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ABSTRACT

Introduction: Autoimmune processes have been documented in both childhood and adulthood
patients with obsessive-compulsive disorder (OCD), with the pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infections (PANDAS) representing the paradigm of this
model.

Given the limited information available, the present study aimed at assessing the characteristics of
adult patients with OCD exposed to a previous group A B-hemolytic Streptococcus infection, together
with some peripheral inflammatory biomarkers.

Materials and Methods: Fifty-two subjects displaying antistreptolysin O (ASO) titer positivity were
recruited from a sample of 247 adult OCD outpatients, diagnosed according to DSM-5 criteria and
assessed by the Yale-Brown Obsessive-Compulsive Scale. Their clinical features were assessed and
compared. The possible relationships between the different parameters were also examined.
Results: Thirty-six subjects who were on medication for OCD showed significantly lower ASO titers
than the other. The neutrophil count was positively and negatively related to, respectively, the
"distress associated with “obsessive thoughts" item, and to the patients' age. The lymphocyte count
and folic acid levels were higher in 30 subjects with no perinatal insults.

Conclusions: These results seem to suggest that OCD subjects with ASO titer-positivity show a
chronic inflammatory state, in spite of no symptoms or recall of bacterial infections, that might be
involved in both the onset and the maintenance of OCD, with immunological alterations being related
to symptom dimension to be identified. They also support the notion of possible anti-inflammatory

effects of some psychotropic compounds.

Keywords: Obsessive-Compulsive Disorder, Immune System, Autoimmunity, Inflammation,

Streptococcal Infection, Antistreptolysin O Titer
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1LINTRODUCTION

In the last years, a large amount of research has been directed towards detecting immunological
alterations in both childhood and adulthood obsessive-compulsive disorder (OCD), a common and
disabling psychiatric condition!"!°. As a result, different immunological processes have been
highlighted or hypothesized in OCD, while investigating the possible role of a wide range of
mediators!>11-22,

The first hypothesis was formulated in 1989 with the description of a childhood syndrome related to
Streptococcus pyogenes, a group A-streptococcus (GABHS) infections, called (PANDAS), acronym
for pediatric autoimmune associated with streptococcal infections neuropsychiatric disorders®:.
Streptococcus pyogenes can cause relatively mild illness (sore throat, otitis media, sinusitis and
impetigo), or more severe and invasive conditions like necrotizing fasciitis, bacteremia and toxic
shock syndrome, and also rheumatic fever (RF) and Sydenham chorea (SC) that are due to antibody
cross-reactivity with, respectively, kidney, heart and brain antigens?*2°, Swedo et al. (1989) reported
a higher prevalence of obsessive-compulsive symptoms (OCS) in children and adolescents with SC,
in comparison to those who had RF without chorea, and proposed the existence of a link between
OCD and basal ganglia dysfunction. Interestingly, the temporal association with Streptococcus
pyogenes infection led to the hypothesis of a possible autoimmune pathogenetic mechanism similar
to that characterizing SC (i.e. the main neurological manifestation of RF), in which streptococcal
antibodies cross-react against brain antigens due to a molecular mimicry process?’ %,

Almost ten years later the same group described the clinical characteristics of a new subgroup of 50
patients presenting OCD and tic disorders and meeting five diagnostic criteria: 1) presence of OCD
and/or a tic disorder, 2) prepubertal onset, 3) episodic course of symptom severity, that is to say an
acute symptom onset and relapsing-remitting course, 4) association with GABHS infections, and 5)
association with neurological abnormalities®.

In 2012 PANDAS criteria were again modified to describe an expanded clinical entity, the pediatric
acute-onset neuropsychiatric syndrome (PANS), characterized by abrupt, dramatic onset of OCD or
severely restricted food intake, and by the concurrent presence of additional neuropsychiatric
symptoms with similarly severe and acute-onset, while entailing that several agents other than
Streptococcus, including even environmental and metabolic factors, might be involved in the
pathophysiology of such clinical pictures?!=4.

If it is true that PANDAS classically represents a pediatric syndrome, it is worth underlining that
some case reports of PANDAS-like syndromes have also been reported in adults, specifically in males

who developed OCD and related conditions with a temporal relation with streptococcal infections33-
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37 Interestingly, regarding new cases of neuropsychiatric disorders in adults, some authors suggested
that measuring the Antistreptolysin O (ASO) titer-positivity, an extracellular antigen produced by
Streptococcus pyogenes might represents a useful diagnostic tool from the etiologic point of view?>37.
Therefore, although the existence of PANDAS/PANS as a distinct entity has been debated, and its
exact recognition has not met a general consensus>?, nonetheless since its first postulation, it has been
representing the paradigm of an autoimmune model for OCD. As such, it has promoted the evaluation
of inflammatory, infective, immunologic and metabolic alterations in patients with OCD and OCS,
as well as the evaluation of antibiotics and non-steroidal anti-inflammatory drugs (NSAIDs) as novel
and adjunctive treatment options*34%42, Not surprisingly, the immuno-inflammatory model of OCD
appears to be a complex paradigm of intertwining factors and processes including, amongst the others,
blood cells, cytokines, anti-basal ganglia antibodies (ABGA) and autoimmune processes, microglia,

9,1028:43,44.44-56 In any case authors also

fetal-maternal immune interactions and the gut-brain axis
suggested the possible existence of a specific “autoimmune OCD” subtype!%424457 Again, more
recently, onset or worsening of neuropsychiatric symptoms after SARS-CoV-2 infections including
PANDAS symptoms in some case reports have been reported’-°, while promoting an increasing
interest on infective agents that might target the central nervous system (CNS)%1:62,

Given the paucity of available data on the possible impact of GABHS infection in adult patients with
OCD, the present study aimed at assessing the clinical features of patients showing ASO-titer
positivity, together with a few peripheral inflammatory biomarkers, specifically white blood cell

(WBC) neutrophil, lymphocyte, monocyte and platelet counts, C-reactive protein (C-RP) and

erythrocyte sedimentation rate (ESR), vitamin B12, vitamin D, folic acid, and homocysteine.

2. MATERIALS AND METHODS

A sample of 52 (M=33, F=19) subjects displaying ASO titer-positivity were recruited from a total of
247 adult OCD outpatients referring to the Psychiatric Unit of Pisa in the years 2022-2023. No
patients showed current symptoms of pharyngo-tonsillitis.

Gender distribution, age of the sample, age and type of OCD onset, eventual onset in relation to
stressful life events (LE) or romantic relationship, course of illness, presence of obsessive-compulsive
(OC) personality traits, experience of perinatal insults, marital status, education, employment,
psychiatric comorbidities and presence of other medical conditions, history of substance use, past and

current psychotropic treatments and psychological interventions, were investigated in all patients.
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Patients who were pregnant, with drug intoxication, with severe comorbid psychotic disorders or
major medical illness or suffering from cognitive impairment or dementia, were excluded. All
information regarding socio-demographic variables, psychiatric and medical comorbidities, and
pharmacological treatment were derived from the medical history collected during the interview.
After a complete description of the study, a written informed consent was obtained from each subject

to participate in the study.

Psychopathological assessment

The diagnosis of OCD was carried out according to DSM-5 criteria and the Structured Clinical
Interview for DSM-5, Research Version (SCID-5-RV)®. The Y-BOCS® was used to assess the OCD
severity and symptomatology. The presence of depression, as assessed by the Hamilton Depression

Rating Scale (HDRS or HAM-D)®, represented an exclusion criteria.

Yale-Brown Obsessive-Compulsive Scale (Y-BOCS)

The Y-BOCS is a clinician-administered instrument to assess the presence and severity of obsessive-
compulsive symptoms. Items are scored on a five-step Likert scale, ranging from 0 to 4, with higher
scores indicating more severe symptoms®. The first 10 items (1-5 for obsessions and 6-10 for
compulsions) represent the core component of the Y-BOCS, and assess time, interference, distress,
resistance, and degree of control over OCS. The total score is obtained from the sum of the first 10
items, excluding items 1.1 and 6.1, and it can go from 0 to 40. A score of 0-7 indicates subclinical,
8-15 mild, 16-23 moderate, 24-31 severe, 32-40 extreme symptoms®. Furthermore, 9 additional items
are available to assess insight, avoidance, degree of indecisiveness, overvalued sense of
responsibility, pervasive slowness, pathological doubting, global severity, global improvement, and

reliability.

Structured Clinical Interview for DSM-5 (SCID-5)

The Structured Clinical Interview for DSM-5 (SCID-5) is a clinician-administered, semi-structured
interview guide built to make the major DSM-5 diagnoses®. It is the most comprehensive version of
the SCID-5, and contains 12 modules (A—-L) mirroring the structure of the DSM-5, as well as
specifiers. For example, the assessment of OCRDs (Module G) starts with three screening questions
tailored to screen the various types of obsessions (i.e., thoughts, images, and urges), and the level of

insight is assessed, as a specifier, for OCD, hoarding disorder, and body dysmorphic disorder.

Hamilton Depression Rating Scale (HAM-D/HDRS)
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The HAM-D/HDRS® is a widely used hetero-administered scale, consisting of 21 items, for the
assessment of depression and its severity. The total score is based on the first 17 items. Depressed
mood, feelings of guilt, suicide, initial insomnia, insomnia during the night, delayed insomnia, work
and interests, retardation, agitation, psychiatric anxiety, somatic anxiety, gastrointestinal somatic
symptoms, general somatic symptoms, genital symptoms, hypochondriasis, weight loss, and insight
represent the 17 core items. Additional items are available to investigate diurnal variation,
depersonalization/derealization, paranoid symptoms, and OCS®’. A score <7 indicates no depression,

8-17 mild depression, 18-24 moderate depression, and >25 severe depression.

Biological assessment

The ASO was evaluated with an immune-turbidimetry method and its positivity was defined by a
value higher than 200 UI/mL. Common clinical chemical methods were used to assess vitamin B12,
vitamin D, folate, homocysteine, and inflammatory markers. Standard serum B12 assays quantify
both the inactive and active forms of serum cobalamin and are based on intrinsic factor binding and
immune-chemiluminescence based techniques. Standards of reference of B12 plasma normal levels
as well as its deficiency are not well established. However, it has been proposed that serum B12 of
<148 pmol/L (200 ng/L) would have the sensitivity for diagnosing the 97% of true cobalamin
deficiencies. Laboratories use different reference ranges and units of measurement (pmol/L or ng/L),
in the absence of a standardized methodology®®. Competitive folate binding protein assays using
chemiluminescence or fluorescence detection systems are the techniques most frequently used by
laboratories to measure folate, plasma levels. Although there is no consensus on folate plasma levels
indicative of folate deficiency, usually levels <7 ng/mL (3 pg/L) are taken as reference since they are
associated with a strong increase in risk for megaloblastic anemia, while the significance of low
levels, between 7 and 10 nmol/L (3 and 4-5 pg/L), is still unclear ®8. To conduct this analysis, as
suggested by the World Health Organization (WHO), we took as reference the levels of 10 nmol/L
(4 ng/mL) and of < 150 pmol/L (203 pg/mL) as indicative of, respectively, folate and B12 deficiencies
9 25(OH)D concentrations were used as a marker of vitamin D status measurements and assessed
by common clinical chemical methods. It was considered optimal for levels >30 ng/mL, sufficient
between 20 and 30 ng/mL, insufficient for 12-20 ng/mL, deficient for 6-12 ng/mL, and severely
deficient for <6 ng/mL.

Vitamin D was assessed in 49 (M=32, F=17), folate in 42 (M=29, F=13) and vitamin B12 in 38
(M=25, F=13) patients. White blood cell neutrophil, lymphocyte, monocyte and platelet counts were
measured in 32 (M=25, F=7) patients. Homocysteine levels were assessed in 18 (M=12, F=6)
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subjects. Both C-RP and ESR values were measured in 31 (M=21, F=10) patients. Regarding blood
exams, the cut-offs for ESR and C-RP positivity were, respectively, >20 mm/h and >6 mg/mL.

Statistical analyses

All demographic, clinical and laboratory data were presented for continuous variables in terms of
mean + standard deviation (SD) and variation range (min and max values), when required.
Categorical variables were expressed as frequencies (number) and percentages.

The Kolmogorov-Smirnov test was used to determine normality of distribution of the variables.
Comparisons for continuous variables were performed with the independent-sample Student’s t-test
for variables that follow a normal distribution, Wilcoxon-Mann-Whitney test for variables not
normally distributed.

The correlations were explored by calculating the Pearson’s correlation coefficient or Spearman’s
rank correlation. Pearson’s r correlation is used to measure the degree of the relationship between
linearly related variables. For the Pearson’s r correlation, both variables should be normally
distributed (normally distributed variables have a bell-shaped curve). Other assumptions include
linearity and homoscedasticity. Linearity assumes a straight-line relationship between each of the two
variables and homoscedasticity assumes that data is equally distributed about the regression line.
Spearman’s rank correlation is a non-parametric test that is used to measure the degree of association
between two variables. The Spearman’s rank correlation test does not carry any assumptions about
the distribution of the data and is the appropriate correlation analysis when the variables are measured
on a scale that is at least ordinal. The assumptions of the Spearman's correlation are that data must be
at least ordinal and the scores on one variable must be monotonically related to the other variable.
The major limitation of the present study is the low number of subjects selected. Since the high
possibility of both type I and type II errors our results should be considered preliminary. In this study,
p values lower than .05 were considered statistically significant.

Statistical analysis was performed using SPSS 25.0 software (IBM Corp., Armonk, NY, USA).

3. RESULTS

Socio-demographic characteristics

Half the patients (26) experienced an onset of the disorder in relation to a stressful LE, while 8

(15.4%) to the end of a romantic relationship.
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Thirty-five (67.3%) and 17 (32.7%) patients had, respectively, a progressive and a sudden-onset.
Forty-six (88.5%) and 6 (11.5%) patients, had, respectively, a chronic and an episodic OCD.
Twenty-two (42.3%) male patients, out of the total 33, had experienced perinatal/obstetric insults,
while none of the 19 females reported this occurrence. Twenty-eight (53.8%) subjects showed OC
personality traits (table 1).

In terms of comorbidity, 10 patients had bipolar disorder, 6 panic disorder, 3 Tourette’s disorder (TS),
2 autism-spectrum disorder, 1 generalized anxiety disorder, 1 alcohol use disorder and 1 eating

disorder.

Thirty-four (65.4%) patients had previously taken psychopharmacological treatments and 26 (50%)
had undergone CBT. At the moment of the observation 36 (69.2%) patients were taking psychotropic
drugs, while 16 (30.8%) were drug-free. Eight (15.4%) subjects were undergoing CBT.

Clinical characteristics

The Y-BOCS total score (mean + SD) was 25.5 + 6.19, and the obsession and compulsion scale scores
(mean + SD) were, respectively, 12.79 +3.13 and 12.90 £ 3.29. The most common current obsessions
were: “other” (n= 41; 78.8%), “aggressive” (n= 36; 69.2%), “symmetry” (n= 28; 53.8%),
“contamination” (n= 21; 40.4%), “somatic” (n= 14; 26.9%), “religious” (n= 11; 21.2%), “hoarding”
(n=9; 17.3%), and “sexual” (n= 7; 13.5%). Past obsessions were represented as follows: 39 (75%)
subjects reported “other”, 34 (65.4%) “aggressive”, 26 (50%) “symmetry”, 21 (40.4%)
“contamination”, 14 (26.9%) “somatic”, 11 (21.2%) “religious”, 9 (17.3%) “hoarding”, and 4 (7.7%)
“sexual” obsessions. The most common current compulsions were: “control” (n=44; 84.6%), “other”
(n=34; 65.4%), “repetitive rituals” (n= 25; 48.1%), “cleaning/washing” (n= 24; 46.2%), “counting”
(n= 13; 25%), and “hoarding”.(n= 5; 9.6%). As regards past compulsions, 43 (82.7%) patients
reported “‘control”, 35 (67.3%) “other”, 27 (51.9%) “repetitive rituals”, 24 (46.2%)
“cleaning/washing”, 13 (25%) “counting” and 4 (7.7%) “hoarding” compulsions. Insight was

distributed as follows: 36 (69.2%) patients scored 0, 11 (21.2%) 1, 3 (5.8%) 2, and 2 (3.8%) 3.
Laboratory tests

The ASO titer (IU/mL, mean £+ SD) was 426.80 £ 152.05 (range: 232-916). Folate levels (nmol/L,
mean + SD) were 4.60 = 2.23 (range: 1.20-9.30): a folate deficiency was found in 20 (M=17, F=3)
out of the 42 subjects analyzed. The B12 levels (pmol/L, mean + SD), measured in 38 patients, were
434.19 £ 179.43 (range: 84-792): a deficit of vitamin B12 was detected in 4 (M=2, F=2) out of the

38 patients who were assessed for this vitamin. Vitamin D levels (ng/mL, mean + SD) were 19.05 +
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11.55 (range: 5.00- 45.55) in the total 49 subjects, with a deficiency assessed in 39 (M=27, F=12)
(table 2).

Intergroup differences

Married subjects had a statistically significant higher age of onset (Z= -2.903, p=.004). Employed
subjects had statistically significant lower ESR (Z=-2.362, p=.018).

Thirty-six patients who were taking pharmacological treatment at the moment of assessment showed

significantly lower ASO titer levels (Z=-1.999, p=.046).

Patients with the OCD onset related to stressful LE or to a romantic relationship had, respectively,
statistically significant lower levels of vitamin B12 (Z= -1.981, p= .048) and lower levels of
homocysteine (Z= -2.183, p=.029). A progressive onset OCD, in comparison with a sudden one, was

associated with a statistically significant higher platelet count (Z= -2.800, p=.005).

Subjects who experienced no perinatal insults had significantly higher folate levels (Z= -2.382, p=
.017).

Past and current contamination obsessions were related to significantly lower platelet count (Z= -
2.093, p= .036) (Z =-2.431, p= .015). Folate deficit was associated with a statistically significant
lower monocyte count (Z= -2.290, p= .022). Subjects with normal vitamin B12 levels showed
significantly higher WBC count (Z= -1.990, p=.047) and higher ESR (Z=-2.153, p=.031). Subjects
with vitamin D deficiency had a significantly higher BMI in comparison with subjects who had

normal levels (Z = -3.895, p <.001).

Five (9.6%) patients who were taking lithium, in comparison to those not taking it, showed higher
ASO titer levels (Z= -2.359, p=.018) and lower monocyte count (Z= -2.153, p= .031): However,

given the small number of subjects, this finding should be considered just a trend.

When the patients were analyzed according to the sex, it emerged that women showed statistically

significant higher folate levels (Z=-2.369, p=.018) (table 3).

Non-parametric correlations
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The ASO titer showed a positive correlation with vitamin B12 levels (Rho=.399, p=.013) and WBC
counts (Rho= .360, p= .043). Patients' age and age of OCD onset were inversely related to,
respectively, the number of neutrophils (Rho= -.403, p=.027), and both lymphocyte count (Rho= -
492, p=.006) and homocysteine values (Rho=-.583, p=.011). Folate levels were directly associated
with the “degree of control over obsessions” item scores (Rho=-.310, p=.046), and inversely with
to monocyte count (Rho= .579, p= .002). Vitamin B12 levels were negatively correlated with
“overvalued sense of responsibility” (Rho= -.431, p=.007) and positively with the “reliability” item
scores (Rho=.322, p=.049), WBC count (Rho= .490, p=.011), and monocyte count (Rho=.579, p=
.002). The WBC count was negatively related to “avoidance” (Rho=-.394, p=.026) and “overvalued
sense of responsibility” (Rho= -.371, p=.037) item scores, and directly to neutrophil counts (Rho=
485, p= .007). The number of neutrophils was negatively related to “distress associated with
obsessions” item scores (Rho= -.438, p=.016). The latter was also directly related to the BMI (Rho=
451, p=.016). C-RP values were negatively associated with “reliability” item score (Rho=-.357, p=
.049). Platelet count was negatively correlated to “reliability” (Rho= -.410, p=.022) and “insight”
(Rho=-.453, p=.010) item scores (table 4).

4. DISCUSSION

The aim of the present study was at investigating the clinical features of OCD subjects who had been
exposed to GABHS infection in the past, as assessed by ASO titer-positivity, although with no
symptoms of pharyngotonsillitis or of other related symptoms. Nonetheless, from a lifetime
perspective, all patients had been asymptomatic for streptococcal infection. Therefore, it should be
underlined that our sample of OCD patients differs from those without ASO titer-positivity, and also
from both children and adults diagnosed with PANDAS, as they had no past or current symptoms of
infections. The overall prevalence of ASO positivity was about 25% of the total OCD patients
recruited in two years in our Department, while suggesting that this silent infection is quite common
and perhaps more than fortuitous. According to our knowledge, this is the first study of this kind, as
previously only OCD onset following diagnosed streptococcal infections were reported in adult

patients3>-37,

The mean Y-BOCS score (25.5) of our sample indicates a general severe OCD clinical picture. The
mean age at onset was 16.44 years, which is about ten years later than that observed in sudden early-

onset OCD occurring in children with GABHS-related neuropsychiatric syndromes. Indeed, only
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32.7% of our sample had experienced a sudden-onset, so that again we underline that no patients

recalled a past history of pharyngotonsillitis.

Therefore, our next step was to describe possible specific features of this group of patients, as well
as patterns of immune alterations. As hypothesized, male subjects represented the majority of our
sample (M=33; 63.5%): this is consistent with previous data gathered in children and adolescents
with PANDAS 7%7!, Further, one third of our male patients (22 out of 33) had suffered from perinatal
insults or obstetric complications. This is not surprising, as males seem to be more vulnerable to
insults of different kinds with a detrimental effect on the CNS if occurring in specific periods of life
(birth, childhood and adolescence). Interestingly, pathophysiological mechanisms in OCD seem to
differ by sex’?, and a dimorphic pattern of genetic susceptibility has been hypothesized that would
contribute to the heterogeneity of OCD from a biological and clinical point of view’3. Furthermore,
a study conducted in OCD adult patients reported that maternal edema during pregnancy and
prolonged labor were possibly associated with the expression of OCD later in life?°. The present study
seems to confirm the detrimental role of perinatal complications for the development of OCD also in

adults and in subjects without comorbidities in the area of neurodevelopmental disorders.

In terms of specific symptoms, the most represented past and current obsessions were “other” (i.e.,
miscellaneous obsessions), followed by the “aggressive” ones. The most common past and current
compulsions were the “control” ones, followed by miscellaneous compulsions. These symptoms are
quite different from those reported in childhood PANDAS, where the most frequent are need for

symmetry and exactness, bedtime rituals, counting and repeating compulsions 3274,

The subjects who were on regular medication for OCD at the time of assessment had significantly
lower ASO titers than the drug-free patients, while highlighting the potential anti-inflammatory role
of psychotropic compounds >~78. The ASO titers were positively related to current lithium treatment
and the number of WBCs, although in five patients only, so that it should be considered a mere
suggestion. However, this finding, if corroborated in the larger samples, might be consistent with the
notion that lithium could increase a positive inflammatory response’, or might indicate the need of
lithium prescription in those patients that showed a worse global clinical picture, possibly sustained

by a systemic inflammation, at least as demonstrated by the higher ASO titers.

A higher WBC count was positively related to the Y-BOCS “overvalued sense of responsibility”” and
“avoidance” item scores. The neutrophil count and the BMI had, respectively, a positive and a
negative correlation with the "distress associated with obsessive thoughts" item score. The number

of neutrophils was also inversely correlated with the patients' age, while the lymphocyte count and

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

Accepted Manuscript: Authors' Copy

the levels of homocysteine showed negative correlations with the age of OCD onset. These findings
seem to suggest the presence of an association between different symptom dimensions and leukocyte
profiles, possibly related to certain inflammatory pathways. A lower platelet count was related to a
sudden OCD onset, to the presence of past and current contamination obsessions, and to higher scores
in the Y-BOCS items “insight” and “reliability”. As a matter of fact, thrombocytopenia might
represent a common report in inflammation 882, and it is likely to constitute an important matter of
investigation in these patients, given the crucial role exerted by platelets in OCD, in relation especially
to serotonergic transmission and psychotropic drugs'-3384, Folate deficit was found in 20 out of 42
patients assessed for this vitamin. Folate levels were higher in women than in men, in agreement with
literature data, and in those 30 subjects with no history of perinatal insults. Higher folate levels were
associated with a lower “degree of control over obsessions”, that is to say, to a better control exerted
on obsessive thoughts. The role of folate in OCD has been investigated in several studies, with
controversial findings®%’. According to the present study, higher folate levels might have a
protective role against some symptomatology domains, although further studies are required to

deepen this topic.

The vitamin B12 levels were within the normal range in 34 while a deficiency was present in 4
patients. However, interestingly, the higher the vitamin B12 levels, the higher the ASO titers, WBC
and monocyte counts, and the higher scores in “overvalued sense of responsibility” and “reliability”
item scores. These findings seem to be opposite to the evidence of lower vitamin B12 levels reported
in depressed and bipolar patients %31, In the current study, a vitamin B12 deficiency was assessed in
4 patients only. However, the significant correlations detected between vitamin levels and ASO titers,
and higher WBC and monocyte counts might suggest that it is involved in inflammation processes
that are quite active in this subgroup of patients.

Vitamin D levels, albeit low, were not related to any clinical or laboratory parameters, except for the
BMLI: this is at variance with literature data showing vitamin D associated with overall severity and

specific symptom patterns 429293

. In our opinion, this discrepancy might be due to the prevalent role
of infections triggering and shaping both the biological patterns and the clinical features.

According to the available literature, immune system abnormalities are likely to play an important
role in the pathophysiology of OCD %445, More specifically, an altered immune response to several
kinds of noxae, such as stress and infections, seems to be involved in a complex pathophysiologic
frame with interconnected genetic and environmental factors, although the exact mechanisms are yet
to be fully explained. Indeed, it is conceivable that specific immune dysfunctions might lead to
peculiar CNS alterations that would underlie different OCD clinical pictures and symptom

dimensions. However, further evidence is needed to support this concept, as studies conducted to date
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are scant and often involve small samples of patients. Nonetheless, we are of the opinion that a deeper
understanding of the immune mechanisms in OCD might pave the road to the development of novel
treatment options.

A randomized trial conducted in children with recent onset OCD and/or tics reported that cefdinir, a
B-lactam antibiotic, improved, albeit not at statistically level both OCS and tics, with a good
tolerability profile®*. The authors also suggested that the overall class of B-lactam antibiotics, beyond
antimicrobial, might have neuroprotective properties®. Intriguing findings have been reported for
augmentation strategies with celecoxib, a NSAID belonging to the ciclooxigenase-2 (COX-2)
selective inhibitors (Cohen & Preuss, 2021). Indeed, as used as an adjunctive treatment to fluoxetine,
celecoxib provoked a more significant reduction in OCS than the SSRI plus placebo®. Similar
findings were also observed with the fluvoxamine-celecoxib combination®®.

To date, antibiotic prophylaxis and administration of oral penicillin, immunotherapy, plasmapheresis
and intravenous immunoglobulins have been proposed as therapeutic options to reduce OCS,
however, results remain controversial, especially in adults”’*®, However, a recent preliminary
ongoing studies of ours conducted in 20 subjects seem to convey encouraging results for therapeutic
perspectives, as the augmentation strategy with antibiotics (one tablet a day for three days every 2
weeks for 3 months, as recommended by the guidelines for Streptococcus eradication), associated
with one SRI or SSRI led to a significant decrease in the Y-BOCS score, as assessed at the follow-up
after 3 and 6 months (data not shown).

The small size of the sample is the main limitation of this study, and, although all patients were well
characterized from the clinical point of view, a larger sample might lead to more specific findings.
Another problem is the absence of a control group for a further comparison as we are planning to do
in the future. Indeed, further studies assessing not only the characteristics of ASO titer-positive OCD
subjects who are asymptomatic for pharyngotonsillitis, but also the differences with ASO-

seronegative OCD patients, are warranted to better disentangle this intriguing matter.

5. CONCLUSIONS

Taken together, the findings of the present study indicate that about 25% of OCD patients, despite
having no past or current symptoms of bacterial infections, may show ASO titer-positivity together
with alterations of some peripheral markers, suggestive of a chronic inflammatory state. Therefore,
past and silent streptococcal infections cannot be considered so “silent”, but dangerous at least in a

subgroup of patients, especially if males and with a history of perinatal traumas.
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According to us, the evaluation of streptococcal infections and of peripheral biomarkers should be
included in routine assessment of OCD patients, irrespective of age and clinical picture, given their
ease and low cost. As OCD is a chronic psychopathological condition with a high rate of treatment
resistance, our and other studies suggest that some patients might benefit from the administration of
anti-inflammatory drugs and antibiotics targeting the GABHS (and possibly other) infections that
might be involved in the onset and the maintenance of OCD and related disorders. In addition, our
data seem to support the notion of a certain anti-inflammatory activity of some psychotropic

compounds, a topic that strongly requires to be deepened in future studies.
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Table 1. Socio-demographic characteristics of outpatients with OCD

Total Male Female
(n=152) (n=33) (n=19)
Mean age at onset £ SD 16.4+6.5 15.8+6.1 17.5+7.1
Episodic 6 (11.5%) 3(9.1%) 3 (15.8%)
Course -
Chronic 46 (88.5%) 30 (90.9%) 16 (84.2%)
Sudden 17 (32.7%) 10 (30.3%) 7 (36.8%)
Onset
Progressive 35 (67.3%) 23 (69.7%) 12 (63.2%)
Onset related to stressful life events 26 (50.0%) 16 (48.5%) 10 (52.6%)
Onset related to the end of a relationship 8 (15.4%) 5(15.2%) 3 (15.8%)
Perinatal insults 22 (42.3%) 22 (66.7%) 0
Obsessive-compulsive personality traits 28 (53.8%) 20 (60.6%) 8 (42.1%)
Ugevgerrsgy 17 (32.7%) 11 (33.3%) 6 (31.6%)
Education level High school 31 (59.6%) 19(57.6%) | 12 (63.2%)
Middle school 4 (7.7%) 3(9.1%) 1 (5.3%)
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Table 2. ASO titer, folate, vitamin D and vitamin B12 levels in outpatients with OCD

N Min. Max. Mean + SD Positivity or deficiency
value value
Total 52 (100.0%)
Male
33 (100.0%)
ASO titer (n=33)
(IU/mL) 52 232.00 | 916.00 426.80 £ 152.05
Female
19 (100.0%)
(n=19)
Total 20 (47.6%)
Male
17 (58.6%)
Folate (n=29)
(nmol/L) 42 1.20 9.30 4.60+2.23
Female
3(23.1%)
(n=13)
Total 39 (79.6%)
Male
27 (84.4%)
Vitamin D (n=32)
(ng/mL) 49 5.00 45.55 19.05 + 11.55
Female
12 (70.6%)
(n=17)
Total 4 (10.5%)
Male
itami _ 2 (8.0%)
Vitamin B12 38 | 84.00 | 792.00 434.19 + 179.43 (n=25)
(pmol/L)
Female
0,
(n=13) 2 (15.4%)

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

Accepted Manuscript: Authors' Copy

Table 3. Intergroup differences between different variables

n=10(19.23%)

Age of onset (years) Married: 9 (17.3%) Single: 43 (82.7%) 0.004
erythrocyte sedimentation rate Unemployed: 22 (42.3%) Employed: 30 (57.7%) 0.018
) i . Normal Vit B12 levels: 48
erythrocyte sedimentation rate Vit B2 deficiency: 4 (7.7%) (92.3%) 0.031
. . Onset related to stressful life events No relation with stressful life
Vitamin B12 levels n= 26 (50.0%) events: 26 (50.0%) 0.048
H teine level Onset related to the end of a relationship | Onset unrelated to the end of a 0.029
omocysteine fevels n=18 (15.4%) relationship: 44 (84.6%) .
Perinatal insults: 22 (42.3%) No perinatal insults: 3
erinatal insults: .
Folate levels ° (52.7%) 0.017
Folate levels Female: 19 (36.5%) Male: 33 (63.5%) 0.018
Y-BOCS obsession subscale score University degree: 17 (32.7%) Middle school: 4 (7.7%) 0.031
Y-BOCS compulsions subscale score University degree: 17 (32.7%) High school: 31 (59.6%) 0.003
ASO titer On treatment: 50 (96.2%) Not in treatment: 2 (3.8%) 0.046
ASO titer On lithium: 5 (9.6%) Not on lithium: 47 (90.4%) 0.018
Monocyte count On lithium: 5 (9.6%) Not on lithium: 4 (90.4%) 0.031
Monocyte count Folate deficit: 20 (38.5%) No folate deficit: 32 (62.5%) 0.022
Platelet count Progressive onset: 35 (67.3%) Acute onset: n= 17 (32.7%) 0.005
LT contamination obs No LT contamination obs
Platelet count n=21 (40.4%) n=31(59.6%) 0.036
Current contamination obs No current contamination obs
Platelet count n=21 (40.4%) n=31(59.6%) 0.015
WBC count Vit B12 deficiency: 4 (7.7%) Normal Vit b12: 48 (92.3%) 0.047
No Vit D deficiency
BMI Vit D deficiency: n=39 (75%) <0.001
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Table 4. Correlations between different variables

Rho p
Vitamin B12 levels Reliability 0.322 0.049
Vitamin B12 levels Overvalued sense of -0.431 0.007
responsibility

Folate levels Monocyte count 0.579 0.002
Degree of control over

Folate levels . -0.310 0.046

obsessions

Age of onset Lymphocyte count -0.492 0.006

Age of onset Homocysteine levels -0.583 0.011

Age Neutrophils count -0.403 0.027

ASO titer levels Vitamin B12 levels 0.399 0.013

ASO titer levels WBC count 0.360 0.043

WBC count Vitamin B12 levels 0.490 0.011

WBC count Avoidance -0.394 0.026

WBC count Overvalued sense of 0371 0.037

responsibility

WBC count Neutrophils count 0.485 0.007

Monocyte count Vitamin B12 levels 0.579 0.002
Distress associated with

Neutrophils count obsessions -0.438 0.016
Distress associated with

BMI . 0.451 0.016

obsessions

C-RP Reliability -0.357 0.049

Platelet count Reliability -0.410 0.0222

Platelet count Insight -0.453 0.010

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press



https://doi.org/10.1017/S1092852925000203

Accepted Manuscript: Authors' Copy

REFERENCES

1. Marazziti D, Presta S, Pfanner C, et al. Immunological alterations in adult obsessive-compulsive

disorder. Biol Psychiatry. 1999;46(6):810-814. doi:10.1016/s0006-3223(98)00371-0

2. Dinn WM, Harris CL, McGonigal KM, Raynard RC. Obsessive-compulsive disorder and
immunocompetence. Int J Psychiatry Med. 2001;31(3):311-320. doi:10.2190/FOBA-BN4F-
61KA-UD99

3. daRochaFF, Correa H, Teixeira AL. Obsessive—compulsive disorder and immunology: a review.
Prog Neuropsychopharmacol Biol Psychiatry. 2008;32(5):1139-1146.
doi:10.1016/j.pnpbp.2007.12.026

4. Fontenelle LF, Barbosa IG, Luna JV, de Sousa LP, Abreu MNS, Teixeira AL. A cytokine study
of adult patients with obsessive-compulsive disorder. Compr Psychiatry. 2012;53(6):797-804.
doi:10.1016/j.comppsych.2011.12.007

5. Rodriguez N, Morer A, Gonzalez-Navarro EA, et al. Inflammatory dysregulation of monocytes
in pediatric patients with obsessive-compulsive disorder. J Neuroinflammation. 2017;14(1):261.

doi:10.1186/s12974-017-1042-z

6. Rodriguez N, Morer A, Gonzalez-Navarro EA, et al. Altered frequencies of Th17 and Treg cells
in children and adolescents with obsessive-compulsive disorder. Brain Behav Immun.

2019;81:608-616. doi:10.1016/5.bb1.2019.07.022

7. Colak Sivri R, Bilgi¢ A, Kiling 1. Cytokine, chemokine and BDNF levels in medication-free
pediatric patients with obsessive—compulsive disorder. Eur Child Adolesc Psychiatry.

2018;27(8):977-984. doi:10.1007/s00787-017-1099-3

8. Endres D, Pollak TA, Bechter K, et al. Immunological causes of obsessive-compulsive disorder:
is it time for the concept of an “autoimmune OCD” subtype? Transl Psychiatry. 2022;12(1):5.
doi:10.1038/s41398-021-01700-4

9. Endres D. Autoimmune obsessive-compulsive disorder. J Affect Disord Rep. 2023;12:100539.
doi:10.1016/j.jadr.2023.100539

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Accepted Manuscript: Authors' Copy

Denzel D, Runge K, Feige B, et al. Autoantibodies in patients with obsessive-compulsive
disorder: A systematic review. Transl Psychiatry. 2023;13(1):241. doi:10.1038/s41398-023-
02545-9

Brambilla F, Perna G, Bellodi L, et al. Plasma interleukin-1 and tumor necrosis factor
concentrations in obsessive—compulsive disorders. Biol Psychiatry. 1997;42(11):976-981.
doi:10.1016/S0006-3223(96)00495-7

Monteleone P, Catapano F, Fabrazzo M, Tortorella A, Maj M. Decreased blood levels of tumor
necrosis factor-alpha in patients with obsessive-compulsive disorder. Neuropsychobiology.

1998;37(4):182-185. doi:10.1159/000026500

Zohar J, Chopra M, Sasson Y, Amiaz R, Amital D. Obsessive compulsive disorder: serotonin and

beyond. World J Biol Psychiatry. 2000;1(2):92-100. doi:10.3109/15622970009150571

Denys D, Fluitman S, Kavelaars A, Heijnen C, Westenberg H. Decreased TNF-o and NK activity
in  obsessive-compulsive  disorder.  Psychoneuroendocrinology.  2004;29(7):945-952.
doi:10.1016/j.psyneuen.2003.08.008

Konuk N, Tekin IO, Ozturk U, et al. Plasma levels of tumor necrosis factor-alpha and interleukin-
6 in  obsessive-compulsive  disorder.  Mediators  Inflamm.  2007;2007:¢65704.
doi:10.1155/2007/65704

Bhattacharyya S, Khanna S, Chakrabarty K, Mahadevan A, Christopher R, Shankar SK. Anti-
brain autoantibodies and altered excitatory neurotransmitters in obsessive—compulsive disorder.

Neuropsychopharmacology. 2009;34(12):2489-2496. doi:10.1038/npp.2009.77

Teixeira AL, Rodrigues DH, Marques AH, Miguel EC, Fontenelle LF. Searching for the immune
basis of obsessive-compulsive disorder. Neuroimmunomodulation. 2014;21(2-3):152-158.

doi:10.1159/000356554

Marazziti D, Albert U, Mucci F, Piccinni A. The glutamate and the immune systems: new targets
for the pharmacological treatment of OCD. Curr Med Chem. 2018;25(41):5731-5738.
doi:10.2174/0929867324666171108152035

Marazziti D, Mucci F, Lombardi A, Falaschi V, Dell’Osso L. The cytokine profile of OCD:
pathophysiological insights. [Int J Interferon Cytokine Mediat Res. 2015;7:35-42.
doi:10.2147/1JICMR.S76710

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

20.

21.

22.

23.

24.

25.

26.

27.

28.

Accepted Manuscript: Authors' Copy

Marazziti D, Mucci F, Fontenelle LF. Immune system and obsessive-compulsive disorder.

Psychoneuroendocrinology. 2018;93:39-44. doi:10.1016/j.psyneuen.2018.04.013

Simsek S, Yiiksel T, Cim A, Kaya S. Serum cytokine profiles of children with obsessive-
compulsive disorder shows the evidence of autoimmunity. Int J Neuropsychopharmacol.

2016;19(8):pyw027. doi:10.1093/ijnp/pyw027

Karagiizel EO, Arslan FC, Uysal EK, et al. Blood levels of interleukin-1 beta, interleukin-6 and
tumor necrosis factor-alpha and cognitive functions in patients with obsessive compulsive

disorder. Compr Psychiatry. 2019;89:61-66. doi:10.1016/j.comppsych.2018.11.013

Swedo SE, Rapoport JL., Cheslow DL, et al. High prevalence of obsessive-compulsive symptoms
in patients with Sydenham’s chorea. Am J Psychiatry. 1989;146(2):246-249.
doi:10.1176/ajp.146.2.246

Rodriguez-Noriega E, Garcia-Garcia A, Ponce de Leon A, Quintero-Perez NP, Plascencia-
Hernandez A, Ortiz-Covarrubias A. Streptococcal infections and their sequelae in the upper

respiratory tract. Scand J Infect Dis Suppl. 1988;57:12-19.

Kelly SB, Dick L. Severe invasive group A beta-hemolytic streptococcus infection complicating

pharyngitis: a case report and discussion. J Okla State Med Assoc. 2000;93(1):25-28.

Murphy ML, Pichichero ME. Prospective identification and treatment of children with pediatric
autoimmune neuropsychiatric disorder associated with group A streptococcal infection

(PANDAS). Arch Pediatr Adolesc Med. 2002;156(4):356-361. doi:10.1001/archpedi.156.4.356

Murphy TK, Kurlan R, Leckman J. The immunobiology of Tourette’s disorder, pediatric
autoimmune neuropsychiatric disorders associated with Streptococcus, and related disorders: a
way forward. J Child Adolesc Psychopharmacol. 2010;20(4):317-331.
doi:10.1089/cap.2010.0043

Quagliariello A, Del Chierico F, Russo A, et al. Gut microbiota profiling and gut-brain crosstalk
in children affected by pediatric acute-onset neuropsychiatric syndrome and pediatric
autoimmune neuropsychiatric disorders associated with streptococcal infections. Front

Microbiol. 2018;9:675. doi:10.3389/fmicb.2018.00675

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Accepted Manuscript: Authors' Copy

Vasconcelos MS, Sampaio AS, Hounie AG, et al. Prenatal, perinatal, and postnatal risk factors
in obsessive-compulsive disorder. Biol Psychiatry. 2007;61(3):301-307.
doi:10.1016/j.biopsych.2006.07.014

Swedo SE, Leonard HL, Garvey M, et al. Pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections: clinical description of the first 50 cases. Am J

Psychiatry. 1998;155(2):264-271. doi:10.1176/ajp.155.2.264

Swedo SE, Leckman JF, Rose NR. From research subgroup to clinical syndrome: modifying the
PANDAS criteria to describe PANS (pediatric acute-onset neuropsychiatric syndrome). Pediatr
Ther.2012;2(2):113.

Frankovich J, Thienemann M, Rana S, Chang K. Five youth with pediatric acute-onset
neuropsychiatric syndrome of differing etiologies. J Child Adolesc Psychopharmacol.
2015;25(1):31-37. doi:10.1089/cap.2014.0056

Chiarello F, Spitoni S, Hollander E, Matucci Cerinic M, Pallanti S. An expert opinion on
PANDAS/PANS: highlights and controversies. Int J Psychiatry Clin Pract. 2017;21(2):91-98.
doi:10.1080/13651501.2017.1285941

Calaprice D, Tona J, Parker-Athill EC, Murphy TK. A survey of pediatric acute-onset
neuropsychiatric syndrome characteristics and course. J Child Adolesc Psychopharmacol.
2017;27(7):607-618. doi:10.1089/cap.2016.0105

Bodner SM, Morshed SA, Peterson BS. The question of PANDAS in adults. Biol Psychiatry.
2001;49(9):807-810. doi:10.1016/s0006-3223(00)01127-6

Mathew SJ. PANDAS Variant and body dysmorphic disorder. Am J Psychiatry.
2001;158(6):963-963. doi:10.1176/appi.ajp.158.6.963

Deshmukh RP, Mane AB, Singh S. PANDAS in an adult?: a case report. Indian J Priv Psychiatry.
2022;16(1):44-45. doi:10.5005/jp-journals-10067-0104

Church AJ, Dale RC. Antistreptolysin-O titers: implications for adult PANDAS. Pediatric
autoimmune neuropsychiatric disorders associated with streptococcal infections. Am J

Psychiatry. 2002;159(2):320. doi:10.1176/appi.ajp.159.2.320

Sen ES, Ramanan AV. How to use antistreptolysin O titre. Arch Dis Child - Educ Pract.
2014;99(6):231-237. doi:10.1136/archdischild-2013-304884

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Accepted Manuscript: Authors' Copy

Burchi E, Pallanti S. Antibiotics for PANDAS? Limited evidence: review and putative
mechanisms of action. Prim Care Companion CNS Disord. 2018;20(3):17r02232.
doi:10.4088/PCC.17r02232

Della Vecchia A, Marazziti D. Back to the future: the role of infections in psychopathology.
Focus on OCD. Clin Neuropsychiatry. 19(4):248-263. doi:10.36131/cnfioritieditore20220407

Marazziti D, Massa L, Carbone MG, et al. Silent infections are not so silent: the emerging role of
combined infections, inflammation, and vitamin levels in OCD. Clin Neuropsychiatry.

2024;21(1):7-21. doi:10.36131/cnfioritieditore20240101

Rao NP, Reddy MS, Reddy JYC. Is there a role for immunological mechanisms in
etiopathogenesis of obsessive compulsive disorder? [ndian J Psychol Med. 2013;35(1):1-3.
doi:10.4103/0253-7176.112192

Endres D, Pollak TA, Bechter K, et al. Immunological causes of obsessive-compulsive disorder:
is it time for the concept of an “autoimmune OCD” subtype? Transl Psychiatry. 2022;12(1):5.
doi:10.1038/s41398-021-01700-4

Marazziti D, Buccianelli B, Palermo S, et al. The microbiota/microbiome and the gut-brain axis:

how much do they matter in psychiatry? Life. 2021;11(8):760. doi:10.3390/1ife11080760

Attwells S, Setiawan E, Wilson AA, et al. Inflammation in the neurocircuitry of obsessive-
compulsive disorder. JAMA Psychiatry. 2017;74(8):833-840.
doi:10.1001/jamapsychiatry.2017.1567

Meyer J. Inflammation, obsessive-compulsive disorder, and related disorders. Current Topics in

Behavioral Neurosciences. 2021;49:31-53. doi:10.1007/7854 2020 210

Jones HF, Han VX, Patel S, et al. Maternal autoimmunity and inflammation are associated with
childhood tics and obsessive-compulsive disorder: transcriptomic data show common enriched

innate immune pathways. Brain Behav Immun. 2021;94:308-317. doi:10.1016/j.bbi.2020.12.035

Uguz F, Onder Sonmez E, Sahingoz M, et al. Neuroinflammation in the fetus exposed to maternal
obsessive—compulsive disorder during pregnancy: a comparative study on cord blood tumor
necrosis factor-alpha levels. Compr Psychiatry. 2014;55(4):861-865.
doi:10.1016/j.comppsych.2013.12.018

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Accepted Manuscript: Authors' Copy

Turna J, Grosman Kaplan K, Anglin R, Van Ameringen M. “What’s bugging the gut in OCD?”
a review of the gut microbiome in obsessive—compulsive disorder. Depress Anxiety.

2016;33(3):171-178. doi:10.1002/da.22454

Pearlman DM, Vora HS, Marquis BG, Najjar S, Dudley LA. Anti-basal ganglia antibodies in
primary obsessive—compulsive disorder: systematic review and meta-analysis. Br J Psychiatry.

2014;205(1):8-16. doi:10.1192/bjp.bp.113.137018

Maina G, Albert U, Bogetto F, et al. Anti-brain antibodies in adult patients with obsessive—
compulsive disorder. J Affect Disord. 2009;116(3):192-200. doi:10.1016/j.jad.2008.11.019

Gray SM, Bloch MH. Systematic review of proinflammatory cytokines in obsessive-compulsive

disorder. Curr Psychiatry Rep. 2012;14(3):220-228. d0i:10.1007/s11920-012-0272-0

Endres D, Hannibal L, Zaltenbach B, et al. Case report: possible autoimmune obsessive-
compulsive disorder with postpartum onset. Front Immunol. 2022;13:970448.
doi:10.3389/fimmu.2022.970448

Frick L, Pittenger C. Microglial dysregulation in OCD, Tourette syndrome, and PANDAS. J
Immunol Res. 2016;2016:¢8606057. doi:10.1155/2016/8606057

Rees JC. Obsessive—compulsive disorder and gut microbiota dysregulation. Med Hypotheses.

2014;82(2):163-166. doi:10.1016/j.mehy.2013.11.026

Gerentes M, Pelissolo A, Rajagopal K, Tamouza R, Hamdani N. Obsessive-compulsive disorder:
autoimmunity and  neuroinflammation.  Curr  Psychiatry  Rep.  2019;21(8):78.
doi:10.1007/s11920-019-1062-8

Ellul MA, Benjamin L, Singh B, et al. Neurological associations of COVID-19. Lancet Neurol.
2020;19(9):767-783. doi:10.1016/S1474-4422(20)30221-0

Pallanti S, Di Ponzio M. PANDAS/PANS in the COVID-19 Age: autoimmunity and Epstein—
barr virus reactivation as trigger agents? Children. 2023;10(4):648.
doi:10.3390/children10040648

Tanir Y, Karayagmurlu A, Kaya I, et al. Exacerbation of obsessive compulsive disorder
symptoms in children and adolescents during COVID-19 pandemic. Psychiatry Res.
2020;293:113363. doi:10.1016/j.psychres.2020.113363

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Accepted Manuscript: Authors' Copy

Ludlow M, Kortekaas J, Herden C, et al. Neurotropic virus infections as the cause of immediate
and delayed neuropathology. Acta  Neuropathol — (Berl). 2016;131(2):159-184.
doi:10.1007/s00401-015-1511-3

Veleri S. Neurotropism of SARS-CoV-2 and neurological diseases of the central nervous system

in COVID-19 patients. Exp Brain Res. 2022;240(1):9-25. doi:10.1007/s00221-021-06244-z

First, MB, Williams, JB, Karg, RS, Spitzer, RL. SCID-5-CV: Structured Clinical Interview for
DSM-5 Disorders; Research Version. Arlington, VA: American Psychiatric Association

Publishing; 2015

Goodman WK, Price LH, Rasmussen SA, et al. The Yale-Brown obsessive compulsive scale. 1.
Development, use, and reliability. Arch Gen Psychiatry. 1989;46(11):1006-1011.
doi:10.1001/archpsyc.1989.01810110048007

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 1960;23(1):56-62.
doi:10.1136/jnnp.23.1.56

Wootton BM, Tolin DF. Obsessive—compulsive disorder. In: Friedman HS, ed. Encyclopedia of
Mental Health (Second Edition). Academic Press; 2016:227-231. doi:10.1016/B978-0-12-
397045-9.00090-2

Hedlund JL, Vieweg BW. The Hamilton rating scale for depression: a comprehensive review. J

Oper Psychiatry. 1979;10(2):149-165.

Devalia V, Hamilton MS, Molloy AM, Haematology the BC for S in. Guidelines for the
diagnosis and treatment of cobalamin and folate disorders. Br J Haematol. 2014;166(4):496-513.
doi:10.1111/bjh.12959

de Benoist B. Conclusions of a WHO technical consultation on folate and vitamin B12
deficiencies. Food Nutr Bull. 2008;29(2_suppl1):S238-S244.
doi:10.1177/15648265080292S129

Swedo SE, Seidlitz J, Kovacevic M, et al. Clinical presentation of pediatric autoimmune
neuropsychiatric disorders associated with streptococcal infections in research and community

settings. J Child Adolesc Psychopharmacol. 2015;25(1):26-30. doi:10.1089/cap.2014.0073

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Accepted Manuscript: Authors' Copy

Cocuzza S, Maniaci A, La Mantia I, et al. Obsessive-compulsive disorder in PANS/PANDAS in
children: in search of a qualified treatment—a systematic review and metanalysis. Children.

2022;9(2):155. doi:10.3390/children9020155

Lensi P, Cassano GB, Correddu G, Ravagli S, Kunovac JL, Akiskal HS. Obsessive-compulsive
disorder. Familial-developmental history, symptomatology, comorbidity and course with special
reference to gender-related differences. Br J Psychiatry J Ment Sci. 1996;169(1):101-107.
doi:10.1192/bjp.169.1.101

Lochner C, Hemmings SMJ, Kinnear CJ, et al. Gender in obsessive-compulsive disorder: clinical
and genetic findings. Eur Neuropsychopharmacol J Eur Coll Neuropsychopharmacol.
2004;14(2):105-113. doi:10.1016/S0924-977X(03)00063-4

Orefici G, Cardona F, Cox CJ, Cunningham MW. Pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infections (PANDAS). In: Ferretti JJ, Stevens DL,
Fischetti VA, eds. Streptococcus Pyogenes: basic biology to clinical manifestations. University

of Oklahoma Health Sciences Center; 2016. http://www.ncbi.nlm.nih.gov/books/NBK 333433/

Tynan RJ, Weidenhofer J, Hinwood M, Cairns MJ, Day TA, Walker FR. A comparative
examination of the anti-inflammatory effects of SSRI and SNRI antidepressants on LPS

stimulated microglia. Brain Behav Immun. 2012;26(3):469-479. doi:10.1016/j.bbi.2011.12.011

Patel S, Keating BA, Dale RC. Anti-inflammatory properties of commonly used psychiatric
drugs. Front Neurosci. 2023;16. doi: 10.3389/fnins.2022.1039379

Dionisie V, Filip GA, Manea MC, Manea M, Riga S. The anti-inflammatory role of SSRI and
SNRI in the treatment of depression: a review of human and rodent research studies.

Inflammopharmacology. 2021;29(1):75-90. doi:10.1007/s10787-020-00777-5

Marazziti D, Mungai F, Masala I, et al. Normalisation of immune cell imbalance after
pharmacological treatments of patients suffering from obsessive-compulsive disorder. J

Psychopharmacol (Oxf). 2009;23(5):567-573. do0i:10.1177/0269881108089605

Nassar A, Azab AN. Effects of lithium on inflammation. ACS Chem Neurosci. 2014;5(6):451-
458. doi:10.1021/cn500038f

Goerge T, Ho-Tin-Noe B, Carbo C, et al. Inflammation induces hemorrhage in

thrombocytopenia. Blood. 2008;111(10):4958-4964. doi:10.1182/blood-2007-11-123620

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

81.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

Accepted Manuscript: Authors' Copy

Sonmez O, Sonmez M. Role of platelets in immune system and inflammation. Porto Biomed J.

2017;2(6):311-314. doi:10.1016/j.pbj.2017.05.005

Bedet A, Razazi K, Boissier F, et al. Mechanisms of thrombocytopenia during septic shock: a
multiplex cluster analysis of endogenous sepsis mediators. Shock Augusta Ga. 2018;49(6):641-
648. doi:10.1097/SHK.0000000000001015

Delorme R, Betancur C, Callebert J, et al. Platelet serotonergic markers as endophenotypes for
obsessive-compulsive disorder. Neuropsychopharmacology. 2005;30(8):1539-1547.
doi:10.1038/sj.npp.1300752

Arrojo M, Baca-Garcia E, Perez-Rodriguez MM, et al. Platelet monoamine oxidase activity in
obsessive-compulsive disorder. Eur Psychiatry J Assoc Eur Psychiatr. 2007;22(8):525-529.
doi:10.1016/j.eurpsy.2007.06.006

Atmaca M, Tezcan E, Kuloglu M, Kirtas O, Ustundag B. Serum folate and homocysteine levels
in patients with obsessive-compulsive disorder. Psychiatry Clin Neurosci. 2005;59(5):616-620.
doi:10.1111/5.1440-1819.2005.01425.x

Tural U, Corapgioglu A, Bosgelmez S, et al. Double blind controlled study of adding folate to
fluoxetine in the treatment of ocd.  Psychiatr  Danub. 2019;31(1):69-77.
doi:10.24869/psyd.2019.69

Yan S, Liu H, Yu Y, Han N, Du W. Changes of serum homocysteine and vitamin B12, but not
folate are correlated with obsessive-compulsive disorder: a systematic review and meta-analysis

of case-control studies. Front Psychiatry. 2022;13:754165. doi:10.3389/fpsyt.2022.754165

Mangiapane P, Carbone MG, Arone A, et al. Vitamin B12, homocysteine, and folate in patients
suffering from bipolar disorders: relationship with suicide. World J Biol Psychiatry Off J World
Fed Soc Biol Psychiatry. 2023;24(6):476-484. doi:10.1080/15622975.2022.2134589

Coppen A, Bolander-Gouaille C. Treatment of depression: time to consider folate and vitamin

B12. J Psychopharmacol Oxf Engl. 2005;19(1):59-65. doi:10.1177/0269881105048899

Sangle P, Sandhu O, Aftab Z, et al. Vitamin B12 supplementation: preventing onset and
improving prognosis of depression. Cureus. 2020;12(10). doi:10.7759/cureus.11169

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

91.

92.

93.

94.

95.

96.

97.

98.

Accepted Manuscript: Authors' Copy

Laird EJ, O’Halloran AM, Molloy AM, et al. Low vitamin B12 but not folate is associated with
incident depressive symptoms in community-dwelling older adults: a 4-year longitudinal study.
Br J Nutr. 2023;130(2):268-275. doi:10.1017/S0007114521004748

Soyak HM, Karakiikcii C. Investigation of vitamin D levels in obsessive-compulsive disorder.
Indian J Psychiatry. 2022;64(4):349-353.
doi:10.4103/indianjpsychiatry.indianjpsychiatry 26 22

Marazziti D, Barberi FM, Fontenclle L, et al. Decreased vitamin D levels in obsessive-
compulsive disorder patients. CNS Spectr. 2023;28(5):606-613.
doi:10.1017/S1092852921000821

Murphy TK, Parker-Athill EC, Lewin AB, Storch EA, Mutch PJ. Cefdinir for recent-onset
pediatric neuropsychiatric disorders: a pilot randomized trial. J Child Adolesc Psychopharmacol.

2015;25(1):57-64. doi:10.1089/cap.2014.0010

Sayyah M, Boostani H, Pakseresht S, Malayeri A. A preliminary randomized double-blind
clinical trial on the efficacy of celecoxib as an adjunct in the treatment of obsessive-compulsive

disorder. Psychiatry Res. 2011;189:403-406. doi:10.1016/j.psychres.2011.01.019

Shalbafan M, Mohammadinejad P, Shariat SV, et al. Celecoxib as an adjuvant to fluvoxamine in
moderate to severe obsessive-compulsive disorder: a double-blind, placebo-controlled,

randomized trial. Pharmacopsychiatry. 2015;48(4-5):136-140. doi:10.1055/s-0035-1549929

Perlmutter SJ, Leitman SF, Garvey MA, et al. Therapeutic plasma exchange and intravenous
immunoglobulin for obsessive-compulsive disorder and tic disorders in childhood. The Lancet.

1999;354(9185):1153-1158. doi:10.1016/S0140-6736(98)12297-3

Murphy TK, Sajid MW, Goodman WK. Immunology of obsessive-compulsive disorder.
Psychiatr Clin. 2006;29(2):445-469. doi:10.1016/j.psc.2006.02.003

https://doi.org/10.1017/51092852925000203 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925000203

