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OPEN ACCESS
Abstract

Objective: Recently, there has been a resurgence of interest in the relationship 
between infections and psychopathology, given the increasing data on the 
neurotropism and neurological/psychiatric morbidity of the SARS-COV2 virus, 
responsible for the current worldwide pandemic. Although the majority of 
observations were those obtained in mood and schizophrenic disorders, a few 
data are also available on the presence of bacterial or viral infections in patients 
suffering from obsessive-compulsive disorder (OCD). Therefore, given the limited 
information, the present paper aimed at reviewing the most updated evidence of 
infections in neuropsychiatric disorders and their possible mechanisms of actions, 
with a narrow focus on microbes in OCD. 

Method: This paper is a narrative review. The databases of PubMed, Scopus, 
Embase, PsycINFO and Google Scholar were accessed to research and collect 
English language papers published between 1 January 1980 and 31 December 2021. 
The data on PANDAS/PANS and those observed during severe brain infections 
were excluded. 

Results: Several pathogens have been associated with an increased risk to 
develop a broad spectrum of neuropsychiatric conditions, such as schizophrenia, 
mood disorders, autism, attention-deficit/hyperactivity disorder, anorexia nervosa, 
and post-traumatic stress disorder. Some evidence supported a possible role of 
infections also in the pathophysiology of OCD. Infections from Herpes simplex 
virus 1, Borna disease virus, Group A-Beta Hemolytic Streptococcus, Borrelia 
spp., and Toxoplasma gondii were actually found in patients with OCD. Although 
different mechanisms have been hypothesized, all would converge to trigger 
functional/structural alterations of specific circuits or immune processes, with 
cascade dysfunctions of several other systems. 

Conclusions: Based on the current evidence, a possible contribution of 
different types of microbes has been proposed for different neuropsychiatric 
disorders including OCD. However, the currently available literature is meager 
and heterogeneous in terms of sample characteristics and methods used. Therefore, 
further studies are needed to better understand the impact of infectious agents in 
neuropsychiatric disorders. Our opinion is that deeper insights in this field might 
contribute to a better definition of biological underpinnings of specific clinical 
pictures, as well as to promote psychiatric precision medicine, with treatments 
based on altered pathological pathways of single patients. This might be particularly 
relevant in OCD, a disorder with a high proportion of patients who are resistant or 
do not respond to conventional therapeutic strategies. 
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Introduction

Severe infections, especially those occurring in the 
central nervous system (CNS) such as encephalitis and 
meningitis, are known to cause brain damage with long-
term cognitive and psychiatric symptoms (Kapur et al., 

1994; Khanna, 1988; Yaramiş et al., 2009). However, 
evidence is available that several pathogens might 
increase the risk to develop neuropsychiatric disorders 
without causing severe acute infections (Arias et al., 
2012; Barichello et al., 2016; Coughlin, 2012; Hornig, 
2013; Hornig & Lipkin, 2001; Wang et al., 2014). In the 

248Submitted January 2022, accepted May 2022

RESEARCH PAPER



Back to the future: The role of infections in psychopathology. Focus on OCD

Clinical Neuropsychiatry (2022) 19, 4 249

evidence of infections in neuropsychiatric disorders and 
their possible mechanisms of actions. Further, much 
focus will be given to the available data on microbes 
and viruses in OCD, excluding pictures falling within 
SC and PANDAS/PANS and those observed during 
the course of severe brain infections. Finally, we will 
discuss and comment on the possible role of these 
agents in OCD and related therapeutic implications.

Materials and Methods
This paper is a narrative review.  The databases 

of PubMed, Scopus, Embase, PsycINFO and Google 
Scholar were accessed in order to research and collect 
English language papers published between 1 January 
1980 and 31 December 2021. Free text terms and MeSH 
headings were combined as follows: “(infections OR 
bacteria OR viruses) AND (neuropsychiatric disorders 
OR obsessive-compulsive disorder OR OCD)”. The 
following inclusion criteria were adopted: studies 
carried out on clinical samples of adults and children/
adolescents, reliable diagnosis of psychiatric disorders 
according to structured interviews and standardized 
criteria. All the authors agreed to include conference 
abstracts, posters, and case reports in the review if 
they were published in indexed journals. The data on 
PANDAS/PANS and those observed during severe 
brain infections were excluded. 

All the authors equally contributed to identifying 
potential information specific to this topic amongst the 
titles and abstracts of the publications

Results
The first selection excluded 31725 titles because 

they were: a) duplicates; b) not related to the scope 
of the paper; c) not informative enough. The second 
selection excluded 865 abstracts after being read and 
reviewed, as the information reported did not fulfill the 
scope of our paper and/or the presented information did 
not seem relevant to the discussed topic. Subsequently, 
950 publications were excluded after being completely 
read and evaluated, as they did not provide enough 
information and/or were not sufficiently in line with our 
review. Finally, 170 papers were included in the present 
review (table 1). Among these, 70 are inherent in the 
relationship between OCD and pathogens, 25 of which 
highlight a possible association between infectious 
diseases and the onset of OCD pictures. although most 
are case reports, cross-sectional or case-control studies 
on small samples.

Associations between microbes and psychiatric 
disorders

One of the most fascinating lines of research 
concerns the intersections between microbes and 
psychiatric disorders. The first model of mental 
illness sustained by an infectious agent was that of 
Neurosyphilis. In the year 1822, the physician Laurent 
Bayle described a disease currently known as 'general 
paresis' (Bayle, 1822), characterized, amongst the other 
symptoms, by mania, delusions, and dementia (for 
review, see: Washington, 2015). At that time, such a 
disorder was considered a mental illness, but in the year 
1857, Esmarch and Jessen, based on statistical analysis 
of patients with paresis, suggested syphilis as the cause, 
so that, since the mid-twentieth century, antibiotics have 
been successfully used to treat this condition (Esmarch 

past, the term "mild (chronic) encephalitis" was coined 
to referring to these clinical pictures (Müller, 2015).

More recently, there was an upsurge of interest 
towards the relationships between viral infections 
and psychopathology given the increasing data on the 
neurotropism of the SARS-COV32 virus responsible 
of the current pandemic worldwide (Marazziti & Stahl, 
2020) 

Although the most consistent data are those gathered 
in mood and schizophrenic disorders (Asoode et al., 
2016; Burgdorf et al., 2019; Chaudhury & Ramana, 
2019; Dickerson et al., 2019; Yolken, 2004; Prusty et al., 
2018), the obsessive-compulsive symptoms amongst 
children precipitated after group A beta-hemolytic 
streptococcus (GABHS) infections are amongst the 
most robust evidence in this field. 

The first studies reported obsessive-compulsive 
symptoms in subjects affected by Sydenham chorea (SC) 
(Swedo et al., 1989). In particular, in the late 1980’s the 
National Institute of Mental Health (NIMH, Bethesda, 
Md., USA) pointed out the high frequency of such 
symptoms in children and adolescents affected by SC, 
appear abruptly in the weeks preceding the onset of the 
chorea, a delayed neurological complication of group 
A beta-hemolytic streptococcal infection (GABHS) 
pharyngitis included in the major criteria of acute 
rheumatic fever, an inflammatory autoimmune disease 
affecting mainly the heart valves (Swedo et al., 1989). 
About twenty years later, the NIMH group proposed the 
term pediatric autoimmune neuropsychiatric disorders 
associated with streptococcal infections (PANDAS) to 
describe an OCD form characterized by acute prepuberal 
onset, episodic course, and concomitant neurologic 
abnormalities – such as choreiform movements – that 
occur or worsen after exposure to GABHS infection 
((Swedo, 2002; Swedo et al., 1998). However, a 
definite diagnostic temporal window between GABHS 
infection and the onset of neuropsychiatric in SC 
and PANDAS has not yet well established (Kurlan et 
al., 2008; Leckman et al., 2011; Moher et al., 2009; 
Schrag et al., 2009). In particular, the role of GABHS 
in PANDAS is questioned (Gilbert & Kurlan, 2009; 
Kurlan, 2004), since a number of studies failed to find 
a temporal association between GABHS infection 
and symptom onset (Kurlan et al., 2008; Leckman 
et al., 2011; Schrag et al., 2009). Therefore, in July 
2010 the NIMH researchers expanded PANDAS to a 
conceptually broader disorder — the so-called pediatric 
acute-onset neuropsychiatric syndrome (PANS) — that 
is characterized by the sudden onset of OCD symptoms 
that can occur in response to a range of infections and 
other insults (Chang et al., 2015).

Besides PANDAS/PANS in children, there are 
scattered data on the presence of bacteria or viral 
infections in patients suffering from obsessive-
compulsive disorder (OCD). Obsessive-compulsive 
disorder is the core condition of the “obsessive–
compulsive and related disorders (OCRDs)”, a group 
of disorders currently classified together in both the 
Diagnostic and Statistical Manual of Mental Disorders 
– Fifth Edition (DSM-5), (American Psychiatric 
Association, 2013). It is one of the most prevalent 
mental disorders (Murray & Lopez, 1997), with 
lifetime prevalence in the general population of 2-3% 
(Abramowitz et al., 2009; Ruscio et al., 2010). It is 
estimated that OCD is as one of the major causes of the 
global disability, with about 40% of patients who do not 
respond to standard therapeutic strategies (Fineberg et 
al., 2018). 

Given the controversies in this field, this paper 
aimed at providing an overview of the most recent 
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2001; Wang et al., 2014).  
In the past, the term "mild (chronic) encephalitis" was 

coined referring to these clinical pictures (Müller, 2015). 
In the most recent meta-analyses, the strongest evidence 
was reported for T. gondii and HHV, both agents causing 
latent infection after an acute phase (Burgdorf et al., 2019; 
Fernandes et al., 2021; Frye et al., 2019; Hamdani et al., 
2018; Prusty et al., 2018; Snijders et al., 2019; Wang et 
al., 2014; Ye et al., 2020). Latent T. gondii infections 
were related to subtle neurophysiological changes 
(Tedford & McConkey, 2017; Tomasik et al., 2016) 
and subsequent severe neuropsychiatric conditions, 
such as schizophrenia and bipolar disorders (Burgdorf 
et al., 2019; Chaudhury & Ramana, 2019), increased 
aggression and impulsivity (Cook et al., 2015), suicide 
(Sutterland et al., 2019), and Alzheimer’s dementia (AD) 
(Nayeri Chegeni et al., 2019b). Further, growing evidence 
argues for a potential role of latent HHV infections in 
CNS diseases, including psychiatric disorders, even in 
immune-competent individuals. These conditions show 
heterogeneous courses being monophasic, relapsing-
remitting, or even chronic (Ludlow et al., 2016). HHV 
infection was associated with suicidal behavior and 
greater risk to have a psychiatric diagnosis (Nissen et 
al., 2019), including schizophrenia (Dickerson et al., 
2019; Yolken, 2004), Recently, abnormally elevated 
antibody titles in response to Epstein-Barr virus (EBV) 
virions have been demonstrated in schizophrenic 
patients in comparison to controls. This exaggerated 
immune response, combined with an established genetic 
susceptibility, would lead up to a 8.5-fold increase of 
a lifelong schizophrenia diagnosis (Dickerson et al., 
2019).  Evidence also suggested that among patients 
with schizophrenia or bipolar disorders, infections with 
Herpes simplex virus (HSV), Cytomegalovirus (CMV), 
and T. gondii were related to cognitive dysfunctions, 
particularly with working memory impairment (Hamdani 
et al., 2017). Even in the prospective Northern Manhattan 
Study (NOMAS), a high infectious burden (assessed 
with serological markers for Chlamydia pneumoniae, 

& Jessen, 1957).
By the time, in addition to psychiatric pictures due to 

medical conditions, both early life and adult infections 
were associated with increased risk of neuropsychiatric 
disorders (Almanzar et al., 2005; Arias et al., 2012; 
Brown, 2012; Hornig, 2013; Mufaddel et al., 2014). 
This notion is supported by animal data, such as those 
observed in rodents, where fetal infection during the 
prenatal or perinatal period may cause long-term 
cognitive damage, including learning, memory, and 
attention abnormalities (Canetta et al., 2014; Khandaker 
et al., 2013). In humans, maternal infections during 
pregnancy were related to an increased risk to develop 
neuropsychiatric disorders in the offspring, especially 
schizophrenia and autism spectrum disorders (ADS) 
(Atladóttir et al., 2010; Blomström et al., 2016; Flinkkilä 
et al., 2016; Jiang et al., 2016; Kendler, 2020; Lee et al., 
2020; Zerbo et al., 2015). Besides SC and PANDAS, 
other infections during childhood/adolescence seem 
to increase the chance to develop schizophrenia, 
non-affective psychoses, mood, eating or anxiety 
(Breithaupt et al., 2019; Chaplin et al., 2020; Dalman 
et al., 2008; Goodwin, 2011; Liu et al., 2021). Severe 
encephalitis and meningitis are now known to cause 
brain atrophy with long-term cognitive and psychiatric 
symptoms (Kapur et al., 1994; Khanna, 1988; Yaramiş 
et al., 2009). Data from a Danish longitudinal register 
showed that infections requiring hospitalizations were 
associated with subsequent increased risk of receiving 
a diagnosis of any mental disorders and of redeeming 
a prescription for psychotropic medication (Benros 
et al., 2011). However, several pathogens (table 2), 
including Herpesvirus (HHV), Influenza virus, Measles 
virus, Borna disease virus (BDV), Borrelia Burgdorferi, 
Chlamydia spp., Mycoplasma spp., Toxoplasma 
gondii (T. gondii), Toxocara spp., Helicobacter pylori 
(H. pylori), seem to increase the risk for subsequent 
nuropsychiatric disorders without causing no severe 
acute infections (Arias et al., 2012; Barichello et al., 
2016; Coughlin, 2012; Hornig, 2013; Hornig & Lipkin, 

Table 1. Article selection flow chart
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and cephalosporins (i.e., cefdinir), were investigated in 
PANS/PANDAS patients, reporting efficacy in reducing 
neuropsychiatric symptoms in such pa population (Sigra 
et al., 2018). Remarkably, while the use of eradicating 
antibiotic therapy during active infections in PANDAS/
PANS is well established, its effect on ongoing infections 
is still controversial (Burchi & Pallanti, 2018; Marazziti 
et al., personal observations).

Possible mechanism of actions of microbes in 
psychiatric disorders 

Most of the current evidence would indicate 
inflammation as an intermediate pathway between 
infectious agents and different neuropsychiatric 
conditions. Several pathogens have been hypothesized 
to trigger inflammatory processes that would lead to 
CNS functional/structural damage in vulnerable subjects 
(Pape et al., 2019). Transient low-grade inflammation 
after an infection might modify mental processes 
up to the onset of a broad range of neuropsychiatric 
symptoms, including change in mood, social behavior, 
and cognitive abilities – clinical pictures also known 
as sickness behavior (D'Mello & Swain, 2017; Kelley 
et al., 2003; Pape et al., 2019). These manifestations 
are usually related to the release of pro-inflammatory 
cytokines, such as interleukin of type 1β (IL-1β), IL-6 
and tumor necrosis factor  (TNF), outside the CNS, 
that would affect the brain via neural (mainly vagal) 
pathways, interaction with cytokine receptors on 
cerebral endothelial cells, and/or microglial activation 
(D'Mello & Swain, 2017). Similarly, treatment with 
some cytokines, as interferon (IFN) used for chronic 
viral hepatitis or multiple sclerosis, was associated with 
neuropsychiatric symptoms as an adverse effect (Aarab 
et al., 2018; Malek-Ahmadi, 2001; Neilley et al., 1996), 
although it should be noted that this transient response 
is absolutely physiological and can help the organism 
fight against pathogens (Kelley et al., 2003). Beside 
transient low-grade inflammation, infectious agents 

Helicobacter pylori, CMV, HSV-1 and HSV-2) was 
related to cognitive decline independently from 
cardiovascular risk (Katan et al., 2013). The multifaceted 
relationship between cognition and infection was also 
highlighted by HIV-associated neurocognitive disorders, 
that emerge in patients with HIV infection despite highly 
active antiretroviral therapy (Kamminga et al., 2013), as 
well as by the association found between infections and 
increased rate of cognitive decline in AD patients (Perry 
et al., 2010). 

A gender difference associated with infectious agents 
was also reported, with a greater risk for mood disorders 
associated with both bacterial and virus infections in 
women than men (Simanek et al., 2018). This is an 
interesting, albeit isolated finding that requires to be 
deepened in future studies

Recent investigations also suggested common 
genetic vulnerability in psychiatric disorders and 
infections, while highlighting a tight genetic association 
for suffering from at least one psychiatric diagnosis 
and recurrent infections (Nudel et al., 2019). Indeed, 
psychiatric and chronic autoimmune diseases share 
several genetic polymorphisms especially in the major 
histocompatibility complex (MHC) (Identification of 
risk loci with shared effects on five major psychiatric 
disorders: a genome-wide analysis, 2013). 

Furthermore, psychotropic drugs, such as mood 
stabilizers (i.e., lithium and valproate) (Amsterdam 
et al., 1990; Ornaghi et al., 2016), antipsychotics (i.e., 
clozapine and chlorpromazine) (Anderson et al., 2019; 
Plaze et al., 2020), and antidepressants (i.e., fluvoxamine) 
(Lenze et al., 2020), showed potential antiviral actions, 
inhibiting viruses infection and/or reactivation (Golden 
et al., 2021). On the other hand, some evidence, although 
controversial suggested a possible therapeutic effect 
of some antimicrobials agents in psychiatric disorders 
(Dietrich et al., 2020; Kogelnik et al., 2006; Prasad et 
al., 2013), at least in the subgroup of patients with signs 
of infection (i.e., high levels of specific IgG) (Breier et 
al., 2019, Deakin et al., 2018). Several antibiotics agents, 
including penicillin, macrolides (i.e., azithromycin), 

Table 2. Microbes involved in neuropsychiatric disorders

Viruses                                                               Bacteria                                  Parasites
Influenza virus                                                    Treponema pallidum               Toxoplasma gondii
Herpes simplex virus 1/2                                    Borrelia burgdorferi                Toxocara spp.
Epstein-Barr virus                                               GABHS
Varicella zoster virus                                          Chlamydiaceae spp.
Cytomegalovirus                                                 Mycoplasma spp.
Human herpes virus-6                                         Microbiota bacteria
Rubella virus
Measles virus
Mumps virus
Poliovirus
Human immunodeficiency virus 1/2 
Endogenous retroviruses
Borna virus
Parvovirus B19 and AAV-2
West Nile virus
Enterovirus 71
Coxsackievirus B3
Polyomaviruses (JC virus and BK virus)

Note: GABHS = group A beta-hemolytic streptococcus
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involved, including antibody against the gamma 
aminobutyric acid receptor of type A (GABA-A), the 
α-amino-3-hydroxy-5-methyl-4-isoxazole propionic 
acid (AMPA) receptor, and the N-methyl-d-aspartate 
(NMDA) glutamate receptor, although disagreement 
do exist (Dalmau et al., 2011; Haselmann et al., 2018; 
Hughes et al., 2010; Petit-Pedrol et al., 2014). Patients 
with anti-NMDAR encephalitis can show symptoms 
like sleep disorders, anxiety, paranoia, mania, agitation, 
catatonia, but also memory impairment, disintegration 
of language, abnormal movements, and autonomic 
instability (Dalmau et al., 2011). Antibodies that cross-
react with the NMDA receptor have been also found 
in patients with neuropsychiatric systemic lupus 
erythematosus (DeGiorgio et al., 2001; Nestor et al., 
2018), with pure psychotic symptoms, and even in 
healthy subjects (Hammer et al., 2014). Similar results 
have been reported for a variety of brain antigens, 
challenging the pathological relevance of CNS-specific 
autoantibodies (Dahm et al., 2014). 

Microbes and OCD
Some evidence supported a possible role of 

infections in the pathophysiology of OCD, at least in 
a subgroup of patients. The first description of OCD 
symptoms in patients with lethargic encephalitis and 
basal ganglia lesions after viral infections dates back 
to the end of the last century (Cheyette & Cummings, 
1995), however this report was mostly ignored for the 
interest mainly focused on OCD pictures precipitated 
by GABHS at that time. Other pathogens, including 
bacteria, virus and parasites, have been associated with 
OCD in a few cases of both children and adults (table 
3). Most of them are neurotropic pathogens that after 
acute infection may establish a latent infection in the 
CNS. 

Group A beta-hemolytic streptococcus is a 
gram-positive bacterium involved in the etiology of a 
variety of diseases, including streptococcal pharyngitis, 
rheumatic fever, and scarlet fever, more recently 
associated with SC, PANDAS, and OCD as well. Beside 
SC and PANDAS, some data suggested a potential 
role of streptococcal infection even in OCD subjects 
without SC and without PANDAS (Mell et al., 2005; 
Wang et al., 2016). A higher frequency of OCD and 
related disorders was observed in subjects with present 
or previous history of RF without SC (Alvarenga et 
al., 2006; Alvarenga et al., 2009; Ashfaq-U-Rahaman 
et al., 2007; Hounie et al., 2004; Mercadante et al., 
2000), suggesting that GABHS can trigger psychiatric 
conditions that may persist throughout life regardless 
of GABHS reinfections. As such, RF seems to increase 
the risk for OCD spectrum disorders, even in the non-
acute phase (Hounie et al., 2004; Mercadante et al., 
2000; Mercadante et al., 2005). A cross-sectional study 
found that the rate of clinical OCD and subclinical 
OCD was 10% and 3% respectively (a rate much higher 
than the 1-3% rate reported in general population) in 
adult subjects with RF history, even in the absence of 
frank chorea (Ashfaq-U-Rahaman et al., 2007). Family 

may also provoke a chronic low-grade inflammation, 
associated to the development of neurotoxicity, 
neurodegeneration, and persistent neuropsychiatric 
symptoms over time (Larochelle et al., 2016). The 
chronic secretion of pro-inflammatory cytokines may 
provoke neurotoxic effects by increasing production 
of reactive oxygen species, activating microglia, 
reducing monoamine transmission, and potentiating 
glutamatergic transmission (Hanisch, 2002; Müller 
& Schwarz, 2007; Gertig & Hanisch, 2014; Lively & 
Schlichter, 2018; Pacheco et al., 2007). Some microbes 
might also act via epigenetic pathways to modulate 
the immune responses, thereby influencing the risk 
profile for neuropsychiatric disorders (Wendeln et al., 
2018). Indeed, the exposure to T. gondii is supposed 
to modulate the influence of toll-like receptor (TLR)-
2 genetic variation in bipolar disorders (Oliveira et al., 
2016).

Conversely, other pathogens could act 
predominantly through the direct induction of 
cytotoxicity and neurodegeneration, as in the case of 
HSV-1 infection in AD (Fülöp et al., 2018; Lövheim 
et al., 2015; Wozniak et al., 2009). HSV-1 proteins 
impair neuronal autophagy and, consequently, antigen 
presentation (O'Connell & Liang, 2016). In mice, 
recurrent asymptomatic activation of HSV-1 leads to 
upregulation of markers of neuroinflammation and 
early neurodegeneration (Martin et al., 2014). HHV 
may induce apoptosis, autophagy, and cellular oxidation 
alterations (Brunson et al., 2016; Duarte et al., 2019; 
Ludlow et al., 2016), even in other neurodegenerative 
and perhaps neuropsychiatric disorders (Abdoli et al., 
2020; Duarte et al., 2019).

Autoimmunity is another important mechanism that 
can be sparked by infectious agents, mainly through 
molecular mimicry phenomena (Hornig, 2013; Pape 
et al., 2019). Increased prevalence of autoimmune 
and atopic disease (Benros et al., 2011; Benros et al., 
2012; Bilbo et al., 2012; Eaton et al., 2010; Elamin et 
al., 2013; Keil et al., 2010; Mostafa & Shehab, 2010; 
Pedersen et al., 2012; Swedo, 1994, 2002), as well 
as the presence of autoantibodies (Dickerson et al., 
2011; Cascella et al., 2013; Fox et al., 2012; Najjar 
et al., 2012; Rossi et al., 2011; Rout et al., 2012; 
Severance et al., 2012) in individuals with psychiatric 
disorders and their first-degree relatives, suggested 
a strong association between these conditions and 
autoimmunity. However, while the evidence is more 
robust for some of these conditions – as in the case 
of SC and PANDAS – for others remains weak. Both 
innate and adaptive immune mechanisms play a role 
in autoimmunity. The autoimmune psychosis is a sort 
of paradigm in this sense, as symptoms occur because 
of the presence of autoantibodies against neuropil that 
can develop spontaneously in neoplastic diseases or 
after viral infections, particularly HSV encephalitis 
(Armangue et al., 2015). In the latter, cytotoxic T cells 
are supposed to be responsible for much of the neuronal 
damage associated with neuropsychiatric symptoms 
(Bien et al., 2012). Autoantibodies against extracellular 
antigens involved in synaptic transmission also seem 

Table 3. Microbes implicated in obsessive-compulsive disorder.

Viruses                                                               Bacteria                                 Parasites
Herpes simplex virus 1                                       GABHS                                  Toxoplasma gondii
Borna disease virus                                             Borrelia spp.                
                                                                            Microbiota bacteria

Note: GABHS = group A beta-hemolytic streptococcus.



Back to the future: The role of infections in psychopathology. Focus on OCD

Clinical Neuropsychiatry (2022) 19, 4 253

which cause a wide spectrum of neurological disorders, 
including immune-mediated diseases and behavioral 
alterations without inflammation resembling symptoms 
observed in human psychiatric diseases such as 
schizophrenia, mood disorders, and autism (Amsterdam 
et al., 1985; Carbone, 2001). In 2005, Dietrich et al. 
(Dietrich et al., 2005) reported an association between 
BDV-specific circulating immune complexes and 
dysfunction in the cingulate cortex of OCD patients. 
However, this finding resulted unspecific, as BDV 
antibodies were also detected also in patients with 
other psychiatric conditions and in healthy individuals 
(Ludlow et al., 2016). 

Herpesviruses are large, enveloped viruses 
possessing a linear double-strand DNA. Similarly, to 
T. gondii, after a primary lytic phase, HHVs establish 
life-long latent infections in specific type cells that can 
occasionally be reactivated (Ludlow et al., 2016). Acute 
HHV infections, particularly HSV encephalitis, are 
known to be associated with neuropsychiatric pictures, 
including OCD symptoms (Torrey, 1986). Similarly, 
a case report study reported an OCD secondary to a 
lesion in lentiform nuclei associated with a history of 
recent Varicella Zoster virus (VZV-) infection in a child 
(Yaramiş et al., 2009). Attention deficit and tic disorders 
were also observed after varicella encephalitis localized 
in basal ganglia (Dale et al., 2003). Noteworthy, CSTC 
loop areas (especially basal ganglia, frontal, and 
temporal lobes) are involved in both HSV encephalitis 
(Damasio & Van Hoesen, 1985; Ludlow et al., 2016) 
and OCD pathophysiology. On the contrary, to date 
a few studies investigated the possible link between 
HHV latent infections and OCD development. A study 
reported higher titers of blood and CSF IgG anti-HSV-1 
in group of OCD patients, but these findings were no 
longer replicated (Khanna et al., 1997a, 1997b).

Possible role of microbes in OCD 
Obsessive-compulsive disorder is currently 

considered a mental illness with a complex etiology and 
pathogenesis possibly involving a variety of molecular, 
genetic, epigenetic, cellular, and distinct brain networks. 
This would explain the heterogeneous phenotypes 
of the patients possibly due to specific alterations in 
different molecular pathways and processes. Beside the 
biological domain, simultaneous alterations in other 
individual organization areas might contribute to the 
OCD development, including psychological, social, 
cultural, cognitive, emotional, and behavioral domains, 
where changes in an area might trigger modifications in 
other ones. Moreover, although the pathophysiology of 
OCD is still unclear, mounting evidence indicates that 
dysfunctions in specific neuronal circuits might explain 
a major part of the OCD typical symptoms.

 Studies in animal with stereotypical and grooming 
behaviors (considered reliable animal models of OCD) 
(Burguière et al., 2015; Kalueff et al., 2016), as well 
as advanced functional and structural brain imaging 
techniques, highlighted alterations of specific neural 
networks in OCD, especially cortico–striato–thalamo–
cortical (CSTC) loop, thus suggesting a disrupted 
integration of sensorimotor, cognitive, affective, and 
motivational information in this disorder (Baxter et al., 
1992; Fineberg et al., 2018; Kwon et al., 2009). These 
circuits include direct (positive feedback) and indirect 
(negative feedback) pathways projecting from specific 
cortical areas to the corresponding subregions of the 
striatum and thalamus with recurrent projections to the 
cortex. The direct pathway facilitates striatal-thalamic 

studies also indicated that this relationship could be 
familial, based on findings that OCD-related disorders 
aggregate more frequently in first-degree relatives of RF 
probands, when compared with controls (Hounie et al., 
2007; Seixas et al., 2008). A population-based cohort 
study using data from the nationwide Danish registers 
found that individuals with a positive streptococcal test 
result had an increased risk of any mental disorder, 
particularly of OCD and tic disorders compared 
with individuals with a negative streptococcal test 
(Orlovska et al., 2017). Some case reports revealed the 
development of obsessions and compulsions in adult 
subjects after severe sore throat and fever opening the 
question of the possible existence of PANDAS-like 
clinical pictures in adults (Bodner et al., 2001; Pfizer & 
Andrade, 1999).

Borrelia burgdorferi is a spirochete known to 
cause Lyme disease (LD), a bacterial infection spread 
through ticks that, weeks or months after a migrant 
erythematous rash, can cause damage to the joints, 
heart, and nervous system if untreated. Individuals 
with LD showed higher rates of any mental disorder, 
particularly affective disorders, suicide attempts, and 
death by suicide compared with those without it (Fallon 
et al., 2021). A self-report study on adults subjects 
with a previous LD diagnosis, recruited from online 
supporting groups, highlighted a high rate (84%) of 
OCD symptoms (Johnco et al., 2018). In most cases, 
OCD symptom onset was reported to be gradual 
and responded to psychological and drug treatment 
including antibiotic treatment (Johnco et al., 2018). 

Toxoplasma Gondii is a ubiquitous intracellular 
parasite that, after a brief acute infection, forms 
infectious cysts in the brain, muscle, and other 
tissues, establishing a lifelong latency. Although latent 
infections are traditionally considered to be silent, 
mounting evidence points to their association with 
neurological deficits and neuropsychiatric disorders 
(Egorov et al., 2018). A few MRI studies examined the 
location of T. gondii cysts in the human’s brain, mainly 
on AIDS patients who, as being immunocompromised, 
have active infections, and they showed that frontal and 
parietal lobes, basal ganglia, and cerebellum are the 
preferred grafting sites (McConkey et al., 2013). 

Some researchers investigated the association of 
T. gondii with OCD on the basis of the preferential 
neurotropism of this parasite for the same areas involved 
in OCD pathophysiology. Case control studies reported 
higher T. gondii seroprevalence in OCD patients, as 
compared with controls. A recent meta-analysis of eight 
case-control and three cross-sectional studies reported a 
higher risk to develop OCD in subjects seropositive to T. 
gondii and with a history of toxoplasmosis (OR = 1.96) 
(Nayeri Chegeni et al., 2019a). In agreement with this 
findings, an ecological study revealed a tight correlation 
between incidence of toxoplasmosis and OCD-related 
burden in both European (p = 0.02) and non-European 
countries (Flegr, 2015). Recently, another Internet-
based cross-sectional survey using a Facebook-based 
snowball method found that seropositive patients for T. 
gondii have a greater probability of a previous diagnosis 
of OCD (OR = 2.5) and elevated scores on OCD scales 
(Flegr & Horáček, 2017). Interestingly, anti-protozoan 
medications in children with toxoplasmosis and OCD 
showed to decrease both T. gondii antibodies and OCD 
symptoms (Brynska et al, 2001):

Borna disease viruses are negative-strand RNA 
viruses able to establish a non-cytolytic persistent CNS 
infection, with preferential neurotropism for CSTC 
circuits regions. They infect a variety of warm-blooded 
animals worldwide, like horses, sheep and cattle, in 
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cases the success of the animal models in PANDAS was 
based on the possibility of autoantibodies to breach the 
BBB (Hornig, 2013). This hypothesis could explain 
why healthy individuals often harbor antineuronal 
antibodies in their serum (Levin et al., 2010). Plausibly 
these autoantibodies failed to induce disease due to the 
absence of additional pathological factors – such as 
proinflammatory cytokines and molecules associated 
with stress responses – that compromise the integrity 
of the blood brain barrier, necessary to allow the 
autoantibodies to access the SNC (Levin et al., 2010). 
It is also possible that, although immunoassays may 
detect such autoantibodies in healthy individuals, their 
relevant features, that correlate with pathogenicity 
might not be captured through such assays, including 
differences in IgG subclasses, presence of additional 
immunoglobulin isotypes differences in specificity 
(Maes et al., 2011) and in binding ability in response 
to the local environment (i.e., regional differences 
in redox/oxidative stress conditions (McIntyre et al., 
2007). 

The raised levels of immuno-inflammatory markers 
in significant subsets of OCD patients (Gerentes, et al., 
2019; Marazziti et al., 1999; Marazziti et al., 2018), 
led to infer that some infection might initiate chronic 
inflammation that activates microglial inflammasome 
that, in turn, causes an increase in pro-inflammatory 
mediators (Pape et al., 2019). In addition, cytokines 
can also influence neuronal apoptosis (Hu et al., 1997; 
Mousa & Bakhiet, 2013), neurogenesis, neuroplasticity, 
and neurotransmission (Borsini et al., 2015; Levin & 
Godukhin, 2017). Particularly, they may modulate 
serotoninergic and glutamatergic systems, involved in 
OCD (Müller & Schwarz, 2007). Such an explanation, 
proposed for LD, might also fit with T. Gondi and 
HHV infections (Johnco et al., 2018). Indeed, T. gondii 
infections were associated with elevated biomarkers of 
chronic inflammation and vascular injury  (El-Sayed 
et al., 2012; Egorov et al., 2018, 2021; Tomasik et al., 
2016), as well as with subtle neurophysiological changes 
(Tedford & McConkey, 2017; Tomasik et al., 2016). 
Beside the cytotoxic action typical of acute infections, 
HHV latency may induce immune dysregulations with 
secretion of several immune-modulatory cytokines, 
platelet activation, and vascular dysfunctions (Brunson 
et al., 2016; ; Duarte et al., 2019; Ludlow et al., 2016). 

Given the neurotropism for areas involved in OCD 
pathophysiology, a mechanism of direct or immune-
mediated damage at the level of the implant site was 
proposed for other infectious agents. This pathogenetic 
model was also called “tuberculosis model”, since, as in 
the tuberculosis, the disease arises from the interaction 
between the pathogen, that preferentially settles in some 
organs, and the immune processes acting to contain 
it (Szechtmane et al., 2014). It was first proposed for 
OCD (Rotge et al., 2010), by noting that BDV infection 
associated with OCD symptoms (Bode et al., 1995), 
had preferential neurotropism for CSTC circuits 
areas. Therefore, they speculated that BDV infection 
grafting into CSTC circuits could cause immune-
mediated alterations of CTCS networks producing 
OCD symptoms. However, it was also proposed that 
BVD could elicit glutamate excitotoxicity (Rotge et al., 
2010), since genetic association were reported between 
glutamate transporter gene variants and OCD onset 
(Arnold et al., 2006). Indeed, according to these authors, 
genetic alterations of the glutamatergic system would 
facilitate pathogens-induced immunopathological 
reactions in the OCD-relevant brain regions, with 
consequent hyperactivity of basal ganglia loops (Wu et 
al., 2012). It was also observed that BDV specifically 

transmission, promoting the actuation of procedural 
strategies. By contrast, the indirect pathway inhibits 
thalamic activity, allowing the cortex to respond to 
different stimuli. These pathways are involved in a 
variety of activities, including reward processing, 
action selection, habit formation, and motor control 
(Robbins et al., 2012). Moreover, they play an important 
role by using complex feedbacks in the recognition 
of significant behavioral stimuli (and error detection) 
and in the regulation of targeted responses (Lovinger, 
2010). The first evidence that OCD symptoms may be 
mediated by CSTC circuits included research showing 
an association between parkinsonian post-encephalitis, 
obsessive-compulsive symptoms, and striatal lesions 
(Reghunandanan et al., 2015). Later, OCD symptoms 
have also been observed in other neurological disorders 
involving striatal pathology, including Tourette's 
syndrome, SC, Huntington's disease, Parkinson's 
disease, and neuroacanthocytosis  (Chacko et al., 
2000; Laplane et al., 1989; Laplane, 1994; Maia et al., 
2008; Rapoport, 1989). The main neurotransmitters 
underpinning OCD symptoms correspond to key 
neurotransmitters of CSTC circuits (Stein et al., 
2019). Noteworthy, besides functional and structural 
anomalies of CSTC circuits (Maia et al., 2008; Rasgon 
et al., 2017), emerging evidence suggests also the 
involvement of widespread associative networks in 
OCD, including regions of the frontal, parietal and 
temporal cortex, limbic areas, and cerebellum (Hazari 
et al., 2019). 

Although different mechanisms have been 
hypothesized on how pathogens might contribute 
to the OCD development, it is generally agreed that 
they would converge to cause functional/structural 
alterations of CSTC circuits, with direct or indirect 
neurotransmitter dysfunctions.

Based on the high rate of anti-basal ganglia 
antibodies detected in SC and PANDAS cases 
(Kirvan et al., 2003; Williams & Swedo, 2015), it was 
proposed that some pathogens could act by triggering 
autoimmune processes against brain regions involved 
in OCD pathophysiology. This autoimmunity would 
be unleashed by molecular mimicry, whereby the 
antibodies produced against the pathogen cross-react 
with neuronal antigens, producing both antibody– and/
or cell-mediated neural damage (Kapadia & Sakic, 
2011). In SC and PANDAS antibodies produced against 
GABHS components cross-react with endogenous 
proteins, mainly represented by human lysoganglioside 
GM1 (a ganglioside expressed in the brain (Kirvan 
et al., 2003)), neuronal surface glycolytic enzymes 
(Dale et al., 2006), tubulin (Kirvan, et al., 2007), and 
D1 and D2 receptors (Ben-Pazi et al., 2013; Dale et 
al., 2012). However, in a prospective study of children 
with post-streptococcal neuropsychiatric symptoms, no 
correlation was found between clinical symptoms and 
a change in autoimmune markers, such as anti-neural 
antibodies or inflammatory cytokines (Singer et al., 
2008). Since these cross-reactive antibodies showed 
to bind basal ganglia components and induce CaMKII 
activity of Cam Kinase II (CaMKII) – a protein kinase 
involved in multiple signaling cascades (Kirvan et 
al., 2006) – other authors hypothesized that they may 
directly stimulate or block the receptors expressed in 
basal ganglia. In particular, it has been proposed that 
antibodies against the D1 and D2 receptor may be 
pathologically relevant in SC and PANDAS, as they 
can affect dopaminergic neurons in the basal ganglia 
and in the cortex contributing to the development of 
movement and behavioral disorders observed in these 
conditions (Williams & Swedo, 2015). Notably, in most 
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interferes with the activity-dependent enhancement of 
synaptic vesicle recycling, one component of neuronal 
communication together with synaptic transmission 
(Volmer et al., 2006). In addition, in rats, BDV 
infection may induce expression of key enzymes of 
the kynurenine pathway, shunting tryptophan from 
the production of 5-HT towards that of the neurotoxic 
quinolinic acid. This pathogenetic hypothesis can be 
speculated for all neurotropic pathogens, including T. 
Gondii and HHV, and it would be responsible for the 
decreased functioning of the serotonergic system in 
OCD, that is the core abnormality in this condition 
and still represents a sort of paradigm for current anti-
obsessive drugs, i.e., 5-HT reuptake inhibitors (Müller 
& Schwarz, 2007). 

Finally, infectious agents could trigger OCD 
pictures through a sensitization-related mechanism 
leading to the CSTC circuit hyperactivity. This 
phenomenon may occur in both physiological and 
pathological conditions. An example is what is labeled 
as the “compensatory behavioral prophylaxis” during 
the menstrual cycle (Fessler, 2001). At times of 
relatively high progesterone levels, women seem more 
susceptible to infections because of the immune system 
suppression. During these periods, OCD symptoms, 
like cleaning rituals, may be a behavioral compensation 
to prevent contamination (Woolf, 2011; Szechtman et 
al., 2014). Unfortunately, these are just suggestions that 
would require to be corroborated by specific studies.

Conclusions
The findings discussed in this review would 

suggest a possible involvement of infectious agents 
in the development of primary neuropsychiatric 
conditions, such as schizophrenia, mood disorders, 
ASD, ADHD, tic disorders, anorexia nervosa and 
PTSD (McCusker & Kelley, 2013; Pape et al., 2019). 
Several mechanisms have been proposed through 
which microbes or viruses could contribute to CSN 
dysfunctions. However, most of the evidence suggested 
immune alterations and inflammation as intermediate 
pathways. Several pathogens could act by triggering 
immune-inflammatory processes that, in turn, would 
lead to CNS functional/structural damage (Pape et al., 
2019). Indeed, infectious agents may provoke a chronic 
low-grade inflammation, associated to the development 
of neurotoxicity, neurodegeneration, and persistent 
neuropsychiatric symptoms over time (Larochelle et 
al., 2016). The chronic secretion of pro-inflammatory 
cytokines my induce neurotoxic effects by increasing 
production of reactive oxygen species, activating 
microglia, and altering neurotransmission (Hanisch, 
2002; Hanisch & Gertig, 2014; Lively & Schlichter, 
2018; Müller & Schwarz, 2007; Pacheco et al., 2007). 
Some microbes could also act via epigenetic pathways 
to modulate the immune responses, thereby influencing 
the risk profile for neuropsychiatric disorders (Wendeln 
et al., 2018). In addition, molecular mimicry, anti-
neuronal autoantibodies, pro-inflammatory cytokines, 
microglial activation, neuroinflammation, and BBB 
disfunctions may be all involved in such conditions. 
It is currently known that the interaction between 
neurons, glial cells, and immune system contributes 
to the proper functioning of the CNS (Pape et al., 
2019), so that the disturbance of this balance by 
external agents is likely to modify mental processes. 
However, several questions remain unresolved, such 
as whether immunological dysfunctions are a cause or 
a consequence of certain disorders, or why the same 

infectious agent can lead to clinically distinct disorders. 
For example, previous infections and/or reactivations by 
CMV, EBV, and T. Gondii are associated with different 
psychiatric disorders, possibly sharing common neuro-
inflammatory patterns and/or neurotransmitter system 
dysfunctions. Latent T. gondii infections, was related 
to schizophrenia and bipolar disorders (Burgdorf et 
al., 2019; Chaudhury & Ramana, 2019), increased 
aggression and impulsivity (Cook et al., 2015), suicide 
(Sutterland et al., 2019), and AD (Nayeri Chegeni et 
al., 2019b). The HHV infection was associated with 
suicidal behavior and greater risk to have a psychiatric 
diagnosis (Nissen et al., 2019), including schizophrenia 
(Dickerson et al., 2019; Yolken, 2004), bipolar disorder 
and depression (Asoode et al., 2016; Prusty et al., 
2018). Evidence also suggested a possible relationship 
between infections with HSV, CMV, and T. gondii 
and cognitive dysfunctions, particularly of working 
memory amongst patients with schizophrenia or 
bipolar disorders (Hamdani et al., 2017). Therefore, the 
variability of outcomes after infections would suggest 
that these pathogens could be related to symptom 
clusters or dimensions rather than to distinct nosological 
entities, by non-specifically increasing the risk for CNS 
dysfunctions (McAlonan et al., 2010; McCusker & 
Kelley, 2013). 

In addition, the available evidence would indicate 
that exposure to some infectious agents could represent 
a possible environmental risk factor even for the onset 
of primary OCD. Several studies associated infectious 
agents with pediatric OCD forms, characterized by 
an abrupt onset and an episodic course, currently 
globally known as PANS. In PANS the OCD onset is 
typically acute – triggered by infection, reinfection, or 
reactivation from an infectious agent – and the OCD 
course is typically episodic, with symptoms resolving 
as the infection cleared. Findings in adult patients 
with OCD are more limited to a few, albeit intriguing 
studies investigating the presence of seropositivity for 
bacteria, viruses, or parasites with primary OCD. Taken 
as a whole, these studies suggested that OCD symptoms 
triggered by infectious agents might show a gradual 
onset and persist life-long regardless of acute infection 
or reinfection. The variability in CNS outcomes after 
infection can reflects differences in both exposure timing 
or in type or severity of host immune responses to the 
agent (McCusker & Kelley, 2013). Autoimmunity and 
latent infections by neurotropic pathogens could be a 
plausible explanation (Bechter, 2013; Flegr & Horáček, 
2020; Watson et al., 2013). Some evidence also indicates 
that co-or-multiple infections might synergically 
augment the level of inflammatory reactions and induce 
more severe outcomes than a single infection (Abdoli 
et al., 2020). 

Different mechanisms have been hypothesized on how 
pathogens and related immunological and inflammatory 
processes could contribute to the OCD development. 
Agreement does exist that they would ultimately 
converge to cause functional/structural alterations of 
areas involved in OCD pathophysiology (i.e., CSTC 
networks), with cascade dysfunctions of several other 
mechanisms.  As with other neuropsychiatric disorders, 
microbes seem to act predominantly through immuno-
inflammatory pathways, given the raised levels of 
immuno-inflammatory markers in a significant subset 
of OCD patients (Gerentes et al., 2019; Marazziti et al., 
2018). The associations between OCD and infections 
were mainly investigated by measuring pathogen-
specific IgG, a rather generic parameter, reflecting 
previous exposure to infectious agents, whether it 
is infection, reinfection, or reactivation. The limited 
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findings on the possible temporal relationship between 
pathogenic infections and OCD development are 
also controversial, particularly in prospective clinical 
studies (Luo et al., 2004; Leckman et al., 2011; Murphy 
& Pichichero, 2002). The demonstration of a reliable 
temporal association between these two events is 
lacking, although it would be fundamental to prove a 
cause-effect relationship. 

Several limitations of the reviewed studies should 
be emphasized since they lessen the conclusions about 
the association between infections and OCD. Indeed, 
the currently available literature is meagre and mainly 
represented by case reports, cross-sectional or case-
control studies on small samples. The different studies 
are heterogeneous in terms of population characteristics 
and methods used. Variations in the sensitivity and 
specificity of assay kits and the different cut-off values 
are also factors affecting the prevalence of infections. 
Furthermore, except for studies on T. Gondii, most of 
these results have not been replicated. Finally, the lack 
of evaluation of different associated factors in eligible 
studies can be considered as basic gap. 

In conclusion, further studies on large homogeneous 
samples and with a standardized prospective design 
are needed to investigate the possible links between 
infectious agents and neuropsychiatric disorders. If 
accurate and controlled, they might shed new light on this 
field that has significant potential pathophysiological, 
clinical and therapeutic implications. Therefore, 
together with the infectious agent Ig profiles, fluid and 
imaging immuno-inflammatory biomarkers, as well 
as functional/structural neuroimaging studies, should 
also be evaluated. Again, new insights into the role 
of infections and the immune system in psychiatric 
disorders might contribute to the development of new 
and more tailored drugs for psychiatric disorders, as 
well as to psychiatry precision medicine, in which 
treatment would be based on altered pathological 
pathways detected in single patient. This seems 
particularly relevant in patients suffering from OCD 
that, in the real-life clinical practice, result particularly 
resistant to currently employed therapeutic strategies.

References
Aarab, C., Aalouane, R., Boujraf, S., & Rammouz, I. (2018). 

Delicate Situation of Bipolar Disorder and Interferon 
Therapy. J Neurosci Rural Pract, 9(1), 164–166. https://
doi.org/10.4103/jnrp.jnrp_179_17

Abdoli, A., Taghipour, A., Pirestani, M., Mofazzal Jahromi, 
M. A., Roustazadeh, A., Mir, H., Ardakani, H. M., 
Kenarkoohi, A., Falahi, S., & Karimi, M. (2020). Infections, 
inflammation, and risk of neuropsychiatric disorders: the 
neglected role of "co-infection". Heliyon, 6(12), e05645. 
https://doi.org/10.1016/j.heliyon.2020.e05645 

Abramowitz, J. S., Taylor, S., & McKay, D. (2009). Obsessive-
compulsive disorder. Lancet (London, England), 
374(9688), 491-499. doi:10.1016/s0140-6736(09)60240-3

Almanzar, G., Schwaiger, S., Jenewein, B., Keller, M., Herndler-
Brandstetter, D., Würzner, R., Schönitzer, D., & Grubeck-
Loebenstein, B. (2005). Long-term cytomegalovirus 
infection leads to significant changes in the composition 
of the CD8+ T-cell repertoire, which may be the basis for 
an imbalance in the cytokine production profile in elderly 
persons. J Virol, 79(6), 3675–3683. https://doi.org/10.1128/
JVI.79.6.3675-3683.2005

Alvarenga, P. G., Floresi, A. C., Torres, A. R., Hounie, A. G., 
Fossaluza, V., Gentil, A. F., Pereira, C. A., & Miguel, E. 
C. (2009). Higher prevalence of obsessive-compulsive 
spectrum disorders in rheumatic fever. Gen Hosp 



Back to the future: The role of infections in psychopathology. Focus on OCD

Clinical Neuropsychiatry (2022) 19, 4 257

Imprimerie de Didot le Jeune.
Bechter, K. (2013). Virus infection as a cause of inflammation 

in psychiatric disorders. Mod Trends Pharmacopsychiatry, 
28, 49-60. doi:10.1159/000343967 

Ben-Pazi, H., Stoner, J. A., & Cunningham, M. W. (2013). 
Dopamine receptor autoantibodies correlate with 
symptoms in Sydenham's chorea. PloS one, 8(9), e73516. 
doi:10.1371/journal.pone.0073516

Benros, M. E., Mortensen, P. B., & Eaton, W. W. (2012). 
Autoimmune diseases and infections as risk factors 
for schizophrenia. Ann. N. Y. Acad. Sci., 1262, 56-66. 
doi:10.1111/j.1749-6632.2012.06638.x

Benros, M. E., Nielsen, P. R., Nordentoft, M., Eaton, W. W., 
Dalton, S. O., & Mortensen, P. B. (2011). Autoimmune 
diseases and severe infections as risk factors for 
schizophrenia: a 30-year population-based register study. 
Am. J. Psychiatry, 168(12), 1303-1310. doi:10.1176/appi.
ajp.2011.11030516

Bien, C. G., Vincent, A., Barnett, M. H., Becker, A. J., 
Blümcke, I., Graus, F., Jellinger, K. A., Reuss, D. E., 
Ribalta, T., Schlegel, J., Sutton, I., Lassmann, H., & Bauer, 
J. (2012). Immunopathology of autoantibody-associated 
encephalitides: clues for pathogenesis. Brain, 135(Pt 5), 
1622–1638. https://doi.org/10.1093/brain/aws082

Blomström, Å., Karlsson, H., Gardner, R., Jörgensen, L., 
Magnusson, C., & Dalman, C. (2016). Associations 
Between Maternal Infection During Pregnancy, Childhood 
Infections, and the Risk of Subsequent Psychotic Disorder-
-A Swedish Cohort Study of Nearly 2 Million Individuals. 
Schizophren Bull, 42(1), 125–133. https://doi.org/10.1093/
schbul/sbv112 

Bode, L., Zimmermann, W., Ferszt, R., Steinbach, F., & 
Ludwig, H. (1995). Borna disease virus genome transcribed 
and expressed in psychiatric patients. Nat Med, 1(3), 232-
236. doi:10.1038/nm0395-232

Bodner, S. M., Morshed, S. A., & Peterson, B. S. (2001). The 
question of PANDAS in adults. Biol Psychiatry, 49(9), 
807-810. doi:10.1016/s0006-3223(00)01127-6

Borsini, A., Zunszain, P. A., Thuret, S., & Pariante, C. M. 
(2015). The role of inflammatory cytokines as key 
modulators of neurogenesis. Trends Neurosci, 38(3), 145-
157. doi:10.1016/j.tins.2014.12.006

Breier, A., Buchanan, R. W., D'Souza, D., Nuechterlein, K., 
Marder, S., Dunn, W., Preskorn, S., Macaluso, M., Wurfel, 
B., Maguire, G., Kakar, R., Highum, D., Hoffmeyer, D., 
Coskinas, E., Litman, R., Vohs, J. L., Radnovich, A., 
Francis, M. M., Metzler, E., Visco, A., Mehdiyoun, N., 
Yang, Z., Zhang, Y., Yolken, R.H., & Dickerson, F. B. 
(2019). Herpes simplex virus 1 infection and valacyclovir 
treatment in schizophrenia: results from the VISTA study. 
Schizoph Res, 206, 291–299. https://doi.org/10.1016/j.
schres.2018.11.002

Breithaupt, L., Köhler-Forsberg, O., Larsen, J. T., Benros, M. 
E., Thornton, L. M., Bulik, C. M., & Petersen, L. (2019). 
Association of Exposure to Infections in Childhood With 
Risk of Eating Disorders in Adolescent Girls. JAMA 
Psychiatry, 76(8), 800–809. https://doi.org/10.1001/
jamapsychiatry.2019.0297 

Brown, A. S. (2012). Epidemiologic studies of exposure to 
prenatal infection and risk of schizophrenia and autism. Dev 
Neurobiol, 72(10), 1272-1276. doi:10.1002/dneu.22024

Brunson, J. L., Khoretonenko, M. V., & Stokes, K. Y. (2016). 
Chapter 10 – Herpesviruses. In Felicity N. E. Gavins & 
Karen Y. Stokes (Eds.), Vascular Responses to Pathogens 
(pp. 123-136). Boston: Academic Press.

Brynska, A., Tomaszewicz-Libudzic, E., & Wolanczyk, T. 
(2001). Obsessive-compulsive disorder and acquired 
toxoplasmosis in two children. Eur Child Adolesc 
Psychiatry, 10(3), 200–204. https://doi.org/10.1007/
s007870170027

Burchi, E., & Pallanti, S. (2018). Antibiotics for PANDAS? 

Limited Evidence: Review and Putative Mechanisms 
of Action. Prim Care Companion CNS Disord, 20(3). 
doi:10.4088/PCC.17r02232

Burgdorf, K. S., Trabjerg, B. B., Pedersen, M. G., Nissen, J., 
Banasik, K., Pedersen, O. B., Sørensen, E., Nielsen, K. 
R., Larsen, M. H., Erikstrup, C., Bruun-Rasmussen, P., 
Westergaard, D., Thørner, L. W., Hjalgrim, H., Paarup, H. 
M., Brunak, S., Pedersen, C. B., Torrey, E. F., Werge, T., 
Mortensen, P. B., Yolken, R.H., & Ullum, H. (2019). Large-
scale study of Toxoplasma and Cytomegalovirus shows 
an association between infection and serious psychiatric 
disorders. Brain Behav Immun, 79, 152–158. https://doi.
org/10.1016/j.bbi.2019.01.026

Burguière, E., Monteiro, P., Mallet, L., Feng, G., & Graybiel, 
A. M. (2015). Striatal circuits, habits, and implications for 
obsessive-compulsive disorder. Curr Opin Neurobiol., 30, 
59–65. https://doi.org/10.1016/j.conb.2014.08.008 

Canetta, S., Sourander, A., Surcel, H. M., Hinkka-Yli-
Salomäki, S., Leiviskä, J., Kellendonk, C., McKeague, I. 
W., & Brown, A. S. (2014). Elevated maternal C-reactive 
protein and increased risk of schizophrenia in a national 
birth cohort. Am J Psychiatry, 171(9), 960–968. https://doi.
org/10.1176/appi.ajp.2014.13121579 

Carbone, K. M. (2001). Borna disease virus and human disease. 
Clin. Microbiol. Rev., 14(3), 513-527. doi:10.1128/
CMR.14.3.513-527.2001

Cascella, N. G., Santora, D., Gregory, P., Kelly, D. L., Fasano, 
A., & Eaton, W. W. (2013). Increased prevalence of 
transglutaminase 6 antibodies in sera from schizophrenia 
patients. Schizophren Bull, 39(4), 867-871. doi:10.1093/
schbul/sbs064

Chacko, R. C., Corbin, M. A., & Harper, R. G. (2000). Acquired 
obsessive-compulsive disorder associated with basal 
ganglia lesions. J Neuropsychiatry Clin Neurosci, 12(2), 
269–272. https://doi.org/10.1176/jnp.12.2.269

Chang, K., Frankovich, J., Cooperstock, M., Cunningham, 
M. W., Latimer, M. E., Murphy, T. K., Pasternack, M., 
Thienemann, M., Williams, K., Walter, J., Swedo, S. E., & 
PANS Collaborative Consortium (2015). Clinical evaluation 
of youth with pediatric acute-onset neuropsychiatric 
syndrome (PANS): recommendations from the 2013 PANS 
Consensus Conference. J Child Adolesc Psychopharmacol, 
25(1), 3–13. https://doi.org/10.1089/cap.2014.0084

Chaplin, A., Jones, P., & Khandaker, G. (2020). Association 
between common early-childhood infection and subsequent 
depressive symptoms and psychotic experiences 
in adolescence: A population-based longitudinal 
birth cohort study. Psychol Med, 1-11. doi:10.1017/
S0033291720004080 

Chaudhury, A., & Ramana, B. V. (2019). Schizophrenia 
and bipolar disorders: The Toxoplasma connection. 
Trop Parasitol, 9(2), 71–76. https://doi.org/10.4103/
tp.TP_28_19

Cheyette, S. R., & Cummings, J. L. (1995). Encephalitis 
lethargica: lessons for contemporary neuropsychiatry. J 
Neuropsychiatry Clin Neurosci, 7(2), 125-134. doi:10.1176/
jnp.7.2.125

Cook, T. B., Brenner, L. A., Cloninger, C. R., Langenberg, 
P., Igbide, A., Giegling, I., Hartmann, A. M., Konte, B., 
Friedl, M., Brundin, L., Groer, M. W., Can, A., Rujescu, 
D., & Postolache, T. T. (2015). "Latent" infection with 
Toxoplasma gondii: association with trait aggression and 
impulsivity in healthy adults. J. Psychiatr. Res., 60, 87-94. 
doi:10.1016/j.jpsychires.2014.09.019 

Coughlin, S.S. (2012). Anxiety and depression: linkages with 
viral diseases. Public Health Rev, 34(2), 7. https://doi.
org/10.1007/BF03391675 

D'Mello, C., & Swain, M. G. (2017). Immune-to-Brain 
Communication Pathways in Inflammation-Associated 
Sickness and Depression. Curr Top Behav Neurosci, 31, 
73-94. doi:10.1007/7854_2016_37



Alessandra Della Vecchia, Donatella Marazziti

258 Clinical Neuropsychiatry (2022) 19, 4

Dietrich, D. E., Zhang, Y., Bode, L., Münte, T. F., Hauser, U., 
Schmorl, P., Richter-Witte, C., Gödecke-Koch, T., Feutl, 
S., Schramm, J., Ludwig, H., Johannes, S., & Emrich, H. 
M. (2005). Brain potential amplitude varies as a function 
of Borna disease virus-specific immune complexes in 
obsessive–compulsive disorder. Mol Psychiatry, 10(6), 
519-520. doi:10.1038/sj.mp.4001645

Duarte, L. F., Farías, M. A., Álvarez, D. M., Bueno, S. 
M., Riedel, C. A., & González, P. A. (2019). Herpes 
Simplex Virus Type 1 Infection of the Central Nervous 
System: Insights Into Proposed Interrelationships With 
Neurodegenerative Disorders. Front Cell Neurosci, 13, 46. 
https://doi.org/10.3389/fncel.2019.00046 

Eaton, W. W., Pedersen, M. G., Nielsen, P. R., & Mortensen, 
P. B. (2010). Autoimmune diseases, bipolar disorder, and 
non-affective psychosis. Bipolar Disord, 12(6), 638-646. 
doi:10.1111/j.1399-5618.2010.00853.x

Egorov, A. I., Converse, R., Griffin, S. M., Styles, J., Klein, E., 
Sams, E., Hudgens, E., & Wade, T. J. (2018). Environmental 
risk factors for Toxoplasma gondii infections and the impact 
of latent infections on allostatic load in residents of Central 
North Carolina. BMC Infect Dis, 18(1), 421. doi:10.1186/
s12879-018-3343-y

Elamin, I., Edwards, M. J., & Martino, D. (2013). Immune 
dysfunction in Tourette syndrome. Behav Neurol, 27(1), 
23-32. doi:10.3233/ben-120295

El-Sayed, N. M., Ismail, K. A., Ahmed, S. A. E. G., Ezz-El-
Din, H. M., & Azzam, H. M. E. E. D. (2012). Possible 
association between Toxoplasma gondii infection and 
schizophrenia: Egyptian study. Arch. Clin. Infect. Dis., 
20(6), 394-399

Esmarch, F., & Jessen, W. (1857) Syphilis und Geistesstörung. 
Allg Zeitschr Psychiat, 14, 20–32. 

Fallon, B., Madsen, T., Erlangsen, A., & Benros, M. (2021). 
Lyme Borreliosis and Associations With Mental Disorders 
and Suicidal Behavior: A Nationwide Danish Cohort Study. 
Am. J. Psychiatry, 178, appi.ajp.2021.2022. doi:10.1176/
appi.ajp.2021.20091347

Fernandes, S. M., Dias, A. R., & Miranda-Scippa, Â. (2021). 
Association between exposure to toxoplasmosis and 
major psychiatric disorders: a systematic review. Braz J 
Psychiatry, 43(4), 438-445. doi:10.1590/1516-4446-2020-
0904 

Fessler, D. M. (2001). Luteal phase immunosuppression and 
meat eating. Riv Biol, 94(3), 403-426. 

Fineberg, N. A., Apergis-Schoute, A. M., Vaghi, M. M., Banca, 
P., Gillan, C. M., Voon, V., Chamberlain, S. R., Cinosi, 
E., Reid, J., Shahper, S., Bullmore, E. T., Sahakian, B. 
J., & Robbins, T. W. (2018). Mapping compulsivity in 
the DSM-5 obsessive compulsive and related disorders: 
cognitive domains, neural circuitry, and treatment. Int 
J Neuropsychopharmacol, 21(1), 42–58. https://doi.
org/10.1093/ijnp/pyx088

Flegr, J. (2015). Neurological and neuropsychiatric 
consequences of chronic Toxoplasma infection. Curr. Clin. 
Microbiol. Rep., 2(4), 163-172. doi:10.1007/s40588-015-
0024-0 

Flegr, J., & Horáček, J. (2017). Toxoplasma-infected subjects 
report an Obsessive-Compulsive Disorder diagnosis 
more often and score higher in Obsessive-Compulsive 
Inventory. Eur. Psychiatry, 40, 82-87. doi:10.1016/j.
eurpsy.2016.09.001

Flegr, J., & Horáček, J. (2020). Negative effects of latent 
toxoplasmosis on mental health. Front Psychiatry, 10, 
1012. https://doi.org/10.3389/fpsyt.2019.01012 

Flinkkilä, E., Keski-Rahkonen, A., Marttunen, M., & Raevuori, 
A. (2016). Prenatal inflammation, infections and mental 
disorders. Psychopathology, 49(5), 317–333. https://doi.
org/10.1159/000448054

Fox, E., Amaral, D., & Van de Water, J. (2012). Maternal and 
fetal antibrain antibodies in development and disease. Dev 

Dahm, L., Ott, C., Steiner, J., Stepniak, B., Teegen, B., 
Saschenbrecker, S., Hammer, C., Borowski, K., Begemann, 
M., Lemke, S., Rentzsch, K., Probst, C., Martens, H., 
Wienands, J., Spalletta, G., Weissenborn, K., Stöcker, W., 
& Ehrenreich, H. (2014). Seroprevalence of autoantibodies 
against brain antigens in health and disease. Ann Neurol, 
76(1), 82–94. https://doi.org/10.1002/ana.24189 

Dale, R. C., Candler, P. M., Church, A. J., Wait, R., Pocock, J. 
M., & Giovannoni, G. (2006). Neuronal surface glycolytic 
enzymes are autoantigen targets in post-streptococcal 
autoimmune CNS disease. J Neuroimmunol, 172(1-2), 
187-197. doi:10.1016/j.jneuroim.2005.10.014

Dale, R. C., Church, A. J., & Heyman, I. (2003). Striatal 
encephalitis after varicella zoster infection complicated by 
Tourettism. Mov Disord, 18(12), 1554-1556. doi:10.1002/
mds.10610

Dale, R. C., Merheb, V., Pillai, S., Wang, D., Cantrill, L., 
Murphy, T. K., Ben-Pazi, H., Varadkar, S., Aumann, T. D., 
Horne, M. K., Church, A. J., Fath, T., & Brilot, F. (2012). 
Antibodies to surface dopamine-2 receptor in autoimmune 
movement and psychiatric disorders. Brain, 135(Pt 11), 
3453–3468. https://doi.org/10.1093/brain/aws256

Dalman, C., Allebeck, P., Gunnell, D., Harrison, G., 
Kristensson, K., Lewis, G., Lofving, S., Rasmussen, F., 
Wicks, S., & Karlsson, H. (2008). Infections in the CNS 
during childhood and the risk of subsequent psychotic 
illness: a cohort study of more than one million Swedish 
subjects. Am J Psychiatry, 165(1), 59–65. https://doi.
org/10.1176/appi.ajp.2007.07050740

Dalmau, J., Lancaster, E., Martinez-Hernandez, E., Rosenfeld, 
M. R., & Balice-Gordon, R. (2011). Clinical experience 
and laboratory investigations in patients with anti-NMDAR 
encephalitis. Lancet Neurol, 10(1), 63-74. doi:10.1016/
s1474-4422(10)70253-2

Damasio, A. R., & Van Hoesen, G. W. (1985). The limbic 
system and the localisation of herpes simplex encephalitis. J 
Neurol Neurosurg Psychiatry, 48(4), 297-301. doi:10.1136/
jnnp.48.4.297

Deakin, B., Suckling, J., Barnes, T., Byrne, K., Chaudhry, I. B., 
Dazzan, P., Drake, R. J., Giordano, A., Husain, N., Jones, P. 
B., Joyce, E., Knox, E., Krynicki, C., Lawrie, S. M., Lewis, 
S., Lisiecka-Ford, D. M., Nikkheslat, N., Pariante, C. M., 
Smallman, R., Watson, A., Williams, S.C.R., Upthegrove, 
R., & Dunn, G. BeneMin Study team (2018). The benefit 
of minocycline on negative symptoms of schizophrenia 
in patients with recent-onset psychosis (BeneMin): a 
randomised, double-blind, placebo-controlled trial. Lancet. 
Psychiatry, 5(11), 885–894. https://doi.org/10.1016/S2215-
0366(18)30345-6

DeGiorgio, L. A., Konstantinov, K. N., Lee, S. C., Hardin, J. 
A., Volpe, B. T., & Diamond, B. (2001). A subset of lupus 
anti-DNA antibodies cross-reacts with the NR2 glutamate 
receptor in systemic lupus erythematosus. Nat Med, 7(11), 
1189-1193. doi:10.1038/nm1101-1189

Dickerson, F., Jones-Brando, L., Ford, G., Genovese, G., 
Stallings, C., Origoni, A., O'Dushlaine, C., Katsafanas, 
E., Sweeney, K., Khushalani, S., & Yolken, R. (2019). 
Schizophrenia is Associated With an Aberrant Immune 
Response to Epstein-Barr Virus. Schizophren Bull, 45(5), 
1112-1119. doi:10.1093/schbul/sby164

Dickerson, F., Stallings, C., Origoni, A., Vaughan, C., 
Khushalani, S., Alaedini, A., & Yolken, R. (2011). 
Markers of gluten sensitivity and celiac disease in bipolar 
disorder. Bipolar Disord, 13(1), 52-58. doi:10.1111/j.1399-
5618.2011.00894.x

Dietrich, D. E., Bode, L., Spannhuth, C. W., Hecker, H., 
Ludwig, H., & Emrich, H. M. (2020). Antiviral treatment 
perspective against Borna disease virus 1 infection in 
major depression: a double-blind placebo-controlled 
randomized clinical trial. BMC Pharmacol Toxicol, 21(1), 
12. doi:10.1186/s40360-020-0391-x



Back to the future: The role of infections in psychopathology. Focus on OCD

Clinical Neuropsychiatry (2022) 19, 4 259

Neurobiol, 72(10), 1327-1334. doi:10.1002/dneu.22052
Frye, M. A., Coombes, B. J., McElroy, S. L., Jones-Brando, 

L., Bond, D. J., Veldic, M., Romo-Nava, F., Bobo, W. 
V., Singh, B., Colby, C., Skime, M. K., Biernacka, J. M., 
& Yolken, R. (2019). Association of Cytomegalovirus 
and Toxoplasma gondii Antibody Titers With Bipolar 
Disorder. JAMA Psychiatry, 76(12), 1285–1293. https://
doi.org/10.1001/jamapsychiatry.2019.2499

Fülöp, T., Itzhaki, R. F., Balin, B. J., Miklossy, J., & Barron, 
A. E. (2018). Role of microbes in the development of 
Alzheimer's disease: state of the art – An International 
Symposium presented at the 2017 IAGG Congress 
in San Francisco. Front Genet, 9, 362. doi:10.3389/
fgene.2018.00362

Gerentes, M., Pelissolo, A., Rajagopal, K., Tamouza, R., & 
Hamdani, N. (2019). Obsessive-Compulsive Disorder: 
Autoimmunity and Neuroinflammation. Curr Psychiatry 
Rep, 21(8), 78. doi:10.1007/s11920-019-1062-8

Gertig, U., & Hanisch, U. K. (2014). Microglial diversity by 
responses and responders. Front Cell Neurosci, 8, 101. 
doi:10.3389/fncel.2014.00101

Gilbert, D. L., & Kurlan, R. (2009). PANDAS: horse or 
zebra? Neurology, 73(16), 1252-1253. doi:10.1212/
WNL.0b013e3181beed27

Golden, S. R., Rosenstein, D. L., Belhorn, T., & Blatt, J. (2021). 
Repurposing psychotropic agents for viral disorders: 
Beyond Covid. Assay Drug Dev Technol, 19(6), 373-385. 
doi:10.1089/adt.2021.014

Goodwin, R. D. (2011). Association between infection early in 
life and mental disorders among youth in the community: 
a cross-sectional study. BMC Public Health, 11(1), 878. 
doi:10.1186/1471-2458-11-878

Hamdani, N., Bengoufa, D., Godin, O., Doukhan, R., Le Guen, 
E., Daban-Huard, C., Bennabi, M., Delavest, M., Lépine, J. 
P., Boukouaci, W., Laouamri, H., Houenou, J., Jamain, S., 
Richard, J. R., Lecorvosier, P., Yolken, R., Rajagopal, K., 
Leboyer, M., & Tamouza, R. (2018). Immunoglobulin sub-
class distribution in bipolar disorder and schizophrenia: 
potential relationship with latent Toxoplasma Gondii 
infection. BMC Psychiatry, 18(1), 239. https://doi.
org/10.1186/s12888-018-1821-9

Hamdani, N., Daban-Huard, C., Godin, O., Laouamri, H., 
Jamain, S., Attiba, D., Delavest, M., Lépine, J. P., Le 
Corvoisier, P., Houenou, J., Richard, J. R., Yolken, 
R. H., Krishnamoorthy, R., Tamouza, R., Leboyer, 
M., & Dickerson, F. B. (2017). Effects of Cumulative 
Herpesviridae and Toxoplasma gondii Infections on 
Cognitive Function in Healthy, Bipolar, and Schizophrenia 
Subjects. J Clin Psychiatry, 78(1), e18–e27. https://doi.
org/10.4088/JCP.15m10133

Hammer, C., Stepniak, B., Schneider, A., Papiol, S., Tantra, M., 
Begemann, M., Sirén, A. L., Pardo, L. A., Sperling, S., Mohd 
Jofrry, S., Gurvich, A., Jensen, N., Ostmeier, K., Lühder, 
F., Probst, C., Martens, H., Gillis, M., Saher, G., Assogna, 
F., Spalletta, G., Stöcker, W., Schulz, T.F., Nave, K.A., & 
Ehrenreich, H. (2014). Neuropsychiatric disease relevance 
of circulating anti-NMDA receptor autoantibodies depends 
on blood-brain barrier integrity. Mol Psychiatry, 19(10), 
1143–1149. https://doi.org/10.1038/mp.2013.110 

Hanisch, U. K. (2002). Microglia as a source and target of 
cytokines. Glia, 40(2), 140-155. doi:10.1002/glia.10161

Haselmann, H., Mannara, F., Werner, C., Planagumà, J., 
Miguez-Cabello, F., Schmidl, L., Grünewald, B., Petit-
Pedrol, M., Kirmse, K., Classen, J., Demir, F., Klöcker, 
N., Soto, D., Doose, S., Dalmau, J., Hallermann, S., & 
Geis, C. (2018). Human Autoantibodies against the AMPA 
Receptor Subunit GluA2 Induce Receptor Reorganization 
and Memory Dysfunction. Neuron, 100(1), 91–105.e9. 
https://doi.org/10.1016/j.neuron.2018.07.048

Hazari, N., Narayanaswamy, J. C., & Venkatasubramanian, 
G. (2019). Neuroimaging findings in obsessive-

compulsive disorder: A narrative review to elucidate 
neurobiological underpinnings. Indian J Psychiatry, 
61(Suppl 1), S9–S29. https://doi.org/10.4103/psychiatry.
IndianJPsychiatry_525_18  

Hornig, M. (2013). The role of microbes and autoimmunity 
in the pathogenesis of neuropsychiatric illness. 
Curr Opin Rheumatol, 25(4), 488-795. doi:10.1097/
BOR.0b013e32836208de

Hornig, M., & Lipkin, W. I. (2001). Infectious and immune 
factors in the pathogenesis of neurodevelopmental 
disorders: epidemiology, hypotheses, and animal models. 
Ment Retard Dev Disabil Res Rev, 7(3), 200-210. 
doi:10.1002/mrdd.1028

Hounie, A. G., Pauls, D. L., Mercadante, M. T., Rosário-Campos, 
M. C., Shavitt, R. G., de Mathis, M. A., de Alvarenga, P. G., 
Cúri, M., & Miguel, E. C. (2004). Obsessive-compulsive 
spectrum disorders in rheumatic fever with and without 
Sydenham's chorea. J. Clin. Psychiatry, 65(7), 994-999. 
doi:10.4088/jcp.v65n0717  

Hounie, A. G., Pauls, D. L., do Rosario-Campos, M. C., 
Mercadante, M. T., Diniz, J. B., De Mathis, M. A., De 
Mathis, M. E., Chacon, P., Shavitt, R. G., Curi, M., 
Guilherme, L., & Miguel, E. C. (2007). Obsessive-
compulsive spectrum disorders and rheumatic fever: a 
family study. Biol Psychiatry, 61(3), 266–272. https://doi.
org/10.1016/j.biopsych.2006.02.021

Hu, S., Peterson, P. K., & Chao, C. C. (1997). Cytokine-
mediated neuronal apoptosis. Neurochem Int, 30(4-5), 427-
431. doi:10.1016/s0197-0186(96)00078-2

Hughes, E. G., Peng, X., Gleichman, A. J., Lai, M., Zhou, L., 
Tsou, R., Parsons, T. D., Lynch, D. R., Dalmau, J., & Balice-
Gordon, R. J. (2010). Cellular and synaptic mechanisms 
of anti-NMDA receptor encephalitis. J Neurosci, 30(17), 
5866-5875. doi:10.1523/jneurosci.0167-10.2010

Identification of risk loci with shared effects on five major 
psychiatric disorders: a genome-wide analysis. (2013). 
Cross-Disorder Group of the Psychiatric Genomics 
Consortium. Lancet (London, England), 381(9875), 1371-
1379. doi:10.1016/s0140-6736(12)62129-1

Jiang, H. Y., Xu, L. L., Shao, L., Xia, R. M., Yu, Z. H., Ling, 
Z. X., Yang, F., Deng, M., & Ruan, B. (2016). Maternal 
infection during pregnancy and risk of autism spectrum 
disorders: A systematic review and meta-analysis. Brain 
Behav Immun, 58, 165–172. https://doi.org/10.1016/j.
bbi.2016.06.005

Johnco, C., Kugler, B. B., Murphy, T. K., & Storch, E. A. 
(2018). Obsessive-compulsive symptoms in adults with 
Lyme disease. Gen Hosp Psychiatry, 51, 85–89. https://doi.
org/10.1016/j.genhosppsych.2018.01.009 

Kalueff, A. V., Stewart, A. M., Song, C., Berridge, K. C., 
Graybiel, A. M., & Fentress, J. C. (2016). Neurobiology 
of rodent self-grooming and its value for translational 
neuroscience. Nat Rev Neurosci, 17(1), 45–59. https://doi.
org/10.1038/nrn.2015.8

Kamminga, J., Cysique, L. A., Lu, G., Batchelor, J., & Brew, B. 
J. (2013). Validity of cognitive screens for HIV-associated 
neurocognitive disorder: a systematic review and an 
informed screen selection guide. Curr HIV/AIDS Rep, 
10(4), 342–355. https://doi.org/10.1007/s11904-013-0176-
6

Kapadia, M., & Sakic, B. (2011). Autoimmune and inflammatory 
mechanisms of CNS damage. Prog Neurobiol, 95(3), 301-
333. doi:10.1016/j.pneurobio.2011.08.008

Kapur, N., Barker, S., Burrows, E. H., Ellison, D., Brice, J., 
Illis, L. S., Scholey, K., Colbourn, C., Wilson, B., & 
Loates, M. (1994). Herpes simplex encephalitis: long 
term magnetic resonance imaging and neuropsychological 
profile. J Neurol Neurosurg Psychiatry, 57(11), 1334-1342. 
doi:10.1136/jnnp.57.11.1334

Katan, M., Moon, Y. P., Paik, M. C., Sacco, R. L., Wright, 
C. B., & Elkind, M. S. (2013). Infectious burden and 



Alessandra Della Vecchia, Donatella Marazziti

260 Clinical Neuropsychiatry (2022) 19, 4

A neuropsychological, magnetic resonance imaging and 
positron tomography study. Brain, 112 (Pt 3), 699–725. 
https://doi.org/10.1093/brain/112.3.699 

Larochelle, C., Uphaus, T., Prat, A., & Zipp, F. (2016). 
Secondary progression in multiple sclerosis: neuronal 
exhaustion or distinct pathology? Trends Neurosci, 39(5), 
325-339. doi:10.1016/j.tins.2016.02.001

Leckman, J. F., King, R. A., Gilbert, D. L., Coffey, B. J., Singer, 
H. S., Dure, L. S., 4th, Grantz, H., Katsovich, L., Lin, H., 
Lombroso, P. J., Kawikova, I., Johnson, D. R., Kurlan, R. 
M., & Kaplan, E. L. (2011). Streptococcal upper respiratory 
tract infections and exacerbations of tic and obsessive-
compulsive symptoms: a prospective longitudinal study. J. 
Am. Acad. Child Adolesc. Psychiatry 50(2), 108-118.e103. 
doi:10.1016/j.jaac.2010.10.011

Lee, Y. H., Cherkerzian, S., Seidman, L. J., Papandonatos, 
G. D., Savitz, D. A., Tsuang, M. T., Goldstein, J. M., & 
Buka, S. L. (2020). Maternal bacterial infection during 
pregnancy and offspring risk of psychotic disorders: 
variation by severity of infection and offspring sex. Am J 
Psychiatry, 177(1), 66–75. https://doi.org/10.1176/appi.
ajp.2019.18101206  

Lenze, E. J., Mattar, C., Zorumski, C. F., Stevens, A., Schweiger, 
J., Nicol, G. E., Miller, J. P., Yang, L., Yingling, M., Avidan, 
M. S., & Reiersen, A. M. (2020). Fluvoxamine vs placebo 
and clinical deterioration in outpatients with symptomatic 
COVID-19: a randomized clinical trial. JAMA, 324(22), 
2292–2300. https://doi.org/10.1001/jama.2020.22760

Levin, E. C., Acharya, N. K., Han, M., Zavareh, S. B., Sedeyn, 
J. C., Venkataraman, V., & Nagele, R. G. (2010). Brain-
reactive autoantibodies are nearly ubiquitous in human 
sera and may be linked to pathology in the context of 
blood-brain barrier breakdown. Brain Res, 1345, 221-232. 
doi:10.1016/j.brainres.2010.05.038

Levin, S. G., & Godukhin, O. V. (2017). Modulating effect of 
cytokines on mechanisms of synaptic plasticity in the brain. 
Biochemistry (Moscow), 82(3), 264-274. doi:10.1134/
S000629791703004X

Liu, D., Liu, W., Rodriguez, M., Zhang, J., & Zhang, F. (2021). 
The mental health impacts of covid-19 on pediatric patients 
following recovery. Front Psychol, 12, 628707. https://doi.
org/10.3389/fpsyg.2021.628707

Lively, S., & Schlichter, L. C. (2018). Microglia responses 
to pro-inflammatory stimuli (LPS, IFNγ+TNFα) and 
reprogramming by resolving cytokines (IL-4, IL-10). 
Front Cell Neurosci., 12, 215. https://doi.org/10.3389/
fncel.2018.00215

Lövheim, H., Gilthorpe, J., Adolfsson, R., Nilsson, L. G., & 
Elgh, F. (2015). Reactivated Herpes Simplex infection 
increases the risk of Alzheimer's disease. Alzheimers 
Dement, 11(6), 593-599. doi:10.1016/j.jalz.2014.04.522

Lovinger, D. M. (2010). Neurotransmitter roles in synaptic 
modulation, plasticity and learning in the dorsal striatum. 
Neuropharmacology, 58(7), 951-961. doi:10.1016/j.
neuropharm.2010.01.008

Ludlow, M., Kortekaas, J., Herden, C., Hoffmann, B., Tappe, 
D., Trebst, C., Griffin, D. E., Brindle, H. E., Solomon, T., 
Brown, A. S., van Riel, D., Wolthers, K. C., Pajkrt, D., 
Wohlsein, P., Martina, B., Baumgärtner, W., Verjans, G. 
M., & Osterhaus, A. (2016). Neurotropic virus infections 
as the cause of immediate and delayed neuropathology. 
Acta Neuropathol, 131(2), 159-184. doi:10.1007/s00401-
015-1511-3 

Luo, F., Leckman, J. F., Katsovich, L., Findley, D., Grantz, H., 
Tucker, D. M., Lombroso, P. J., King, R. A., & Bessen, 
D. E. (2004). Prospective longitudinal study of children 
with tic disorders and/or obsessive-compulsive disorder: 
relationship of symptom exacerbations to newly acquired 
streptococcal infections. Pediatrics, 113(6), e578-585. 
doi:10.1542/peds.113.6.e578

Maes, M., Mihaylova, I., Kubera, M., Leunis, J. C., & Geffard, 

cognitive function: the Northern Manhattan Study. 
Neurology, 80(13), 1209–1215. https://doi.org/10.1212/
WNL.0b013e3182896e79

Keil, A., Daniels, J. L., Forssen, U., Hultman, C., Cnattingius, 
S., Söderberg, K. C., Feychting, M., & Sparen, P. (2010). 
Parental autoimmune diseases associated with autism 
spectrum disorders in offspring. Epidemiology, 21(6), 805-
808. doi:10.1097/EDE.0b013e3181f26e3f

Kelley, K. W., Bluthé, R. M., Dantzer, R., Zhou, J. H., Shen, W. 
H., Johnson, R. W., & Broussard, S. R. (2003). Cytokine-
induced sickness behavior.  Brain Behav. Immun., 
17 Suppl 1, S112-118. doi:10.1016/s0889-1591(02)00077-
6 

Kendler, K. S. (2020). Maternal bacterial infection during 
pregnancy: a potential causal risk factor for psychosis in 
offspring. Am. J. Psychiatry, 177(1), 14-16. doi:10.1176/
appi.ajp.2019.19111150

Khandaker, G. M., Zimbron, J., Lewis, G., & Jones, P. B. 
(2013). Prenatal maternal infection, neurodevelopment and 
adult schizophrenia: a systematic review of population-
based studies. Psychol. Med., 43(2), 239-257. doi:10.1017/
S0033291712000736

Khanna, S., Ravi, V., Shenoy, P. K., Chandramukhi, A., & 
Channabasavanna, S. M. (1997a). Viral antibodies in blood 
in obsessive compulsive disorder. Indian J. Psychiatry, 
39(3), 190-195. 

Khanna, S., Ravi, V., Shenoy, P. K., Chandramuki, A., & 
Channabasavanna, S. M. (1997b). Cerebrospinal fluid viral 
antibodies in obsessive-compulsive disorder in an Indian 
population. Biol. Psychiatry, 41(8), 883-890. doi:10.1016/
S0006-3223(96)00174-6

Khanna, S. (1988). Obsessive-compulsive disorder: is there a 
frontal lobe dysfunction? Biol Psychiatry, 24(5), 602-613. 
doi:10.1016/0006-3223(88)90171-0

Kirvan, C. A., Cox, C. J., Swedo, S. E., & Cunningham, M. 
W. (2007). Tubulin is a neuronal target of autoantibodies 
in Sydenham's chorea. J Immunol, 178(11), 7412-7421. 
doi:10.4049/jimmunol.178.11.7412

Kirvan, C. A., Swedo, S. E., Heuser, J. S., & Cunningham, M. 
W. (2003). Mimicry and autoantibody-mediated neuronal 
cell signaling in Sydenham chorea. Nat Med, 9(7), 914-
920. doi:10.1038/nm892

Kirvan, C. A., Swedo, S. E., Snider, L. A., & Cunningham, 
M. W. (2006). Antibody-mediated neuronal cell signaling 
in behavior and movement disorders. J Neuroimmunol, 
179(1-2), 173-179. doi:10.1016/j.jneuroim.2006.06.017

Kogelnik, A. M., Loomis, K., Hoegh-Petersen, M., Rosso, F., 
Hischier, C., & Montoya, J. G. (2006). Use of valganciclovir 
in patients with elevated antibody titers against Human 
Herpesvirus-6 (HHV-6) and Epstein-Barr Virus (EBV) 
who were experiencing central nervous system dysfunction 
including long-standing fatigue. J Clin Virol, 37 Suppl 1, 
S33–S38. https://doi.org/10.1016/S1386-6532(06)70009-9 

Kurlan, R. (2004). The PANDAS hypothesis: losing its bite? 
Mov Disord, 19(4), 371-374. doi:10.1002/mds.20107

Kurlan, R., Johnson, D., & Kaplan, E. L. (2008). Streptococcal 
infection and exacerbations of childhood tics and obsessive-
compulsive symptoms: a prospective blinded cohort study. 
Pediatrics, 121(6), 1188-1197. doi:10.1542/peds.2007-
2657

Kwon, J. S., Jang, J. H., Choi, J. S., & Kang, D. H. (2009). 
Neuroimaging in obsessive-compulsive disorder. 
Expert Rev Neurother, 9(2), 255–269. https://doi.
org/10.1586/14737175.9.2.255 

Laplane, D. . (1994). Obsessive-compulsive disorders caused 
by basal ganglia diseases [French].  . Rev. Neurol., 150, 
594–598

Laplane, D., Levasseur, M., Pillon, B., Dubois, B., Baulac, 
M., Mazoyer, B., Tran Dinh, S., Sette, G., Danze, F., & 
Baron, J. C. (1989). Obsessive-compulsive and other 
behavioural changes with bilateral basal ganglia lesions. 



Back to the future: The role of infections in psychopathology. Focus on OCD

Clinical Neuropsychiatry (2022) 19, 4 261

M. (2011). IgM-mediated autoimmune responses directed 
against multiple neoepitopes in depression: new pathways 
that underpin the inflammatory and neuroprogressive 
pathophysiology. J. Affect. Disord, 135(1-3), 414-418. 
doi:10.1016/j.jad.2011.08.023

Maia, T. V., Cooney, Rebecca E., & Peterson, B. S. (2008). 
The neural bases of obsessive–compulsive disorder in 
children and adults. Dev. Psychopathol., 20(4), 1251-1283. 
doi:10.1017/S0954579408000606

Malek-Ahmadi, P. (2001). Mood disorders associated 
with interferon treatment: theoretical and practical 
considerations. Ann Pharmacother., 35(4), 489-495. 
doi:10.1345/aph.10172

Marazziti, D., Mucci, F., & Fontenelle, L. F. (2018). 
Immune system and obsessive-compulsive disorder. 
Psychoneuroendocrinology, 93, 39-44. doi:10.1016/j.
psyneuen.2018.04.013

Marazziti, D., Presta, S., Pfanner, C., Gemignani, A., Rossi, 
A., Sbrana, S., Rocchi, V., Ambrogi, F., & Cassano, G. 
B. (1999). Immunological alterations in adult obsessive-
compulsive disorder. Biol Psychiatry, 46(6), 810-814. 
doi:10.1016/s0006-3223(98)00371-0

Marazziti, D., & Stahl, S. M. (2020). The relevance of 
COVID-19 pandemic to psychiatry. World Psychiatry, 
19(2), 261. doi:10.1002/wps.20764

Martin, C., Aguila, B., Araya, P., Vio, K., Valdivia, S., Zambrano, 
A., Concha, M. I., & Otth, C. (2014). Inflammatory and 
neurodegeneration markers during asymptomatic HSV-1 
reactivation. J Alzheimers Dis, 39(4), 849–859. https://doi.
org/10.3233/JAD-131706

McAlonan, G. M., Li, Q., & Cheung, C. (2010). The Timing 
and Specificity of Prenatal Immune Risk Factors for Autism 
Modeled in the Mouse and Relevance to Schizophrenia. 
Neurosignals, 18(2), 129-139. doi:10.1159/000321080

McConkey, G. A., Martin, H. L., Bristow, G. C., & Webster, 
J. P.  (2013). Toxoplasma gondii infection and behaviour 
– location, location, location? J. Exp. Biol., 216(Pt 1), 113-
119. doi:10.1242/jeb.074153

McCusker, R. H., & Kelley, K. W. (2013). Immune-neural 
connections: how the immune system's response to 
infectious agents influences behavior. J. Exp. Biol., 216(Pt 
1), 84-98. doi:10.1242/jeb.073411 

McIntyre, J. A., Hamilton, R. L., & DeKosky, S. T. (2007). 
Redox-reactive autoantibodies in cerebrospinal 
fluids.  Ann. N. Y. Acad. Sci., 1109, 296-302. 
doi:10.1196/annals.1398.035

Mell, L. K., Davis, R. L., & Owens, D. (2005). Association 
between streptococcal infection and obsessive-compulsive 
disorder, Tourette's syndrome, and tic disorder. Pediatrics, 
116(1), 56-60. doi:10.1542/peds.2004-2058

Mercadante, M. T., Busatto, G. F., Lombroso, P. J., Prado, L., 
Rosário-Campos, M. C., do Valle, R., Marques-Dias, M. 
J., Kiss, M. H., Leckman, J. F., & Miguel, E. C. (2000). 
The psychiatric symptoms of rheumatic fever. Am J 
Psychiatry, 157(12), 2036–2038. https://doi.org/10.1176/
appi.ajp.157.12.2036 

Mercadante, M. T., Diniz, J. B., Hounie, A. G., Ferrão, 
Y., Alvarenga, P., Brotto, S., & Miguel, E. C. (2005). 
Obsessive-compulsive spectrum disorders in rheumatic 
fever patients. J Neuropsychiatry Clin Neurosci, 17(4), 
544–547. https://doi.org/10.1176/jnp.17.4.544  

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). 
Preferred reporting items for systematic reviews and 
meta-analyses: the PRISMA statement. PLoS Med, 6(7), 
e1000097. doi:10.1371/journal.pmed.1000097

Mostafa, G. A., & Shehab, A. A. (2010). The link of C4B null 
allele to autism and to a family history of autoimmunity in 
Egyptian autistic children. J Neuroimmunol, 223(1-2), 115-
119. doi:10.1016/j.jneuroim.2010.03.025

Mousa, A., & Bakhiet, M. (2013). Role of cytokine signaling 
during nervous system development. Int. J. Mol. Med., 

14(7), 13931-13957. doi:10.3390/ijms140713931 
Mufaddel, A.A., Omer, A.A., & Salem, M.O. (2014). Psychiatric 

Aspects of Infectious Diseases. Open J Psychiatry, 4, 202-
217.

Müller, N. (2015). Infectious Diseases and Mental Health. In 
Sartorius N, Holt RIG, Maj M (eds): Comorbidity of Mental 
and Physical Disorders. Key Issues Ment Health. Basel, 
Karger, 2015, vol 179, pp 99-113. doi: 10.1159/000365542 

Müller, N., & Schwarz, M. J. (2007). The immune-mediated 
alteration of serotonin and glutamate: towards an integrated 
view of depression. Mol Psychiatry, 12(11), 988-1000. 
doi:10.1038/sj.mp.4002006

Murphy, M. L., & Pichichero, M. E. (2002). Prospective 
identification and treatment of children with pediatric 
autoimmune neuropsychiatric disorder associated 
with group A streptococcal infection (PANDAS). Arch 
Pediatr Adolesc Med, 156(4), 356-361. doi:10.1001/
archpedi.156.4.356

Murray, C. J., & Lopez, A. D. (1997). Global mortality, disability, 
and the contribution of risk factors: Global Burden of 
Disease Study. Lancet (London, England), 349(9063), 
1436-1442. doi:10.1016/s0140-6736(96)07495-8

Najjar, S., Pearlman, D., Zagzag, D., Golfinos, J., & Devinsky, 
O. (2012). Glutamic acid decarboxylase autoantibody 
syndrome presenting as schizophrenia. Neurologist, 18(2), 
88-91. doi:10.1097/NRL.0b013e318247b87d

Nayeri Chegeni, T., Sarvi, S., Amouei, A., Moosazadeh, 
M., Hosseininejad, Z., S, A. Aghayan, & Daryani, 
A. (2019a). Relationship between toxoplasmosis and 
obsessive compulsive disorder: a systematic review and 
meta-analysis. PLoS Negl Trop Dis, 13(4), e0007306. 
doi:10.1371/journal.pntd.0007306

Nayeri Chegeni, T., Sarvi, S., Moosazadeh, M., Sharif, M., 
Aghayan, S. A., Amouei, A., Hosseininejad, Z., & Daryani, 
A. (2019b). Is Toxoplasma gondii a potential risk factor 
for Alzheimer's disease? A systematic review and meta-
analysis. Microb Pathog, 137, 103751. doi:10.1016/j.
micpath.2019.103751

Neilley, L. K., Goodin, D. S., Goodkin, D. E., & Hauser, S. 
L. (1996). Side effect profile of interferon beta-1b in MS: 
results of an open label trial. Neurology, 46(2), 552-554. 
doi:10.1212/wnl.46.2.552

Nestor, J.M., Arinuma, Y., Huerta, T.S., Kowal, C., Nasiri, 
E., Kello, N., Fujieda, Y., Bialas, A.R., Hammond, T.G., 
Sriram, U., Stevens, B., Huerta, P.T., Volpe, B.T., & 
Diamond, B. (2018). Lupus antibodies induce behavioral 
changes mediated by microglia and blocked by ACE 
inhibitors. J. Exp. Med., 215, 2554 – 2566.

Nissen, J., Trabjerg, B., Pedersen, M. G., Banasik, K., Pedersen, 
O. B., Sørensen, E., Nielsen, K. R., Erikstrup, C., Petersen, 
M. S., Paarup, H. M., Bruun-Rasmussen, P., Westergaard, 
D., Hansen, T. F., Pedersen, C. B., Werge, T., Torrey, F., 
Hjalgrim, H., Mortensen, P. B., Yolken, R., Brunak, S., 
Ullum, H., & Burgdorf, K. S. (2019). Herpes Simplex 
Virus Type 1 infection is associated with suicidal behavior 
and first registered psychiatric diagnosis in a healthy 
population. Psychoneuroendocrinology, 108, 150–154. 
https://doi.org/10.1016/j.psyneuen.2019.06.015

Nudel, R., Wang, Y., Appadurai, V., Schork, A. J., Buil, A., 
Agerbo, E., Bybjerg-Grauholm, J., Børglum, A. D., Daly, 
M. J., Mors, O., Hougaard, D. M., Mortensen, P. B., 
Werge, T., Nordentoft, M., Thompson, W. K., & Benros, 
M. E. (2019). A large-scale genomic investigation of 
susceptibility to infection and its association with mental 
disorders in the Danish population. Transl Psychiatry, 9(1), 
283. https://doi.org/10.1038/s41398-019-0622-3 

O'Connell, D., & Liang, C. (2016). Autophagy interaction with 
herpes simplex virus type-1 infection. Autophagy, 12(3), 
451-459. doi:10.1080/15548627.2016.1139262 

Oliveira, J., Kazma, R., Le Floch, E., Bennabi, M., Hamdani, 
N., Bengoufa, D., Dahoun, M., Manier, C., Bellivier, F., 



Alessandra Della Vecchia, Donatella Marazziti

262 Clinical Neuropsychiatry (2022) 19, 4

York, NY, US: Oxford University Press.
Robbins, T. W., Gillan, C. M., Smith, D. G., de Wit, S., & 

Ersche, K. D. (2012). Neurocognitive endophenotypes 
of impulsivity and compulsivity: towards dimensional 
psychiatry. Trends Cogn Sci, 16(1), 81–91. https://doi.
org/10.1016/j.tics.2011.11.009 

Rossi, C. C., Van de Water, J., Rogers, S. J., & Amaral, D. 
G. (2011). Detection of plasma autoantibodies to brain 
tissue in young children with and without autism spectrum 
disorders. Brain Behav. Immun., 25(6), 1123-1135. 
doi:10.1016/j.bbi.2011.02.011

Rotge, J. Y., Aouizerate, B., Tignol, J., Bioulac, B., Burbaud, P., 
& Guehl, D. (2010). The glutamate-based genetic immune 
hypothesis in obsessive-compulsive disorder. An integrative 
approach from genes to symptoms. Neuroscience, 165(2), 
408-417. doi:10.1016/j.neuroscience.2009.10.043

Rout, U. K., Mungan, N. K., & Dhossche, D. M. (2012). 
Presence of GAD65 autoantibodies in the serum of children 
with autism or ADHD. Eur. Child Adolesc. Psychiatry 
21(3), 141-147. doi:10.1007/s00787-012-0245-1

Ruscio, A. M., Stein, D. J., Chiu, W. T., & Kessler, R. C. (2010). 
The epidemiology of obsessive-compulsive disorder in the 
National Comorbidity Survey Replication. Mol Psychiatry, 
15(1), 53-63. doi:10.1038/mp.2008.94

Schrag, A., Gilbert, R., Giovannoni, G., Robertson, M. M., 
Metcalfe, C., & Ben-Shlomo, Y. (2009). Streptococcal 
infection, Tourette syndrome, and OCD: is there a 
connection? Neurology, 73(16), 1256-1263. doi:10.1212/
WNL.0b013e3181bd10fd

Seixas, A. A., Hounie, A. G., Fossaluza, V., Curi, M., Alvarenga, 
P. G., De Mathis, M. A., De Mathis, M. E., Vallada, H., 
Pauls, D., de Bragança Pereira, C. A., & Miguel, E. C. 
(2008). Anxiety disorders and rheumatic Fever: is there an 
association? CNS Spectr, 13(12), 1039-1046. doi:10.1017/
s1092852900017090 

Severance, E. G., Gressitt, K. L., Halling, M., Stallings, C. 
R., Origoni, A. E., Vaughan, C., Khushalani, S., Alaedini, 
A., Dupont, D., Dickerson, F. B., & Yolken, R. H. (2012). 
Complement C1q formation of immune complexes 
with milk caseins and wheat glutens in schizophrenia. 
Neurobiol Dis, 48(3), 447–453. https://doi.org/10.1016/j.
nbd.2012.07.005

Sigra, S., Hesselmark, E., & Bejerot, S. (2018). Treatment 
of PANDAS and PANS: a systematic review. 
Neurosci Biobehav Rev, 86, 51-65. doi:10.1016/j.
neubiorev.2018.01.001

Simanek, A. M., Parry, A., & Dowd, J. B. (2018). Differences 
in the association between persistent pathogens and mood 
disorders among young– to middle-aged women and men 
in the U.S. Brain Behav Immun, 68, 56–65. https://doi.
org/10.1016/j.bbi.2017.09.017 

Singer, H. S., Gause, C., Morris, C., & Lopez, P. (2008). 
Serial immune markers do not correlate with clinical 
exacerbations in pediatric autoimmune neuropsychiatric 
disorders associated with streptococcal infections. 
Pediatrics, 121(6), 1198-1205. doi:10.1542/peds.2007-
2658

Snijders, G., van Mierlo, H. C., Boks, M. P., Begemann, M., 
Sutterland, A. L., Litjens, M., Ophoff, R. A., Kahn, R. S., & 
de Witte, L. D. (2019). The association between antibodies 
to neurotropic pathogens and bipolar disorder : A study in 
the Dutch Bipolar (DB) Cohort and meta-analysis. Transl 
Psychiatry, 9(1), 311. https://doi.org/10.1038/s41398-019-
0636-x 

Stein, D. J., Costa, D., Lochner, C., Miguel, E. C., Reddy, 
Y., Shavitt, R. G., van den Heuvel, O. A., & Simpson, H. 
B. (2019). Obsessive-compulsive disorder. Nat Rev Dis 
Primers, 5(1), 52. https://doi.org/10.1038/s41572-019-
0102-3 

Sutterland, A. L., Kuin, A., Kuiper, B., van Gool, T., Leboyer, 
M., Fond, G., & de Haan, L. (2019). Driving us mad: the 

Krishnamoorthy, R., Deleuze, J. F., Yolken, R., Leboyer, 
M., & Tamouza, R. (2016). Toxoplasma gondii exposure 
may modulate the influence of TLR2 genetic variation on 
bipolar disorder: a gene-environment interaction study. Int 
J Bipolar Disord, 4(1), 11. https://doi.org/10.1186/s40345-
016-0052-6 

Orlovska, S., Vestergaard, C. H., Bech, B. H., Nordentoft, M., 
Vestergaard, M., & Benros, M. E. (2017). Association of 
Streptococcal Throat Infection With Mental Disorders: 
Testing Key Aspects of the PANDAS Hypothesis in a 
Nationwide Study. JAMA Psychiatry, 74(7), 740–746. 
https://doi.org/10.1001/jamapsychiatry.2017.0995

Ornaghi, S., Davis, J. N., Gorres, K. L., Miller, G., Paidas, 
M. J., & van den Pol, A. N. (2016). Mood stabilizers 
inhibit cytomegalovirus infection. Virology, 499, 121-135. 
doi:10.1016/j.virol.2016.09.012

Pacheco, R., Gallart, T., Lluis, C., & Franco, R. (2007). 
Role of glutamate on T-cell mediated immunity. J 
Neuroimmunol, 185(1-2), 9–19. https://doi.org/10.1016/j.
jneuroim.2007.01.003 

Pape, K., Tamouza, R., Leboyer, M., & Zipp, F. (2019). 
Immunoneuropsychiatry – novel perspectives on brain 
disorders. Nat Rev Neurol, 15(6), 317-328. doi:10.1038/
s41582-019-0174-4 

Pedersen, M. S., Benros, M. E., Agerbo, E., Børglum, A. D., 
& Mortensen, P. B. (2012). Schizophrenia in patients with 
atopic disorders with particular emphasis on asthma: a 
Danish population-based study. Schizophr Res, 138(1), 58-
62. doi:10.1016/j.schres.2012.02.019

Perry, V. H., Nicoll, J. A., & Holmes, C. (2010). Microglia in 
neurodegenerative disease. Nat Rev Neurol, 6(4), 193-201. 
doi:10.1038/nrneurol.2010.17

Petit-Pedrol, M., Armangue, T., Peng, X., Bataller, L., Cellucci, 
T., Davis, R., McCracken, L., Martinez-Hernandez, E., 
Mason, W. P., Kruer, M. C., Ritacco, D. G., Grisold, W., 
Meaney, B. F., Alcalá, C., Sillevis-Smitt, P., Titulaer, M. 
J., Balice-Gordon, R., Graus, F., & Dalmau, J. (2014). 
Encephalitis with refractory seizures, status epilepticus, 
and antibodies to the GABAA receptor: a case series, 
characterisation of the antigen, and analysis of the effects 
of antibodies. Lancet Neurol, 13(3), 276-286. doi:10.1016/
s1474-4422(13)70299-0

Pfizer, N., & Andrade, C. (1999). Isolated musical obsessions. 
Indian J. Psychiatry, 41(1), 77-78.  

Plaze, M., Attali, D., Petit, A. C., Blatzer, M., Simon-Loriere, 
E., Vinckier, F., Cachia, A., Chrétien, F., & Gaillard, R. 
(2020). Repurposing of chlorpromazine in COVID-19 
treatment: the reCoVery study. Encephale, 46(3S), S35–
S39. https://doi.org/10.1016/j.encep.2020.04.010

Prasad, K. M., Eack, S. M., Keshavan, M. S., Yolken, R. H., 
Iyengar, S., & Nimgaonkar, V. L. (2013). Antiherpes virus-
specific treatment and cognition in schizophrenia: a test-of-
concept randomized double-blind placebo-controlled trial. 
Schizophr Bull, 39(4), 857–866. https://doi.org/10.1093/
schbul/sbs040

Prusty, B. K., Gulve, N., Govind, S., Krueger, G., Feichtinger, 
J., Larcombe, L., Aspinall, R., Ablashi, D. V., & Toro, C. 
T. (2018). Active HHV-6 Infection of Cerebellar Purkinje 
Cells in Mood Disorders. Front Microbiol, 9, 1955. https://
doi.org/10.3389/fmicb.2018.01955

Rapoport, J. L. (1989). The biology of obsessions and 
compulsions. Sci Am, 260(3), 82-89. doi:10.1038/
scientificamerican0389-82

Rasgon, A., Lee, W. H., Leibu, E., Laird, A., Glahn, D., 
Goodman, W., & Frangou, S. (2017). Neural correlates 
of affective and non-affective cognition in obsessive 
compulsive disorder: A meta-analysis of functional 
imaging studies. Eur Psychiatry, 46, 25-32. doi:10.1016/j.
eurpsy.2017.08.001

Reghunandanan, S., Fineberg, N. A., & Stein, D. J. (2015). 
Obsessive-compulsive and related disorders, 2nd ed. New 



Back to the future: The role of infections in psychopathology. Focus on OCD

Clinical Neuropsychiatry (2022) 19, 4 263

association of Toxoplasma gondii with suicide attempts and 
traffic accidents – a systematic review and meta-analysis. 
Psychol Med, 49(10), 1608–1623. https://doi.org/10.1017/
S0033291719000813

Swedo, S. E. (1994). Sydenham's chorea. A model for childhood 
autoimmune neuropsychiatric disorders. JAMA, 272(22), 
1788-1791. doi:10.1001/jama.272.22.1788

Swedo, S. E. (2002). Pediatric autoimmune neuropsychiatric 
disorders associated with streptococcal infections 
(PANDAS). Mol Psychiatry, 7(2), S24-S25. doi:10.1038/
sj.mp.4001170

Swedo, S. E., Rapoport, J. L., Cheslow, D. L., Leonard, H. L., 
Ayoub, E. M., Hosier, D. M., & Wald, E. R. (1989). High 
prevalence of obsessive-compulsive symptoms in patients 
with Sydenham's chorea.  Am. J. Psychiatry, 146(2), 246-
249. doi:10.1176/ajp.146.2.246

Swedo, S. E., Leonard, H. L., Garvey, M., Mittleman, B., 
Allen, A. J., Perlmutter, S., Lougee, L., Dow, S., Zamkoff, 
J., & Dubbert, B. K. (1998). Pediatric autoimmune 
neuropsychiatric disorders associated with streptococcal 
infections: clinical description of the first 50 cases. Am. 
J. Psychiatry, 155(2), 264–271. https://doi.org/10.1176/
ajp.155.2.264 

Szechtman, Henry, Shivji, Sohel, & Woody, Erik Z. (2014). 
Pathophysiology of obsessive-compulsive disorder: 
insights from normal function and neurotoxic effects of 
drugs, infection, and brain injury. In Richard M. Kostrzewa 
(Ed.), Handbook of Neurotoxicity (pp. 2231-2253). New 
York, NY: Springer New York.

Tedford, E., & McConkey, G. (2017). Neurophysiological 
Changes Induced by Chronic Toxoplasma gondii Infection. 
Pathogens (Basel, Switzerland), 6(2), 19. https://doi.
org/10.3390/pathogens6020019

Tomasik, J., Schultz, T. L., Kluge, W., Yolken, R. H., Bahn, 
S., & Carruthers, V. B. (2016). Shared immune and repair 
markers during experimental toxoplasma chronic brain 
infection and schizophrenia. Schizophr Bull, 42(2), 386-
395. doi:10.1093/schbul/sbv134

Torrey, E. F. (1986). Functional psychoses and viral encephalitis. 
Integr Psychiatry, 4(4), 224–230. 

Volmer, R., Monnet, C., & Gonzalez-Dunia, D. (2006). 
Borna disease virus blocks potentiation of presynaptic 
activity through inhibition of protein kinase C signaling. 
PLoS Pathog, 2(3), e19. https://doi.org/10.1371/journal.
ppat.0020019

Wang, H. C., Lau, C. I., Lin, C. C., Chang, A., & Kao, C. H. 
(2016). Group A streptococcal infections are associated 
with increased risk of pediatric neuropsychiatric disorders: 
a taiwanese population-based cohort study. J Clin 
Psychiatry, 77(7), e848-854. doi:10.4088/JCP.14m09728

Wang, X., Zhang, L., Lei, Y., Liu, X., Zhou, X., Liu, Y., Wang, 
M., Yang, L., Zhang, L., Fan, S., & Xie, P. (2014). Meta-
analysis of infectious agents and depression. Sci Rep, 4, 

4530. https://doi.org/10.1038/srep04530
Washington, H. A. (2015). Infectious madness: the surprising 

science of how we "catch" mental illness. Little, Brown 
Spark; 1st edition. ISBN: 0316277819

Watson, A. M., Prasad, K. M., Klei, L., Wood, J. A., Yolken, 
R. H., Gur, R. C., Bradford, L. D., Calkins, M. E., 
Richard, J., Edwards, N., Savage, R. M., Allen, T. B., 
Kwentus, J., McEvoy, J. P., Santos, A. B., Wiener, H. 
W., Go, R. C., Perry, R. T., Nasrallah, H. A., Gur, R. 
E., Devlin, B., & Nimgaonkar, V. L. (2013). Persistent 
infection with neurotropic herpes viruses and cognitive 
impairment. Psychol Med, 43(5), 1023-1031. doi:10.1017/
s003329171200195x 

Wendeln, A. C., Degenhardt, K., Kaurani, L., Gertig, M., Ulas, 
T., Jain, G., Wagner, J., Häsler, L. M., Wild, K., Skodras, 
A., Blank, T., Staszewski, O., Datta, M., Centeno, T. P., 
Capece, V., Islam, M. R., Kerimoglu, C., Staufenbiel, M., 
Schultze, J. L., Beyer, M., Prinz, M., Jucker, M., Fischer, A., 
& Neher, J. J. (2018). Innate immune memory in the brain 
shapes neurological disease hallmarks. Nature, 556(7701), 
332–338. https://doi.org/10.1038/s41586-018-0023-4 

Williams, K. A., & Swedo, S. E. (2015). Post-infectious 
autoimmune disorders: Sydenham's chorea, PANDAS 
and beyond. Brain Res, 1617, 144-154. doi:10.1016/j.
brainres.2014.09.071

Woolf, C. J. (2011). Central sensitization: implications for the 
diagnosis and treatment of pain. Pain, 152(3 Suppl), S2-
s15. doi:10.1016/j.pain.2010.09.030

Wozniak, M. A., Mee, A. P., & Itzhaki, R. F. (2009). Herpes 
simplex virus type 1 DNA is located within Alzheimer's 
disease amyloid plaques. J Pathol, 217(1), 131-138. 
doi:10.1002/path.2449

Wu, K., Hanna, G. L., Rosenberg, D. R., & Arnold, P. D. (2012). 
The role of glutamate signaling in the pathogenesis and 
treatment of obsessive-compulsive disorder. Pharmacol 
Biochem Behav, 100(4), 726-735. doi:10.1016/j.
pbb.2011.10.007

Yaramiş, A., Hergüner, S., Kara, B., Tatli, B., Tüzün, U., & 
Ozmen, M. (2009). Cerebral vasculitis and obsessive-
compulsive disorder following varicella infection in 
childhood. Turk J Pediatr, 51(1), 72-75. 

Ye, J., Wen, Y., Chu, X., Li, P., Cheng, B., Cheng, S., Liu, L., 
Zhang, L., Ma, M., Qi, X., Liang, C., Kafle, O. P., Jia, Y., 
Wu, C., Wang, S., Wang, X., Ning, Y., & Zhang, F. (2020). 
Association between herpes simplex virus 1 exposure and 
the risk of depression in UK Biobank. Clin Transl Med, 
10(2), e108. doi:10.1002/ctm2.108

Yolken, R. (2004). Viruses and schizophrenia: a focus on herpes 
simplex virus. Herpes, 11 Suppl 2, 83a-88a. 

Zerbo, O., Qian, Y., Yoshida, C., Grether, J. K., Van de Water, 
J., & Croen, L. A. (2015). Maternal Infection During 
Pregnancy and Autism Spectrum Disorders. J Autism 
Dev Disord, 45(12), 4015–4025. https://doi.org/10.1007/
s10803-013-2016-3


