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Abstract

Little is known about the pathophysiology of
delusional infestation (DI), a psychodermatologic
condition in which patients have a fixed, false belief
of being infested with parasites or inanimate material
in their skin, despite lack of objective evidence.
Because some delusional states, such as
schizophrenia and psychotic state in bipolar disorder
have been found to be associated with brain
structural and functional abnormalities, a literature
review was conducted to summarize available data
on structural and functional abnormalities that are
found to be associated with DI. A review of the
literature found cases of brain imaging studies in
patients with primary DI, as well as patients with
secondary DI. Accumulating evidence from the
studies reviewed suggests that dysfunction of the
fronto-striato-thalamo-parietal network may explain
how delusions manifest in DI and suggest that DI has
an organic etiology. Abnormalities in the striato-
thalamo-parietal network may cause false sensations
of infestation through dysfunction in visuo-tactile
regulation, whereas abnormalities in the frontal
region may impair judgement. Delusional infestation
patients also exhibit increased activation of brain
structures  implicated in  itch  processing.
Furthermore, patients at high risk for cerebrovascular
disease who present with secondary DI may benefit
from brain imaging studies to rule out brain ischemic
insult.

Keywords: delusional infestation, delusional parasitosis,
neuroimaging, structural abnormalities, functional
abnormalities, psychodermatology

Introduction

Delusional infestation (DI) or delusional parasitosis is
a psychodermatologic condition in which patients
have a firm, fixed belief of being infested with
parasites or inanimate material in their skin. The
monosymptomatic hypochondriacal delusion is
typically accompanied by tactile hallucinations of
formication, in which there is a sensation of crawling,
stinging, or biting of the skin, without evidence of an
actual infestation to explain cutaneous sensations
[1]. Delusional ideation can be of both animate and
inanimate objects and patients will often bring in
samples of the supposed infesting material.
Familiarity with the etiology, treatment, and clinical
course of DI is particularly important for
dermatologists because over half of these patients
present to dermatologists for initial workup [2].
Although DI is classified as a primary psychogenic
disorder, patients are often not agreeable to
psychiatric referral as they have zero-to-minimal
insight into their pathology. Therefore, it is
important for dermatologists to build therapeutic
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rapport to provide appropriate management of
these patients.

Delusional infestation is a delusional, somatic
disorder that can be classified as “primary” (i.e.
occurring spontaneously; usually isolated delusion
with otherwise intact psyche) or “secondary” (i.e.
caused by other, broader underlying psychiatric or
medical disorders or substance abuse). Typically,
primary DI patients are female, older in age, and have
a long duration of symptoms over many years [2].
The exact etiology of DI is unknown. Nevertheless,
some delusional and psychotic states have been
found to be associated with brain structural
abnormalities. The claustrum has been implicated in
the delusional states associated with schizophrenia
[3]. The hippocampus has been implicated in the
psychotic states associated with bipolar disorder [4].
The insular cortex has been associated with
hallucinations [5] and delusions [6] in bipolar
patients. This led to the hypothesis that there may
also be structural and functional abnormalities in DI
and brain imaging studies may provide some insight
into the etiology of DI. This review attempts to
summarize the currently available data in the
worldwide literature reporting results of brain
imaging studies in patients with primary and
secondary DI.

Methods

The electronic databases from PubMed and
PsycINFO were used to complete this literature
review. The search terms “delusional infestation,”
“delusional infestation MRI,” “delusional infestation
imaging studies,” “delusional parasitosis,” and
“Morgellons,” were queried to find peer-reviewed
journal articles in April 2020. Non-research articles,
letters, commentaries, and other irrelevant
publications were excluded. Although an initial
attempt was made to only include cases of primary
DI, the literature on Dl is limited and often includes
results from cases of both primary and secondary DI.

For cases with brain lesions reviewed, the patient’s
demographic information (age and sex) and past
medical history were recorded. The brain structures
implicated in cases with brain lesions of DI were

identified. Cases were separated based on the
particular brain structure implicated. If a DI patient
had multiple brain structures with lesions the case
was included in multiple sections.

Results

A. Results from structural imaging studies

Of the limited neuroimaging studies in the literature,
structural MRI studies have been the most common
type of neuroimaging study for patients with DI.
Finding structural differences between patients with
DI and healthy controls is key to elucidating the
pathophysiology of DI. We review the results of
neuroimaging studies that show differences
between patients with DI and controls in (1a) gray
and white matter volume, (2a) cortical thickness,
surface area, and folding, and (3a) brain lesions. A
summary of the findings from section 1a and 2a can
be found in Table 1.

1a. Gray and white matter volume

Brain regions in which patients exhibit differences in
gray and white matter volume can help indicate
which structures and networks are implicated in DI.
MRI studies using voxel-based morphometry (VBX)
and source-based morphometry (SBM) found that
compared to controls, patients with DI have lower
gray matter volume (GMV) in frontal, temporal,
parietal, insular, thalamic, and striatal areas [7,8]. The
VBX technique revealed that patients with DI
compared to controls had higher white matter
volume (WMV) in right middle cingulate, left frontal
opercular, and bilateral striatal (caudate, putamen)
areas [7]. Notably, the patients categorized as DI
patients were a mixture of primary DI, secondary to
psychiatric depression, and secondary to medical
conditions. Evaluating different categories of DI
patients as one group helps increase the significance
of these findings, However, this overlooks a
possibility that different categories of DI may have
different etiologies. The SBM technique revealed
that only patients with DI secondary to medical
conditions showed significantly increased WMV. No
WMV changes were found to be significant between
controls, patients with primary DI, and patients with
secondary DI [8]. This nuance in the WMV findings
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might be because the SBM method notes changesin
structural networks (i.e. the relationship between
multiple brain regions), whereas VBM can only note
volume changes. However, abnormalities in WMV
could be because all patients were already on
therapy such as antipsychotics at the time of
imaging. Given that it is difficult to recruit DI patients
for neuroimaging studies, few studies have
performed imaging on patients before and after
therapy. Overall, lower GMV specifically in the fronto-
striato-thalamo-parietal network seems to play a
dominant role in DI pathology, whereas WMV does
not seem to play as important a role as GMV.

Gray matter volume and WMV of DI patients have
also been compared against patients with non-
somatic delusions (i.e. delusions that are not
associated with the body such as jealousy or
persecution). Patients with DI are considered to have
somatic delusions, delusions associated with the
body. A study showed that patients with DI exhibit
different patterns of GMV and WMV when compared
to patients with non-somatic delusions and controls
[9]. When compared to controls, patients with DI had
lower GMV in fronto-striato-thalamo-parietal
regions, whereas patients with non-somatic
delusions only had lower GMV in the left inferior
temporal cortex and right fusiform cortex. Patients
with DI had lower striatal and frontotemporal
network strength than patients with non-somatic
delusions and controls.

Although somatosensory process and networks are
typically associated with the cerebrum, the
cerebellum also seems to play an important role in
somatosensory processes and predictions in
addition to its main role in motor integration and
executive control. A recent study revealed that there
are GMV changes in the cerebellum of DI patients
compared to patients with non-somatic delusions,
patients with schizophrenia, and controls [10].
Overall, DI patients exhibited lower GMV in
sensorimotor areas of the cerebellum and exhibited
higher GMV in areas of the cognition cerebellum
associated with cognition and emotion. The lobules
of the cerebellum can be classified into three
functional domains: (1) sensorimotor function in
anterior lobe (i.e. lobule I-V and lobule Vi), (2)

cognitive and affective function in posterior lobe
(lobule VI-IX), and (3) transition zone (i.e. lobule VI).
Comparing DI patients to controls, lower GMV was
found in the left lobule Villa. Comparing DI patients
to non-somatic patients, lower GMV was found in
lobule V and higher GMV was found in bilateral
lobule Vlla/crusll. Comparing patients with DI to
patients with schizophrenia, lower GMV was found in
lobule V, but this was not statistically significant.

2a. Cortical thickness, surface area, and folding
Cortical features such as thickness, surface area, and
folding are also important for understanding the
pathophysiology of DI. Cortical thickness and cortical
surface area are actually preferred over GMV for
understanding the evolutionary and genetic origins
of disorders [11]. Cortical volume, which can be
derived from the product of cortical thickness and
surface area, is highly heritable. Volumetric studies,
or studies that use VBX or SBM methods, provide
only a gross measure of gray matter abnormalities.
Given the rare prevalence of DI, there is very little
research on the genetic origin of DI, so
understanding cortical features of imaging is a first
step toward understanding the genetic origin of DI.
In a study of MRI scans of 18 patients with DI and 20
controls, surface analyses found alternations in the
frontoparietal patterns of the cortical thickness,
surface area, and local gyrification index of DI
patients compared to controls [10]. Patients with DI
had higher cortical thickness in the right medial
orbitofrontal gyrus compared to controls. Patients
with DI had smaller cortical area in the left inferior
temporal gyrus, the left precuneus, the pars orbitalis
of the right frontal gyrus, and the right lingual gyrus.
Patients with DI show reduced cortical gyrification in
the left precentral gyrus, the left postcentral gyrus,
the right precentral gyrus, the middle temporal
gyrus, the banks of the right superior temporal
sulcus, the right inferior parietal gyrus, and the right
superior parietal gyrus.

3a. Brain lesions

Macroscopic structural lesions in the brain may
indicate pathophysiology of delusional infestation.
Given the limited number of imaging studies, we
have compiled an up-to-date list of cases in the
literature indicating brain lesions in patients with
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primary or secondary DI to identify structures of
interest in DI. There are many different kinds of brain
lesions found such as ischemic or gliotic lesions.
There was a total of nine peer-reviewed articles and
29 cases of primary or secondary DI with available
data on brain lesion imaging studies. The majority of
patients studied were females of older age, mostly in
the 70s and 80s. Commonly, patients had co-morbid
general medical conditions such as hypertension
and cerebrovascular disease.

3a.1 Lesions of the caudate nucleus

The caudate nucleus forms the dorsal striatum along
with the putamen and has many motor and non-
motor functions [12]. There have been ten cases of
secondary DI in the literature that have reported
structural lesions involving the caudate as
summarized in Table 2. Nine of these ten cases were
related to general medical conditions and one case
was a result of substance abuse. Of the ten cases, four
demonstrated lesions strictly of the right caudate,
three demonstrated lesions strictly of the left
caudate, and three demonstrated lesions of both the
left and right caudate. Of note, full or partial
remission was achieved in two of these cases using
risperidone, two using haloperidol, two using
aripiprazole, one using olanzapine, one using
ziprasidone, and one using quetiapine; one did not
achieve remission despite multiple anti-psychotic
therapies.

3a.2 Lesions of the putamen

The putamen is a structure in the forebrain that,
along with the caudate nucleus, forms the dorsal
striatum and has many motor and non-motor
functions [12]. There were nine cases of DI-like
symptoms in the literature that reported structural
lesions involving the putamen as summarized in
Table 3. Eight cases were related to general medical
conditions and one case was a result of substance
abuse. Of the nine cases, two showed lesions strictly
of the left putamen, two showed lesions strictly of
the right putamen, and five showed lesions of both
the left and right putamen. Of note, full or partial
remission was achieved in two of these cases using
risperidone, two using haloperidol, two using
aripiprazole, one using olanzapine, one using
ziprasidone, and one using quetiapine.

3a.3 Lesions of the centrum semiovale

The centrum semiovale is a mass of white matter
located beneath the cerebral cortex that carries
various nerve fibers [12]. There have been two cases
of DI and six cases of DI-like symptoms in the
literature that have reported structural lesions
involving the centrum semiovale as summarized in
Table 4. Two cases were DI without any underlying
cause, five cases were DI-like symptoms related to
general medical conditions, and one case was owing
to a pre-existing psychiatric illness. Of these cases, all
included bilateral lesions of the centrum semiovale.
Of note, full or partial remission was achieved in
three of these cases using risperidone, one using
haloperidol, one using olanzapine, one using
ziprasidone, and one using quetiapine; one did not
achieve remission despite multiple therapies.

3a.4 Lesions of the external capsule

The external capsule contains association fibers that
connect various parts of the cortex [12]. There have
been five cases of DI-like symptoms in the literature
that have reported structural lesions involving the
external capsule as summarized in Table 5. All cases
were DlI-like symptoms due to general medical
conditions, including hypertension, meningioma,
cerebrovascular arteriosclerosis, and diabetic
neuropathy. Of these cases, two showed lesions of
the left external capsule, two of the right external
capsule, and one of the bilateral lesions of the
external capsule. Of note, full or partial remission was
achieved in two cases using quetiapine, one using
haloperidol, one using ziprasidone, and one using
aripiprazole.

3a.5 Lesions of the thalamus

The thalamus is a structure in the forebrain that
relays sensory and motor signals to the cerebral
cortex [12]. There have been three cases of Dl-like
symptoms in the literature that have reported
structural lesions involving the thalamus as
summarized in Table 6. All the cases were Dl-like
symptoms related to other conditions; two cases
were associated with general medical conditions and
one case was owing to substance abuse
(methamphetamine, ecstasy, cannabis, and alcohol).
Of these cases, all showed lesions of the left
thalamus. Of note, full or partial remission was
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Table 6. Cases involving thalamus.

Age/ Past Medical Imaging Imaging
Case Sex Classification Histo Clinical Course Findings
Feeling and
Secenck Hypertension, seeing fll.es, Imaging done 7
eneral treated for >30 insects, lice years after onset, full Small
3[25] 81/M ?nedical years, COPD, biting his body ' remission after MRI Left lesion
condition cholangiocarcinoma | and mostly the ' olanzapine 10mg
for 1 year head, hands, | daily for 9 years
and arms
) . Imaging done 2
Neurocysticercosis .
. years after onset, no Multiple
s/p treatment with . :
Feeling small | response after trials well-
Secondary to | albendazole and ) L . .
eneral steroid, cognitive animals living | of sertraline 50mg delimited
1[36] 71/F gene - in her skin with | daily, quetiapine MRI Left rounded
medical decline, . . .
. S .| sensation of 50mg daily, lesions
condition hypertrigliceridemia, . .
pruritus duloxetine 60mh surrounded
hypercholesterole- . o
. daily, or risperidone by edema
mia .
3mg daily
Polysubstance abuse Imaging done 4.5
8 years after onset, full
(methamphetamine o
. remission after
up to 3g daily . . .
Feeling small  risperidone 6mg
months and ecstasy L
. . bugs on her daily with relapse Increased
Secondary to | up to 10 pills daily . . PET,
1[13] 27/F skin and after suspension of Left glucose
substance use for 6 months, . . . SPECT .
X generalized risperidone due to metabolism
cannabis up to 8 . . .
pruritus weight gain. Full

joints daily for 4.5
years, alcohol
binges)

achieved, in one case using olanzapine, and one
using aripripazole in the patient with substance
abuse. One did not achieve remission despite
multiple therapies.

B. Results from functional imaging studies

Although structural imaging studies can uncover
brain damage or abnormalities in regions that are
implicated in DI, functional imaging studies can
show which brain areas and processes are associated
with cognition and behavior. Few functional imaging
studies are found in the literature. The current
functional imaging studies can be found in Table 7.
The study by Huber and colleagues in 2007 of two
cases of DI (one secondary to drug use and one
secondary to a medication condition) used 6
different neuroimaging techniques to investigate
brain circuitry in DI and the role of postsynaptic D2
receptors [13]. This was the first study to image
patients before and after the use of antipsychotic

remission after
aripiprazole 10mg
daily

treatment, which is notoriously difficult in DI
patients. This study provides evidence for the
reduced availability of the striatal dopamine
transporter in the putamen and supports the
hypothesis that Dl is caused by dysfunction of striatal
dopamine transporter [14]. In the first case reported
in Huber et al. 2007, pre- and postsynaptic
dopaminergic neurotransmission were altered in the
striatum (mainly in the left putamen). Glucose
metabolism was found to be dominant in the left
thalamus and putamen. The patient achieved full
remission on an antipsychotic medication,
aripiprazole, when 63 to 78% striatal dopamine D2
receptor occupancy was achieved with this
medication. The second case demonstrated reduced
cerebral blood flow and GMV in the frontal cortex,
striatum, putamen, thalamus, and different parts of
parietal cortex. The patient achieved partial
remission in response to ziprasidone. This functional
imaging study provides further support that DI is
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Table 7. Summary of functional MRI findings.

Number of
patients/number

of controls Method Findings

-First study to use six imaging techniques to compare neurotransmission in
patients before and after treatment with aripiprazole

-In the patient with DI secondary to drug use, cerebral glucose metabolism
and dopaminergic neurotransmission were studied in the untreated state
(FDG-PET, FDOPA-PET, 123I-FP-CIT-SPECT, and IBZM-SPECT) and after

effective aripiprazole treatment (FDG-PET and IBZM-SPECT)

-In the patient with DI secondary to medical condition, cerebral perfusion
and gray matter volume changes were investigated in the untreated state
and compared to N = 7 age-matched healthy controls (MRI-based CASL and

-Reduced availability of presynaptic Dopamine Transporter (DaT) in the left
putamen supports DaT hypothesis of DI due to reduced
-Effective antipsychotic treatment seems to depend on at least 63 to 78%

striatal D2 receptor occupancy and glucose metabolism changes in the

-Supports dysfunctional fronto-striato-thalamo-pariettal network as the
neural basis of Dl i.e. a priori brain regions involved in judgement (frontal
cortex), sensory gating (thalamus) and body perception (dorsal striatum,
thalamus and somatic cortices)

-Patient showed increased activation in the supplementary motor area (SMA)
before antipsychotic treatment, and normalized function in SMA after
antipsychotic therapy (aripiprazole)

-Improvement of delusional infestation is associated with normalization of

-First MRI study to show patients with DI have altered central processing of

-Patients with DI showed increased activity in the amygdala, insula, middle
temporal lobe, and frontal cortices compared to controls in response to
infestation-relevant stimuli (e.g. insects crawling).

-FDG-PET
. -FDOPA-PET
2 DI patients
-123-FP-CIT-
Freudenmann | -1 Secondary to
SPECT
RW et al. Drug Use VBM)
-IBZM-SPECT
2010[13] -1 Secondary to
Medical condition e
CASL
-VBM
bilateral thalamus
-functional
Ponson et 1DI patient :223:::;
al.2015[15] | -1 Primary DI . .
imaging
(FMRI) brain activity
. infestation-relevant stimuli
6 DI patients
Ecclesetal. | -5 Primary DI MR
2015 [16] -1 Secondary to
Drug Use

-In response to behavioral tasks, patients with DI demonstrated less accurate

perception of internal bodily state and malleability of self-representation

associated with dysfunction of the fronto-striato-

thalamo-parietal network.

Another case report presents one patient with
primary DI with functional magnetic resonance
imaging (fMRI) before and after the administration of
antipsychotic treatment [15]. The patient achieved
full remission with aripiprazole. This study showed
increased brain activation in the supplementary
motor area (SMA) before antipsychotic treatment.
After antipsychotic treatment the patient showed
normalized activity in the SMA.

The largest study accomplished in functional
imaging of DI compared six patients experiencing
skin infestations and fifteen age/sex-matched
healthy controls [16]. First, participants underwent

fMRI while viewing infestation-related stimuli.
Second, participants completed two behavioral tasks
that measured self-representation: interoceptive
accuracy and susceptibility to the rubber hand
illusion. This study demonstrated that the processing
of infestation-related stimuli is different in DI
patients as compared to controls as described below.
Additionally, DI patients performed poorly
compared to healthy controls on measures of self-
representation including interoceptive accuracy,
interoceptive trait prediction, and susceptibility to
the rubber hand illusion. In the rubber hand illusion,
patients were instructed to place their hand in a box
concealed from their view. A rubber hand was placed
in front of them and lined up with their right
shoulder. A cloth concealed the box and the stump
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of the rubber hand so the patient could only see the
rubber hand but not their real hand. Both the real
and rubber hands were stroked at the same time and
speed for one minute and the patient was under the
illusion that the rubber hand was a part of their own
body. Patients with DI showed differences in neural
activity within amygdala, insula, middle temporal
lobe, and frontal cortices. When shown images of
insects and non-insects, DI patients showed stronger
activation in the right posterior insula/secondary
somatosensory cortex to all stimuli pictured on skin.
In contrast, controls activated this region when
shown images of insect but not non-insects. DI
patients also showed greater activation of amygdala
and parahippocampus compared to controls. In
addition, controls showed greater activation within
bilateral frontal cortex than patients. DI patients
showed a marked deactivation of the bilateral frontal
cortices when shown insects, which suggests a
deficit in a region important for cognitive control.

Discussion

In this review, we have summarized the structural
and functional imaging studies to-date in patients
with primary and secondary DI. Overall, the reviewed
studies revealed three main points. (1) Dysfunction
in the fronto-striato-thalamo-parietal network may
explain how delusions manifest in DI [7,9,10]. (2)
Patients with DI activate structures implicated in the
neural network for itch processing [16]. (3) Ischemic
changes in areas of the brain that control visuo-
tactile perception may contribute to the
development of secondary DI [17].

(1) Dysfunction of the fronto-striato-thalamo-parietal
network

Dysfunction of the fronto-striato-thalamo parietal
network is demonstrated both structurally (i.e.
decreased GMV volume, smaller cortical surface area,
reduced cortical gyrification, and abnormal lesions)
and functionally (i.e. reduced regional cerebral blood
flow) and is illustrated in Figure 1 [7,8,13,18]. These
findings support the “two-factor model of
delusions,” which is a cognitive-behavioral model for
understanding the neurobiological basis of
delusions. The “two-factor model of delusions”

suggests that there are two factors responsible for
emerging delusions [19]. The first factor is
responsible for the content of delusional belief (i.e.
false ideation of infestation triggered and
maintained by tactile hallucinations) and the second
factor is responsible for not rejecting the belief
despite evidence that the belief is false [20,21]. In DI,
the first factor or “content” is hallucinatory
sensations of infestation and pruritus caused by
abnormalities in the striato-thalamo-parietal region
that disrupts bodily perception, somatosensation,
and proprioception [7-10,13,22]. The second factorin
Dl is impaired judgement and errors in probabilistic
reasoning caused by abnormalities in the frontal
region of the brain [7-10,13,22].

Numerous structural and functional abnormalities in
striato-thalamo-parietal regions involved in visuo-
tactile regulation were reported. Patients with DI
have decreased GMV in the aforementioned regions
as compared to controls [7-9]. Also, patients with DI
have smaller cortical surface area in lingual gyrus,
which is found in primary visual cortex and
associated with encoding of visual information [23],
and in the precuneus, which is found in parietal
cortex and responsible for integration of stimuli [24].
A reduction in cortical gyrification in the postcentral
gyrus, an area found in the primary somatosensory

Thalamus

Figure 1. Fronto-striato-thalamo-parietal network. Schematic
diagram illustrating the main structures implicated in the
pathophysiology of delusional infestation, including the frontal
lobe, striatum, thalamus, and parietal lobe. Black arrows between
structures indicate connectivity between structures. Created with
BioRender.com.
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cortex and is involved in proprioception,
thermoreception, and nociception, was also noted in
DI patients [7]. A functional imaging study showed
reduced availability of presynaptic dopamine
transporters, especially in the putamen [13,14]. Brain
lesions in the caudate nucleus, putamen, centrum
semiovale, and external capsule were most
commonly associated with primary DI. The caudate
nucleus and putamen are forebrain structures that
form the dorsal striatum and are important in tactile
perception [25].The dorsal striatum is one of the
structures in the basal ganglia, which is associated
with sensorimotor, cognitive, emotional, and
motivational functions [26]. The centrum semiovale
and external capsule carry various nerve fibers
connecting different parts of the cortex. Thalamic
nuclei correspond with sensory centers to receive
and send sensory signals to the appropriate cortical
locations in the brain. Of note, the ventral posterior
nucleus of the thalamus is particularly important in
sending somatosensory information such as touch
and proprioception to the primary somatosensory
cortex [27]. Given that these areas are all involved
with visuo-tactile regulation, it is possible that
abnormalities of these structures contribute to the
emergence of false sensations of infestation in DI.

Structural and functional abnormalities in frontal
regions involved in executive control and association
were also reported. Patients with DI have decreased
GMV in frontal regions as compared to controls [7,8].
Smaller cortical surface area was also reported in
frontal regions such as pars orbitalis of the right
frontal gyrus [18]. Reduction in surface area of this
region may lead to cognitive inflexibility [28].
Notably, while viewing insects, DI patients showed a
deactivation of bilateral frontal cortices, which are
important for cognitive control, as compared to
controls [16]. Therefore, structural abnormalities and
deactivation of the frontal region implicate a
potential neurobiological mechanism for the
irrational, fixated nature in the belief of infestation
related to disrupted cognitive control and rationality.

(2) Brain structures in delusional infestation associated
with itch processing

Many structures that showed increased activation in
functional imaging studies in DI are implicated in a

key brain network to process itch. The network
recently identified in itch processing is between the
right posterior insula and SMA, pre-SMA, anterior
midcingulate cortex, anterior insula, secondary
somatosensory cortex, and basal ganglia and is
summarized in Figure 2 [29]. An itch signal travels
from the thalamus to the right posterior insula which
has strong functional connectivity with the anterior
insula, basal ganglia, and secondary somatosensory
cortex. The anterior insula has strong functional
connections with the pre-SMA/SMA and anterior
midcingulate cortex; signals may transmit from the
right posterior insula to the pre-SMA/SMA and
anterior midcingulate cortex via the anterior insula
[29,30]. Patients with DI exhibited greater activation
of the right posterior insula and secondary
somatosensory cortex to all stimuli on skin as
compared to controls [16]. Notably, controls
deactivated the right posterior insula and secondary
somatosensory cortex when viewing non-insect
images on skin, but controls activated the
aforementioned regions when viewing insects. This
suggests that DI patients may perceive stronger
sensations of itch to a variety of stimuli on skin
explaining their strong perceptions of pruritus. In
addition, another functional imaging study showed
increased activation of SMA before treatment with
aripiprazole and decreased activation of SMA after
treatment [15]. The role of SMA in the itch processing
network suggests that there is abnormal activation

Figure 2. Functional network of itch processing. Flow chart of
network believed to be important in itch processing, including the
right posterior insula (plns), supplementary motor area (SMA),
pre-SMA, anterior midcingulate cortex (aMCC), anterior insula
(alns), secondary somatosensory cortex (Sll), and basal ganglia.
Arrows between structures indicate potential connectivity, but
further research is still needed to confirm exact connectivity
between structures.
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of itch processing in untreated DI patients. Given
that multiple brain structures that exhibit increased
activation in DI patients are involved in the itch
processing network, it is possible that DI patients
experience strong pruritus related to abnormal
activation of higher cortical itch processing.

(3) Brain lesions in secondary delusional infestation

Brain lesions commonly identified in patients with
secondary DI were unspecified small lesions,
followed by ischemic lacunar lesions and gliosis, a
nonspecific reactive change of glial cells that occurs
as a result of central nervous system damage or
disease [17]. Cerebrovascular disorders, including
cerebrovascular ischemia, are well-established as
causes of secondary DI [25,31]. Secondary DI

symptoms have previously been reported in
association with senile dementia and
cerebrovascular accidents [32], as well as

hypertension [2]. The most common co-morbid
medical condition found in patients with DI
secondary to a general medical condition was
cerebrovascular  disease and  hypertension.
Accordingly, patients presenting with secondary DI
and comorbidities of cerebrovascular disease,
hypertension and cognitive decline may benefit
from brain imaging as a screening modality to rule
out structural lesions underlying secondary DI.

Historically, DI was described as having no
underlying organic or psychiatric cause [1]. DI was
only diagnosed after all other potential causes were
ruled out such as schizophrenia, depression,
nutritional deficiencies, thyroid disease, Parkinson
disease, formication without delusion, substance
abuse, and organic psychosis. However, the
compiled evidence from the structural and
functional imaging studies in this review
demonstrate that DI has distinct biological
underpinnings. In comparison, schizophrenia has
also historically been considered a psychological
disorder with no organic basis [33]. Accumulating
evidence from neuroimaging studies identifying the
structural and functional abnormalities in
schizophrenia have demonstrated a distinct
biological basis of schizophrenia [34,35]. Similarly,
this review supports that DI has biological
underpinnings related to dysfunction in the fronto-

striato-thalamo-parietal network and

associated with itch processing.

regions

Limitations

There are a few important limitations to highlight.
Owing to the limited number of primary and
secondary DI with brain imaging studies in the
current literature, definitive conclusions cannot be
made. The number of cases of DI was especially
limited, as patients diagnosed with DI likely do not
undergo brain imaging as part of current standard of
care. Results from studies may be contradictory
because different MRI techniques can reveal
different results.

Conclusion

Although DI was previously believed to have no
underlying organic etiology, the structural and
functional abnormalities in patients with DI present
strong evidence that there is an underlying organic
cause of DI. Delusional infestation has a distinct
biological basis potentially caused by dysfunction in
the fronto-striato-thalamo-parietal network.
Abnormalities in the striato-thalamo-parietal
network may cause false perceptions of infestation
and pruritus, whereas abnormalities in the frontal
region may cause impaired judgement and inability
to interpret false sensations. In suspected cases of DI,
a full workup is recommended to rule out any
underlying causes that could potentially cause DI
and imaging studies may be considered to search for
potential associated brain abnormalities. This may
be especially valuable in patients at high risk of
cerebrovascular diseases as ischemic changes in
certain parts of the brain that control visuo-tactile
perception, which may contribute to the
development of secondary DI. It may be challenging
to obtain the agreement of many of these patients
for brain imaging studies because the nature of their
delusion makes them averse to such a line of
investigation, but is still worthy of consideration.
Given the paucity of functional imaging studies,
functional imaging studies are needed to elucidate
the connectivity of important structures identified in
this review. Future longitudinal research with a
larger patient population, especially in patients with
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primary DI, is

recommended to continue

investigating a possible link between DI and brain
abnormalities.
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Table 1. Summary of structural MRI studies.

Number of
patients/number

Stud of controls Method Findings

16 DI patients
-6 Primary

-3 Secondary to
Psychiatric
Depression

-7 Secondary to
Medical Condition

Wolf et al.
2013 [7]

16 controls

16 DI patients

-6 Primary

-3 Secondary to
Psychiatric
Depression

-7 Secondary to
Medical Condition

Wolf et al.
2014 [8]

16 controls

18 DI patients
-6 primary
Hirjaket | -3 Secondary to
al. 2017 Psychiatric
[18] -9 Organic

20 controls

18 DI patients
-6 primary

-3 Secondary to
Psychiatric

Huber et -9 Organic

al. 2018

ol 20 non-somatic

delusions

20 controls

14 Dl patients
-7 secondary or

comorbid to
medical conditions

Kramer et
al. 2020
[10]

18 non-somatic
delusional patients

18 patients with
schizophrenia

32 controls

-Compared to controls, DI patients have lower gray matter volume in frontal
regions, temporal regions, left subcallous gyrus, left anterior cingulate
gyrus, bilateral insula, right striatum, left thalamus

MRI (Voxel- . . . .
base(d -Compared to controls, DI patients have higher white matter volume in the
right middle cingulate, gyrus, left frontal opercular, and bilateral striatal
morphometry)
caudate, putamen
-No abnormalities were found in parietal structures, but found structural
pathologies in dopaminergic striatum (caudate, putamen)
-Compared to controls, DI patients had lower gray matter volume in frontal,
temporal, parietal, insular, thalamic, and striatal regions. Notable, Wolf et al.
found no abnormalities in parietal structures.
MRI (Source- ) . . R
based -Compared to controls, only patients with organic DI showed significantly
increased WMV. No WMV changes were found in controls or
morphometry )

primary/secondary to psychiatric depression patients
-These results emphasis that the bilateral striatal and thalamic regions are
affected compared to previous unilateral results

-Cortical Thickness: Patients with DI had higher cortical thickness in the

right medial orbitofrontal gyrus compared to controls.

-Cortical Surface Area: Patients with DI had smaller cortical area in the left
MRI (Surface- | inferior temporal gyrus, the left precuneus, the pars orbitalis of the right
based frontal gyrus, and the right lingual gyrus
morphometry) | -Cortical Gyrification: Patients with DI show reduced cortical gyrification in
the left precentral gyrus, the left postcentral gyrus, the right precentral
gyrus, the middle temporal gyrus, the banks of the right superior temporal
sulcus, the right inferior parietal gyrus, and the right superior parietal gyrus
-Patients with DI exhibit a pattern of lower GMV in fronto-thalamo-striatal
and frontotemporal regions.

!t\)/lal'«;le(;/oxel- -Str.iatal an.d frontotempgral netyvork strength was lower in DI compared to
morphometry, patients with non-somatic Qeluspns and HC ‘ .
Surface- -Compared to controls, patients with DI had lower GM in medial and lateral
based prefrontal areas, medial and lateral regions of the temporal lobe (including
morphometry the hippocampus anq par.ahippocampus), bi!ateral fusiform cortices,
Source-baseo’l subcallosal and anterior cingulate cortices, bilateral insula, left putamen, left
morphometry) thalamus and left cerebellum
-Compared to controls, patients with delusions other than DI showed lower
GMV in the left inferior temporal cortex and the right fusiform cortex.
-Comparing DI patients to controls, there was lower GMV in left lobule Vllla.
-Comparing DI patients to non-somatic patients, they found lower GMV in
MRI (Voxel- lobule V and higher GMV in lobule V and higher GMV in bilateral lobule
based Vlla/crusll.
-Comparing DI patients to schizophrenic patients, a lower GMV was found
morphometry)

in lobule V, but that is was not statistically significant
-Alternations in GMV found in schizophrenic patients differed from controls
and DI patients.

GMYV = Gray Matter Volume; WMV = White Matter Volume.

-12-
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Table 2. Cases involving caudate nucleus.

(25]

[25]

[36]

1
[13]

74/F

83/F

81/M

75/F

71/F

27/F

Secondary to
general
medical
condition

Secondary to
general
medical
condition

Secondary to
general
medical
condition

Secondary to
general
medical
condition

Secondary to
general
medical
condition

Secondary to

substance use

Past Medical

Histo

Hypertension,
treated for >10
years, cerebral
arteriosclerosis

Hypertension,
treated for >10
years, cerebral
arteriosclerosis,
CHD,
osteoporosis

Hypertension,
treated for >30
years, COPD,
cholangiocarcino
ma for 1 year

Left temporal
meningioma s/p
resection 8 years
ago, atrial
fibrillation,
hypertension,
osteoporosis,
hyperthyroidism
s/p radiotherapy
3 years ago

Neurocysticercos
is s/p treatment
with albendazole
and steroid,
cognitive
decline,
hypertrigliceride
mia,
hypercholesterol
emia
Polysubstance
abuse
(methamphetam
ine up to 3g daily
months and
ecstasy up to 10
pills daily for 6
months,
cannabis up to 8
joints daily for
4.5 years, alcohol
binges)

Feeling and
seeing lice,
insects, flies biting
her hands, arms
and head with
severe pruritus

Feeling insects
biting her head
and legs

Feeling and
seeing flies,
insects, lice biting
his body and
mostly the head,
hands, and arms

Feeling and
seeing vermin
crawling on scalp
with persistent
pruritus on the
head

Feeling small
animals living in
her skin with
sensation of
pruritus

Feeling small
bugs on her skin
and generalized
pruritus

-13-

Imaging

Modali

Imaging done 1 year
after onset, full
remission after
haloperidol 1-3mg
daily for 3 years

MRI

Imaging done 10
years after onset, full
remission after
risperidone 1-2mg
daily for 8 months

MRI

Imaging done 7 years
after onset, full
remission after
olanzapine 10mg
daily for 9 years

MRI

Imaging done 40
years after onset,
partial remission after
risperidone 1-2mg
daily for 1 month,
followed by refusal of
psychiatric treatment
for 10 years, then
partial remission after
aripiprazole 10mg
daily for 1 month

MRI

Imaging done 2 years
after onset, no
response after trials of
sertraline 50mg daily,
quetiapine 50mg
daily, duloxetine
60mh daily, or
risperidone 3mg daily

MRI

Imaging done 4.5
years after onset, full
remission after
risperidone 6mg daily
with relapse after
suspension of
risperidone due to
weight gain. Full
remission after
aripiprazole 10mg
daily

PET,
SPECT

Left

Left, Right

Left

Left

Left, Right

Imaging
Findings

lesion on
the border
with
external
capsule

Small
lesion

Macroscopic
lesion

Gliosis in
outer
margin

Multiple
well-
delimited
rounded
lesions
surrounded
by edema

Bilateral:
reduced
presynaptic
dopamine
turnover;
focal D2-
receptor
availability
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Feeling “tiny tick- Imaqing done 5 vears Bilateral:
Secondary to | Right temporal like worms” 9'ng y decreased
. . . after onset, full .
1 general lobe infarction 5 crawling under o MRI, . regional
82/M . ..o remission after Left, Right
[37] medical years ago, his skin in the . . SPECT cerebral
o - . risperidone 1-2mg
condition cognitive decline | lower abdomen dailv for 2 weeks blood flow
and limbs y (rCBF)
Deafness since
age 67,
hyperthyroidism
s/p
thyroidectomy
a'Fe age 62, Fahr's Fee.llng and . Imaging done 14 Post-
Secondary to | disease, seeing vermin . .
10 general hyperuricemia crawling on scalp years after onset, ful ischemic
86/F i ; " | remission after cT Right lacunar
[38] medical since age 80, nose, and mouth o S
. . . . quetiapine 75-600mg lesion in
condition parkinsonism with severe dailv for 2 vears the head
since age 80, CHF | pruritus Y 4
with cardiac
pacemaker after
age 81, 2 minor
CVAs atage 79
and 86
Cerebrovascular Fee.lmg and .
) . seeing small Imaging done 2 years
Secondary to | insufficiency, N "
13 S— el dlseer white “critters after onset, full Small
85/F . biting her hands, | remission after MRI Right lesion in
[38] medical treated for 39 : .
o ; arms and head ziprasidone 80mg the head
condition years, multiple . .
. with severe daily for 5 months
arthrosis .
pruritus
Cerebral
ischemic insults,
CHD s/p left Feeling small
Secondary to hear.t bypass and penetratlye/stlngl Imaging done 1 year
16 general aortic valve ng organisms after onset, full Hypodense
77/F . replacementat | attacking her remission after cT Right :
[38] medical . 8 lesions
condition age 73, mild arms, head and haloperidol 1-2mg
DM2, mild body with severe | daily for 4 years
Parkinson’s pruritus
disease, mild
anemia
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Table 3. Cases involving putamen.

Age/

Past Medical

Imaging

Imaging

Sex Classification

Secondary to
general
medical
condition

1[25] 74/F

Secondary to
general
medical
condition

2[25] | 83/F

Secondary to
81/ | general
M medical
condition

3[25]

Secondary to
general
medical
condition

4[25] 75/F

Secondary to

10131 substance use

27/F

Secondary to
general
medical
condition

2[13] | 72/F

Histo

Hypertension,
treated for >10
years, cerebral
arteriosclerosis

Hypertension,
treated for >10
years, cerebral
arteriosclerosis,
CHD,
osteoporosis

Hypertension,
treated for >30
years, COPD,
cholangiocarcin
oma for 1 year
Left temporal

meningioma s/p

resection 8
years ago, atrial
fibrillation,
hypertension,
osteoporosis,
hyperthyroidis
m s/p
radiotherapy 3
years ago

Polysubstance
abuse
(methampheta
mine up to 3g
daily months
and ecstasy up
to 10 pills daily
for 6 months,

cannabis up to 8

joints daily for
4.5 years,
alcohol binges)

Rheumatoid
arthritis,
hypertension

Feeling and seeing
lice, insects, flies
biting her hands,
arms and head with
severe pruritus

Feeling insects
biting her head and
legs

Feeling and seeing
flies, insects, lice
biting his body and
mostly the head,
hands, and arms

Feeling and seeing
vermin crawling on
scalp with
persistent pruritus
on the head

Feeling small bugs
on her skin and
generalized pruritus

Feeling small pests,
animals, and
splinters infesting
her hair, ears, nose,
feet, axillae, and left
shoulder

-15-

Clinical Course modalit
Imaging done 1 year
after onset, full
remission after
haloperidol 1-3mg

daily for 3 years

MRI

Imaging done 10
years after onset, full
remission after
risperidone 1-2mg
daily for 8 months

MRI

Imaging done 7 years
after onset, full
remission after
olanzapine 10mg
daily for 9 years
Imaging done 40
years after onset,
partial remission after
risperidone 1-2mg
daily for 1 month,
followed by refusal of
psychiatric treatment
for 10 years, then
partial remission after
aripiprazole 10mg
daily for 1 month

MRI

MRI

Imaging done 4.5
years after onset, full
remission after
risperidone 6mg daily
with relapse after
suspension of
risperidone due to
weight gain. Full
remission after
aripiprazole 10mg
daily

PET,
SPECT

Imaging done 2 years
after onset, no
response to
quetiapine 50mg
daily, partial
remission after

MRI

Left

Left, Right

Left

Left, Right

Left, Right

Left, Right

Findings
Small
lacunar
lesion in
posterior
aspect
Left: small
lesion in
anterior
portion;
Right: two
very small
lesions in
outer
portion
Macrosco
pic lesion
in mid
posterior
portion

Left:
gliosisin
outer
margin;
Right:
small
lesion in
mid
portion

Left:
markedly
reduced
presynap-
tic
dopamine
transporter
availability;
increased
glucose
metabolism;
Bilateral:
focal D2-
receptor
availability
Bilateral:
Increased
brain
perfusion,
signifi-
cantly
increased
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ziprasidone 80mg gray
daily matter

volume
compared
to age-
matched
controls
Bilateral:
S ek @ R|ght. tempgral F.eellng tlrly tick- Imaging done 5 years dec.reased
lobe infarction 5  like worms after onset, full regional
82/ | general . . .. MRI, .
1[37] . years ago, crawling under his | remission after Left, Right | cerebral
M medical - . . . SPECT
condition cognitive skin in the lower risperidone 1-2mg blood
decline abdomen and limbs | daily for 2 weeks flow
(rCBF)
Deafness since
age 67,
hyperthyroidis
m s/p
thyroidectomy
ate age 62,
Secondary to Fahr's dl.seasc.-:‘, Feellr)g and seeing Imaging done 14 Post-
hyperuricemia | vermin crawling on | years after onset, full . .
10 general . - . ischemic
86/F . since age 80, scalp, nose, and remission after cT Right
[38] medical . . i o lacunar
. parkinsonism mouth with severe | quetiapine 75-600mg .
condition . ) . lesion
since age 80, pruritus daily for 2 years
CHF with
cardiac
pacemaker after
age 81, 2 minor
CVAs atage 79
and 86
Cerebral
ischemic insults,
CHD s/p left .
heart bypass Feclling sl Imaging done 1 year
Secondary to yp penetrative/stingin ging Y
16 — and aortic valve A after onset, full Hyaszies
77/F . replacement at . remission after cT Right :
[38] medical . attacking her arms, 8 lesions
. age 73, mild . haloperidol 1-2mg
condition . head and body with | ~.
DM2, mild . daily for 4 years
; . severe pruritus
Parkinson'’s
disease, mild
anemia
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Table 4. Cases involving centrum semiovale.

Past Medical

Imaging

Imaging

11[25]

2[25]

3[25]

7[38]

13
[38]

14
[38]

15
[38]

1[39]

74/F

83/F

81/M

73/M

85/F

78/M

76/M

65/M

Classification

Secondary to
general
medical
condition

Secondary to
general
medical
condition

Secondary to
general
medical
condition

Secondary to
pre-existing
psychiatric
illness

Secondary to
general
medical
condition

Primary
delusional
parasitosis

Primary
delusional
parasitosis

Secondary to
general
medical
condition

Histor

Hypertension,
treated for
>10 years,
cerebral
arteriosclerosis

Hypertension,
treated for
>10 years,
cerebral
arteriosclerosis,
CHD,
osteoporosis
Hypertension,
treated for
>30 years,
COPD,
cholangiocarci
noma for 1
year
Depression for
25 years, mild
hypertension,
rectal
carcinoma s/p
resection 9
years ago,
syringomyelia
Cerebrovascu-
lar
insufficiency,
bipolar
disorder
treated for 39
years, multiple
arthrosis

Parkinson'’s
disease
treated for 1
year

Parkinson's
disease
treated for 15
years,
presbyacusis
since age 66
History of
traumatic
right facial
laceration at
age>5

Feeling and seeing
lice, insects, flies
biting her hands,
arms and head
with severe
pruritus

Feeling insects
biting her head and
legs

Feeling and seeing
flies, insects, lice
biting his body and
mostly the head,
hands, and arms

Feeling and
hearing vermin
coming out of the
nose and mouth
and crawling on his
scalp, eyes, and
chest

Feeling and seeing
small white
“critters” biting her
hands, arms and
head with severe
pruritus

Feeling worms and
vermin on his head
with extensive
trichotillomania

Feeling and seeing
bugs and ants
crawling on the
head, arms, and
legs

Feeling bugs in his
cheeks, nose,
mouth and ears
with tingling and
stabbing pains

-17-

Clinical Course modalit

Imaging done 1 year
after onset, full
remission after
haloperidol 1-3mg
daily for 3 years

MRI

Imaging done 10 years
after onset, full
remission after
risperidone 1-2mg
daily for 8 months

MRI

Imaging done 7 years
after onset, full
remission after
olanzapine 10mg daily
for 9 years

MRI

Imaging done 2 years
after onset, full
remission after
risperidone 2mg daily
for 3 years

MRI

Imaging done 2 years
after onset, full
remission after
ziprasidone 80mg
daily for 5 months

MRI

Imaging done 6 years
year after onset, full
remission after
risperidone 2mg daily
for 7 months

MRI

Imaging done 5 years
after onset, full
remission after
quetiapine 200-300mg
daily for 4 years

MRI

Imaging done 7 years
after onset, pimozide
discontinued due to
prolonged QTI,
risperidone

MRI

Bilateral

Bilateral

Bilateral

Bilateral

Bilateral

Bilateral

Bilateral

Bilateral

Findings

Macro-
scopic
asymmetric
lesions

Several
small
lesions

Macroscopic
lesions

Multiple
lesions

Gliotic
lesions

Multiple
lesions

Unspecific
hyperinten
sities

Several
scattered
foci of
increased
T2 and
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complicated discontinued due to FLAIR
by keloid akathisia, no response signal
formation s/p to quetiapine, partial
multiple response to
surgical olanzapine and
revisions, gabapentin. Clinical
history of Course complicated by

cocaine abuse

Table 5. Cases involving external capsule.

Past Medical

relapse in cocaine use

Imaging

Imaging

Classification

Secondary to
general
medical
condition

1[25] 74/F

Secondary to
general
medical
condition

4[25] | 75/F

Secondary to
general
medical
condition

2[36] 72/F

Secondary to
10 general
[38] 86/F medical

condition

History

Hypertension,
treated for >10
years, cerebral
arteriosclerosis

Left temporal
meningioma
s/p resection 8
years ago, atrial
fibrillation,
hypertension,
osteoporosis,
hyperthyroidis
m s/p
radiotherapy 3
years ago

Cerebrovascu-
lar disease,
diabetic
neuropathy,
radiculopathy,
hypertension,
major
depressive
disorder,
cognitive
decline

Deafness since
age 67,
hyperthyroidism
s/p
thyroidectomy
ate age 62,
Fahr's disease,
hyperuricemia
since age 80,
parkinsonism
since age 80,
CHF with

Symptoms
Feeling and
seeing lice,

insects, flies

biting her hands,

arms and head
with severe
pruritus

Feeling and
seeing vermin

crawling on scalp

with persistent
pruritus on the
head

Feeling small
bugs inside her
vagina, rectum,
and legs with
sensation of

itching and biting

Feeling and
seeing vermin

crawling on scalp,
nose, and mouth

with severe
pruritus

-18-

Clinical Course modality Laterality
Imaging done 1 year
after onset, full
remission after
haloperidol 1-3mg daily
for 3 years

MRI Right

Imaging done 40 years
after onset, partial
remission after
risperidone 1-2mg daily
for 1 month, followed
by refusal of psychiatric
treatment for 10 years,
then partial remission
after aripiprazole 10mg
daily for 1 month

MRI Left

Imaging done 1 year
after onset, full
remission after
risperidone 2mg daily
and duloxetine 60mg
daily for 1 year, with
relapse after
suspension of
risperidone due to
sedation and rigidity.
Partial remission after
quetiapine 100mg daily

MRI Left

Imaging done 14 years

after onset, full

remission after cT
quetiapine 75-600mg

daily for 2 years

Right

findings

2 small
lesions in
right mid
portion

Gliosis

Small
ischemic
lesion

Post-
ischemic
lacunar
lesion
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cardiac
pacemaker
after age 81, 2
minor CVAs at
age 79 and 86

Feeling and
Cerebrovascular 9

Secondary to | insufficiency, see.mg”sn.wall " il €101 1A 2l
. . white “critters after onset, full _
13 general bipolar disorder . . . . Gliotic
85/F . biting her hands, ' remission after MRI Bilateral .
[38] medical treated for 39 . . . lesions
.. ; arms and head ziprasidone 80mg daily
condition years, multiple .
. with severe for 5 months
arthrosis .
pruritus
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