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Meaning
ADEM acute disseminated encephalomyelitis
ADC apparent diffusion coefficient
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AIDS acquired immunodeficiency syndrome

CNS H central nervous system
cMmv Q cytomegalovirus
H I
COVID-ls Coronavirus Disease 2019
CSF O cerebrospinal fluid
CcT m computed tomography
DNA : deoxyribonucleic acid
EEG C electroencephalogram
EBV m Epstein-Barr virus
GRE E gradient recalled echo
H&E hematoxylin and eosin
-
HACEK Haemophilus species, Aggregatibacter actinomycetemcomitans,
O Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae
HIV c human immunodeficiency virus
HSV : herpes simplex virus
HHV—6< human herpesvirus 6
cv John Cunnigham virus
IRIS immune reconstitution inflammatory syndrome
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mMmNGS metagenomic next generation sequencing

MRI H magnetic resonant imaging
NMDAR N-methyl-D-aspartate receptor
H I
PAS s periodic acid-Schiff
PCR O polymerase chain reaction
PTLD m post-transplant lymphoproliferative disease
PML : progressive multifocal leukoencephalopathy
PRES C posterior reversible encephalopathy syndrome
RMSF m Rocky Mountain spotted fever
SOT E solid organ transplant
B tuberculosis
-
TMP-SMX trimethoprim-sulfamethoxazole
vzv O varicella zoster virus
L
WBC I ] white blood cell
-
<
Abstract
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The case discussed involves a 49-year-old male with simultaneous pancreas-kidney

transplant who presented with fever, headache and was found to have multifocal brain

lesion on dng.

N
Initial Cas€Presentation (lhab Kassab)

O

A 49-yearme with a history of type 1 diabetes mellitus, end stage renal disease, who
mont

i

presented hs after a simultaneous pancreas-kidney transplant with a three-day

history ofansion-like headache, nausea, and non-bloody emesis. He had no cough,

vomiting, !iarrhea, or urinary symptoms. He denied any exposure to cats, but he owned two

dogs. He I'mentral Michigan with his wife, unemployed and did not have any recent
u

travel or st@¥dietary habits. Induction immunosuppression received was unknown. His
mainteEunosuppression regimen at the time of presentation was tacrolimus and
mycop ofetil. He was receiving trimethoprim sulfamethoxazole (TMP-SMX) 400-
80 mg ondg daily for infectious prophylaxis.

Physical exafMination revealed a fever of 39.5°C, tachycardia of 135 beats per minute, blood

pressuﬁd mmHg, respiratory rate 16 breaths/minute, and oxygen saturation of

97% on ambient air. He was alert and oriented, without any focal neurological signs, and

neck was mreath and heart sounds were normal on auscultation. The rest of the

exam w¢rkable. Laboratory values were significant for elevated white blood cell
count (WBC) of'#8.5 K/ul. Laboratory test results are shown in Table 1.
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Chest radiograph showed no focal opacities. Urine analysis was unremarkable. Transthoracic

echocardiographi was performed showing a normal heart with no vegetations. Computed

tomograp of the brain showed multifocal areas of hypodensity predominantly
involving ical white matter of both cerebral hemispheres, cerebellar
N

hemisphe and right thalamus (Figure 1).

Differentimosis (Carlos Isada)

Neurologi

E

C

mes are common in solid organ transplantation (SOT), with about one-
third (10-86%) experiencing a neurologic complication.! Etiologies can be both infectious

and non-im, often with many overlapping features. In most instances, neurologic
iohs

complicat uld be considered urgent in the SOT population, given a high associated

mortality.

When appSaching a patient with suspected central nervous system (CNS) infection it is
useful to he patient into the predominant clinical and imaging syndrome. Common

neurologic s omes in the immunocompromised include meningitis, space occupying

Iesion(@cephalitis, brainstem lesions, leukoencephalopathy (white matter

disease e. Examples of infectious and non-infectious etiologiesl'3 associated with
these neurologicSyndromes are outlined in Table 2. | will discuss the first two syndromes,
meningiti space occupying lesion(s) in more detail later. These syndromes are not
mutually exc , and some immunocompromised patients may present with more than

one syndrome.
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Anatomic localization of neurologic deficits is an important early step and is based on serial

bedside examinations and imaging findings. Some SOT patients present with a diffuse

encephalo ithout discrete lesions on neuroimaging. For the remainder, important
anatomic ns include the presence of cortical or subcortical deficits, deficits that
N I

follow a vascular distribution, cranial nerve palsies, posterior fossa involvement (e.g.,
cerebellar(esion,, and spinal cord and/or peripheral nerve involvement. Another

importantWtic clue is involvement of extra-neural sites, particularly the paranasal

sinuses, ocular structures, cardiac valves, and the lung.

The timeli!e for CNS infections in SOT follows the timeline for most infections in this

populatiome postoperative period, weeks one to four, CNS infection is uncommon.
n

One excep those who have had intense exposure pre-operatively such as exposure
to Aspergi from hospital construction. Another cause of postoperative phase
infecti derived infection such as West Nile virus, albeit rare. The peak time for

CNS syndr!mes is the early phase (1-6 months post-transplant). A variety of pathogens have
been descpi both early and late (> 6 months) phase, outlined in Table 3. Routine
post-transp antibiotic prophylaxis likely impacts the incidence and spectrum of CNS

infecti TMP-SMX decreasing the risk of infection with Listeria monocytogenes,

Nocard/m., d Toxoplasma gondii.
Based o ailable information our case would be characterized as a late posttransplant
syndrome wit Itiple space occupying lesions involving subcortical white matter, with no

significant extra-neural involvement. The CT scan findings of hypodensities is nonspecific

and could represent abscesses with edema, cerebritis, areas of ischemia, demyelination,
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metabolic insult, and others. The lesions are in multiple vascular distributions. The lesions

seem to be clinically silent despite the relatively large size on CT scan. For example, there

S

are no cer@s on examination despite at least one lesion in the left cerebellar
hemisphefe.

N
The patie@s features of a concurrent meningitis, with fever, leukocytosis, and neck

stiffness. mothesis is that the hypodensities on CT scan represent abscesses and the

patient has acute meningitis. However, it is uncommon to have brain abscesses and acute

meningitiamultaneously, which | will discuss in more detail later.

At this pomifferential diagnosis remains wide. This includes all the “late CNS

syndrome” gens as well as other rare opportunistic organisms. To assess the latter,
additional hi would be helpful including social history, habits, exposures, and
epide factors Empiric antibiotics are indicated and would treat immediately for

bacterial rsningitis with vancomycin, ampicillin, and ceftriaxone. Doxycycline is also a

consideratj ending on geographic location and exposure history. Diagnostic studies
would inclu agnetic resonance imaging (MRI) of the brain followed by lumbar puncture
with m&t of opening pressure. If the MRI confirms the presence of mass lesions, |
will con Ing an antifungal agent.

Regard%ibility of tuberculous meningitis or abscesses, the incidence of
tuberculous m gitis in a non-endemic country such as the United States is predictably
low, with only 69 cases reported to the U.S. Centers for Disease Control and Prevention in

2018.% Tuberculous brain abscesses are even less common than TB meningitis, including
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countries in which TB is endemic.”® Given these considerations it would be reasonable to

defer starting antituberculosis therapy unless more suggestive epidemiologic or exposure

history codght.

Clinical Ccsise ‘Ihab Kassab)

O

The patie jven empiric intravenous antibiotic regimen of ceftriaxone 2 gm every 12
hours, vancomycin 13 mg/kg every 8 hours, and ampicillin 2 grams every 4 hours. A lumbar
puncture ormed with cerebrospinal fluid (CSF) analysis showing leukocytes of 1005

cells/cm? gO% neutrophils), protein of 186 mg/dL and glucose of 63 mg/dL. CSF cytology,

bacterial al cultures, and serologies were all negative. MRI of the brain showed
innumerab eral scattered supratentorial, infratentorial, and brainstem ring-enhancing
lesions compatilele with a multifocal infection (Figure 2).

Interpreti’on of Findings and Differential Diagnosis (Carols Isada)

The MRI sca ows small rim-enhancing lesions consistent with parenchymal brain

absces&ost likely etiologies are bacterial, fungal, parasitic. The appearance

virtuallmviral and rickettsial causes. It should be noted that Epstein Barr virus

(EBV) rela@ransplant lymphoproliferative disease (PTLD) may have a similar

I”

appeara wever the characteristic “partial” ring enhancement on MRI secondary to
central necros lacking. The multifocal pattern of lesions is consistent with

hematogenous spread of infection or a central embolic source, as opposed to spread from a

contiguous focus of infection such as the sinuses.
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The literature on brain abscess in SOT is limited, consisting of mainly single case reports and

small case f less than 5 patients. One of the largest cohort studies was in 1997,
examinin nts on cyclosporine based immunosuppression.’ This was a 14-year
N

retrospectiie review performed prior to the azole prophylaxis era. Twenty-eight brain

E

abscesses@ntified out of 4628 SOT recipients for an incidence of 0.6%. The most
common e was fungal (Aspergillus, Candida spp.) followed by Nocardia spp., and
Toxoplasrmi. Common bacterial pathogens were not found in this series. CSF
analysis wassgith®r normal or with minimal abnormalities; CSF cultures were all negative.

Multiple t!ain lesions were more common than single, and all anatomic areas were

involved. mries most had CNS dissemination from a pulmonary focus. More recent
in

series of b cess in SOT recipients generally have been limited to a single
opportunisti ogen (fungal brain abscess'®, Nocardia spp.**** T. gondii ***), with some
series i th SOT and hematologic stem cell recipients. The microbiologic spectrum

of brain aScesses in SOT in the azole prophylaxis era with current immunosuppressive
regimens i wn. This is particularly problematic when estimating the risk of pyogenic
brain absce given the increasing incidence of methicillin-resistant Staphylococcus aureus

infecti >

uth

Neuroimagin help differentiate amongst various groups of organisms, particularly

differen quences. For example, pyogenic (bacterial) brain abscesses

A

characteristica isplay central hyperintensity and rim hypointensity on T2 weighted
imaging and rim enhancement on T1 weighted imaging with contrast.'®!’ On diffusion

weighted image sequences, pyogenic abscesses usually show central diffusion restriction,
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indicative of cytotoxic edema. An example of a bacterial brain abscess®’ is shown in Figure 3

and fungal abscess'’ in Figure 4.

{

Suggestiv rns have been described with other CNS infections including

]
toxoplas is, nocardiosis, neurocysticercosis, tuberculosis, and EBV-related PTLD. Other

ip

MRI sequéhces h@ve been reported including apparent diffusion coefficient (ADC), magnetic

C

resonancewaphy with vessel wall imaging (for infectious CNS vasculitis), and magnetic
resonance spectroscopy.'®!” MRI blood sequences such as the susceptibility weighted

L:

images (S suggest invasive CNS mold infection given the angioinvasive nature of

many patRibgenic molds. The presence of acute bleeding can also be seen with herpes

fl

simplex e is within areas of cerebritis and occasionally with toxoplasmosis.

d

It should beE that there is overlap in these MRI patterns, with some variability. The
sensiti cificity need further study. Inthe current case, the lesions are small and
spatial re!lution is limited. Additional information would be helpful such as the presence
of diffusioQtion in the center of the lesions, and whether petechial bleeding is
present on ptibility weighted images.

h

One MWhat is considered diagnostic is the “starry sky” pattern seen in Rocky

Mountain spotted fever (RMSF), caused by Rickettsia rickettsia."® In severe cases the

3

organis s an infectious CNS vasculitis, characterized by multiple small acute infarcts.
These appear unctate hyperintensities in the centrum semi-ovale which has been
likened to a starry sky (Figure 5). RMSF is a consideration in this case given the

epidemiology; the state of Michigan reported 48 cases of RMSF in 2020 (Michigan
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Surveillance System).'® However, the clinical presentation, absence of skin rash, and

presence of muItii)Ie small rim-enhancing lesions rather than infarcts essentially rules this

I
Regarding&e CSF findings there was a significant pleocytosis which was predominantly

neutrophi@ total nucleated cells/mm?, 80% polymorphonuclear cells) with elevated
CSF protei rmal CSF glucose. This is most consistent with bacterial meningitis,
further su@bby his fever, headache, and neck stiffness. As mentioned previously, this
is an unex inding since it is unusual to have brain abscesses co-exist with meningitis;
these are @ndependent processes. Some notable exceptions include rupture of an
abscess di imto a ventricle, leading to ventriculitis and then diffuse meningitis. Listeria
monocytogen eningitis can easily cross the blood brain barrier and blood: CSF barrier. It
can present E:eningitis and brain stem involvement (rhomboencephalitis).

Crypto rmans can rarely present with meningitis along with solid tumor-like

intracranis masses. None of these seem to be present on his MRl scan. There are reports

of Nocardji ausing acute meningitis (CSF WBC greater than 500/mm?) with
simultaneo ain abscesses®®, but these are rare and to date have not been reported in
SOT. :

Somen C viruses can cause an acute aseptic meningitis with a neutrophil

predominance ;;i relatively high CSF pleocytosis (greater than 1000 WBC/mm?).

Enterovi nd West Nile virus can sometimes mimic acute bacterial meningitis in terms
of severity o toms and CSF profiles. However, the finding of multiple small ring

enhancing lesions would be highly unusual for these viruses and are essentially ruled out.
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In prior series of brain abscess in SOT, none of the cases reported CSF pleocytosis even

approaching 1000 WBC/ mm?. Values were typically less than 50 WBC/mm?. This raises the

possibility e brain abscesses in the current patient are more of a secondary process,
suchash s spread from a primary bacterial meningitis. In one recent series of
N

bacterial Meningitis in SOT*', a cohort of 6 cases were identified out of approximately

£

11,000 tra‘splan’patients in the Netherlands from 2004-2016. All were renal transplant
recipients gMij ial etiologies were S. pneumoniae (2 cases), L. monocytogenes (2), E. coli
(1) and P. geruginosa (1). The mean leukocyte counts in CSF were 713 cells/ mm? with a

range 17- BC/ mm>. CT scans of the brain were negative in all cases.

The differmgnosis thus far includes Listeria monocytogenes with brain abscesses,
spp.

Nocardia ction, and other rare bacterial meningitides. Non-bacterial infections
include cryp al meningitis with abscess formation, CNS toxoplasmosis, CNS
asperg ) eurocysticercosis. It should be noted that none of these diagnoses are

common Sen in the immunocompromised, and for several the presentation would be

highly atyo

Appro@osis in Patients with CNS infection (Marwan Azar)

Despite a batte;;ﬁ conventional testing, including CSF stains, cultures, antigen testing,
serolog olecular testing, the etiology of acute meningoencephalitis remains

unidentified i re than half of patients presenting with this clinical syndrome.*?
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Delayed and missed diagnoses are associated with increased morbidity and mortality and
this is particula rli true for immunocompromised patients. Emerging diagnostic tests,
including iplex molecular polymerase chain reaction (PCR) panels and metagenomics of
CSF mayi diagnostic yield for CNS infections. Data on the yield of these tests has

N
not been Well defined in immunocompromised and transplant patients.

3

The Biofir@ay Meningoencephalitis (ME) Panel (Salt Lake City, UT) is currently the

only comw available FDA-approved multiplex PCR assay on CSF specimens and
viral

includes 7 , 6 bacterial and 1 fungal (Cryptococcus neoformans/gatti) targets. The
clinical utik e FllmArray ME assay has not been rigorously evaluated among transplant
patients b!t a study in a heterogenous population concluded that use of this assay did not

result in aml pathogen detections compared to conventional testing.?* Importantly,
y

the sensiti he FilmArray ME for Cryptococcus appears to be relatively low (71%)

compared t ryptococcus antigen testing and has resulted in false negative testing in a
kidney recipient with cryptococcosis so the assay should not be used to rule out
24,25

cryptococSI meningitis in transplant patients. Additionally, detection of certain targets

including Qnd CMV may not be clinically significant. Overall, this assay could be useful
cti

in conjun ith conventional testing, but results must be interpreted in the context of

host st@nical, radiographic, and microbiologic data.

=

While PCR-basediimethods can detect known nucleic acid sequences using a specific set of
primers enomic next-generation sequencing (mNGS), also known as clinical
metagenomics,‘@an detect the nucleic acid of entire microbial communities in a clinical
specimen. As a form of hypothesis-independent testing, clinical metagenomics has the

potential to detect thousands of potential pathogens simultaneously and to significantly
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shorten the turnaround time for testing compared to culture-based methods.?® Clinical

metagenomic assays directed at CNS infection can be performed on CSF, brain or spinal cord

tissue orb asma specimens. Though the literature is replete with reports in which
clinical m s on CSF, brain tissue or blood detected CNS pathogens missed by
N

conventiofal testing, a significant proportion of infections (45%) detected by standard

E

testing w@ by mNGS testing on CSF*"?? in a prospective study of hospitalized

patients wi ingoencephalitis (44% of whom were immunocompromised). Moreover,
clinical metagenomic testing on CSF did not lead to a positive clinical impact in most cases
(>96%). here are very little data to inform our understanding of the performance
of clinical inetagenomics in transplant recipients. Due to several drawbacks including lack of
standardizai ross mNGS protocols, increased cost, decreased sensitivity for organisms
with thickm

colonizationE ted PCR-based tests continue to be the preferred test when specific
patho pected. Clinical metagenomics should be considered if conventional

testing intSding targeted PCR assays is negative but suspicion for infection remains high,

including ®al clinical presentations such as this one.
CIinica@ab Kassab)

Vancomycin anseftriaxone were stopped, while ampicillin was continued. Meropenem
and hngP—SMX were initiated to cover empirically for CNS nocardiosis or
toxoplasmosis. @l of chest was performed to evaluate for possible extra-CNS disease

involvement. The CT chest was not revealing. Transthoracic echocardiogram did not

Is (fungi, mycobacteria) and the inability to discern between infection and

demonstrate any vegetation. Blood cultures were no growth. When CSF PCR for Listeria was
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resulted negative, ampicillin was discontinued. Patient developed leukopenia and worsening

renal function which prompted discontinuation of TMP-SMX. Voriconazole was added

empiricall concern for CNS aspergillosis. Donor history was revisited and there was
no confir nt travel history or findings to suggest of donor-derived disease.
N

Additionaﬁiaﬁnostic testing results are outlined in Table 6. On hospital day 9, patient had a
seizure-li@ and altered sensorium. Voriconazole was discontinued. A 2-day

eIectroenWram (EEG) captured a right posterior quadrant onset subclinical seizure.

Repeat LP and MRI of brain were performed on hospital day 12 and 13, respectively. CSF

revealed E&ocytes (80% neutrophils, 5% lymphocytes), protein 186 g/dl and glucose

63 g/dl. | of the brain (Figure 6) revealed no interval changes in size or number of the

£

supratentogi infratentorial ring-enhancing lesions. Ceftriaxone was re-started due to
concern fo le nocardiosis and meropenem was discontinued as it may have

contribute seizure. Brain biopsy was performed, and brain tissue sent for cultures

]

and br CR. Stains and culture for bacteria, fungi and AFB were negative. Brain

tissue PCRIresults were negative for bacterial DNA, fungal DNA, nontuberculous

[

mycobact , and mycobacterium tuberculosis complex DNA.

ho

The bi in tissue showed evidence of chronic inflammation embedded in new

|

mesenc agen deposition (Figure 7). Purulent neutrophilic content was not evident,

J

indicating that biopsied tissue was most consistent with an abscess wall only.

Hemato eosin (H&E) staining showing a mixed inflammatory infiltrate in a fibrous

2

background, cute neutrophilic inflammation is not evident (Figure 7,Panel A).

Inflammation is composed of T-cells (CD3) (Panel B) and numerous macrophages (CD68) (
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Figure 7, Panel C). Movat staining demonstrated diffuse, acute collagen deposition, often

not seen in the brain but consistent with abscess wall (Figure 7,Panel D).

S

Differenti with Additional Information (Carlos Isada)
[ |

I
This addit@)rmation on the clinical course and the brain biopsy makes it clear that we

are dealinggwi very rare situation, possibly a presentation that has not been previously
described. e patient responded to antibiotics in terms of the CSF parameters, with a
marked d n CSF WBC from 1005 cells/mm?to 56 cells/mm?>. He received minimal

antifungagr anti-toxoplasma therapy, and no anti-tuberculous therapy. None of these
would be to improve spontaneously. The most significant antibiotic exposure was

to ceftriaxone:

The br onfirms the presence of an abscess. The histopathology suggests the
infectious!rocess is subacute, probably over 14 days corresponding to the late capsule
formation f brain abscesses’. This contrasts with the acute symptom presentation

of 3 days in case, possibly related to his immunocompromised state. No distinctive

h

histop ttern was seen on the brain biopsy such as pyogranulomas (suggestive of

{

bartone , blastomycosis, actinomycosis, and others) or the Splendore-Hoeppli

t

phenomenon (suggestive of nocardiosis, actinomycosis, aspergillosis, blastomycosis, and

others). anism is not visualized on H&E stain, which highlights most yeast, molds,

A

and toxoplas p. Numerous macrophages were seen on the biopsy, but not reported as

foamy macrophages, which would have suggested CNS Whipple’s disease. However, results
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of periodic acid-Schiff (PAS) stain are not reported, which is the preferred stain for

identifyini Tropheryma whipplei. CNS Whipple’s cannot be ruled out.

Numerou%ultures from several sites are negative including blood, CSF, and brain
I

[ |
biopsy making common etiologies of meningitis unlikely such as S. pneumoniae, L.

monocyto‘enes, ’nd N. meningitidis. The multiplex PCR panel from CSF is also negative

which include se three organisms. Additional molecular diagnostic studies on brain

tissue are Eend ni. This type of culture-negative scenario is where broad range PCR or

mMNGS ma icularly useful®*.
The evide te suggests an infection with a fastidious bacterial organism. Fastidious
organisms mplex or particular nutritional requirements. They fail to grow unless

specific nutr%re present in the growth media. Fastidious organisms are best known for
their r g culture-negative endocarditis. Examples of “classic” fastidious
organismgescribed in older microbiology literature®? as well as more recently recognized

agents are@v Table 4, noting which organisms are unlikely to respond clinically to
ceftriaxone.

The pro s for fastidious bacteria that typically respond to ceftriaxone are listed in
Table 5. Parenc al brain lesions have been described with several organisms including B.

burgdor, hipplei, L. interrogans, E. rhusiopathiae but multifocal brain abscesses are
exceedingly raré¥@xcept for Abiotrophia spp. and E. rhusiopathiae. The clinical presentation

of the fastidious organisms in SOT is largely unknown.

This article is protected by copyright. All rights reserved.



Using the framework above the differential diagnosis can be narrowed to the following five

organisms: Abiotrophia spp., L. interrogans, B. henselae, B. burgdorferi, and T. whipplei. As

t

noted in T no one organism would fit all the major features of our case. This appears
tobeanu ifestation of an unusual infection, possibly a presentation not
N

previously@escribed. Molecular diagnostics such as broad range PCR and mNGS may help
establish @rosis. The evidence supports that the true diagnosis is one of the five

fastidiousw listed above. | would favor CNS Whipple's disease as the most likely
ut with a

etiology, b moderate degree of diagnostic uncertainty.
Clinical Coutrs ab Kassab)

The pa ed markedly on ceftriaxone and was discharged on 2 grams twice daily

for possiblg Nocardia pending further results and given improvement. The repeat CSF fluid

that was s niversity of California San Francisco for mNGS resulted with Bartonella
henselae. were 22 sequence reads that aligned to Bartonella henselae out of a total of
21,539 equence reads in the sample. This corresponds to RPM ratio (Reads Per
Million 0217 which is below the formal reporting threshold RPM ratio of 10
(Figure 8). s

However, bec Bartonella is not a common contaminant organism and potentially

clinically significant even if detected at very low levels, this finding was reported so that

follow-up test and clinical evaluation could be performed. Repeat discussion with patient
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confirmed no exposure to cats. To further confirm the infection, serologies and serum PCR

were sent. Antibody test resulted in Bartonella henselae 1gG titer of 1:1024, consistent with

s

arecent imle 7). The diagnosis of Bartonella henselae infection with brain
abscesses ed.

N
Ceftriaxor@anned until significant resolution of the brain lesions, and doxycycline

was addemz-month treatment plan. Patient fully recovered to baseline.

Final Diagsrain abscess due to Bartonella henselae

-

Bartone/lamn is not an uncommon infection, with 12,000 outpatient cases and 500

inpatient case ear in the United States. Bartonella henselae is endemic in warm humid

climates an fore the incidence is highest in the southern United States. The incidence
is high hildren. ****
Bartonella e is difficult to culture and the best investigations for detecting this

pathogen a rology and PCR.*® Additionally, mNGS is a DNA sequencing technology that

has revglutioni genomic research. In microbiology, mNGS has been used for detection of
pathoge IC acids. In our case, the CSF mNGS played a major role in the diagnosis. 3637
Bartonella hens;e commonly presents with a papule persisting for 1-3 weeks. Painful
regional denopathy near the site of the scratch or bite is also commonly seen. More

severe atypica nifestations are generally seen in the immunocompromised, such as post-
transplant and HIV/AIDS patients. Atypical manifestations include vascular proliferative

lesions such as bacillary angiomatosis (red elevated skin lesions) and bacillary peliosis (blood
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filled cavities in the liver), neuroretinitis, parinaud oculoglandular syndrome, fever of
unknown origin, and blood culture-negative endocarditis. Other manifestations that are
more typi n in children include granulomatous hepatitis, splenitis, and
osteomye

N
Neurologi€complications are rare and only occur in approximately 0.17% to 2% of
Bartonellage e infected patients, with encephalopathy being the most common
presentation. Cat scratch encephalopathy most commonly presents with seizures. Other
CNS manims of Bartonella henselae include encephalitis, aseptic meningitis, status
epilepticu@erse myelitis, and radiculitis. **** It can also present with dementia in HIV

patients.”’ h a case of brain granulomatous process involving the right thalamus and

surrounding tiSS¥es associated with Bartonella henselae infection has been reported in the

literature™, E knowledge, multiple brain abscesses have not been reported before.

Our patiels developed severe Bartonella infection with meningitis and multiple brain
abscesses pical presentation and lack of exposure history made the diagnosis very

challenging artonella was not suspected, and therefore, serologies were not sent. In

our ca&NGS with its ability to reveal unsuspected pathogens, played a major
role in 'Mm)sis.

From tk{fwl!a henselae cases reported in the literature, some patients have been
known to preséfMliwith neurological symptoms without a history of cat scratch, as is the case
in our patient. *® However, our patient owned two dogs, and Bartonella henselae infection

in dogs has been described.*’ Antibiotic therapy, including one or a combination of
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macrolides, rifampin, doxycycline, TMP-SMX, and ciprofloxacin, is recommended in atypical

disease.® Our patient was successfully treated with doxycycline, and prior to that he was

==

treated wﬂone which may have variable activity against Bartonella.
N I
Bartonellaéqenselae infection is not an uncommon infection, but brain abscesses are very

rare. ‘ ’

To our knw apart from our case there has been no previous reports of multiple brain

abscesses assoclated with Bartonella henselae infections in the literature. We present this
case to hahysicians' awareness on Bartonella infection especially among the

immunocﬁpromised and transplant population when presenting with fever of unknown

origin, me and brain abscesses when no common pathogen could be found. This

case highlight e importance of using newer genetic techniques such as mNGS as opposed
to more direEhniques like directed PCR, as mNGS might reveal a pathogen that is not
sugges linical presentation and exposure history.
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TABLES
Table 1.1 Qoratory Data

Test Result Reference Range
White let (K/uL) 13.5 4-11
leferentlal L)
Neutroph 11.5 15-7.2
Lymp 0.9 1.2-4.0
Monocytes 0.6 0.1-11
Eosinophils 0.3 0.0-0.5
Basophils 0.1 0.0-0.2
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Nitrate: negative

Leukocyte esterase: negative

Platelet count (K/uL) 414 150 - 400
Hemoglobin (g/dL) 13.7 13.5-17
W 414 40-50
Sodium (m 133 135-145
Potassiugg (w 4.5
Chloride (mm 102
2
Blood Urea Nitrogen (mg/dL) 10
/dL) 0.93 0.7-13
@2) >90 >59
Aspartate aminotransferase (U/L) | 29 8-30
Alanine amigtransferase (u/L) 26 =<35
Total bilirubij ) 0.7 0.2-1.2
Urinalysis Color: yellow
Glucose: 300
Ketone: 10
No protein
WBC: 2/HPF

Negative

Respiratory yiral panel

t

Negative

Blood cultuy

Drawn and pending

Au
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Table 2. Common neurologic syndromes in SOT*?

Neurologic Syndrome* Examples- Infectious

Non-infectious

Leuko- Viral : PML- JC virus, Human herpes viruses, West Nile

virus
encetho

Immune reconstitution inflammatory syndrome (IRIS)

Posterior reversible encephalopathy syndrome (PRES)

Due to medications such as cyclosporine, tacrolimus,
rituximab, amphotericin B

Pontine/extrapontine osmotic demyelination

Radiation injury, many cancer chemotherapies

Stroke(s)

w Acute disseminated encephalomyelitis (ADEM)
Viral : VZV CMV
m endocarditis with emboli

vasculitis post-meningitis

Fungal: Aspergillus, Mucor spp.

Radiation-related arteriopathy
Non-bacterial thrombotic endocarditis

CNS vasculitis

Viral: HSV 1 and 2, HHV-6

Hashimoto encephalopathy
Autoimmune (paraneoplastic) syndromes (NMDAR)

Repetitive seizures

Brainstem Bacterial: Listeria monocytogenes
< Fungal: Cryptococcus neoformans

Viral: VZV, PML-JCV
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PRES

radiation necrosis

Wernicke encephalopathy

Osmotic demyelination

Table3. T

uscript

for CNS infection in SOT"

N

Phase

CNS Infection

Comment

Postoperative

5

(1-4 we

r M

Opportunistic CNS infection
unusual

Exceptions:

Intense exposure peri-op (e.g.,
Aspergillosis from hospital
construction)

Donor derived viral infections

Early CNS S

(1-6 month

Auth

O

s | Listeria monocytogenes
Toxoplasma gondii
Nocardia species
Herpesviruses

Aspergillus species (median 6
months)

Other molds
Cryptococcus neoformans
Endemic fungi

Mycobacterium tuberculosis

Peak time for opportunistic CNS
infections

Routine prophylaxis likely impacts
CNS infections.

e.g., TMP-SMX has activity against
Listeria, Nocardia spp , T. gondii
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Late CNS syndromes

(> 6 mos.)

Herpesviruses

Progressive multifocal
leukoencephalopathy (median 12
months)

Bacteria: S. pneumoniae, brain
abscess

Aspergillus

Mucorales (12 months) and other
molds

Endemic fungi (median 12 months)

Cryptococcus spp.(median 19
months)

Pathogens similar to early CNS
syndromes, less common e.g.,TB,
toxoplasmosis may be delayed

CNS posttransplant
lymphoproliferative disorder (PTLD):

EBV (+) median 11.5 months

EBV (-) median 69 months

Author Manuscript
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Table 4. Fastidious bacteria

“Classic” Fastidious Bacteria®

Newer/Other

*Legionella t

Abiotrophia/Granulicatella

(Formerly nutritionally variant streptococci)

W

L

*Coxiella burnetii (Q fever)

Susceptlble B-lactams in vitro but

clinical fa|I

Tropheryma whipplei (Whipple’s disease)

Borrelia buﬁ (Lyme)

HACEK organisms— previously considered fastidious.
Modern blood culture instruments detect organisms < 5
days. Grow in routine media.

Lep tospira!

Nocardia spp. — difficult to visualize and requires modified
acid-fast stain.  Grows readily on several routine
laboratory media

Bartonella (gt thh disease)

Erysipelothrix rhusiopathiae— some do not consider this
fastidious

BordeteE (pertussis)

* = unlikely to respond to ceftriaxone

G
@,
e
e
-
<C
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Table 5. Fastidious bacteria with in vitro susceptibility to ceftriaxone, with selected pros

and cons related to the case

FastidHa

Comments

AbiotrophiQ

Granulieet clics

(Formerly hlly

variant Strw)

PRO: known cause of acute bacterial meningitis, including one report in
immunocompromised pt. One case with CSF WBC > 6000/mm?>.
Recognized as a cause of culture negative endocarditis, a potential source
of multifocal brain abscesses.

CON: most meningitis cases are post-neurosurgical. No brain abscess
reported.

Borrelia bufg e
(Lyme dised

PRO: neuroborreliosis well recognized, aseptic meningitis during
disseminated phase. Numerous CNS manifestations. One report of rim
enhancing lesion with surrounding edema. Ceftriaxone is drug of choice
for CNS Lyme. Increasing cases reported in Michigan; 565 in 2020
(previous years 300-400, Michigan Disease Surveillance System)

CON: No history of tick bite, erythema chronicum migrans rash, arthritis.
No reports of multifocal brain abscesses. Presentation in SOT unknown

PRO: CNS manifestations common. Isolated CNS infection well described.
MRI with a variety of abnormalities including enhancing focal lesions,
mass-like lesions, multiple diffuse cerebral lesions. CSF pleocytosis > 300
cells/mm?reported. Long periods of asymptomatic latency reported.
Ceftriaxone drug of choice

CON: CSF WBCs usually low, lymphocytic. Isolated CNS disease
uncommon. Usually chronic infection. Brain abscesses not reported. Pt
did not have oculomasticatory myorhythmias, gaze palsy or other
characteristic findings. Several case reports in SOT

Bartonella O

(Cat scratclirdisease)

i

PRO:
Bartonella encephalitis well recognized; case reports of aspetic meningitis.

variety of neurologic manifestations of B. henselae described.

B. henselae known cause of culture negative endocarditis and CNS lesions
may be related.

CONS: no exposure to cats (not always necessary). Reported cases are
encephalitis rather than acute meningitis. No reports of brain abscess.

Aut
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Leptospira

PRO: can occur as an isolated CNS infection, neuroleptospirosis.

Aseptic meningitis, but usually lymphocytic. Seizures. Parenchymal brain
lesions reported. Spirochetes may be difficult to visualize on brain biopsy.
Case report of brain biopsy of meninges with chronic T cell infiltrates. In
2020, four cases reported in Michigan

CONS: isolated neurologic disease rare. No conjunctival suffusion,
myalgias, jaundice, renal injury, bleeding. SOTS cases- 5 in total, all with
Weil’s syndrome (no CNS disease). Organism can be seen on biopsy with
silver stain. No cases of brain abscess reported.

Erysipelot
rhusiopath

%cript

U

PRO: pus former. Rare cause acute meningitis, with or without
endocarditis.

Immunocompromised state associated with severe disease and
endocarditis. One case report of multiple brain infarcts.

CON: no occupational exposure (but in several series, some do not have
occupational or animal exposure). No cases of brain abscess. Organism
can potentially grow in routine culture

Bordetella pe

CON: B. pertussis not a cause of meningitis or brain abscess

B. hinzii reported: meningitis in renal transplant— not fastidious

Author Man
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pt

Table 6BA@@#®Ral Diagnostic Tests

Urine Hist*lasmw ntigen

Test Result Reference
O Range
Blood cultutes Negative
Wm Negative
Wel Negative
Serum Hist antigen (ng/mL) Not detected 0.4-19
Serum Tox PCR (copies/mL) Not detected 376 - 1.00 x10°
ntigen [galactomannan] (index) <0.500 <0.5
Serum neoformans antigen Not detected
Not detected
Plasma Not detected
Serum betS—qucan (pg/mL) <31 <80
Serum cysti is antibody IgG Negative
Urine Legi eumophila serogroup 1 antigen Negative
m pneumoniae antigen Negative
Negative

CSF analys:
Leukocyte

Protein<

1005 (80% Neutrophils, 5%
Lymphocytes)

186

63
Glucose
CSF culture and gram stain Negative
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CSF fungal stain and culture Negative
CSF viral panel Not detected
moformans antigen Not detected
CSF acid fan and culture Negative
CSF bet¥d BIgea ™ bg/mL) <60 <60
CSF Asper en [galactomannan] (index) 0.040 <0.500
CSF EBV PCR.(IU Not detected 52 -1.69 x 10°
CSF Toxopl (copies/mL) Not detected 183 - 1.00 x10°
CSF Arbovi Not detected

Author Man
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Table 7. Bartonella PCR and Serology

Test Results Reference Range
Bartonella Negative
Bartonella 1:1024 <1:128 titer

I
Bartonella llenselae 1IgM <1:20 < 1:20 titer
Bartonella gfint IgG <1:128 <1:128 titer
Bartonella q algM <1:20 <1:20 titer

A
PCR: Poly @ Chain Reaction; IgG: Immunoglobulin G; IgM: Immunoglobulin M.

S

FIGURES

Figure 1. Computed Tomography of the Brain

Compute aphy of the brain showed multifocal areas of hypodensity predominantly
involving bcortical white matter of both cerebral hemispheres, cerebellar
hemisphefes right thalamus

nu

$3)
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Figure 2. Initial MRI of the Brain (Hospital Day 2)

The MRI of brain demonstrated Innumerable bilateral scattered supratentorial,
infrate brainstem ring-enhancing lesions (arrows on contrast enhanced T1

weighted igpages)

abscesses

Suscemweighted (swi) nsenhanced T1 weighted

e weabscesses
eighted (SWI1) Contrast enhanced T1 weighted
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abscess

Susceptimighted (Swi) Contrast enhanced T1 weighted

illz‘cfggilgu artifact Enhancing DVA

!

abscess

Suscep shted (SWI1) Contrast enhanced T1 weighted

Figure 3. MRI appearance of typical bacterial brain abscess*’
Panel A. T2 weighted image showing space occupying lesion with hyperintense (bright)

central signal, with hypointense (dark) surrounding rim.
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Panel B. T1 weighted image with contrast. Lesion with contrast “rim” enhancement.

Panel C. Diffusion weighted image. Diffusion restriction in center and rim of lesion.
Reproduced from: Saini J, Gupta RK, Jain KK. Intracranial infections: key neuroimaging
finding Roentgenol 2014,;49(1):86-98 published by Elsevier (License

5247731 OﬁAII rights reserved

®  .m B

hypﬁ!epsel

e . ! '\
R ‘ ' ) B :
AR ! "rim enhancing”

Rim hypointense

b

uthor Ma

A

Figure 4. MRI appearance of typical fungal brain abscesses™®

“diffusion restricted”
(bright, cytotoxic
edema)

Panel A. T2 weighted image with hypointense (dark) rim around two fungal abscesses.
Panel B. T1 weighted image with contrast, showing rim enhancement.
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Panel C. Gradient recalled echo (GRE) sequence, demonstrating foci of susceptibility
consistent with blood.

Panel D. Diffusion weighted image, showing restricted diffusion involving the rim, and no
restrict enter of the lesion.

Reproduce am: Saini J, Gupta RK, Jain KK. Intracranial infections: key neuroimaging
findings. Roentgenol 2014,;49(1):86-98 published by Elsevier (License
52477310 rights reserved

N

Foci of susceptibility
(bloody dark)

NO restricted tiiffusion
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Figure 5. MRI scan in Rocky Mountain spotted fever, with the “starry sky” pattern'®

Reproduc Kontzialis M, Zamora CA. Teaching Neurolmages: starry-sky appearance in
Rocky Mo immspotted fever. Neurology 2015,;85(12):e93 published by Wolters Kluwer
Health, In@(License 5247761192322). All rights reserved

Figure 6. @nt MRI Brain (Hospital Day 13)
Panel A and B. T1-weighted MR brain showing innumerable bilateral scattered

suprat , Infratentorial lesions (red arrows).
Panel C. T2-weiglted MR brain showing hyperintense signal surrounding the lesions that is
consist surrounding edema (red arrow).
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Figure 7. Brain tissue Histopathology

Panel A. Hematoxylin and eosin staining showing a mixed inflammatory infiltrate in a fibrous
background; acute neutrophilic inflammation is not evident (Panel A).

Panel Inflammation is composed of T-cells: CD3 (Panel B) and numerous
macrophage D68 (Panel C).

Panel D. aining demonstrated diffuse, acute collagen deposition, often not seen in
ant with abscess wall

the brain Bt

Author Ma

Figure 8. Metagenomic Next Generation Sequencing Coverage map
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Bartonella henselae (605047917, 1975503 bp)

Bartonella henselae complete genome, strain BM1374165

Assembled from 22 reads; plotting average

s G5 g St 1243936-1247400: Mapped reads: 1.0e-2 Covered pet ident 0%
g 100%
& 90%
80%
.
70%
6
0%
@ 50% §
T 4 L
E 40% g
E 3 30% £
2 20%
1 10%
1|
200000 400000 600000 800000 1000000 1200000 1400000 1600000 1800000
) i
Base pairs
Toggle Log/Linear Y-axis Reset Zoom
Reference  Coverage Percent Avg coverage  Covered
Download Consensus length bp inbp  coverage depth  pctident Save PDF
Overall 1975503 2530 0.13 0.00 99.09
Displayed 1975503 2530 0.13 0.00 99.09
Test Result Reference Range
White b t (K/uL) 13.5 4-11
Differential count (K/ulL)
Neutrophils 11.5 15-7.2
Lymphocytes 0.9 1.2-4.0
Monocyt 0.6 0.1-1.1
Eosinophil 0.3 0.0-0.5
Basophils 0.1 0.0-0.2
Platelet coun 414 150 - 400
Hemoglobi 13.7 13.5-17
Hematocrit 41.4 40 - 50
Sodium (mmpol/L) 133 135-145
Potassiu% 4.5
Chloride (m 102
Bicarbonate (mmol 24
Blood Urea mg/dL) 10
Serum creatinig /dL) 0.93 0.7-1.3
eGFR ( 73m’) >90 >59
ferase (U/L) | 29 8-30
Alanine aminotransferase (U/L) 26 =<35
Total bilirubin (mg/dL) 0.7 0.2-1.2
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Urinalysis

{

Color: yellow

Glucose: 300

Ketone: 10

No protein

WBC: 2/HPF

Nitrate: negative

Leukocyte esterase: negative

SARS-COV-ZQ

Negative

Respiratery visaisgane!

Negative

Blood cultufgs

Drawn and pending

Neurologi

dor

o

(™Y

Examples- Infectious
Non-infectious

Leuko-
encephalopathy

Ui

Viral : PML- JC virus, Human herpes viruses, West Nile
virus

Immune reconstitution inflammatory syndrome (IRIS)
Posterior reversible encephalopathy syndrome (PRES)
Acute disseminated encephalomyelitis (ADEM)

Due to medications such as cyclosporine, tacrolimus,
rituximab, amphotericin B

Pontine/extrapontine osmotic demyelination

Radiation injury, many cancer chemotherapies

Stroke(s)

Man

Viral : VZV CMV

endocarditis with emboli
vasculitis post-meningitis
Fungal: Aspergillus, Mucor spp.

Radiation-related arteriopathy
Non-bacterial thrombotic endocarditis
CNS vasculitis

Limbic enc

thor

Viral: HSV 1 and 2, HHV-6

Hashimoto encephalopathy
Autoimmune (paraneoplastic) syndromes (NMDAR)
Repetitive seizures

Brainstem

U

A

Bacterial: Listeria monocytogenes
Fungal: Cryptococcus neoformans
Viral: VZV, PML-JCV

Wernicke encephalopathy
Osmotic demyelination
PRES

radiation necrosis
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Phase

CNS Infection

Comment

Postoperative

(1-4 weeksl '

Opportunistic CNS infection
unusual

Exceptions:

Intense exposure peri-op (e.g.,
Aspergillosis from hospital
construction)

Donor derived viral infections

Early cN®
(1-6 mont

uscrip

Listeria monocytogenes
Toxoplasma gondii

Nocardia species
Herpesviruses

Aspergillus species (median 6
months)

Other molds

Cryptococcus neoformans
Endemic fungi
Mycobacterium tuberculosis

Peak time for opportunistic CNS
infections

Routine prophylaxis likely impacts
CNS infections.

e.g., TMP-SMX has activity against
Listeria, Nocardia spp , T. gondii

Late CNS s
(> 6 mos.)

Herpesviruses

Progressive multifocal
leukoencephalopathy (median 12
months)

Bacteria: S. pneumoniae, brain
abscess

Aspergillus

Mucorales (12 months) and other
molds

Endemic fungi (median 12 months)
Cryptococcus spp.(median 19
months)

Pathogens similar to early CNS
syndromes, less common e.g.,TB,
toxoplasmosis may be delayed

CNS posttransplant
lymphoproliferative disorder (PTLD):
EBV (+) median 11.5 months
EBV (-) median 69 months

or I\/Ia@l

“Clas

1

” Fastidious Bacteria®

Newer/Other

{

*Legion

Abiotrophia/Granulicatella
(Formerly nutritionally variant streptococci)

'

*Brucella

*Coxiella burnetii (Q fever)

Susceptible to
clinical failures

nsis (Tularemia)
-factams in vitro but

Tropheryma whipplei (Whipple’s disease)
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Borrelia burgdorferi (Lyme)

HACEK organisms— previously considered fastidious.
Modern blood culture instruments detect organisms < 5
days. Grow in routine media.

;

Leptospira

p

Bartonella

Nocardia spp. — difficult to visualize and requires modified
acid-fast stain. Grows readily on several routine
laboratory media

disease)

Erysipelothrix rhusiopathiae— some do not consider this
fastidious

Bordetella

(pertussis)

scr

Fastidio a

Comments

J

Abiotrophia,

Granulicatélia

3

(Formerly nutritionally

variant Strépta v

d

PRO: known cause of acute bacterial meningitis, including one report in
immunocompromised pt. One case with CSF WBC > 6000/mm”.
Recognized as a cause of culture negative endocarditis, a potential source
of multifocal brain abscesses.

CON: most meningitis cases are post-neurosurgical. No brain abscess
reported.

Borrelia burgd
(Lyme

or M

PRO: neuroborreliosis well recognized, aseptic meningitis during
disseminated phase. Numerous CNS manifestations. One report of rim
enhancing lesion with surrounding edema. Ceftriaxone is drug of choice
for CNS Lyme. Increasing cases reported in Michigan; 565 in 2020
(previous years 300-400, Michigan Disease Surveillance System)

CON: No history of tick bite, erythema chronicum migrans rash, arthritis.
No reports of multifocal brain abscesses. Presentation in SOT unknown

Tropherym@ whipplei
(Whipp

|

Aut

PRO: CNS manifestations common. Isolated CNS infection well described.
MRI with a variety of abnormalities including enhancing focal lesions,
mass-like lesions, multiple diffuse cerebral lesions. CSF pleocytosis > 300
cells/mm? reported. Long periods of asymptomatic latency reported.
Ceftriaxone drug of choice

CON: CSF WBCs usually low, lymphocytic. Isolated CNS disease
uncommon. Usually chronic infection. Brain abscesses not reported. Pt
did not have oculomasticatory myorhythmias, gaze palsy or other
characteristic findings. Several case reports in SOT
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Bartonella
(Cat scratch disease)

e
O

PRO: variety of neurologic manifestations of B. henselae described.
Bartonella encephalitis well recognized; case reports of aspetic meningitis.
B. henselae known cause of culture negative endocarditis and CNS lesions
may be related.

CONS: no exposure to cats (not always necessary). Reported cases are
encephalitis rather than acute meningitis. No reports of brain abscess.

i
Leptospira s

O
)

PRO: can occur as an isolated CNS infection, neuroleptospirosis.

Aseptic meningitis, but usually lymphocytic. Seizures. Parenchymal brain
lesions reported. Spirochetes may be difficult to visualize on brain biopsy.
Case report of brain biopsy of meninges with chronic T cell infiltrates. In
2020, four cases reported in Michigan

CONS: isolated neurologic disease rare. No conjunctival suffusion,
myalgias, jaundice, renal injury, bleeding. SOTS cases- 5 in total, all with
Weil’s syndrome (no CNS disease). Organism can be seen on biopsy with
silver stain. No cases of brain abscess reported.

Erysipelothrix

rh usiopathc

PRO: pus former. Rare cause acute meningitis, with or without
endocarditis.

Immunocompromised state associated with severe disease and
endocarditis. One case report of multiple brain infarcts.

CON: no occupational exposure (but in several series, some do not have
occupational or animal exposure). No cases of brain abscess. Organism
can potentially grow in routine culture

Bordetella peE’

CON: B. pertussis not a cause of meningitis or brain abscess
B. hinzii reported: meningitis in renal transplant— not fastidious

L

Test Result Reference
Range
Blood culture Negative
COVID-19 iy PCR Negative
RespiraE’ el Negative
wantigen (ng/mL) Not detected 0.4-19
Serum Tox0plasma PCR (copies/mL) Not detected 376 - 1.00 x10°
Serum Asp ntigen [galactomannan] (index) <0.500 <0.5
Serum Cryptococcus neoformans antigen Not detected

Not detected

Plasma

Not detected

Serum beta-d- n (pg/mL) <31 <80
Serum cysticercosis antibody IgG Negative
Urine Legionella pneumophila serogroup 1 antigen Negative
Urine Streptococcus pneumoniae antigen Negative
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Urine Histoplasma antigen Negative
CSF analysis
Leukocytes 1005 (80% Neutrophils, 5%
e Lymphocytes)
Protein 186
Glucose 63
M-Qeam Negative
CSF fungal stai culture Negative
CSF viral panel Not detected
CSF CryptoL’oformans antigen Not detected
CSF acid fa hstain and culture Negative
CSF beta-d g/mL) <60 <60
CSF Aspergil tigen [galactomannan] (index) 0.040 <0.500
CSF EBV P Not detected 52-1.69 x 10°
CSF Toxop (copies/mL) Not detected 183 - 1.00 x10°
Not detected

CSF Arboviﬁ

Test C

Results Reference Range
Bartonella !:§ i Negative
I1gG 1:1024 <1:128 titer
ae IgM <1:20 < 1:20 titer
algG <1:128 <1:128 titer
IgM <1:20 <1:20 titer
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