College of
Veterinary Medicine, North Carolina State University.

Bartonella spp. serology
Serum samples were tested by indirect fluorescent antibody
(IFA) assays using a panel of Bartonella spp. antigens, including
B henselae Houston 1 (Bh H1), B henselae strain San Antonio 2
(BhSA2), Bartonella vinsonii subspecies berkhoffii genotype I
(Bvb I), B vinsonii subspecies berkhoffii genotype II (Bvb II), B
vinsonii subspecies berkhoffii genotype III (Bvb III), and
Bartonella koehlerae (Bk), as previously described.5,6
Seroreactivity was defined as endpoint titers ⩾ 1:64 using a
twofold dilution scale of 1:16 to 1:8192.

Bartonella alphaproteobacteria growth medium
enrichment blood culture/PCR
Beginning in March 2017, 3 blood sample sets (triple draw) were
obtained over a 5-day period to increase the sensitivity of Bartonella
spp. detection by PCR amplification and DNA sequencing.8
Bartonella testing was performed using Bartonella alphaproteobacteria growth medium (BAPGM) as described previously.9,10
Blood, collected aseptically into ethylenediaminetetraacetic acid

Journal of Central Nervous System Disease 

4

Figure 2. Drug administration timeline for the boy in this report. Medications were categorized by therapeutic indication. Solid lines between each
medication symbol reflect the duration of drug administration. The pink, yellow, and green panels reflect 24-hour psychosis, isolated psychotic episodes,
and resolution of the psychosis, respectively.

Table 1. PANS criteria assessment by the pediatrician in January 2017.
1. Abrupt, dramatic onset of obsessive-compulsive disorder or severely restricted food intake.
 Went from highly functional (gifted school) to dysfunctional in a very brief timeframe with a rapid onset of OCD symptoms of intrusive
thoughts, phobias, unfounded fears, and repetitive behaviors. Severely restricted food intake was not noted.
2. Concurrent presence of additional neuropsychiatric symptoms, with similarly severe and acute onset, from at least 2 of the following 7
categories:
 Anxiety (severe);
 Emotional lability and/or depression;
 Irritability, aggression, and/or severely oppositional behaviors;
 Behavioral (developmental) regression;
 Deterioration in school performance (could not attend school during illness);
 Sensory or motor abnormalities;
 Somatic signs and symptoms, including sleep disturbances, enuresis, or urinary frequency.
3. Symptoms are not better explained by a known neurologic or medical disorder, such as Sydenham chorea, systemic lupus erythematosus,
Tourette disorder, or others.
 No known neurological or medical disorder to explain symptoms.
Plus persistent psychosis and visual, auditory, and tactile hallucinations.
OCD, obsessive-compulsive disorder; PANS, pediatric acute-onset neuropsychiatric syndrome.
The check marks reflect specific symptoms reported in the patient that supported the criteria.
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Figure 3. Photographs taken by the parents in February 2017, approximately 7 months after cutaneous lesions were first observed. These cutaneous
lesions prompted the attending physician to suspect neurobartonellosis as the cause of pediatric acute-onset neuropsychiatric syndrome in this patient.
(A) Cutaneous lesions on the left medial aspect of the thigh. (B) Cutaneous lesions located in the medial aspect of the right axilla.

(EDTA)-anticoagulated and serum separator tubes, was shipped
to our research laboratory for BAPGM enrichment blood culture/
PCR and IFA serology testing.
PCR amplicon identity was confirmed by DNA sequencing
in a commercial laboratory (7030 Kit Creek Rd Suite 120;
GENEWIZ Inc, Research Triangle Park, NC). The bacterial
species and strain were defined by comparing similarities with
other sequences deposited in the GenBank database using the
Basic Local Alignment Search Tool (Blast v. 2.0) and an inhouse curated database.
Research test results were communicated to the attending
physician, after which Bartonella spp. IFA serology and
BAPGM enrichment blood culture/PCR were sequentially
followed during antimicrobial drug administration.
Immunofluorescent antibody testing for Borrelia burgdorferi
IgM and IgG using an ELISA and Western immunoblot
assays were repeated in a commercial laboratory (7030 Kit
Creek Rd Suite 120; Galaxy Diagnostics Inc, Research Triangle
Park, NC).

Research Results

Despite nearly 2 consecutive months of doxycycline administration, B henselae DNA was PCR amplified from the boy’s
blood, serum, and from 2 of 3 7-day BAPGM enrichment
blood cultures obtained 4 days apart. All negative controls
(DNA extraction, molecular grade water, and 7-, 14-, and
21-day un-inoculated BAPGM ePCR controls) were PCR
negative. DNA sequencing of the Bartonella spp. 16S-23S
intergenic transcribed spacer (ITS) region and the rpoB gene
PCR amplicons (2 Bartonella spp. gene targets) confirmed
infection with B henselae. The 16S-23S ITS DNA sequences
were 99.3% (137/138 base pairs [bp]) similar to GenBank Bh
H1 (NC005956) and 100% similar to GenBank B henselae
California 1 strain (CAL1; AF369527). The rpoB DNA

sequence was 99.8% (612/613 bp) similar to Bh H1 (GenBank
B henselae NC005956).
Subculture from the 7-, 14-, and 21-day liquid BAPGM
flasks did not result in bacterial isolation. By indirect antibody
(IFA) testing, the boy’s B henselae, B vinsonii subsp. berkhoffii
genotypes I, II, and III, B koehlerae, and Bartonella quintana
antibody titers were <1:16, <1:16, 1:128, <1:16, 1:32, and
1:32, respectively (titers < 1:64 non-seroreactive). Anaplasma
spp., Babesia spp., B burgdorferi sensu lato, Ehrlichia spp., and
hemotropic Mycoplasma spp. blood PCR assays were negative.
Azithromycin (250 mg BID), hydroxychloroquine (200 mg
BID), and nystatin (500 000 units BID) were added to the
doxycycline treatment regimen with rifampin (300 mg BID)
added 2 weeks later. Due to severe migrating pain (suspected
Jarisch-Herxheimer-like reaction associated with initial
rifampin administration), 3 weeks of increasing titration of
rifampin was required to achieve consistent twice-daily dosing.
During antimicrobial administration, there was a gradual and
progressive decrease in neuropsychiatric symptoms, a reduction
and eventual elimination of the cutaneous lesions, and a gradual withdrawal of all antipsychotic drugs (Figure 2). In June
2017, following the abrupt withdrawal of clozapine and tramadol (for migratory pain), he experienced severe anorexia, nausea, and vomiting, which resulted in hospitalization and a
20.5-kg weight loss over 40 days. Reflux esophagitis was diagnosed endoscopically. Proton pump inhibitor therapy resulted
in symptom resolution and weight gain.
When retested in June 2017, Bartonella spp. antibodies were
not detected by IFA testing. BAPGM enrichment blood culture ITS quantitative polymerase chain reaction (qPCR) results
were negative (9 independent DNA extractions) and no subculture isolates were obtained. However, 2 of the 3 triple draw
blood samples were PCR+ (ie, each yielded Bartonella amplicons), potentially representing dead or non-viable bacteria that
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failed to grow in culture. Confirmation of these amplicons by
DNA sequencing was not successful, potentially due to an
inadequate quantity of bacterial DNA for sequencing. Based
on potential B henselae persistence, antimicrobial therapy was
continued.
Repeat Bartonella spp. IFA and blood, serum, and BAPGM
enrichment blood culture/PCR results in October 2017 were
negative. After missing nearly 2 years of school, the boy
resumed pre-illness level of academic functioning by attaining
A’s in all fall semester 2017 and spring semester 2018 classes.
As of September 2018, the boy has resumed all pre-illness
activities, interacts frequently with peers, maintains a part-time
job as a restaurant server, and according to his parent’s assessment has fully recovered.

Discussion

Although causation cannot be established by case reports,
microbiological documentation of B henselae bloodstream
infection in conjunction with symptomatic improvement
during antimicrobial therapy and failure to identify other
causes of PANS supports a potential role for neurobartonellosis in this boy’s neuropsychiatric illness. Based on the
extended family medical history, the boy may have been
genetically predisposed to develop autoimmune or neuropsychiatric symptoms in association with B henselae infection.
Once B henselae DNA was amplified from the boy’s blood and
enrichment blood cultures (reflecting the growth of live bacteria despite 2 months of doxycycline administration), antimicrobial therapy was accompanied by sequential removal of
all antipsychotic drugs, a progressive decline in neuropsychiatric symptoms, resolution of what we are referring to as
Bartonella-associated cutaneous lesions, return to school, and
a gradual return to pre-illness activities. Prior use of psychotropics and immunosuppression with rituximab for possible
autoimmune encephalitis was of limited therapeutic benefit.
The boy and his family paid a very high emotional, social, and
financial price during his 2-year illness. In addition to daily
stress induced by his illness among all family members, the
mother quit her job to provide homecare, and pets were
removed from the home (due to the boy’s delusions). Based
on insurance claims and bills paid by the parents, the cost of
the various medical interventions prior to documentation of
B henselae bloodstream infection exceeded $400,000.
In the context of differential diagnostic considerations, typical
indicators of bacteremia are often lacking or only intermittently
positive in patients with Bartonella bloodstream infections. Also,
as illustrated by this case report, autoimmune tests can be positive,
supporting treatment with immunosuppressive drugs.
Antineutrophil cytopathic antibodies (ANCAs) have been
reported in Bartonella-infected humans11 and, on a comparative
medicine basis, statistical associations between ANA and ANCA
seroreactivity and Bartonella spp. antibodies have been reported in
dogs.12,13 There are several mechanisms employed by Bartonella
spp. that downregulate immune responses.1-3 Although not
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studied in a clinical context, B quintana lipopolysaccharide (LPS)
is an anti-inflammatory, mechanistically inhibiting pattern recognition receptor TLR4.14 In addition, the ability of Bartonella spp.
to invade numerous cell types, including microglia, and to modify
surface proteins most likely contributes to evasion of immune
recognition.15 For these, and potentially other reasons, Bartonella
spp. bloodstream infections do not consistently elicit neutrophilia,
increases in erythrocyte sedimentation rate, and CRP or CSF
pleocytosis. In addition, B henselae appears to suppress immunoglobulin production and natural killer cell function in some
patients.6 Thus, patients with neurobartonellosis can develop
autoantibodies (ANCA and ANA), lack routine clinicopathologic and immunologic indicators of bacteremia, and can be concurrently immunosuppressed secondary to drug administration
or the long-standing Bartonella spp. infection. Collectively, documentation of autoantibodies in conjunction with negative biomarkers for inflammation would decrease clinical suspicion for an
infectious cause in patients with neuropsychiatric symptoms.3,15,16
In addition, administration of rituximab to this patient could
have contributed to the documented decrease in ANA reactivity
and potentially the lack of diagnostic antibodies to B henselae and
the other organisms tested.
As described in case reports,4-6 case series,2,8-10 and
reviews,1,3,15,16 the difficulty in identifying Bartonella spp. as
potential pathogens in patients with neurobartonellosis is further complicated by poor diagnostic sensitivity for bacterial
isolation, serology, and PCR. Although the BAPGM enrichment PCR blood culture approach used in this case improves
sensitivity,8 only 1 of the boy’s blood and 2 out of 3 alternate
day BAPGM enrichment blood cultures were B henselae
PCR+. Unfortunately, agar plate isolation of B henselae from
patient specimens remains highly insensitive in both researchintensive and clinical microbiological settings. In this case,
2 months of doxycycline treatment may have further compromised the possibility for successful subculture isolation. By IFA
testing, the boy was not seroreactive to either Bh H1 or BhSA2
strain type. This result is consistent with previous studies indicating that a subset of Bartonella spp.-infected individuals
remain IFA seronegative, despite PCR documentation of
chronic bloodstream infection.9,10,17,18 The reason(s) for the
lack of Bartonella spp. seroreactivity remain unclear, but immunologic anergy is a suspected mechanism.
Bartonella-associated cutaneous lesions, including vasoproliferative lesions (bacillary angiomatosis), nodular panniculitis,
multifocal erythema (erythema multiforme), rashes, and linear
dermal lesions, may be more prevalent dermatological manifestations of bartonellosis than is currently appreciated.1-3,17,18 We
have previously amplified B henselae DNA from a linear dermal
lesion in another young man, whose infection was further confirmed by scanning confocal immunohistochemical visualization of the bacteria within the lesional biopsy.18 Histologically,
the cutaneous lesions in both of these boys were characterized
by a mild lymphocytic/plasmacytic perivascular inflammatory
response. The potential role of Bartonella spp. as a cause of
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linear cutaneous lesions in a subset of patients with neurological symptoms deserves future research consideration.
In general, medical knowledge about neurobartonellosis is
limited to case reports and case series. Physicians are familiar
with cat scratch disease (CSD), a benign self-limiting infection
that generally resolves spontaneously without the need for
antibiotic administration.19 In contrast to classical CSD, recent
evidence indicates that B henselae, the primary or sole cause of
CSD, can be isolated from the blood of healthy blood donors,20
at-risk animal health workers,9,10 and patients with rheumatologic21-23 and neuropsychiatric symptoms.4,5 Proving disease
causation for stealth pathogens, such as Bartonella spp., is challenging24 and a One Health approach16 has been proposed to
more effectively characterize the comparative medical importance of this genus. The response following the initiation of
antimicrobial therapy in this case and in another patient with
suspected neurobartonellosis25 indirectly supports a causative
or cofactor role for these bacteria. Although in vitro sensitivity
data indicate therapeutic efficacy for a large number of antibiotics, including doxycycline, it is noteworthy that in vivo
patient responses to single-antibiotic regimens have resulted in
treatment failures.26-28 Due to the severity of the boy’s psychoses and the fear of bacterial reactivation if treatment was not
curative, a very long duration of antimicrobial therapy was
administered. With the important and ongoing concerns over
antibiotic resistance, the administration of antibiotics for a protracted period can only be justified if patient outcomes support
the efficacy of the regimen. Phylogenetically, the genus Brucella
is the closest bacteria relative to the genus Bartonella, a factor
that may ultimately guide the development of effective treatment protocols. Of note, 3 complimentary modes of intervention were recently recommended for the treatment of PANS29:
(1) treat neuropsychiatric symptoms, (2) remove the source of
inflammation with antimicrobial interventions, and (3) treat
autoimmune, immune-mediated, or immunosuppression as
indicated, all of which were addressed to varying degrees by the
physicians managing this patient.
In summary, neurobartonellosis should be considered in
patients with PANS and treatment-resistant neuropsychiatric
symptoms. To enhance diagnostic sensitivity, microbiological
confirmation of neurobartonellosis should be pursued prior to
antibiotic administration, and therapeutic immunosuppression
should potentially be used with caution in these patients.
Clearly, there is a need for greater delineation of the role of
Bartonella spp. in neuropsychiatric disease causation, improvements to current serological and molecular diagnostic testing
modalities, determination of antibiotic treatment duration, and
critical evaluation of the efficacy of various treatment regimens.
Prospective cohort studies and longitudinal case-controlled
studies are needed to determine if, how often, or to what extent
Bartonella spp. infections contribute to the development of
neuropsychiatric symptoms, PANS, and Bartonella-associated
cutaneous lesions. Specifically, to further delineate the
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potential contribution of B henselae as a cause or contributor to
neuropsychiatric symptoms, serial Bartonella spp. serology,
enrichment blood and CSF culture/PCR with DNA sequence
confirmation of amplicons to establish species and genotype,
directed antimicrobial therapy, and sequential follow-up would
be recommended, in conjunction with other standard neuropsychiatric testing modalities.
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