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Background: The role of inflammatory processes in
the etiology of schizophrenia is increasingly being in-
vestigated. A link between psychosis and inflammation
measured with different biomarkers has been reported
in the literature and needs to be further explored. To
investigate the presence of inflammatory biomarkers
in first-episode psychosis (FEP) we analyzed the lar-
gest available FEP cohort to date regarding routine
CSF and blood diagnostics.Methods: We report a ret-
rospective analysis of clinical data from all inpatients
that were admitted to our tertiary care hospital with
a ICD-10 diagnosis of F2x (schizophrenia-spectrum)
between January 1, 2008 and August 1, 2018 and un-
derwent a lumbar puncture.Results: A total of n = 314
FEP patients were included in our sample. 42.7% pa-
tients (134/314) showed cerebrospinal fluid (CSF) alter-
ations. Oligoclonal bands in the CSF were present in
21.8% of patients (67/307) with 12.4% (27/217) of pa-
tients presenting OCBs type 2 or 3. 15.8% (49/310) of
our cohort revealed signs of blood-brain-barrier (BBB)
dysfunction with increased albumin ratios. Mean serum
CRP levels were 2.4 mg/l (SD = 9.5). CRP elevation
was present in 116/280 cases (41.4%).Conclusions: This
large retrospective analysis on FEP cohort greatly en-
riches the clinical data available on this population and
contributes to the discussion around inflammation in
psychosis. Of note, even though several inflammatory
alterations were found both in CSF and in blood tests,
we found no evidence for a significant relationship be-
tween peripheral inflammation and inflammatory CSF.
Furthermore, no significant relationship between CSF
alterations and peripheral inflammation measured with
CRP could be established.
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Introduction

Based on epidemiological data showing an associa-
tion between autoimmune and psychotic diseases, the
etiology of schizophrenia might be explained at least
partially by autoimmune processes.! It has been shown
that infections and autoimmune processes increase
the risk for schizophrenia and affective disorders.'*
Neurodegenerative processes develop at least partially
as a consequence of inflammatory responses.®> Multiple
lines of evidence from biomarker-driven, post-mortem
and neuroimaging studies suggest numerous inflamma-
tory abnormalities in individuals with schizophrenia,
including microglial activation and proliferation, pro-
inflammatory cytokine upregulation, and abnormal pe-
ripheral immune cell counts.® C-reactive protein (CRP)
is a commonly used biomarker of systemic inflam-
mation worldwide and in a large meta-analysis, CRP
levels were moderately increased in people with schizo-
phrenia regardless of the use of antipsychotics and did
not change between the first episode of psychosis (FEP)
and with progression of schizophrenia (g = 0.66, 95%
confidence interval (95% CI) 0.43 to 0.88, P < .001, 24
between-group comparisons, n = 82 962).” In a recent
prospective follow-up cohort study from Steiner et al,
improvement of positive symptoms in schizophrenia
after treatment correlated with declining CRP levels
(p = 0.237, P = .002).3 Furthermore, meta-analytic
evidence shows that the blood-brain-barrier (BBB),
which is important for central nervous system (CNS)
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homeostasis, is more frequently disrupted in schizo-
phrenia compared to healthy controls,” but whether
this is a cause or consequence of neurological dysfunc-
tion remains unclear.!” Nevertheless, gross barrier dys-
function is likely to be associated with a disturbance
of neural signalling!® and BBB disruption might be as-
sociated with glutamatergic and inflammatory abnor-
malities which are presumed to be implicated in the
etiology of schizophrenia.!®

Finally, the MRZ reaction (MRZR) composed of the
three antibody indices (Al) against measles, rubella and
varicella-zoster virus is a sign of an intrathecal immune
response. To date, the prevalence of positive MRZR in
schizophrenia-spectrum disorders is expected to be low
but was only investigated in schizophrenia in one small
(n = 39) pilot study."

To date, an evidence base is emerging demonstrating
that routine CSF analysis in patients with psychosis does
reveal markers of inflammatory or infectious etiology, in
addition to the detection of autoimmune encephalitis.'?
This is especially reported in the German national schiz-
ophrenia guideline, where a lumbar puncture with subse-
quent routine CSF analyses is recommended for patients
with FEP with signs that could be explained by an un-
derlying somatic condition.'* Currently, the pathological
role of neurotransmitter receptor autoantibodies and
their implication in schizophrenia is discussed, since anti-
NMDA receptor autoantibodies were detected in serum
from ~10% of healthy controls as well as in patients with
pure psychotic symptoms.'

Regarding CSF outcomes in FEP patients, few studies
are available.'>'® In the largest available cohort of FEP pa-
tients from Endres et al, the group of patients with FEP
(N=188) showed increased white blood cell (WBC) count
in 8/188 patients (4%), elevated albumin quotients (AQs)
in 31/188 patients (16%), increased protein concentration
in 74/187 patients (40%), increased IgG indices in 4/188
patients (2%), and intrathecal oligoclonal bands (OCBs)
in 11/186 patients (6%). OCBs in serum and CSF were
detected in 8/186 patients (4%).

No significant differences were found for mean WBC
count (P = .644), protein concentration (P = .791), AQ
(P =.990), IgG indices (P = .741), or rate of intrathecal
OCBs (P = .147) between patients with FEP (N = 188)
and patients with recurrent psychosis (N = 267).1

Since in at least a subgroup of patients with first-
episode psychosis inflammatory processes are presumed
to be implicated,!” we aimed at retrospectively analyzing a
cohort of FEP patients with regard to peripheral inflam-
matory activity (CRP) and standard CSF diagnostics.

Moreover, we aimed at investigating several clinical
characteristics, such as drug consumption or the presence
of white-matter lesions (WMLs) in MRI scans, which
might be linked to a higher rate of peripheral inflamma-
tory activity or CSF alterations.
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To the best of our knowledge, our cohort represents
the largest available FEP cohort to date about routine
CSF diagnostics.

Methods

Data Extraction

This retrospective study was approved by the local ethics
committee of the LMU Munich (registration number:
18-570). All inpatients that were admitted at least once
in our tertiary care hospital (Department of Psychiatry
and  Psychotherapy, University Hospital, LMU
Munich, Munich, Germany) with a diagnosis of F2x
(schizophrenia-spectrum according to ICD-10) and un-
derwent a lumbar puncture between January 1, 2008 and
August 1, 2018 were included. Thus, also patients who ini-
tially presented themselves with a drug-induced psychosis
(eg cannabis-induced psychosis) and were diagnosed with
a diagnosis of F2x within the period of investigation were
included in our analyses. Patients with first-episode psy-
chosis were selected after screening of individual patient
files of all identified patients. Medical records of all pa-
tients were screened and extracted manually by two au-
thors independently (E.W., M.C.) from the electronic
clinical documentation system and retrospectively ana-
lyzed. As the overall aim was to evaluate the impact of
CSF abnormalities in patients that would be in routine be
classified as schizophrenia, patients with clinical signs that
could indicate the presence of an underlying autoimmune
encephalitis (eg seizures, movement disorders, autonomic
instability) were excluded based on thorough screening of
all available data on clinical and physical examination.

Cerebrospinal Fluid Data and Laboratory Data

All patients underwent a lumbar puncture and
basic blood test as part of the clinical routine in
the Department of Psychiatry and Psychotherapy,
University Hospital, LMU Munich, Munich,
Germany. All CSF/serum samples were analyzed in
the Institute of Laboratory Medicine, LMU Munich.
The CSF analysis included the determination of
WBC counts (ref.: <5/pl) with pleocytosis defined as
>5 cells/pl, total protein levels, albumin in CSF (ref.:
<0.300 g/l), albumin in serum (ref.: <52.0 g/1), IgG in-
dices, and OCBs in serum and CSF. CSF/serum ratios
for albumin (Qalb) were adjusted by age according to
the formula: Qalb = (4 + age/15) X 107, age indicated
as years.'® Detection of oligoclonal IgG bands in CSF
and serum was performed on a SEBIA HYDRASYS
2 SCAN FOCUSING semiautomated instrument ac-
cording to the manufacturer's instructions, which en-
ables immunofixation and direct detection of OCBs
on agarose gels using the HYDRAGEL 9CSF kit
(Ref. 4353, Sebia, France). As described in a previous



publication! CSF-OCB pattern classification was
based on two consensus reports recommendation.?’!
Five types of patterns were proposed with only pat-
terns 2 and 3 representing intrathecal synthesis of 1gG:
type 1: normal CSF, type 2: two or more CSF restricted
OCB, type 3: CSF restricted OCB and additional, iden-
tical OCB in serum and CSF, type 4: identical OCB in
CSF and serum, “mirror pattern,” type 5: monoclonal
bands in CSF and serum. A “mirror pattern” repre-
sents systemic immune reaction with passive transfer
of oligoclonal bands from the serum to the CSF
through an abnormal blood-brain-barrier and does
not indicate intrathecal IgG synthesis. Blood serum
analysis included the determination of WBC, absolute
neutrophil count (ANC), serum albumin levels, serum
1gG levels as well as CRP levels. CRP elevation was
defined as CRP > 1.0 mg/l as described in a previous
meta-analysis.”> ANC total counts were extracted
or—if ANC total counts were missing—calculated
based on segmented neutrophils (in %) and WBC data
(total in g/l) according to the following formula: ANC
[cells/ul] = (segmented neutrophils [%]X total WBC
[cells/ul] OR (neutrophils [%]X total WBC [cells/ul].?
It is to be noted that in the aforementioned formula we
did not account for neutrophilic band cells (immature
neutrophils), since they were not routinely measured
by the laboratory of the LMU Munich. Moreover,
neutrophilic band cells usually represent only between
0 and 4% of ANC.*

MRI

The MRI protocol was part of the clinical routine and in-
cluded at least T1-weighted, T2-weighted sequences (1.5
and 3 T scanners). DWI (axial) and FLAIR (coronal)
sequences were performed if indicated according to an
experienced neuroradiologist. Furthermore, all clinical
evaluations of the images were performed by experienced
senior physicians in neuroradiology. MRI patholo-
gies were recorded by our colleagues if alterations not
common for people in the same age group of the patient
were reported. Among MRI pathologies non-specific
WML(s) as well as lesions suggestive of multiple sclerosis
were recorded.

Statistical Analyses

Analyses were performed using IBM SPSS version 26.0
with a significance level of a = 0.05. Distributions of
continuous variables were tested for normality with
Kolmogorov—Smirnov tests where a violation of the
normal distribution was defined as P < .05. If the dis-
tribution was normal, independent z-tests were applied.
Mann—Whitney U tests were applied in the event of a vio-
lation of the normal distribution assumption. Chi-square
tests were used to compare differences in categorical

variables between groups (two-sided Fisher’s exact test
was applied for cell count <5 for 2 X 2 tables). The fol-
lowing results to characterize our cohort include many
different statistical analyses that were not corrected for
multiple testing and must be considered as exploratory.

Results

Characterization of Our Cohort

A total of n = 687 FEP patients were admitted to our
tertiary care hospital between January 1, 2008 and
August 1, 2018. Among them, n = 314 (45.7%) FEP pa-
tients received a lumbar puncture and were included
in our sample. Mean age was 35.1 years (SD = 15.4),
with n = 172 male (54.8%) and n = 142 (45.2%) female
patients. No significant differences between FEP pa-
tients with or without CSF diagnostics could be found
when considering age (mean age FEP without CSF was
35.0 years, SD = 14.1, Z(1) = —0.540, P = .589) or gender
distribution (FEP without CSF n = 192 male patients,
51.5%, X(1) = 0.746, df = 1, P = .388). Most patients
were diagnosed with schizophrenia according to ICD-
10, but all patients were in the schizophrenia-spectrum
(F20—-29 according to ICD-10) (see table 1). Mean du-
ration of illness was 13.1 months (SD = 25.7). 283 out
of 294 patients were treated with at least one antipsy-
chotic (96.3%), mostly with one single antipsychotic
(209/294, 71.1%).

Half of the patients (139/277, 50.2%) had a first and/
or second-degree relative with a psychiatric disorder.
Around a third (107/297, 36%) of all patients were active
smokers. Less than a third showed an active drug abuse of
at least one substance other than tobacco (27.5%, n = 84),
with around a fifth of patients (21%, n = 66) presenting
cannabis consumption with a frequency anywhere from
sporadic to daily. Few patients were diagnosed with con-
current neurological disorders (15.7%, n = 28) (for a list
of neurological comorbidities please see Supplementary
Table 1). Some of the patients presented different somatic
comorbidities (for a more detailed description please see
table 1).

CSF and Serum Characteristics

Mean number of cells was 1.7/ul (SD = 2.0). 3.5%
(n = 11) showed a pleocytosis. In total, OCBs were meas-
ured in CSF in 307 out of 314 patients (97.8%), among
this group 217 patients were also tested for OCBs in
serum. Oligoclonal bands in the CSF were present in
21.8% of patients (n = 67/307). Mean protein level was
38.2 mg/dl (SD = 24.2). Mean albumin levels were 0.25g/1
(SD = 0.11). Mean IgG levels were 0.04 g/1 (SD = 0.17).
Only 1/145 patients (0.7%) showed a positive MRZR.
Among patients tested for OCBs both in CSF and Serum,
153 out of 217 (70.5%) patients showed no OCBs (type 1),
OCBs type 2 were present in 7/217 patients (3.2%), OCBs
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Table 1. Demographic and Clinical Characterization of the Included Patients

Demographics and Clinical Characteristics Mean SD N Total
Age (years) 35.1 15.4 314
Frequency N Total
Gender (m:f) 172:142 - 314
Diagnosis* 314 (100%) - 314
Schizophrenia (ICD-10: F20.x) 143/314 (45.5%) - 314
Schizotypal personality disorder (ICD-10: F21.x) 8/314 (2.5%) - 314
Persistent delusional disorder (ICD-10: F22.x) 24/314 (7.6%) - 314
Acute and transient psychotic disorder (ICD-10: F23.x) 73/314 (23.2%) - 314
Shared psychotic disorder (ICD-10: F24.x) 1/314 (0.3%) - 314
Schizoaffective disorder (ICD-10: F25.x) 35/314 (11.2%) - 314
Unspecified nonorganic psychotic disorder (ICD-10: F29.x) 2/314 (0.6%) - 314
Others** 28/314 (8.9%) - 314
Mean SD N Total
Duration of illness (months) 13.1 25.7 176
Frequency N total
Positive psychiatric family history*** 139/277 (50.2%) - 277
Antipsychotic treatment 294 (100%) - 294
None 11/294 (3.7%) - 294
One AP 209/294 (71.1%) - 294
Two APs 68/294 (23.1%) - 294
Three APs 6/294 (2.0%) - 294
Active smokers 107/297 (36.0%) - 297
Any neurologic comorbidity**** 28/178 (15.7%) - 178
Active drug abuse***** 84/306 (27.5%) - 306
Cannabis abuse 66/306 (21.6%) 306
Diabetes type I and II 10/311 (3.2%) - 311
Cardiovascular condition 45/310 (14.5%) - 310
Lung condition 20/312 (6.4%) - 312
Cancer 25/309 (8.1%) - 309
Active 3/309 (1.0%) - 309
In remission 22/309 (7.1%) - 309
Cerebrospinal Fluid Mean SD N Total
Number of cells (/ul) 1.7 2.0 314
Frequency N Total
Pleocytosis >5 cells/ul 11/314 (3.5%) - 314
Mean SD N Total
Albumin (g/1) 0.25 0.11 314
IgG (g/l) 0.04 0.17 313
Oligoclonal bands# Frequency N Total
No oligoclonal bands, type 1 (1/%) 153/217 (70.5%) - 217
Any oligoclonal bands, type 2 to 5 64/217 (29.5) 217
Oligoclonal bands type 2 (n/%) 71217 (3.2%) - 217
Oligoclonal bands type 3 (n/%) 20/217 (9.2%) - 217
Oligoclonal bands type 4 (n/%) 37/217 (17.1%) - 217
Oligoclonal bands type 5 (n/%) 0/217 (0%) - 217
Mean SD N Total
Protein level (mg/dl) 38.2 24.2 312
Frequency N Total
positive MRZR (n/%) 1/145 (0.7%) - 145
Serum
Mean SD N Total
WBC (g/) 6.8 2.2 310
ANC (g/)## 4.0 1.7 289
Albumin (g/1) 44.8 4.1 313
1gG (g/) 13.7 59.5 312
Mean SD N Total
CRP (mg/1) 2.4 9.5 280
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Table 1. Continued

Demographics and Clinical Characteristics Mean SD N Total
Frequency - N total
CRP elevation (21.0 mg/l) 116/280 (41.4%) - 280
CSF/serum ratios
Mean SD N Total
Albumin ratio (CSF/serum) 5.5 2.5 310
Frequency - N Total
Elevated albumin ratios 49/310 (15.8%) - 310
Mean SD N Total
IgG ratio (CSF/serum) 2.8 1.9 309
Frequency N Total
Any CSF alteration### 134/314 (42.7%) - 314
MRI Frequency N Total
Any MRI pathologies 118/301 (39.2%) - 301
White matter lesion(s) 85/301 (28.2%) - 301
MS suspect lesion(s) 6/301 (2.0%) - 301

Note: AP, antipsychotic; CRP, c-reactive protein; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; MS, multiple sclerosis.
*Diagnosis according to International Statistical Classification of Diseases and Related Health Problems criteria, version 10 (ICD-10).
**Patients that initially presented themselves with psychotic symptoms and a non F2x-diagnosis (eg drug-induced psychosis) and were
later diagnosed within the schizophrenia-spectrum.

***For any psychiatric disorder.

****Neurological comorbidities: n = 28 (meningitis with epileptic seizure at age of 11 years, meningoencephalitis at 11 years, diabetic
polyneuropathy, epilepsy (2X), intracerebral venous anomalia, Morbus Charcot-Marie-Tooth without any symptoms, intracranial hyper-
tension, infantil cerebral palsy, polyneuropathy of unclear origin (2X), migraine (2X), stroke (2x), alcoholic polyneuropathy, traumatic
brain injury (5X), weak dorsiflexion of the foot, multiple sclerosis, normal pressure hydrocephalus, polyneuropathy due to vitamin-b12

deficiency, minor stroke, history of neuroborreliosis with ipsilateral facial palsy, history of migraine attacks.

*REE%k Abuse of at least one substance (other than tobacco).

#Five types of OCBs patterns were proposed: type 1 = normal CSF, type 2 = two or more CSF restricted OCB, type 3 = CSF restricted
OCB and additional, identical OCB in serum and CSF, type 4 = identical OCB in CSF and serum, “mirror pattern,” type 5 = mono-

clonal bands in CSF and serum.

##1f not available, ANC absolute was calculated according to the following formula: ANC [cells/ul] = (segmented neutrophils [%0]X total

WBC [cells/ul]) OR (neutrophils [%]x total WBC [cells/ul]).

### Any positive OCBs in CSF OR pleocytosis >5 cells/ul OR increased age-adjusted albumin ratio OR positive MRZR.

type 3 were present in 20/217 patients (9.2%), OCBs type
4 were present in 37/217 patients (17.1%) while no OCBs
type 5 were found (see table 1). Among patients with pos-
itive OCBs type 2, two patients had positive neurological
comorbidities (seizures during childhood and migraine).
Similarly, among patients with positive OCBs type 3, two
patients had positive neurological comorbidities (menin-
gitis with seizures during childhood and Charcot-Marie-
Tooth Disease). In total, 42.7% of patients (134/314)
showed pathological CSF alterations (increased WBC
counts and/or positive OCBs in CSF and/or positive
MRZR and/or increased albumin ratios). Overall in our
cohort, 15.8% of patients (49/310) revealed signs of BBB
dysfunction with increased albumin ratios. Among pa-
tients with type 2 or type 3 OCBs, only four (4/27, 14.8%)
patients showed neurological comorbidities while an-
other patient (1/27, 3.7%) presented lesions suggesting
MS in the MRI. In serum mean CRP levels were 2.4 mg/1
(SD = 9.5) with CRP elevation present in 116/280 cases
(41.4%) (for a detailed report of other serum variables
please see table 1). Mean albumin CSF/serum ratio was

5.5 (SD = 2.5) and mean IgG CSF/serum ratio was 2.8
(SD =1.9).

MRI Abnormalities

Any MRI pathologies were present in 118 out of 301
cases (39.2%). Non-specific white-matter lesions were de-
tected in around a quarter of all patients (85 out of 301
cases, 28.2%). Lesions suggestive of multiple sclerosis
(MS) were present in six cases (2.0%) (see table 1).

Comparisons of CSF Parameters Between Groups With
and Without CRP Elevation

No statistically significant difference was found when
comparing patients with vs without CRP elevation
(n = 116 vs n = 164) with regard to any CSF alteration
(Xz(]) =0.155,df =1, P =.694). No statistically significant
difference was found between groups with and without
CRP-elevation with regard to 1gG ratios (Z, = —0.722,
P = .470), albumin ratios (£, = —1.170, P = .242), CSF
cell count (Z,) = —1.964, P = .050) and CSF protein
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levels (Z,, = =0.111, P = 911). No statistically significant
difference between these two groups was found with re-
gard to the presence of OCBs type 2 and 3 vs OCBs type
1 (X, = 1516, df = 1, p = .218). No statistically signifi-
cant dlfference between these two groups was found with
regard to the presence of OCBs type 2 vs OCBs type 3
(X?,,=0.326,df = 1, P = .568).

Comparisons of CSF Parameters Between Groups With
and Without WM Ls

No statistically significant difference was found when
comparing patients with vs without WMLs (n = 85 vs
n = 216) with regard to any CSF alteration (X2 =1.869,
df =1, P = 0.172). No statistically significant drfference
was found between groups with and without WMLs
with regard to IgG ratios (Z<1 = —0.156, P = .870),
albumin ratios (Z, = —0.721, P = .471), CSF cell
count (£, = —1.4f5, P = .157), CSF protein levels
(Z, = —0.377, P =.706) and CRP levels (Z, = —0.966,
P = .334). No statistically significant difference between
these two groups was found with regard to the presence
of OCBs type 2 or 3 vs OCBs type 1 (X2 =2.049,df=1,
P = .152). No statistically significant drfzference between
these two groups was found with regard to the presence
of OCBS type 2 vs OCBs type 3 (X2 = 0.964, df = 1,
= .320).

Comparison of Rate of CSF Alterations and Peripheral
Inflammation Between Groups With and Without
Drug Abuse

A statistically significant difference was found when
comparing patients with vs without active drug abuse
(n = 84 vs n = 222) with regard to any CSF alteration

=4.033,df =1, P=.045) with 44/84 (52.4%) patients
Wltil drug abuse and 88/222 (39.6%) patients without
drug abuse presenting a CSF alteration. No statistically
significant differences were found when the aforemen-
tioned groups were compared regarding peripheral in-
flammation measured with CRP >1.0 mg/I (X2 =0.230,
df =1, P = .632) or with regard to alteration i 1n albumin
ratios in CSF (X2 =2.721,df =1, P =.099). No statis-
tically 51gn1ﬁcant dlfference was found between groups
of patients consuming cannabis and patients without
drug abuse (n = 66 vs n = 222) with regard to any CSF
alteration (X° ) = 1.504, df = 1, P = .220), regarding al-
tered albumin ratios (X*, = 1.145, df = 1, P = .285) or
regarding peripheral 1nﬂammat10n measured with CRP
21.0 mg/l (X*, = 0.472, df = 1, P = .492). When consid-
ering the prevalence of CSF OCBs types 2 and 3, a statis-
tically significant difference was found between patients
consuming cannabis and patients without drug abuse
(Xz(l) =4.347,df = 1, P = .037) with 10 out of 36 pa-
tients (27.8%) consuming cannabis being tested positive
for OCBs type 2 or 3 vs 16 out of 122 patients (13.1%)
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without drug abuse being tested positive for the afore-
mentioned OCBs.

Discussion

We present the largest retrospective cohort study on FEP
patients with a schizophrenia-spectrum disorder having
received CSF diagnostics within the clinical routine in a
tertiary care hospital. Most patients (70.5%) showed no
oligoclonal bands (OCBs type 1), while a consistent sub-
group (17.1%) were of type 4 representing a systemic im-
mune reaction with passive transfer of oligoclonal bands
from the serum to the CSF through a disrupted blood-
brain-barrier. Among patients with an intrathecal IgG
synthesis (OCBs type 2 and 3) only a small percentage
exhibited neurological comorbidities or presented MRI
lesions suggesting a possible MS diagnosis. Prevalence
of OCBs type 2 or 3 in our data (27/217, 12.4%) reflects
the previously reported prevalence reported for patients
with psychotic symptoms,!>?* possibly giving credit to
the autoimmune hypothesis of schizophrenia. As re-
ported in a recent work,? the occurrence of OCBs type
2 or 3 in healthy subjects, though not systematically in-
vestigated, is estimated between 0%, 4%,?” and up to
7%.%% Given the significant genetic overlap between in-
flammatory conditions and psychiatric disorders,” it
could perhaps be speculated that the aforementioned
higher prevalence of OCBs type 2 and 3 in FEP patients
compared to the general population might suggest the
presence of a FEP subgroup with an inflammatory
etiology of the disease. Epidemiological data did not
show a high rate of pleocytosis with >5 cells/ul (3.5%,
11/314), nor an intrathecal synthesis of specific IgG
antibodies against viruses of measles, rubella and zoster
(MRZR positive in 1/145 patients, 0.7%). A substantial
subgroup of patients (15.8%, 49/310) showed signs of
BBB dysfunction with increased albumin ratios, pos-
sibly explaining the similar rate of OCBs type 4 and sug-
gesting a transfer of OCBs between the periphery and
the CNS. Our results appear to be in line with previous
studies investigating FEP samples.!>?° Interestingly, we
found that the prevalence of OCBs type 2 or 3 in FEP
patients who consume cannabis (27.8%) was more than
double that of patients without drug abuse (13.1%) or
that of our sample overall (12.4%). Moreover, patients
with cannabis abuse did not significantly differ from pa-
tients without drug abuse with regard to albumin ratio
as a proxy for BBB breakdown or with regard to CRP
elevation as a proxy for peripheral inflammation. One
may speculate that cannabis abuse is associated with
a central neuroinflammatory process while it does not
appear to be associated with BBB disruption or pe-
ripheral inflammation. In the scientific literature, an
increased risk of schizophrenia has been shown to be
associated with autoimmune diseases.>?! Furthermore,



severe infections are also correlated with a higher risk of
developing schizophrenia, with the risk increasing with
the temporal proximity of the infection.? The inflamma-
tion resulting from autoimmune or infectious diseases
might increase the permeability of the BBB, thus ex-
posing CNS tissues to molecules such as cytokines or
antibodies and hence possibly increasing the chance
of activation of resident inflammatory cells.?? Since we
could not show a BBB disorder in patients with can-
nabis abuse, it remains unclear whether our incidental
finding of increased intrathecal IgG production among
cannabis users with psychotic symptoms is cause or
consequence of cannabis intake. Considering substance
abuse at large, thus including alcohol and other psycho-
tropic substances, more than half of the patients with
drug abuse (44/84, 52.4%) presented CSF alterations
while only 39.6% (88/222) of patients without drug
abuse showed alterations of the CSF.

Noteworthy, overall CSF alterations comprising at
least positive OCBs in CSF or pathological CSF values
(pleocytosis, increased age-corrected albumin ratio or
positive MRZ reaction) were present in 134/314 (42.7%)
of the population. Moreover, even though peripheral
CRP alteration was present in 116/280 cases (41.4%), we
found no evidence for a significant association between
CSF alterations and peripheral inflammation. It has to be
noted that the reasons for this lack of correlation could be
multiple and difficult to address in a retrospective study.
Furthermore, it might be speculated that assessment of
CRP levels without the measurement of inflammatory
cytokines implicated in both peripheral and CNS inflam-
mation®® could have blunted the sensitivity of detecting
inflammatory processes in patients. Moreover, no sig-
nificant relationship between the emergence of WMLs,
CSF alterations and peripheral inflammation (measured
with CRP) could be established. Considering MRI data,
we found abnormalities in 39.2% of our cohort. This is
substantially lower than previously reported by Endres
et al’> who found MRI abnormalities in 72% of patients,
although analyses were not restricted to FEP. Similarly,
WDMLs were found in 28.2% of MRI scans, while in the
aforementioned publication WMLs were reported in
42% of patients. As a reference point, WMLs in healthy
adults with a similar mean age have been reported to be
around 5.3%.3* As limitation, it must be noted that our
approach was retrospective and did not take into account
follow-up data, thus the question if the observed CSF al-
terations among FEP are cause or consequence of the
disease remains elusive. Furthermore, CRP and ANC
were not controlled for potential confounders (such as
body-mass index, age, smoking status). Next, our re-
sults were not corrected for multiple testing. Thus, our
reported significant effects must be considered as explor-
atory and confirmed in independent samples. However,
most of our findings were descriptive based on the lar-
gest FEP-CSF cohort to date and allow for a general

overview of the relationship between CSF abnormalities
and inflammatory factors in FEP. Finally, it should be
mentioned that patients included in our sample were
admitted in a tertiary care hospital and as such might
not be fully representative of FEP patients in general.
Moreover, among the 687 FEP patients admitted to our
hospital only 45.7% (n = 314) received a lumbar puncture
as part of the clinical routine. However, given the size of
our sample and the fact that our hospital has a medical
supply mandate for a large part of Munich with its more
than 1.3 million inhabitants as well as the demographical
homogeneity of the two groups (FEP patients with and
without subsequent CSF diagnostics) allow us to specu-
late that our findings might be generalized to other areas
of the healthcare sector and that the results of this study
could be representative of an unselected FEP popula-
tion. Reasons for not having received CSF diagnostics
could be multiple and remain elusive. Besides patients
declining to receive a lumbar puncture, other reasons for
not receiving CSF diagnostics could be leaving the hos-
pital against medical advice or a rapid remittent course
of the psychotic symptoms after initiation of antipsy-
chotic treatment. Nevertheless, this study further con-
tributes to the knowledge on the prevalence of CSF
alterations in FEP. Prospective studies are needed with
an assessment of cognitive impairment and symptom se-
verity in addition to CSF diagnostics beyond the clinical
routine to foster the evidence with regard to the preva-
lence of neuroinflammatory processes in the CNS and
their clinical implication in FEP.

Summary of Inflammatory Findings

To summarize the findings regarding inflammation, we
report 12.4% of our cohort presenting OCBs type 2 or
3, thus suggesting an intrathecal IgG production in a
substantial subgroup of FEP patients. The prevalence
of OCBs type 2 or 3 was higher (13.1%) in patients con-
suming drugs and more than double (27.8%) in patients
consuming cannabis. Looking at BBB dysfunction meas-
ured by CSF/serum albumin ratios, 15.8% of our co-
hort presented an altered ratio. Such a BBB alteration
could explain the passive transfer of oligoclonal bands
from the serum to the CSF accounting for the 17.1% of
FEP patients presenting OCBs type 4. Finally, no signif-
icant relationship between peripheral inflammation and
inflammatory CSF was found, potentially implying the
presence of a FEP subgroup with an intrathecal inflam-
matory etiology of the disease.

Conclusion

This large retrospective analysis of a FEP cohort largely
contributes to the clinical data available on this population
as well as to the discussion around inflammation in psy-
chosis. In this study we found no evidence for a significant
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relationship between peripheral inflammation and inflam-
matory CSF, nevertheless several inflammatory alterations
were found both in CSF and in blood tests. When consid-
ering the prevalence of OCBs type 2 and 3, FEP patients
in our cohort showed values like those reported in previous
studies, which were markedly higher than values found in
the general population, thus potentially implying the pres-
ence of a FEP sub-group with an inflammatory etiology
of the disease. Interestingly a markedly greater prevalence
of OCBs type 2 and 3 was found in patients with cannabis
abuse. Finally, no significant relationship between the
emergence of WMLs, CSF alterations and peripheral in-
flammation measured with CRP could be established.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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