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Cases of Neuroinfectious Disease Highlighting Frontotemporal
Neurocircuitry in Cognitive and Affective Processing
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F rontotemporal neurocircuitry modulates cognitive and
affective brain processes facilitating many aspects of
mood, memory, and language, as well as social and executive
functioning. Cortico-striatal neurocircuitry, connecting the
frontal and temporal lobes to the thalamus, has been shown
to coordinate many of these functions. Contributions from
the anterior cingulate, orbitofrontal, medial and lateral
prefrontal cortices, and insular cortex connect with limbic
structures within the temporal lobes such as the amygdala,
hippocampus, and parahippocampal gyrus to integrate
multiple brain processes needed to plan and organize goal-
directed behavior, as well as attach emotional valence to
memory.

Infectious lesions can disrupt neurocircuitry causing
loss of function.! After the acute infection and treatment,
long-standing sequelae may remain. The neuropsychiatric
manifestations of these perturbations range from subtle
to disabling, are often long-lasting, and profoundly affect
the quality of life of patients and their families/caregivers.
Infectious lesions may temporarily or permanently
disrupt information processing in various brain regions.
Compensatory neuroplasticity can be inadequate depending
on the degree of tissue involved by the lesion and the age of
the patient at onset of illness.

In this case series, we present 3 cases that underscore
the need for awareness of long-lasting neuropsychiatric
complications of brain infections. Two of the 3 cases
involve sequelae from neuroinfectious diseases not often
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seen in the US. These patients presented decades after initial
infection and respective immigration to the US. As health
care providers, recognizing and treating such sequelae is
our responsibility. In the US, societal biases combined
with language and cultural barriers reduce the likelihood
that people will present for care. Immigrants often enter
the US with lower socioeconomic status, speak a different
language, are isolated from their support infrastructure,
can be stigmatized, and may express sentiment of objective
or subjective discrimination as well as mistrust in the US
medical system.” Social determinants of health impact
access to timely evaluation and treatment around the world.?
Providers trained in the US would benefit from cultural
sensitivity training to lower barriers to treatment. These are
important factors to consider when treating patients from
other countries of origin.

Case 1

The first patient, a 47-year-old Ecuadoran woman with
a 25-year history of neurocysticercosis (NCC) and epilepsy,
presented to the Massachusetts General Hospital Behavioral
Neurology Outpatient Clinic with mild depression, worsening
anxiety, and impaired memory alongside word-finding and
attentional difficulties 3 months after surgery for a cavernous
malformation hemorrhage. She had undergone treatment for
epilepsy secondary to NCC 25 years ago. She immigrated
to the US at 27 years old and worked for a cleaning service
company. At age 46, she presented to her primary care
physician complaining of decreased short-term memory,
“blanking out,” “losing [her] train of thought,” increased
distractibility, and inattention combined with increased
unexplained anxiety with heart palpitations. Her Montreal
Cognitive Assessment (MoCA)* score at that time was 20/30
with visuospatial (2/5) and delayed recall deficits (2/5) as
well as serial 7s and fluency deficits. This result prompted
brain magnetic resonance imaging (MRI) and subsequent
neurosurgery for a cavernous malformation hemorrhage in
her right middle temporal gyrus. Antiepileptic treatment had
been discontinued 6 years prior to surgery given absence of
generalized tonic-clonic seizures for 20 years (for timelines
of case presentations, see Figure 1).

When we met, she was generally euthymic, though
increasingly frustrated at her inability to recall details
of events, needing people to repeat things for her, and
forgetting whether or not she completed tasks a few minutes
prior. Her brain MRI showed recent surgical changes related
to the resection of her right cavernous malformation. It
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Figure 1. Timeline of Clinically Relevant Events
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Abbreviations: EEG=electroencephalogram, ICU =intensive care unit, MRI=magnetic resonance
imaging, NCC = neurocysticercosis, PCP = primary care provider.

also revealed multiple calcified lesions consistent with
her infection and treatment for NCC. She had lesions in
her right occipital lobe, anterior paramedian right frontal
parafalcine area, and the anterior limb of the left internal
capsule that connects the thalamus to the frontal lobe (Figure
2). Her electroencephalogram (EEG) confirmed frequent
left frontotemporal lobe epileptiform discharges. Given
those findings, we restarted carbamazepine, and over the
subsequent months, her symptoms improved. Her MoCA
score had a net slight increase from 23/30 to 24/30 over
the 6-month treatment period, notably with improvements
in fluency (from 5 to 11 “F words”) and delayed recall
(from 2/5 to 4/5). She lost 1 point in digit span during
the second examination. The other aspects of the MoCA
were unchanged, including deficits in cube drawing and
repetition, though some language aspects may have been
confounded by English being her second language.

While rare in the US, cysticercosis is endemic in many
regions of the world, affecting over 50 million people
worldwide, with predominance in Central and South
America.’ The Infectious Diseases Society of America®
recommends treatment with albendazole for at least 14
days with or without the addition of praziquantel and
monitoring for hepatotoxicity and leukopenia. NCC is a

leading cause of acquired epilepsy worldwide, manifesting
as seizures in up to 90% of cases and accounting for 2% of
emergency department presentations in the US.” Years after
treatment of the acute infection, calcifications are typically
present on neuroimaging studies and are not thought to have
viable parasites,® though epileptic foci may remain.” Other
symptoms include headaches, nausea, vomiting, psychosis,
altered mental status, and cranial nerve palsies or other
focal findings.!®!! Patients may experience vague subjective
symptoms that are difficult to characterize, such as fatigue,
decreased working or episodic memory, and attention,
thus leading to prolonged morbidity. Initial workup would
include brain MRI and EEG. Pharmacotherapy is used to
target symptoms, and anticonvulsants are prescribed for
patients with seizures. Generally, the seizures are fairly
well controlled with medication and appropriate medical
follow-up.'? Our patient, as many do,'* ! remained on
antiepileptic therapy for decades after initial NCC treatment.

Case 2

The second patient, a 69-year-old Moroccan woman with
vitamin B, deficiency, hypertension, and diabetes presented
with persistent cognitive complaints a year after completing
chemotherapy for colon cancer and a course of antibiotic
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Figure 2. Axial Susceptibility Weighted Images A and B Demonstrate Numerous Punctate Foci of
Calcification Related to Prior Neurocysticercosis Infection (white arrow heads) With Lesions in the Left
Caudate, Anterior Limb of the Left Internal Capsule, Left Sylvian Fissure, and Right Occipital Lobe®

2Postoperative changes are seen related to prior right craniotomy and resection of a right temporal lobe cavernous malformation (white

dashed circle).

treatment for presumed neurosyphilis after having a positive
syphilis antibody screen and RPR (rapid plasma reagin).
She had immigrated as a young adult, having no formal
education and 1 sexual partner who she had been married
to for decades. She recalled being treated for a sexually
transmitted disease 3 decades ago and understood it to be a
result of her husband’s infidelity.

She presented to the Massachusetts General Hospital
Behavioral Neurology Outpatient Clinic with depression and
a history of “paranoia,” which was described as a relentless
anxiety and catastrophizing with delusional aspects that
would often bring her to panic—she would become
concerned that her children living abroad were injured or
dying with little reassurance until she spoke with them. As a
consequence of short-term memory loss, this was an almost
daily occurrence. She sometimes heard a voice calling her
name. She also displayed mood lability with spontaneous
crying as well as poor balance. She suffered from deficits in
memory for faces, names, and details when conversing. She
also had visuospatial and executive deficits—she would get
lost in familiar places and could no longer use bus routes or
follow a recipe. She was dependent on family for instrumental
activities of daily living (IADLs) and increasingly for her
ADLs. Her neurologic examination revealed a cautious
gait and mild deficits in tandem gait, possibly caused by
sensory loss (light touch and vibration) up to her knees.
While she completed intravenous penicillin G for 14 days
1 year prior for presumed neurosyphilis (refusing a lumbar
puncture), she did not receive a dose of intramuscular

benzylpenicillin following completion of penicillin G, which
was recommended by her infectious disease expert.

Her neuropsychological testing reflected a major
neurocognitive disorder based on multidomain cognitive
impairment in the context of significant compromise to her
functional status. She was unable to count from 1 to 10. She
correctly named a chair and a clock; she was unable to name
a pencil but indicated that it is for writing. Her performances
were extremely low across all measures of the Repeatable
Battery Assessment of Neuropsychological Status,'® which
included immediate memory (list learning, story memory,
and visuospatial/constructional memory), semantic and
fluent language, delayed recall, and attention with digit span.

Her brain MRI showed white matter disease with
mild anterior temporal lobe and hippocampal atrophy
(right > left), though not much worse than expected for age
(Figure 3). Her clinical presentation was far worse than her
MRI revealed. The etiology of her cognitive, affective, and
gait impairments was likely multifactorial and a consequence
of a combination of neurosyphilis, vitamin B,, deficiency,
chemotherapy, and white matter disease from hypertension
and poorly controlled diabetes. Given her paranoia,
amnesia, and visuospatial deficits, Alzheimer’s disease was
also considered. Her mild hippocampal atrophy would be
indicative of early disease, though her functional deficits
appeared advanced. It was also possible that her confusion
and memory complaints were secondary to partial seizures.
We recommended intramuscular vitamin B;, injections,
an EEG, which she failed to obtain, as well as a positron
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Figure 3. Coronal T1 MPRAGE Image (A) Demonstrates Slight Asymmetric Volume Loss Involving the Right
Hippocampus (white dashed circle). Axial T2 FLAIR Image (B) Demonstrates Mild Periventricular and
Subcortical Hyperintensities Suggestive of Mild Chronic Microvascular Disease

Abbreviations: FLAIR=fluid attenuated inversion recovery, MPRAGE = magnetization-prepared rapid acquisition with gradient echo.

Figure 4. Axial T2 FLAIR Image (A) Demonstrates a Region of Cystic Encephalomalacia With Surrounding
Gliosis Involving the Left Anterior and Mesial Temporal Lobes. Sagittal T1 MPRAGE Post-Contrast Image (B)
Demonstrates the Oblique Extension of This Region of Cystic Encephalomalacia

Abbreviations: FLAIR=fluid attenuated inversion recovery, MPRAGE = magnetization-prepared rapid acquisition with gradient echo.

emission tomography (PET) scan and lumbar puncture,
which she refused, and we are awaiting her follow-up.
Syphilis infection incidence is rising in the US.!”
Neurosyphilis occurs in about 25%-40% of persons not
treated for primary syphilis when the bacteria Treponema
pallidum reaches the brain, meninges, and/or spinal
cord.!®1 Appropriate diagnosis of neurosyphilis can be
challenging, as this “great imitator” has various neurologic
presentations.?*"? The clinical picture of subacute

meningovascular syphilis, the most common form of
neurosyphilis, may be associated with focal neurologic
signs of cerebral arteritis.”> Late neurosyphilis has more
widespread and less specific neuropsychiatric manifestations
such as depression, confusion, dementia, apathy, emotional
lability, and paranoid delusions.?*~?® There are reports of
temporal lobe atrophy?” and asymmetric mesiotemporal
T2 hyperintense lesions on MRI images of the brain in
neurosyphilis, and some lesions have even decreased with
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treatment.”*?%%The MRI in“our Second case displayed
mild asymmetric mesiotemporal atrophy (right>left) and
white matter disease attributed to diabetes that may have
been exacerbated by neurosyphilis infection. Additionally,
neurosyphilis can manifest as seizures and was the
presenting symptom in 12% of cases.>! These seizures may
be focal or generalized.> Nonconvulsive, unilateral, partial
seizures, particularly in the frontal lobe, may not manifest in
an obvious manner. Initial workup would include serologic
testing for syphilis, then EEG if nonspecific frontal lobe
symptoms persist, and brain MRI to assess any degree of
atrophy. Suspicions regarding a diagnosis of Alzheimer’s
disease can now be confirmed with a lumbar puncture,®
which can also be helpful in diagnosis of neurosyphilis.**

Case 3

The third patient presented to the Massachusetts General
Hospital Neuropsychiatry Outpatient Clinic 40 years after
an intensive care unit stay for septicemia and meningitis
secondary to a foot infection. His first visit to the clinic 8
years ago revealed a 70-year-old White man with a decades-
long history of depression with paranoia, irritability,
rumination, anxiety with profound inability to make
decisions (eg, whether or not to water his lawn caused a great
deal of angst), and word-finding and memory difficulties.
His wife accompanied him and did much of the talking. His
neuropsychiatric sequelae, namely depression with paranoia
and memory deficits, had worsened over the years, and his
recurrent paranoid/ruminative symptoms were often linked
to living in Florida annually during the winter.

His cognitive examinations displayed persistent temporal
lobe deficits, mainly difficulties with word retrieval and
memory. His MoCA score was 24/30 in 2013 and had been
stable at 25/30 since then with deficits in delayed recall
including difficulties with retrieval and some decay with
false positives. Then, he suffered from a severe episode of
depression with neurovegetative symptoms and heightened
paranoia in 2018 for which multiple antidepressant
medication trials and augmentation using mirtazapine
and the antipsychotics quetiapine and aripiprazole had no
clinical benefit. His brain MRI in 2018 showed left temporal
lobe encephalomalacia from a relatively large brain abscess
(Figure 4). After 2 recent episodes of speech arrest, he was
evaluated for seizures. His EEG revealed intermittent left
frontal-temporal irregular-to-semirhythmic delta slowing
and frequent left temporal > frontal epileptiform discharges.
Lamotrigine was added to his medication regimen. Currently,
his mood and psychotic symptoms are well controlled with
duloxetine and low-dose olanzapine at night.

A brain abscess occurs due to a focal infection, typically
hematogenously spread from a primary infection (eg,
sinusitis, oral/dental, or pulmonary infections) or physical
trauma or secondarily spread from previous brain surgery.>
Although up to 40% of brain abscesses may be cryptogenic
with no identifiable cause, there are predisposing factors
such as diabetes and illnesses that suppress the immune
system (HIV, lupus, and chemotherapy). Advances in brain

Case Series

imaging, surgical technique, postsurgical care, duration of
antibiotic administration, and surveillance have reduced the
incidence. The incidence of brain abscesses is estimated to
be between 0.3 and 1.3 per 100,000 people per year.*® Brain
abscesses are life-threatening and may still lead to permanent
neuropsychiatric symptoms even after appropriate treatment.
In recent decades, mortality and morbidity have improved to
13.6% and 6.3%, respectively.’” Depending on the location
of the lesion, patients may experience depression, apathy,
memory impairment, and visuospatial, word-finding,
attentional, and/or executive deficits, and these may persist
and evolve for decades, requiring ongoing treatment. Seizures
have been shown in patients as a presenting symptom for,
and when recovering from, brain abscess surgery. There is
varied incidence with a range of 6.4%-43%, though up to
70% of people with a history of brain abscess have a seizure
within a 30-year follow-up. Most practitioners recommend
anticonvulsant therapy for 5 years following brain abscess,
and then a cessation trial is appropriate.’® Initial workup
should include brain MRI and EEG if symptoms persist.

Frontotemporal Neurocircuitry
in Cognitive and Affective Processing

Historically, we have learned a great deal of functional
neuroanatomy from well-characterized patients suffering
from lesions involving the frontal lobe, thereby altering
cognitive and affective processing. The patient known
as Phineas Gage lost the function of his left orbitofrontal
region after an accident while tamping railroad stakes
resulting in changes to his degree of sociability, irritability,
and impulsivity.**° The patient known as Henry Molaison
(previously known as patient H.M.) had iatrogenic bilateral
resection of the anterior two-thirds of his hippocampi,
amygdala, and parahippocampal, entorhinal, and piriform
cortices to treat his intractable epilepsy. As a result, he
became amnestic to novel experiences (anterograde) as well
as suffered from temporally graded retrograde amnesia.*!42
Additionally, brain areas involving language deficits reflect
well-known monikers belonging to Broca and Wernicke
for lesions to the frontal and temporal lobe, respectively,
although these regions are not as circumscribed as previously
thought.**~4¢ While the future of functional neuroanatomy
may be understood as distributed neural networks through
results from functional MRI (fMRI)*”*® and diffusion tensor
imaging,*’ longitudinal assessments of patients with brain
lesions can provide clinically relevant, neuroanatomically
informed, and patient-centered formulations for treatment
and rehabilitative approaches.

The frontal lobes provide the ability to learn, plan,
and execute complex cognitive, affective, and behavioral
tasks. Frontal lobes orchestrate executive functions such as
attention, working memory, decision-making, and sociability,
as well as enable inhibitory control over impulses.**->
The temporal lobes are associated with language, though
that is typically lateralized to the left hemisphere. The
temporal lobes also house many limbic and paralimbic
structures bilaterally such as the amygdala, hippocampus,
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and parahippocampal gyrus, which associates emotion with
experience.’>? Direct connections between the frontal and
temporal lobes likely facilitate working and episodic memory
as well as emotional processing, social cognition, and self-
awareness. The frontal and temporal lobes are connected
indirectly through thalamic relay connections and directly
via the uncinate fascicle (UF), a white matter bundle that
connects the anterior temporal lobe with the frontal cortex
bilaterally.>* The UF belongs to the limbic system, connecting
the amygdala, hippocampal formation, anterior temporal
convexity, temporal and frontal poles, frontal basal area, and
inferior frontal gyrus (mainly the orbitofrontal cortex). The
UF has been implicated in emotional processing, memory,
behavioral responses, social cognition, and language.>?~’
Additionally, the internal capsule is a white matter bundle
that connects the cerebral cortex with subcortical structures
bilaterally®® and connects the frontal lobe to the thalamus.>
The thalamus, known as the gateway to the cortex, integrates
and relays cognitive and sensory information including pain,
motor signals, consciousness, and arousal as well as mediates
self-awareness.®!

Two recent meta-analyses®®® of task-related fMRI
experiments detected robust patterns of brain activity across
various psychiatric disorders. The first study by Janiri et al®
investigated stress-related disorders and found overlapping
clusters of hypo- and hyperactivation of brain regions in
mood disorders, posttraumatic stress disorder, and anxiety
disorders. They found hypoactivation of a right-dominant
brain system, specifically in the inferior prefrontal cortex/
insula, the inferior parietal lobule, and the putamen—regions
that support context shifting and inhibition of some mental
operations and behavioral responses. The right inferior
prefrontal cortex and right putamen are involved in the
inhibition of contextually inappropriate cognitive, affective,
and motor responses. The authors® inferred that there was
transdiagnostic disruption in salience processing (including
interoceptive processing) and inhibitory control. They also
identified transdiagnostic clusters of hyperactivation in the
left amygdala/parahippocampal gyrus, the left thalamus, and
the perigenual/dorsal anterior cingulate cortex relating to
affective and social processing. The second meta-analysis®?
of task-related data had a broader selection of psychiatric
illness by including individuals with schizophrenia and
substance use disorders in addition to mood and anxiety
disorders. Although some of the source data likely overlaps
between these 2 studies, McTeague et al®® also found that
nonpsychotic disorders displayed hyperactivation of the left
amygdala and dorsolateral thalamus and hypoactivation in
the ventromedial and right ventrolateral prefrontal cortex;
however, they found the opposite with respect to the dorsal
anterior cingulate cortex. This line of evidence further
implicates frontotemporal regions in the regulation of
cognitive and affective processes.

Over recent years, a few meta-analyses have been
conducted on studies evaluating resting-state fMRI in
psychiatric disorders, including major depressive disorder
(MDD), anxiety disorder, obsessive-compulsive disorder,

and posttraumaticstress disorder.®*% As opposed to task-
based fMRI, resting-state fMRI evaluates brain activity when
a subject is not engaged in a specific task. This approach
seeks to determine what the brain is doing at rest. Kaiser
and colleagues® found that patients with MDD displayed
hypoconnectivity within the frontoparietal network, a set of
brain regions involved in attention and emotion regulation,
as well as the salience network (SN), comprised mainly of
the anterior cingulate and anterior insula, that facilitates
top-down regulation of those functions. MDD was also
associated with hyperconnectivity within the default mode
network (DMN), a network made up of the medial prefrontal
cortex, the posterior cingulate/precuneus, and the angular
gyrus believed to support internally oriented and self-
referential thought, wherein increased activity correlates with
cognitive ruminations.®* Additionally, a meta-analysis® of
anxiety disorders revealed hypoconnectivity of the executive
control network—mainly the dorsolateral prefrontal cortex
(DLPFC) and posterior parietal cortex—with the DMN. The
connectivity within the SN itself and its connectivity with the
sensorimotor network were also decreased.®® These results
illustrate consistent dysregulations of affective and cognitive
control-related networks involving the PFC and connected
structures in depressive and anxiety disorders.

Our first patient presented with a history of NCC with
lesions in her right occipital lobe, anterior paramedian right
frontal parafalcine area, and the anterior limb of the left
internal capsule and endorsed worsening mood and anxiety
as well as frustration about her cognitive symptoms. While
this could be secondary to the cognitive difficulties (attention
and working memory), it could also be primary, as lesions
to the left DLPFC have been shown to increase affective
symptoms and antidepressant treatment increases DLPFC
activity.®*-7% Her inattention and word-finding and working
memory deficits were likely explained by the epileptiform
activity in her left frontal lobe.”! Additionally, neurologic
processing of internal body state and external environmental
information traverses the internal capsule, which connects
the frontal lobes and the thalamus. She had a lesion in the
left anterior internal capsule as well as left frontotemporal
epileptiform discharges likely disrupting frontal-thalamic
neurocircuitry and contributing to her inability to attend to
appropriate stimuli, task shift, and recall. This improved with
the reinitiation and titration of her antiepileptic medication.
Disruptions in this neurocircuitry likely contributed to her
overall symptomatology, though there has probably been
some degree of compensatory neuroplasticity over the past
25 years. Her MoCA score was largely consistent with a
frontotemporal impairment in working memory, attention,
and language and difficulties with word recall.

The MRI of our second patient displayed mild
mesiotemporal atrophy (Figure 3). The reduction in the
cells connecting mesiotemporal structures such as the
hippocampus, parahippocampal gyrus, and amygdala to
the inferior frontal lobe structures such as the orbitofrontal
cortex likely contributed to her amnestic dementing
process and inability to appropriately control her affective
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symptoms. Lastly; our third patient displayed episodic'and
gradually worsening difficulties with emotion regulation
and cognition—his depression with psychosis, word-
finding difficulties, and memory loss. This can at least be
partly explained by the impaired connection between his
left anterior temporal pole with brain structures involved
in the neurocircuitry of language, working memory, and
inhibitory control of affect—mainly the anterior cingulate
and orbitofrontal cortices along with the amygdala and
hippocampus. He also had left temporal > frontal epileptiform
discharges that had not been adequately controlled over
the years. His MRI displayed encephalomalacia of the left
anterior and mesial temporal lobes (Figure 4). He was missing
white matter in this region and therefore was missing the
connections between much of his temporal lobe to subcortical
and frontal brain regions. This lesion was responsible for his
word-finding deficits and likely his challenges in working
memory and attention. He was missing his left UF and

Case Series

consequently the bilateral subcortical connections to the
frontal lobes, including the orbitofrontal cortices, known to
help regulate impulses and emotion as well as assign value
to thoughts and experiences.

Though differing substantially in their etiology, a theme
emerged from these 3 cases as their brain lesions precipitated
deficits in cognition manifesting in symptoms such as
confusion, inattention, and trouble with working memory
and word-finding as well as affective symptoms of mood
instability, depression, and anxiety. These symptoms are
often difficult to assess clinically, and when combined with
cultural consequences of immigration, it is likely that delays
in evaluation and treatment will occur and adversely affect an
individual’s quality of life. Although prevention and access
to treatment have decreased the incidence of neuroinfectious
diseases in the US, primary care providers would benefit
from being familiar with their occurrence, neuropsychiatric
presentation, evaluation, and treatment.
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