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Abstract

This review aims to shed light on the symptoms of obsessive–compulsive disorder (OCD) with a
focus on contamination fears. In addition, wewill briefly review the current therapies forOCDand
detail what their limitations are. A key focus will be on discussing how smartphone solutionsmay
provide approaches to novel treatments, especially when considering global mental health and the
challenges imposed by rural environments and limited resources; as well as restrictions imposed
byworld-wide pandemics such asCOVID-19. In brief, research that questions this reviewwill seek
to address include: (1)What are the symptoms of contamination-related OCD? (2) How effective
are current OCD therapies and what are their limitations? (3) How can novel technologies help
mitigate challenges imposed by global mental health and pandemics/COVID-19.

Introduction

Obsessive–compulsive disorder (OCD)—characterized by obsessions and/or compulsions—is a
deeply enigmatic neuropsychiatric disorder. Once thought rare, OCD is now considered one of the
most common psychiatric conditions, afflicting 2% to 3% of the general population.1-3 This
condition is debilitating, associated with immense suffering worldwide, and costly.4,5 Indeed,
disorders of the brain including OCD have a yearly cost of €134 billion in the United Kingdom
alone6 (on the cost ofmental illness see also Sahakian7). In theUnited States, the annual cost ofOCD
is estimated at $10.6 billion.4 Unsurprisingly, therefore, mental conditions like OCD, and neuro-
logical and substance-use disorder combined, comprise 13% of the global disease burden, greater
than the burden of diseases such as cancer and cardiovascular disorder8 (see Hollander et al9).

One of the most common and striking types of OCD, affecting up to 46% of patients, is
characterized by severe contamination fears and excessive washing behaviors.10,11 These patients
can experience great distress even when touching, seemingly harmless, objects such as a
doorknob and may engage in excessive cleansing behaviors for hours, resulting in skin irritation
or bleeding.12 In some cases, these exasperating cleansing routines result in patients being unable
to leave their home (eg, Cyr13).

Despite the distressing nature and great economic burden of OCD, the existing treatments
have limitations. This review aims to shed light on the symptoms of contamination-relatedOCD.
In addition, we will briefly review the current therapies for OCD and detail what their limitations
are. A key focus will be on discussing how technological solutions may provide approaches to
novel treatments, especially when considering global mental health challenges (see Stein14) and
restrictions imposed by global pandemics such as COVID-19. In sum, research questions this
review will seek to address include: (1) What are the symptoms of contamination-related OCD?
(2) How effective are conventional OCD therapies and what are their limitations? and (3) How
can novel technologies help overcome challenges imposed by global mental health and pan-
demics/COVID-19.

The Role of Disgust in OCD

Research suggests that there is an association between OCD symptoms including contamination
fears and disgust. 15,16 It has specifically been shown that disgust sensitivity and anxiety are two
independent factors driving contamination fears; indeed, disgust sensitivity predicts contami-
nation fears after controlling for trait anxiety and anxiety sensitivity17 (for a theoretical model on
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disgust vis-à-vis contamination fears seeOlatunji et al18). Relatedly,
research has shown that individuals with contamination fears have
difficulties disengaging from both fear and disgust stimuli.19 This is
consistent with the finding that disgust sensitivity is associated with
attention bias toward disgust stimuli.20 Moreover, aberrant disgust
processing in the brain may contribute to the pathophysiology of
OCD21; in particular, the insula cortex.22,23 Elevated activation of
the insula has been described in OCD.24-26 (on neural correlates of
disgust in contamination-related OCD, see Lawrence27).

Cognitive errors may contribute to disgust reactivity in OCD.
One example is sympathetic magic, which involves irrational ideas
regarding the spread of contagion; that contamination can spread
in a rapid and dynamic fashion, across a chain of objects many
degrees removed from the initial contaminated object.23,28 (for an
investigation in OCD, see Tolin et al29; on the related concept of
“looming vulnerability,” see Riskind et al30). The “law of contagion”
and “law of similarity” are thought to underlie sympathetic magic
beliefs. According to the law of contagion once an object has come
in contact with a contaminated item it will always remain so;
exemplified by reluctance to drink a cup of coffee that has been
stirred with a used but washed spoon.23,28,29 The law of similarity
dictates that an item’s visual resemblance to a contaminated one is
enough for it to also become contaminated.23 For example, healthy
volunteers are hesitant to eat chocolate shaped as feces, even when
told that the objects are food items.28,31,32

Notably, research suggests that disgust reactions in individuals
with clinical contamination fears (OCD) are amenable to exposure
therapy.33 In fact, OCD patients are likely to experience overall
symptom improvement, if treatments reduce disgust propensity.22

(see also Athey et al34). By comparison, while acute administration
of the selective serotonin reuptake inhibitor (SSRI) escitalopram
results in greater disgust accuracy and sensitivity in OCD, disgust
hyper-responsivity does not normalize following chronic SSRI
treatment.35 Taken together, developing novel exposure-like treat-
ments that target disgust systems in OCD represents a promising
avenue for future research.28

A Bayesian Computational Model

A novel model grounded in a Bayesian brain framework suggests
that OCD is characterized by certain computational deficits36 (for a
conceptually related model, see Szechtman and Woody37). Specif-
ically, it posits that OCD patients have difficulties in depending on
past events when predicting the effects of their own actions and
future possible events. In Bayesian terms, this is referred to as
excessive uncertainty regarding state transitions. Put simply, within
the Bayesian framework, the brain makes inferences (ie, probabi-
listically) about the actual state of the world which is unobserva-
ble.38,39 It does so by making predictions; that is, based on prior
knowledge (top-down) and integrates this information with
incoming sensory input (bottom-up) (on this topic, see Teufel
and Fletcher40). The level of certainty associated with each source
of information (“noise”), determines their relative weight when
making such inferences.39 When incoming sensory feedback is less
noisy (certain), it is more informative.36

Fradkin et al36 propose that OCD patients tend not to rely
heavily on past events when making inferences about the world,
including their own actions, but instead over-rely on sensory input
even in stable scenarios. Such state uncertainty deficits in OCD
applies readily to compulsive washing. For example, after touching
a doorknob, there is no sensory input to confirm that your hands

are clear of contagion. Yet OCD-free individuals usually infer based
on past knowledge (ie, about cause and consequence) that washing
results in a contamination-free state. But for OCD patients, such
probability of state transitioning is less certain leading to overreliance
on sensory confirmation (unattainable in this case), and effectively,
repeated handwashing. Elevated transition uncertainty in OCD,
including sensory overreliance and overinterpretation may account
for perfectionism propensities (eg, washing behavior being “not just
right”41,42). The model also accounts for excessive habits.43,44 Given
goal-directed behaviors are computationally costly in a world of
heightened transition uncertainty (less predictability/controllability)
resulting in repetitive behaviors, the brain defaults to (compensa-
tory) habits. Notably, the face validity of thismodel was shown using
quantitative computational simulations vis-à-vis existing empirical
data. Finally, from this Bayesian perspective treatments like SSRIs
and exposure therapy might exert their effects, in part, by reducing
fear associated with elevated transition uncertainty.36

OCD Treatment: An Overview

While the current paper focuses on contamination-related OCD,
we consider treatments for OCD in general. This is because
evidence-based treatments for OCD subtypes are lacking, and
instead tend to target the disorder overall. Nonetheless, treatments
for OCD in general are relevant for contamination fears, as this
subtype is very common across the disorder, afflicting nearly half of
all OCD patients.10

There are currently effective treatments for OCD—including the
contamination subtype—but they have notable limitations and do
not suit all patients. Indeed, up to 40% of OCD patients do not
experience adequate symptom relief from treatment with first-line
interventions.45,46 Moreover, data suggest that around 60% of OCD
patients in the general community remain untreated (ie, based on a
review of epidemiology studies47,48); and that patients on average
initiate effective treatments 17years after the onset of the disorder.49

The first-line psychological treatment for OCD is cognitive
behavioral therapy (CBT), including exposure and response preven-
tion (ERP), as recommended by theNational Institute forHealth and
Care Excellence.50,51 ERP involves exposing patients to symptom
relevant anxiogenic situations (eg, touching a toilet seat). The patient
is then prevented from carrying out the neutralizing safety-behavior
(eg, excessive cleansing)which eventually leads to habituation.12,52,53

Meta-analyses have found ERP to be effective for OCD; compared to
control conditions, such as wait list, progressive muscle relaxation,
and anxiety management training).54,55

ERP has notable limitations56 with some patients finding that
they cannot tolerate it. As many as half of all patients who initiate
treatment do not improve and only a quarter of patients are asymp-
tomatic post treatment. Likewise, 20% cannot continue treatment
(ie, drop out) and a quarter are unwilling to start ERP,41,56-58 largely
because of fear of the procedures.12,59 Furthermore, high levels of
anxiety during ERP for some patients may prevent sufficient habit-
uation during treatment. Indeed, high levels of fear may obstruct
emotional processing and thus impair learning which is why mod-
erate fear activation might be more ideal therapeutically.60,61

Restricted accessibility is another key limitation of CBT; compli-
cated by the fact that ERP might require many hours for improve-
ment. For instance, CBT is commonly administered in a single
weekly session, that is, for 12 to 14weeks (1-2hours per session).62

This may be costly for some patients and time-consuming for
patients and therapists.63 Unsurprisingly, therefore, many patients
treated with CBT do not receive adequate amounts.64 Limited
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accessibility—high cost, being time-consuming, inconvenience of
delivery (eg, participant travel), and geographical isolation (eg,
impacting rural areas)—is thus a major potential drawback of
ERP.48,63,65,66

In terms of pharmacological intervention, SSRIs and clomipra-
mine show efficacy vs placebo control; as confirmed by a large
recent network meta-analysis67 (see Harris et al66). This network
meta-analysis also reported that the efficacy of SSRIs and clomip-
ramine does not differ significantly, and that the efficacy of indi-
vidual SSRI drugs appeared to be comparable. It should be noted
that this network meta-analysis has a number of limitations and
that head-to-heat comparator clinical trials of active treatments
were generally lacking. But given that SSRIs are typically associated
with milder side-effects relative to clomipramine, SSRIs, are con-
sidered the first-line pharmacological treatment for OCD.50,66-68

Although some clinics provide combined pharmacological (SSRI or
clomipramine) and psychological treatment (CBT), there is no
clear evidence to conclude that combined treatment is superior
to either drugs or CBT alone.67,68 However, SSRI monotherapy has
been reported to be more cost-effective than either CBT alone or
combined SSRI +CBT.45 When OCD patients are unresponsive to
treatment, antipsychotic agents that block dopamine receptor
activity can be added to serotonin reuptake inhibitors (SRIs) (eg,
to reduce stereotyped behavior); as found to be effective according
to meta-analyses albeit in relatively small numbers of studies, and
not for all types of antipsychotic medications69 (see Fineberg70). In
cases of extremely debilitating and refractory OCD, neurosurgery
interventions (associated with risks due to their invasive nature) are
sometimes used. These include procedures such as cingulotomy,
anterior capsulotomy, and deep brain stimulation (DBS).66,71,72

Despite the favorable effects of pharmacotherapy, not all OCD
patients benefit. According to some estimates, around 40% to
60% of the patients improve following SRI intervention.73 More-
over, one potential drawback of pharmacological treatment is the
undesired side effects.74,75

To improve upon ERP, cognitive elements have been added to
the treatment or been applied as a separate “cognitive therapy”
modality55; an approach that entails targeting cognitive errors.76

One meta-analysis examined the effectiveness of ERP, cognitive
therapy and their combination: Abramowitz et al54 reported mean
effect sizes for ERP (d= 1.50), cognitive therapy (d=1.19), and
combined ERP and cognitive therapy (d=0.99); that is, revealing
a larger effect size for ERP (relative to control conditions, such as
wait list, progressive muscle relaxation, and anxiety management
training), than either cognitive therapy or their combination; yet
suggesting benefits across all three approaches.55,77 Furthermore,
this meta-analysis indicated that ERP led to greater reductions in
OCD symptomatology than did cognitive therapy or ERP+ cogni-
tive therapy. Overall, these results are in line with the view that ERP
should constitute the psychological treatment of choice for OCD.77

They also dovetail with other meta-analyses showing that more
behavioral focused therapies for OCD tend to have greater efficacy
than those emphasizing cognitive aspects.78 However, despite the
efficacy of behavioral therapy vs the utilized control conditions, it
has various limitations, as discussed previously.

Remotely Technology-Delivered CBT

To address barriers to traditional treatment (improve accessibility)
research has explored remotely delivered CBT.48,65,66,79 These
include video-conference administered CBT (vCBT), where

treatment is provided through a video-conference call, as an analog
to in-person CBT; and telephone-delivered CBT (tCBT), similar to
vCBT, except the patient and clinician cannot see each other. These
CBT applications are delivered in real-time and usually require
comparable clinician–patient interaction as in-person treatment.48

Controlled trials support the effectiveness of both vCBT80 and
tCBT.81

Other remotely delivered CBT methods include computerized
CBT (cCBT) and internet-based CBT (iCBT). These may involve
reading modules about the rationale of CBT and receiving instruc-
tions to conduct in vivo exposure on a computerized device either
offline (cCBT) or online (iCBT).48,82 One iCBT intervention (10
weeks), provided by Andersson et al82 included elements such as
psychoeducation, cognitive restructuring, constructing an exposure
hierarchy, and instructions to do in vivoERP. In this study, iCBTwas
effective, yielding greater improvements inOCD symptoms than the
control intervention (internet-based nondirective supportive treat-
ment); reporting a large (between-group) effect size (d=1.12).

Taken together, OCD patients appear open to incorporating
technology-based intervention into their daily lives. One recent
meta-analysis found that remote interventions for OCD are more
efficacious than control (ie, attentional control group or wait list)
and as effective as in-person CBT.48 Although promising in terms
of widening the reach of OCD intervention, remote-CBT applica-
tions have limitations. For instance, computers, such as laptops, are
not fully transportable, and may not be fully secure in terms of
preventing external access to private information. They do not
always allow for easy and instant access to treatment as patients
go about their daily lives (ie, in places where symptoms naturally
arise); for example, the gym, grocery store, park, or the bus or
train.65

Smartphone Interventions for OCD

The rise in smartphone technology offers an exciting new avenue
for overcoming challenges of existing OCD therapies. Indeed,
smartphone treatments lend themselves to “technology-based per-
sonalized medicine.”83,84 Smartphone solutions can be personal-
ized for each patient, allowing for targeted therapies and for
patients to partake in their recovery process, and promote the
learning of adaptive strategies to eradicate compulsive urges.84,85

They can give patients direct feedback about their treatment pro-
gress, provide insight about their condition, as well as pave the way
for clinicians to monitor patients’ progress in real-time and inter-
vene swiftly if necessary.86,87

Smartphones can potentially make therapy more available to
members of lower socioeconomic status communities and devel-
oping countries with insufficient access to mental healthcare.8

Smartphone technology is now adopted by most members of
society across diverse social strata and wide age groups, including
preadolescents and the elderly (ie, in the United States; see Pew
Research Center88). According to one report, there were 3.9 billion
smartphone subscribers globally in 2016; the overall number of
smartphone subscribers is expected to rise dramatically by the year
2022.84,89 All in all, smartphones may allow healthcare systems to
provide simple and low-cost solutions for treating OCD, which
might facilitate higher treatment uptake, lower drop-out, and early
intervention. Indeed, as this condition afflicts up to 2% to 3% of the
general population2,3 with economic costs as noted estimated at
$10.6 billion per year in theUnited States alone,4 and theymay have
significant public health and societal impact.
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Despite such widespread smartphone use, few apps have been
developed for treating OCD.65 That is, available apps include CBT-
type interventions with limited empirical support.90 For example,
the Mayo Clinic Anxiety Coach for anxiety disorders and OCD
entails components such as psychoeducation, construction of fear
hierarchies, progress tracking, and guidance to conduct exposure
exercises90,91 (see Abramowitz et al79). Case reports suggest this
app has promise, showing initial evidence of overall acceptability
for children with OCD.91,92 Another example is “LiveOCDFree,” a
self-help app-guided ERP treatment for OCD. This app provides
guidance on ERP and includes specific components, such as help
designing an exposure schedule, setting up an ERP hierarchy and
reminders for ERP exercises.65 One open trial (noncontrolled)
provided preliminary data in support of its efficacy and acceptabil-
ity; the first study to assess the efficacy of a smartphone interven-
tion for OCD. The study found the app (ie, 12-week intervention)
improved OCD and anxiety symptomatology.65 A related
approach relied on an integrated treatment model. It consisted of
in-person ERP (3-5 sessions 90minutes per session) and weekly
phone calls, combined with an app (“nOCD”) which helped with
ERP strategies; for example, customizing fear hierarchies, setting
up schedules, and reminders to aid with ERP.93 An open pilot trial
(noncontrolled) showed that 8weeks of this integrated model
resulted in a significant reduction in OCD symptoms. However,
only around half of the patients utilized the app on a weekly basis
and often for less than an hour, indicating that many did not find it
useful. Finally, a cognitive training app (“GGRO”) was recently
developed aiming to address OCD-related cognition/beliefs. App
exercises include being presented with positive self-statements like
“I take things as they come” andmaladaptive ones like “Everything
can end in a catastrophe.” Participants either accept these by pull-
ing them toward themselves on the screen (ie, downwards) or reject
them by throwing them away from themselves (ie, upwards).
Research in (nonclinical) student samples, including a noncon-
trolled open trial and a randomized trial (crossover design) with a
waitlist control group94,95 provided preliminary evidence in sup-
port of its use (2 or 3minutes per day for 15 days) for reducing
OCD-related beliefs and symptoms. All in all, limited empirical
research is available on app-based interventions for OCD. This
research is largely based on case reports, controlled student sam-
ples, and pilot studies in OCD without control conditions render-
ing such data preliminary. Nonetheless, early findings are

promising, and suggest that more rigorous clinical trials would
be valuable (for a summary of smartphone interventions for OCD
see Table 1).

Smartphone Interventions: “Vicarious Exposure”

We recently conducted research that may inform smartphone
treatments for OCD.96 Interestingly, college students with OCD
symptoms experienced disgust from simply observing an experi-
menter contaminating himself (touching a disgust-inducing
object). Moreover, once the participants had become contami-
nated, they reported relief when observing the experimenter engag-
ing in handwashing. We call this method of inducing
contamination and relief: “vicarious exposure.” Based on this
principle, our group tested two novel smartphone interventions
for OCD (we call “contamination fear free”). Individuals with
contamination fears either (1) watched a video recording of them-
selves washing hands, (2) repeatedly touching fake feces, or
(3) doing arbitrary hand gestures (control procedure) on a smart-
phone four times a day, for a week. Notably, the two smartphone
interventions but not the control condition were associated with
significant improvements in set shifting and symptoms of OCD in
this subclinical sample but did not impact mood.84 That cognitive
flexibility improved is promising because impaired set shifting is
thought to reflect repetitive and stereotyped symptoms of OCD,97

such as compulsive cleansing. (Interestingly, anteromedial subtha-
lamic nucleus DBS in OCD was previously shown to be associated
with improved cognitive flexibility.72 It is possible, but has yet to be
demonstrated, that these treatment-related improvements in cog-
nitive flexibility seen in the vicarious exposure study could stem
from modulation of such brain regions.) Finally, we found high
levels of adherence to the interventions, stressing their possible
value for future evaluation in clinical populations. It would also be
valuable to measure the neurobiological underpinnings of the
cognitive and symptom improvement observed with the app.

These findings are congruent with research demonstrating that
incorporating safety behaviors (ie, neutralizing compulsive behav-
iors) into treatments do not invariably impede treatment benefits
and in fact can be therapeutically useful; for example, by making
treatments more acceptable (eg, Levy and Radomsky98). The use-
fulness of adding safety behavior (such as cleansing acts) to

Table 1. Summary of Smartphone Interventions for OCD.

Name Modality Overview Evidence

Contamination
fear free

Novel/nontraditional
approach

Watching video of one’s own handwashing, or
repeatedly touching a contaminant

One controlled study (1wk) in subclinical sample; Jalal et al84

GGRO Cognitive therapy Tasks to address OCD-related cognition/
beliefs

One noncontrolled open trial, and one randomized trial
(crossover design) with waitlist control group; 15 d and
student samples; Roncero et al94,95

LiveOCDFree CBT Guidance on ERP, designing exposure
schedules, setting up ERP hierarchies, and
ERP reminders

One noncontrolled open pilot trial (12-wk); Boisseau et al65

Mayo Clinic
Anxiety
Coach

CBT Psychoeducation, construction of fear
hierarchies, progress tracking, and
guidance on exposure exercises

Case reports; Whiteside et al91,92

nOCD CBT Customizing fear hierarchies, setting up
schedules, and ERP reminders

One non-controlled open pilot trial (8wk); Gershkovich et al93

Abbreviations: CBT, cognitive behavioral therapy; OCD, obsessive–compulsive disorder.
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exposure interventions has been shown in nonclinical groups with
contamination concerns99 (see also van den Hout et al100) and
OCD patients with contamination fears.101 All in all, such studies
challenge the widespread notion derived from traditional learning
models that utilizing safety behaviors is always counterproduc-
tive.100 Safety behaviors during treatment might lead to increased
control and a more relaxed (less-agitated) state, resulting in
increased willingness to confront contaminants and reduction in
fear and avoidance behavior101,102 (see also Jalal et al32).

Smartphone solutions, such as outlined above, may help to
overcome barriers of conventional treatment, including intolera-
bility issues and limited accessibility (eg, due to geographical
isolation) and sociomedical costs. The transportable nature of the
interventions makes them suitable for minimally resourced set-
tings, such as rural environments and low-income countries with
restricted access to healthcare (eg, specialized treatments) (on this,
see Jalal et al12). They can be tailored for individual patients
(“personalized medicine”), allowing for targeted therapies that
encourage patients to actively partake in their recovery process.
Moreover, these interventions can be applied in many real-life
environments where OCD symptoms occur (eg, at work, when
dinning at restaurants, and commuting using public transporta-
tion). They can be rendered context-specific (potentially adding to
ecological validity) which is therapeutically beneficial vis-à-vis
extinction, allowing for learning to potentially generalize to real-
world settings, where the contamination fear is initially
acquired.103,104 Indeed, while vicarious exposure bears some
resemblance to other indirect approaches, such as virtual reality–
based exposure and imaginal exposure the latter are conducted in
non-naturalistic environments (eg, the clinic and at home). Extinc-
tion may not fully apply to these artificial contexts, given limited
stimulus generalization.103 Finally, they are fitting for modern
society—with several billion smartphone subscribers globally
(as noted, expected to rise massively by 2022).84,89

Contamination Fears and Treatment in Light of Global
Pandemics (COVID-19)

Global pandemics like COVID-19 may represent a substantial bur-
den to patients with contamination-related OCD. Indeed, while the
impact of the current pandemic on OCD is unclear and could take
weeks/months to become fully apparent, there is a great risk that it
could exacerbate symptoms for some patients105; and lead to relapse
in some patients in remission (eg, Kumar and Somani106). In this
respect, one preliminary naturalistic study (the first to explore the
impact of the COVID pandemic on OCD) examined changes in
OCD symptoms as a result of the pandemic (ie, symptoms assessed
before the lockdown and 6weeks after the full quarantine began) in
OCD patients.107 Notably, the study found an elevation in the
severity of obsessions and compulsions after the COVID-19 quar-
antine started. In particular, having contamination symptoms pre-
quarantine was linked to elevated OCD symptom exacerbation
during the quarantine. OCD symptom remission status prequaran-
tine was also linked with greater worsening of OCD symptoms
during the quarantine. Taken together, this report suggests that
the pandemic may lead to a significant worsening of OCD symp-
toms, especially in patients with contamination symptoms and those
with a remission status before the quarantine began.

There are several mechanisms by which the pandemic may
worsen OCD. Virus-related fears (coupled with financial stressors
like job insecurity and social isolation) may worsen stress/anxiety

and further facilitate inflexible habits,108 and effectively compulsive
cleansing behaviors.44 Moreover, some OCD patients might be
susceptible to a conditioned (contamination) fear-response to
COVID, persisting beyond the pandemic. That is, research has
demonstrated that OCD patients have difficulties shaking off fear
responses when no longer threatening (exhibit impaired safety
signalling).109,110

Notably, guidelines (eg, by the World Health Organization
[WHO] and Center for Disease Control and Prevention [CDC])
and heightened media focus on hygiene aimed at reducing the
spread of COVID-19 could feed into pre-existing clinical obses-
sions about contagion105,110; especially when fears and doubts are
driven by OCD-related health anxiety.111 Curiously, during the
pandemic, members of society are encouraged to act—vis-à-vis
cleanliness—in a manner that a few months ago would have been
considered “OCD-like.”105 Excessive societal focus on contamina-
tion and normalization of decontamination rituals (compounded
by observing OCD-free family members engaging in elaborate
cleansing behaviors) may reinforce and even justify maladaptive
cognitions (eg, “germs are everywhere and inherently dangerous”).
In turn, this could challenge the validity of common treatments like
cognitive therapy that aim to help patients develop adaptive cog-
nitive strategies to overcome such irrational thoughts. There are
already reports of patients expressing to therapists that given how
everyone behaves in an OCD-like manner, they had been correct
“all along” (see Fineberg et al110). Relatedly, as reviewed, a key
feature of ERP is that it paves the way for fear disconfirmation.
Patients are exposed to “contaminants” to only realize later that this
did not materialize into a catastrophic outcome (eg, illness)112;
thus, decoupling stimulus–response links underpinning compul-
sions. Paradoxically, in the context of COVID-19 people are dis-
couraged from exposing themselves to daily-life situations/objects
that could serve as fear disconformity events (stimulus–response
degradation). Fittingly, it was recently suggested in order to ame-
liorate distress (eg, clinical contamination fears) associated with
public health messaging that these improve their clarity. To reduce
uncertainty and paranoia, they should increase the public’s confi-
dence as to which health behaviors are necessary.113

The COVID crisis highlights the potential usefulness of smart-
phone interventions for tackling OCD. Indeed, they may provide a
much-needed platform for therapy during pandemic situations.
Given restrictions on physical proximity, a proportion of mental
health treatment is relocated online mostly in the format of tele-
phone or videocalls (eg, Skype, FaceTime, and Zoom110). As
reviewed, OCD patients appear to be accepting of such telemedi-
cine which is encouraging,48 but it has limitations; for example, in
terms of transportability (lack instant/easy access). Critically, pan-
demics are anticipated to result in an increase in mental health
problems (eg, anxiety, depression, and OCD), which puts an
unusually high demand on therapists’ time (leading to work stress
and burnout), and can be costly for patients and society.113 This
problem is further complicated by the fact that in some locations,
clinical staff are unavailable to provide psychotherapy as they are
urgently recruited to provide clinical aid to COVID-19 victims.110

Mental health issues are most likely to affect vulnerable popula-
tions; for example, lower-income groups with restricted access to
healthcare (lack medical insurance, etc.).113 As discussed, smart-
phone therapies may overcome these challenges, and thus possibly
help mitigate the substantial personal and sociomedical costs
resulting from pandemics.

Smartphone interventions (eg, indirect exposure procedures)
might offer a more tolerable treatment-route than conventional
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psychological therapies like ERP during pandemics. Given the
distress associated with ERP (direct confrontation with contami-
nants), it may lead to further emotional instability and symptom
exacerbation. Notably, a report was recently released by a working-
group of international experts, guiding clinicians on how to
manage OCD during COVID-19.110 Indeed, one of their recom-
mendations is that pharmacological intervention be the treatment
of choice for contamination-related OCD. It was suggested that
clinicians should consider pausing ERP (or adapting it). This was
suggested in light of risks linked to ERP, like the confusion thatmay
arise regarding which hygiene behaviors are adaptive vs those that
are excessive; leading to difficulties in designing/performing expo-
sure exercises and increasing the patient’s risk of contracting the
virus. Instead of targeting contamination concerns head-on, clini-
cians should focus on behavioral activation and activity scheduling
to keep patients preoccupied (eg, away from engaging in compul-
sive acts); strategies useful for managing symptoms of depression.
Therapists in specialist centers may, in some cases, consider less
efficacious techniques like imaginal exposure.110 Although these
practical guidelines outlined in the report are sensible and useful
given the unusual situation created by COVID-19, they are obvi-
ously not ideal in the long-term. Smartphone therapies aimed at
targeting contamination fears and compulsive washing—once rig-
orously tested in randomized control trials (ie, has a clear evidence
base)—may offer a more tolerable, cost-effective, and accessible
alternative to ERP during times of pandemic. For instance, novel
vicarious contamination and relief procedures (introduced above)
may potentially provide avenues to conducting indirect exposures
(without risking infection) and relieve the urge to engage in exces-
sive washing.

Summary and Future Directions

In this review, in addition to shedding light on symptoms in
contamination-related OCD and reviewing current therapies, we
discussed new technological approaches in light of global mental
health and pandemics (COVID-19). As seen, there is currently an
urgent need for novel, effective, andwell-tolerated interventions for
OCD, which can be adapted to these and other future changes in
global circumstances. It is particularly important to design inter-
ventions that can target compulsive symptoms in the early stages of
the disorder. Stimulus–response associations which may drive
compulsions often become crystalized by the time patients typically
receive a diagnosis and begin treatment. Notably, similar to other
disorders with compulsive features (eg, addiction) OCD becomes
harder to treat during later stages (eg, Gillan et al85 and do Rosario-
Campos et al114).

As reviewed, a key limitation of existing psychological therapies
for OCD (eg, ERP) includes limited tolerability/engagement for
some patients, contributing to drop-outs and treatments being
declined. There is thus a pressing need for gentler treatment
options that do not require patients to touch highly anxiety-
inducing objects (eg, indirect approaches). Tolerable, flexible tech-
nologically driven treatments are particularly needed during pan-
demics like COVID-19.

Future approaches should also address the limited accessibility
of conventional treatment; for example, in light of global mental
health and pandemics. They should overcome obstacles such as
high cost, inconvenience of delivery, and geographical isolation.
Smartphone interventions may help overcome limitations of con-
ventional treatment, and potentially, provide a much-needed

platform for treating contamination-related OCD during pan-
demic conditions. Despite these advantages, few smartphone apps
are available for OCD; and those that do exist, have limited empir-
ical evaluation thus far. Critically, these apps are based on ERP
principles, which as noted do not suit all patients.

In sum, the great gap between symptom onset and treatment
prolongs the chronicity of OCD,115 results in poorer treatment
outcomes,116 and unnecessary suffering. Thus, to improve the
chronicity, course and ultimately the high disease burden of
OCD—taking into account global mental health obstacles and
pandemics—it is critical to develop tolerable, accessible/transport-
able and cost-effective therapies. Novel smartphone therapies
represent a promising avenue in terms of reducing this
onset-to-treatment gap.

Acknowledgment. We thank Dr. Annette Brühl for stimulating discussions.

Financial Support. This research project did not receive any specific grant
from funding agencies in the public, commercial, or not-for-profit sectors.

Disclosures. Baland Jalal has no competing interests to declare. Samuel R.
Chamberlain consults for Ieso and Promentis; he receives stipends for editorial
work at Elsevier in his role as associate editor at NBBR and Comprehensive
Psychiatry journals. Samuel R. Chamberlain’s research is funded by aWellcome
Trust Clinical Fellowship (110049/Z/15/Z). Trevor W. Robbins is supported by
a Wellcome Trust Senior Investigator award 104631/Z/14/Z. Trevor
W. Robbins consults for Cambridge Cognition, Greenfield BioVentures and
Cassava Sciences. Barbara J. Sahakian consults for Cambridge Cognition,
Greenfield BioVentures and Cassava Sciences. Barbara J. Sahakian’s research
is conducted within the NIHR MedTech and in vitro diagnostic Co-operative
(MIC) and the NIHR Cambridge Biomedical Research Centre (BRC) Mental
Health Theme and Neurodegeneration Theme.

References

1. Maruff P, Purcell R, Pantelis C. Obsessive-compulsive disorder. In:
Harrison JE, Owen AM, eds. Cognitive Deficits in Brain Disorders.
London, UK: Taylor and Francis group; 2002:249–272.

2. Robins LN,Helzer JE,WeissmanMM, et al. Lifetime prevalence of specific
psychiatric disorders in three sites.ArcGen Psychia. 1984;41(10):949–958.
doi:10.1001/archpsyc.1984.01790210031005.

3. Ruscio AM, Stein DJ, Chiu WT., Kessler RC. The epidemiology of
obsessive-compulsive disorder in the National Comorbidity Survey Rep-
lication. Molecul Psychia. 2010;15(1):53–63. doi:10.1038/mp.2008.94.

4. Eaton WW, Martins SS, Nestadt G, Bienvenu OJ, Clarke D, Alexandre P.
The burden of mental disorders. Epidemiolog Rev. 2008;30(1):1–14. doi:
10.1093/epirev/mxn011.

5. Stein DJ. Obsessive-compulsive disorder. Lancet. 2002;360(9330):
397–405. doi:10.1016/S0140-6736(02)09620-4.

6. Fineberg NA, Haddad PM, Carpenter L, et al. The size, burden and cost of
disorders of the brain in the UK. J Psychopharmacol. 2013;27(9):761–770.
doi:10.1177%2F0269881113495118.

7. Sahakian BJ. What do experts think we should do to achieve brain health.
Neurosci Biobehav Rev. 2014;43:240–258. doi:10.1016/j.neubiorev.2014.04.002.

8. Collins PY, Patel V, Joestl SS, et al. Grand challenges in global mental
health. Nature. 2011;475(7354):27–30. doi:10.1038/475027a.

9. Hollander E, Doernberg E, Shavitt R, et al. The cost and impact of
compulsivity: a research perspective. Eur Neuropsychopharmacol. 2016;
26(5):800–809. doi:10.1016/j.euroneuro.2016.02.006.

10. Markarian Y, LarsonMJ, AldeaMA, et al. Multiple pathways to functional
impairment in obsessive-compulsive disorder. Clinical Psychol Rev. 2010;
30(1):78–88. doi:10.1016/j.cpr.2009.09.005.

11. Rachman S. Fear of contamination. Behav Res Ther. 2004;42(11):
1227–1255. doi:10.1016/j.brat.2003.10.009.

6 Baland Jalal et al.

https://doi.org/10.1001/archpsyc.1984.01790210031005
https://doi.org/10.1038/mp.2008.94
https://doi.org/10.1093/epirev/mxn011
https://doi.org/10.1016/S0140-6736(02)09620-4
https://doi.org/10.1177%2F0269881113495118
https://doi.org/10.1016/j.neubiorev.2014.04.002
https://doi.org/10.1038/475027a
https://doi.org/10.1016/j.euroneuro.2016.02.006
https://doi.org/10.1016/j.cpr.2009.09.005
https://doi.org/10.1016/j.brat.2003.10.009


12. Jalal B, McNally RJ, Elias J, Potluri S, Ramachandran VS. Contaminating
rubber hands (“multisensory stimulation therapy”) to treat obsessive-
compulsive disorder. Front Human Neurosci. 2020;13:414. doi:10.3389/
fnhum.2019.00414.

13. Cyr NR. Obsessive compulsive disorder. AORN J. 2007;86(2):277–280.
doi:10.1016/j.aorn.2007.07.016.

14. Stein DJ. Obsessive-compulsive disorder and global mental health. Indian
J Psychia. 2019;61:S4–S8. doi:10.4103%2Fpsychiatry.IndianJPsychiatry_
515_18.

15. Olatunji BO, Sawchuk CN, Lohr JM, de Jong PJ. Disgust domains in the
prediction of contamination fear. Behav Res Ther. 2004;42(1):93–104. doi:
10.1016/S0005-7967(03)00102-5.

16. Sawchuk CN, Lohr JM, Tolin DF, Lee TC, Kleinknecht RA. Disgust
sensitivity and contamination fears in spider and blood-injection-injury
phobias. Behav Res Ther. 2000;38(8):753–762. doi:10.1016/S0005-7967
(99)00093-5.

17. Olatunji BO, SawchukCN,ArrindellWA, Lohr JM.Disgust sensitivity as a
mediator of the sex differences in contamination fears. Personality Individ
Diff. 2005;38(3):713–722. doi:10.1016/j.paid.2004.05.025.

18. Olatunji BO, Williams NL, Lohr JM, Sawchuk CN. The structure of
disgust: domain specificity in relation to contamination ideation and
excessive washing. Behav Res Ther. 2005;43(8):1069–1086. doi:10.1016/
j.brat.2004.08.002.

19. Cisler JM, Olatunji BO. Components of attentional biases in contamina-
tion fear: evidence for difficulty in disengagement. Behav Res Ther. 2010;
48(1):74–78. doi:10.1016/j.brat.2009.09.003.

20. Charash M, McKay D. Attention bias for disgust. J Anx Disord. 2002;16
(5):529–541. doi:10.1016/S0887-6185(02)00171-8.

21. Husted DS, Shapira NA, Goodman WK. The neurocircuitry of obsessive-
compulsive disorder and disgust. Progr Neuro-Psychopharmacol Biol
Psychia. 2006;30(3):389–399. doi:10.1016/j.pnpbp.2005.11.024.

22. Knowles KA, Jessup SC, Olatunji BO. Disgust in anxiety and obsessive-
compulsive disorders: recent findings and future directions. Current Psy-
chia Rep. 2018;20(9):68. doi:10.1007/s11920-018-0936-5.

23. Ludvik D, Boschen MJ, Neumann DL. Effective behavioural strategies for
reducing disgust in contamination-relatedOCD: a review.Clinical Psychol
Rev. 2015;42:116–129. doi:10.1016/j.cpr.2015.07.001.

24. BerlinHA, Stern ER, Ng J, et al. Altered olfactory processing and increased
insula activity in patients with obsessive–compulsive disorder: an fMRI
study. Psychia Res: Neuroimag. 2017;262(217):15–24. doi:10.1016%2Fj.
pscychresns.2017.01.012.

25. Shapira NA, Liu Y, He AG, et al. Brain activation by disgust-inducing
pictures in obsessive-compulsive disorder. Biol Psychia. 2003;54(7):
751–756. doi:10.1016/S0006-3223(03)00003-9.

26. Stein DJ, Arya M, Pietrini P, Rapoport JL, Swedo SE. Neurocircuitry of
disgust and anxiety in obsessive-compulsive disorder: a positron emission
tomography study. Metabolic Brain Dis. 2006;21(2–3):255–265. doi:
10.1007/s11011-006-9021-6.

27. Lawrence NS, An SK, Mataix-Cols D, Ruths F, Speckens A, Phillips ML.
Neural responses to facial expressions of disgust but not fear are modu-
lated by washing symptoms in OCD. Biol Psychia. 2007;61(9):1072–1080.
doi:10.1016/j.biopsych.2006.06.033.

28. Bhikram T, Abi-Jaoude E, Sandor P. OCD: obsessive-compulsive …
disgust? The role of disgust in obsessive–compulsive disorder. J Psychia
Neurosci. 2017;42(5):300–306. doi:10.1503%2Fjpn.160079.

29. Tolin DF,Worhunsky P,Maltby N. Sympathetic magic in contamination-
related OCD. J Behav Ther Exp Psychia. 2004;35(2):193–205. doi:10.1016/
j.jbtep.2004.04.009.

30. Riskind JH, Abreu K, Strauss M, Holt R. Looming vulnerability to spread-
ing contamination in subclinical OCD. Behav Res Ther. 1997;35(5):
405–414. doi:10.1016/S0005-7967(96)00113-1.

31. Rozin P, Millman L, Nemeroff C. Operation of the laws of sympathetic
magic in disgust and other domains. J Personality Soc Psychol. 1986;50(4):
703–712. doi:10.1037/0022-3514.50.4.703.

32. Jalal B, McNally RJ, Elias J, Ramachandran VS. “Vicarious exposure”—
“spooky action” at a distance in obsessive-compulsive disorder. In review.

33. McKay D. Treating disgust reactions in contamination-based obsessive-
compulsive disorder. J Behav Ther Exp Psychia. 2006;37(1):53–59. doi:
10.1016/j.jbtep.2005.09.005.

34. Athey AJ, Elias JA, Crosby JM, et al. Reduced disgust propensity is
associated with improvement in contamination/washing symptoms in
obsessive–compulsive disorder. J Obsessive–Compulsive Rel Disord.
2015;4:20–24. doi:10.1016/j.jocrd.2014.11.001.

35. Lochner C, Simmons C, Kidd M, et al. Differential effects of escitalopram
challenge on disgust processing in obsessive-compulsive disorder. Behav
Brain Res. 2012;226(1):274–280. doi:10.1016/j.bbr.2011.09.029.

36. Fradkin I, Adams RA, Parr T, Roiser JP, Huppert JD. Searching for an
anchor in an unpredictable world: a computational model of obsessive
compulsive disorder. Psychol Rev. 2020;127(5), 672–699.

37. Szechtman H, Woody E. Obsessive–compulsive disorder as a disturbance
of security motivation. Psychol Rev. 2004;111(1):111–127. doi:
10.1037/0033-295X.111.1.111.

38. Friston K. The free-energy principle: a unified brain theory? Nature Rev
Neurosci. 2010;11(2):127–138. doi:10.1038/nrn2787.

39. Knill DC, Pouget A. The Bayesian brain: the role of uncertainty in neural
coding and computation. Trends Neurosci. 2004;27(12):712–719. doi:
10.1016/j.tins.2004.10.007.

40. Teufel C, Fletcher PC. Forms of prediction in the nervous system. Nature
Rev Neurosci. 2020;21:231–242. doi:10.1038/s41583-020-0275-5.

41. Abramowitz JS. The psychological treatment of obsessive–compulsive
disorder. Canadian J Psychia. 2006;51(7):407–416. doi:10.1177/07067
4370605100702.

42. Tallis F. Compulsive washing in the absence of phobic and illness anxiety.
Behav Res Ther. 1996;34(4):361–362. doi:10.1016/0005-7967(95)00079-8.

43. Gillan CM,Morein-Zamir S, UrcelayGP, et al. Enhanced avoidance habits
in obsessive–compulsive disorder. Biol Psychia. 2014;75(8):631–638. doi:
10.1016/j.biopsych.2013.02.002.

44. Gillan CM, PapmeyerM,Morein-Zamir S, et al. Disruption in the balance
between goal-directed behavior and habit learning in obsessive–compul-
sive disorder. Am J Psychia. 2011;168(7):718–726. doi:10.1176/appi.
ajp.2011.10071062.

45. Fineberg NA, Apergis-Schoute AM, Vaghi MM, et al. Mapping compul-
sivity in the DSM-5 obsessive compulsive and related disorders: cognitive
domains, neural circuitry, and treatment. Int J Neuropsychopharmacol.
2018;21(1):42–58. doi:10.1093/ijnp/pyx088.

46. Haverkampf CJ. Treatment-resistant OCD. J Psychia Psychother Com-
mun. 2014;30(3):91–94.

47. Kohn R, Saxena S, Levav I, Saraceno B. The treatment gap inmental health
care. Bull World Health Org. 2004;82(11):858–866.

48. Wootton BM. Remote cognitive-behavior therapy for obsessive–compul-
sive symptoms: a meta-analysis. Clin Psychol Rev. 2016;43:103–113. doi:
10.1016/j.cpr.2015.10.001.

49. Hollander E, Stein DJ, Kwon JH, et al. Psychosocial function and eco-
nomic costs of obsessive–compulsive disorder. CNS Spectr. 1997;2(10):
16–25. doi:10.1017/S1092852900011068.

50. National Institute for Health and Care Excellence (2005). Obsessive-
compulsive disorder and body dysmorphic disorder: treatment. Accessed
24 October 2020. https://www.nice.org.uk/Guidance/CG31

51. Knopp J, Knowles S, Bee P, Lovell K, Bower P. A systematic review of
predictors andmoderators of response to psychological therapies in OCD:
do we have enough empirical evidence to target treatment? Clin Psychol
Rev. 2013;33(8):1067–1081. doi:10.1016/j.cpr.2013.08.008.

52. Abramowitz JS, Taylor S, McKay D. Obsessive–compulsive disorder.
Lancet. 2009;374(9688):491–499. doi:10.1016/S0140-6736(09)60240-3.

53. Grant JE. Obsessive–compulsive disorder. New Engl J Med. 2014;371(7):
646–653. doi:10.1056/NEJMcp1402176.

54. Abramowitz JS, Franklin ME, Foa EB. Empirical status of cognitive-
behavioral therapy for obsessive–compulsive disorder: a meta-analytic
review. Romanian J Cogn Behav Psychother. 2002;2(2):89–104.

55. Rosa-Alcázar AI, Sánchez-Meca J, Gómez-Conesa A, Marín-Martínez F.
Psychological treatment of obsessive–compulsive disorder: a meta-analysis.-
Clin Psychol Rev. 2008;28(8):1310–1325. doi:10.1016/j.cpr.2008.07.001.

CNS Spectrums 7

https://doi.org/10.3389/fnhum.2019.00414
https://doi.org/10.3389/fnhum.2019.00414
https://doi.org/10.1016/j.aorn.2007.07.016
https://doi.org/10.4103%2Fpsychiatry.IndianJPsychiatry_515_18
https://doi.org/10.4103%2Fpsychiatry.IndianJPsychiatry_515_18
https://doi.org/10.1016/S0005-7967(03)00102-5
https://doi.org/10.1016/S0005-7967(99)00093-5
https://doi.org/10.1016/S0005-7967(99)00093-5
https://doi.org/10.1016/j.paid.2004.05.025
https://doi.org/10.1016/j.brat.2004.08.002
https://doi.org/10.1016/j.brat.2004.08.002
https://doi.org/10.1016/j.brat.2009.09.003
https://doi.org/10.1016/S0887-6185(02)00171-8
https://doi.org/10.1016/j.pnpbp.2005.11.024
https://doi.org/10.1007/s11920-018-0936-5
https://doi.org/10.1016/j.cpr.2015.07.001
https://doi.org/10.1016%2Fj.pscychresns.2017.01.012
https://doi.org/10.1016%2Fj.pscychresns.2017.01.012
https://doi.org/10.1016/S0006-3223(03)00003-9
https://doi.org/10.1007/s11011-006-9021-6
https://doi.org/10.1016/j.biopsych.2006.06.033
https://doi.org/10.1503%2Fjpn.160079
https://doi.org/10.1016/j.jbtep.2004.04.009
https://doi.org/10.1016/j.jbtep.2004.04.009
https://doi.org/10.1016/S0005-7967(96)00113-1
https://doi.org/10.1037/0022-3514.50.4.703
https://doi.org/10.1016/j.jbtep.2005.09.005
https://doi.org/10.1016/j.jocrd.2014.11.001
https://doi.org/10.1016/j.bbr.2011.09.029
https://doi.org/10.1037/0033-295X.111.1.111
https://doi.org/10.1038/nrn2787
https://doi.org/10.1016/j.tins.2004.10.007
https://doi.org/10.1038/s41583-020-0275-5
https://doi.org/10.1177/070674370605100702
https://doi.org/10.1177/070674370605100702
https://doi.org/10.1016/0005-7967(95)00079-8
https://doi.org/10.1016/j.biopsych.2013.02.002
https://doi.org/10.1176/appi.ajp.2011.10071062
https://doi.org/10.1176/appi.ajp.2011.10071062
https://doi.org/10.1093/ijnp/pyx088
https://doi.org/10.1016/j.cpr.2015.10.001
https://doi.org/10.1017/S1092852900011068
https://www.nice.org.uk/Guidance/CG31
https://doi.org/10.1016/j.cpr.2013.08.008
https://doi.org/10.1016/S0140-6736(09)60240-3
https://doi.org/10.1056/NEJMcp1402176
https://doi.org/10.1016/j.cpr.2008.07.001


56. Kozak MJ. Evaluating treatment efficacy for obsessive–compulsive disor-
der: caveat practitioner. Cognitive Behav Pract. 1999;4(6):422–426. doi:
10.1016/S1077-7229(99)80061-3.

57. Fisher PL,Wells A. How effective are cognitive and behavioral treatments
for obsessive–compulsive disorder? A clinical significance analysis. Behav
Res Ther. 2005;43(12):1543–1558. doi:10.1016/j.brat.2004.11.007.

58. Schruers K, Koning K, Luermans J, Haack MJ, Griez E. Obsessive–com-
pulsive disorder: a critical review of therapeutic perspectives.Acta Psychiatr
Scand. 2005;111(4):261–271. doi:10.1111/j.1600-0447.2004.00502.x.

59. Maltby N, Tolin DF. A brief motivational intervention for treatment‐
refusing OCD patients. Cogn Behav Ther. 2005;34(3):176–184. doi:
10.1080/16506070510043741.

60. Benito KG, Conelea C, Garcia AM, Freeman JB. CBT specific process in
exposure-based treatments: initial examination in a pediatric OCD sam-
ple. J Obsessive Compulsive Related Disord. 2012:1(2):77–84. doi:10.1016/
j.jocrd.2012.01.001.

61. Norton PJ, Hayes-Skelton SA, Klenck SC. What happens in session does
not stay in session: changes within exposures predict subsequent improve-
ment and dropout. J Anxiety Disord. 2011;25(5):654–660. doi:10.1016%
2Fj.janxdis.2011.02.006.

62. O’Neill J, Feusner JD. Cognitive-behavioral therapy for obsessive-
compulsive disorder: access to treatment, prediction of long-term out-
come with neuroimaging. Psychol Res Behav Manag. 2015;8:211–223. doi:
10.2147%2FPRBM.S75106.

63. van der Heiden C, van Rossen K, Dekker A, Damstra M, DeenM. Metacog-
nitive therapy for obsessive-compulsive disorder: a pilot study. J Obsessive-
Compulsive Rel Disord. 2016;9:24–29. doi:10.1016/j.jocrd.2016.02.002.

64. Stobie B, Taylor T, Quigley A, Ewing S, Salkovskis PM. “Contents may
vary”: a pilot study of treatment histories of OCD patients. Behav Cogn
Psychother. 2007;35(3):273–282. doi:10.1017/S135246580700358X.

65. Boisseau CL, Schwartzman CM, Lawton J, Mancebo MC. App-guided
exposure and response prevention for obsessive compulsive disorder: an
open pilot trial. Cogn Behav Ther. 2017;46(6):447–458. doi:10.1080/165
06073.2017.1321683.

66. Harris P, Drummond L, Fineberg N. Obsessive–compulsive disorder:
current management options. Prescriber. 2019;30(10):14–21.

67. Skapinakis P, Caldwell DM, Hollingworth W, et al. Pharmacological and
psychotherapeutic interventions for management of obsessive–compul-
sive disorder in adults: a systematic review and network meta-analysis.
Lancet Psychia. 2016;3(8):730–739. doi:10.1016/S2215-0366(16)30069-4.

68. Fineberg NA, Reghunandanan S, Simpson HB, et al. Obsessive–compul-
sive disorder (OCD): practical strategies for pharmacological and somatic
treatment in adults. Psychiatry Res. 2015;227(1):114–125. doi:10.1016/j.
psychres.2014.12.003.

69. Veale D, Miles S, Smallcombe N, Ghezai H, Goldacre B, Hodsoll J.
Atypical antipsychotic augmentation in SSRI treatment refractory
obsessive-compulsive disorder: a systematic review and meta-analysis.
BMC Psychia. 2014;14:317.

70. Fineberg NA, Stein DJ, Premkumar P, et al. Adjunctive quetiapine for
serotonin reuptake inhibitor-resistant obsessive–compulsive disorder: a
meta-analysis of randomized controlled treatment trials. Int Clin Psycho-
pharmacol. 2006;21(6):337–343. doi:10.1097/01.yic.0000215083.57801.11.

71. AlonsoP,CuadrasD,Gabriëls L, et al. Deepbrain stimulation for obsessive–
compulsive disorder: a meta-analysis of treatment outcome and predictors
of response. PloS One. 2015;10(7):e0133591. doi:10.1371/journal.
pone.0133591.

72. Tyagi H, Apergis-Schoute AM,AkramH, et al. A randomized trial directly
comparing ventral capsule and anteromedial subthalamic nucleus stimu-
lation in obsessive–compulsive disorder: clinical and imaging evidence for
dissociable effects. Biol Psychia. 2019;85(9):726–734. doi:10.1016/j.biop-
sych.2019.01.017.

73. Dougherty DD, Rauch SL, Jenike MA. Pharmacotherapy for obsessive–
compulsive disorder. J Clin Psychol. 2004;60(11):1195–1202. doi:10.1002/
jclp.20083.

74. Fineberg NA, Brown A. Pharmacotherapy for obsessive–compulsive dis-
order. Adv Psychiatric Treat. 2011;17(6):419–434. doi:10.1192/apt.
bp.109.007237.

75. Foa EB, Liebowitz MR, Kozak MJ, et al. Randomized, placebo-controlled
trial of exposure and ritual prevention, clomipramine, and their combi-
nation in the treatment of obsessive-compulsive disorder. Am J Psychia.
2005;162(1):151–161. doi:10.1176/appi.ajp.162.1.151.

76. Fama J, Wilhelm S. Formal cognitive therapy: a new treatment for OCD.
In: Abramowitz JS, Houts AC, eds. Concepts and Controversies in Obses-
sive–Compulsive Disorder. New York, NY: Springer; 2005:263–281.

77. Abramowitz JS, Taylor S,McKayD. Potentials and limitations of cognitive
treatments for obsessive–compulsive disorder. Cogn Behav Ther. 2005;34
(3):140–147. doi:10.1080/16506070510041202.

78. Eddy KT, Dutra L, Bradley R, Westen DA. multidimensional meta-
analysis of psychotherapy and pharmacotherapy for obsessive-
compulsive disorder. Clin Psychol Rev. 2004;24(8):1011–1030. doi:
10.1016/j.cpr.2004.08.004.

79. Abramowitz JS, Blakey SM, Reuman L, Buchholz JL. New directions in the
cognitive-behavioral treatment of OCD: theory, research, and practice.
Behav Ther. 2018;49(3):311–322. doi:10.1016/j.beth.2017.09.002.

80. Vogel PA, Solem S, Hagen K, et al. A pilot randomized controlled trial of
videoconference-assisted treatment for obsessive–compulsive disor-
der. Behav Res Ther. 2014;63:162–168. doi:10.1016/j.brat.2014.10.007.

81. Lovell K, Cox D, Haddock G, et al. Telephone administered cognitive
behaviour therapy for treatment of obsessive compulsive disorder: rando-
mised controlled non-inferiority trial. British Med J. 2006;333(7574):883.
doi:10.1136/bmj.38940.355602.80.

82. Andersson E, Enander J, Andrén P, et al. Internet-based cognitive behaviour
therapy for obsessive–compulsive disorder: a randomized controlled
trial.PsycholMed. 2012;42(10):2193–2203. doi:10.1017/S0033291712000244.

83. Insel TR, Voon V, Nye JS, et al. Innovative solutions to novel drug
development in mental health. Neurosci Biobehav Rev. 2013;37(10):
2438–2444. doi:10.1016/j.neubiorev.2013.03.022.

84. Jalal B, Brühl A, O’Callaghan C, et al. Novel smartphone interventions
improve cognitive flexibility and obsessive–compulsive disorder symp-
toms in individuals with contamination fears. Sci Rep. 2018;8(1):14923.
doi:10.1038/s41598-018-33142-2.

85. GillanCM,Robbins TW, Sahakian BJ, van denHeuvelOA, vanWingenG.
The role of habit in compulsivity. Eur Neuropsychopharmacol. 2016;26(5):
828–840. doi:10.1016/j.euroneuro.2015.12.033.

86. Luxton DD, McCann RA, Bush NE, Mishkind MC, Reger GM. mHealth
for mental health: integrating smartphone technology in behavioral
healthcare. Professional Psychol: Res Pract. 2011;42(6):505–512. doi:
10.1037/a0024485.

87. Perna G, Grassi M, Caldirola D, Nemeroff CB. The revolution of person-
alized psychiatry: will technology make it happen sooner? Psychol Med.
2018;48(5):705–713. doi:10.1017/S0033291717002859.

88. Pew Research Center. (2018). Mobile fact sheet. http://www.pewinternet.
org/fact-sheet/mobile/. Accessed January 4, 2019.

89. BarboutovK,FuruskärA, InamR, et al. Ericssonmobility report. Stockholm,
Sweden, Tech. Rep. 2017. https://www.ericsson.com/assets/local/mobility-
report/documents/2017/ericsson-mobility-report-june-2017-rina.pdf

90. Van Ameringen M, Turna J, Khalesi Z, Pullia K, Patterson B. There is an
app for that! The current state of mobile applications (apps) for DSM‐5
obsessive–compulsive disorder, posttraumatic stress disorder, anxiety and
mood disorders.Depress Anx. 2017;34(6):526–539. doi:10.1002/da.22657.

91. Whiteside SP, Ale CM, Vickers Douglas K, Tiede MS, Dammann JE. Case
examples of enhancing pediatric OCD treatment with a smartphone
application. Clin Case Stud. 2014;13(1):80–94. doi:10.1177/153465011
3504822.

92. Whiteside SP, Biggs BK, Tiede MS, et al. An online- and mobile-based
application to facilitate exposure for childhood anxiety disorders. Cogn
Behav Pract. 2019;26(3):478–491. doi:10.1016/j.cbpra.2019.01.002.

93. Gershkovich M, Middleton R, Hezel DM, et al. Integrating exposure and
response prevention with a mobile app to treat obsessive–compulsive
disorder: feasibility, acceptability, and preliminary effects. Behav Ther.
2020. https://doi.org/10.1016/j.beth.2020.05.001

94. Roncero M, Belloch A, Doron G. A novel approach to challenging OCD
related beliefs using a mobile-app: an exploratory study. J Behav Ther Exp
Psychia. 2018;59:157–160. doi:10.1016/j.jbtep.2018.01.008.

8 Baland Jalal et al.

https://doi.org/10.1016/S1077-7229(99)80061-3
https://doi.org/10.1016/j.brat.2004.11.007
https://doi.org/10.1111/j.1600-0447.2004.00502.x
https://doi.org/10.1080/16506070510043741
https://doi.org/10.1016/j.jocrd.2012.01.001
https://doi.org/10.1016/j.jocrd.2012.01.001
https://doi.org/10.1016%2Fj.janxdis.2011.02.006
https://doi.org/10.1016%2Fj.janxdis.2011.02.006
https://doi.org/10.2147%2FPRBM.S75106
https://doi.org/10.1016/j.jocrd.2016.02.002
https://doi.org/10.1017/S135246580700358X
https://doi.org/10.1080/16506073.2017.1321683
https://doi.org/10.1080/16506073.2017.1321683
https://doi.org/10.1016/S2215-0366(16)30069-4
https://doi.org/10.1016/j.psychres.2014.12.003
https://doi.org/10.1016/j.psychres.2014.12.003
https://doi.org/10.1097/01.yic.0000215083.57801.11
https://doi.org/10.1371/journal.pone.0133591
https://doi.org/10.1371/journal.pone.0133591
https://doi.org/10.1016/j.biopsych.2019.01.017
https://doi.org/10.1016/j.biopsych.2019.01.017
https://doi.org/10.1002/jclp.20083
https://doi.org/10.1002/jclp.20083
https://doi.org/10.1192/apt.bp.109.007237
https://doi.org/10.1192/apt.bp.109.007237
https://doi.org/10.1176/appi.ajp.162.1.151
https://doi.org/10.1080/16506070510041202
https://doi.org/10.1016/j.cpr.2004.08.004
https://doi.org/10.1016/j.beth.2017.09.002
https://doi.org/10.1016/j.brat.2014.10.007
https://doi.org/10.1136/bmj.38940.355602.80
https://doi.org/10.1017/S0033291712000244
https://doi.org/10.1016/j.neubiorev.2013.03.022
https://doi.org/10.1038/s41598-018-33142-2
https://doi.org/10.1016/j.euroneuro.2015.12.033
https://doi.org/10.1037/a0024485
https://doi.org/10.1017/S0033291717002859
http://www.pewinternet.org/fact-sheet/mobile/
http://www.pewinternet.org/fact-sheet/mobile/
https://www.ericsson.com/assets/local/mobility-report/documents/2017/ericsson-mobility-report-june-2017-rina.pdf
https://www.ericsson.com/assets/local/mobility-report/documents/2017/ericsson-mobility-report-june-2017-rina.pdf
https://doi.org/10.1002/da.22657
https://doi.org/10.1177/1534650113504822
https://doi.org/10.1177/1534650113504822
https://doi.org/10.1016/j.cbpra.2019.01.002
https://doi.org/https://doi.org/10.1016/j.beth.2020.05.001
https://doi.org/10.1016/j.jbtep.2018.01.008


95. Roncero M, Belloch A, Doron G. Can brief, daily training using a Mobile
app help change maladaptive beliefs? Crossover randomized controlled
trial. JMIR mHealth uHealth. 2019;7(2):e11443. doi:10.2196/11443.

96. Jalal B, Ramachandran VS. “I feel your disgust and relief”: can the action
understanding system (mirror neuron system) be recruited to induce
disgust and relief from contamination vicariously, in individuals with
obsessive-compulsive disorder symptoms? Neurocase. 2017;23(1):31–35.
doi:10.1080/13554794.2017.1279638.

97. Menzies L, Chamberlain SR, Laird AR, Thelen SM, Sahakian BJ, Bullmore
ET. Integrating evidence from neuroimaging and neuropsychological
studies of obsessive–compulsive disorder: the orbitofronto-striatal model
revisited. Neurosci Biobehav Rev. 2008;32(3):525–549. doi:10.1016/j.neu-
biorev.2007.09.005.

98. Levy HC, Radomsky AS. Safety behaviour enhances the acceptability of
exposure. Cogn Behav Ther. 2014;43(1):83–92. doi:10.1080/165060
73.2013.819376.

99. Rachman S, Shafran R, RadomskyAS, Zysk E. Reducing contamination by
exposure plus safety behaviour. J Behav Ther Exp Psychia. 2011;42(3):
397–404. doi:10.1016/j.jbtep.2011.02.010.

100. van den Hout MA, Engelhard IM, Toffolo MBJ, van Uijen SL. Exposure
plus response prevention versus exposure plus safety behaviours in reduc-
ing feelings of contamination, fear, danger and disgust. An extended
replication of Rachman, Shafran, Radomsky & Zysk (2011). J Behav Ther
Exp Psychia. 2011;42(3):364–370. doi:10.1016/j.jbtep.2011.02.009.

101. Levy HC, Radomsky AS. Are all safety behaviours created equal? A
comparison of novel and routinely used safety behaviours in obsessive-
compulsive disorder. Cogn Behav Ther. 2016;45(5):367–379. doi:
10.1080/16506073.2016.1184712.

102. Rachman S, RadomskyAS, Shafran R. Safety behaviour: a reconsideration.
Behav Res Ther. 2008;46(2):163–173. doi:10.1016/j.brat.2007.11.008.

103. Butcher JN, Mineka S, Hooley JM. Abnormal psychology: Core concepts.
Boston, MA: Pearson/Allyn and Bacon; 2008.

104. McNally RJ. Mechanisms of exposure therapy: how neuroscience can
improve psychological treatments for anxiety disorders. Clin Psychol
Rev. 2007;27(6):750–759. doi:10.1016/j.cpr.2007.01.003.

105. Banerjee D. The other side of COVID-19: impact on obsessive compulsive
disorder (OCD) and hoarding. Psychia Res. 2020;288:112966. doi:
10.1016%2Fj.psychres.2020.112966.

106. Kumar A, Somani A. Dealing with Corona virus anxiety andOCD.Asian J
Psychia. 2020;51:102053. doi:10.1016/j.ajp.2020.102053.

107. Davide P, Andrea P, Martina O, Andrea E, Davide D, Mario A. The impact of
the COVID-19 pandemic on patients with OCD: effects of contamination
symptoms and remission state before the quarantine in a preliminary natural-
istic study. Psychia Res. 2020;291:113213. doi:10.1016/j.psychres.2020.113213.

108. Schwabe L, Wolf OT. Stress-induced modulation of instrumental behav-
ior: from goal-directed to habitual control of action. Behav Brain Res.
2011;219(2):321–328. doi:10.1016/j.bbr.2010.12.038.

109. Apergis-Schoute AM, Gillan CM, Fineberg NA, et al. Neural basis of
impaired safety signaling in obsessive compulsive disorder. Proc Nat Acad
Sci. 2017;114(12):3216–3221. doi:10.1073/pnas.1609194114; 10.1016/j.
pnpbp.2006.06.008.

110. Fineberg NA, Van Ameringen M, Drummond L, et al. How to manage
obsessive-compulsive disorder (OCD) under COVID-19: a clinician's
guide from the International College of Obsessive Compulsive Spectrum
Disorders (ICOCS) and the Obsessive-Compulsive Research Network
(OCRN) of the European College of Neuropsychopharmacology. Com-
prehen Psychiatry. 2020;100:152–174.

111. Abramowitz JS, Olatunji BO,Deacon BJ. Health anxiety, hypochondriasis,
and the anxiety disorders. Behav Ther. 2007;38(1):86–94. doi:10.1016/j.
beth.2006.05.001.

112. Gillihan SJ, Williams MT, Malcoun E, Yadin E, Foa EB. Common pitfalls in
exposure and response prevention (EX/RP) forOCD. J Obsessive-Compulsive
Related Disord. 2012;1(4):251–257. doi:10.1016/j.jocrd.2012.05.002.

113. Holmes EA, O'Connor RC, Perry VH, et al. Multidisciplinary research
priorities for the COVID-19 pandemic: a call for action for mental health
science. Lancet Psychia. 2020;7(6):547–560.

114. do Rosario-Campos MC, Leckman JF, Mercadante MT, et al. Adults with
early-onset obsessive-compulsive disorder. Am J Psychia. 2001;158(11):
1899–1903. doi:10.1176/appi.ajp.158.11.1899.

115. Skoog G, Skoog I. A 40-year follow-up of patients with obsessive–com-
pulsive disorder. Arch Gen Psychia. 1999;56(2):121–127. doi:10.1001/
archpsyc.56.2.121.

116. Dell’Osso B, Buoli M, Hollander E, Altamura AC. Duration of untreated
illness as a predictor of treatment response and remission in obsessive-
compulsive disorder. World J Biological Psychia. 2010;11(1):59–65. doi:
10.3109/15622970903418544.

CNS Spectrums 9

https://doi.org/10.2196/11443
https://doi.org/10.1080/13554794.2017.1279638
https://doi.org/10.1016/j.neubiorev.2007.09.005
https://doi.org/10.1016/j.neubiorev.2007.09.005
https://doi.org/10.1080/16506073.2013.819376
https://doi.org/10.1080/16506073.2013.819376
https://doi.org/10.1016/j.jbtep.2011.02.010
https://doi.org/10.1016/j.jbtep.2011.02.009
https://doi.org/10.1080/16506073.2016.1184712
https://doi.org/10.1016/j.brat.2007.11.008
https://doi.org/10.1016/j.cpr.2007.01.003
https://doi.org/10.1016%2Fj.psychres.2020.112966
https://doi.org/10.1016/j.ajp.2020.102053
https://doi.org/10.1016/j.psychres.2020.113213
https://doi.org/10.1016/j.bbr.2010.12.038
https://doi.org/10.1073/pnas.1609194114
https://doi.org/10.1016/j.beth.2006.05.001
https://doi.org/10.1016/j.beth.2006.05.001
https://doi.org/10.1016/j.jocrd.2012.05.002
https://doi.org/10.1176/appi.ajp.158.11.1899
https://doi.org/10.1001/archpsyc.56.2.121
https://doi.org/10.1001/archpsyc.56.2.121
https://doi.org/10.3109/15622970903418544

	Obsessive-compulsive disorder-contamination fears, features, and treatment: novel smartphone therapies in light of global mental health and pandemics (COVID-19)
	Introduction
	The Role of Disgust in OCD
	A Bayesian Computational Model
	OCD Treatment: An Overview
	Remotely Technology-Delivered CBT
	Smartphone Interventions for OCD
	Smartphone Interventions: ‘‘Vicarious Exposure’’
	Contamination Fears and Treatment in Light of Global Pandemics (COVID-19)
	Summary and Future Directions
	Financial Support
	Disclosures
	References


