Molecular Psychiatry (2019) 24:869-887
https://doi.org/10.1038/541380-018-0220-4

REVIEW ARTICLE Corrected: Correction )

Check for
updates

Cerebrospinal fluid markers of inflammation and infections in
schizophrenia and affective disorders: a systematic review and
meta-analysis

Sonja Orlovska-Waast'? - Ole Kohler-Forsberg '3 - Sophie Wiben Brix' - Merete Nordentoft'? -
Daniel Kondziella>® - Jesper Krogh' - Michael Eriksen Benros'

Received: 19 December 2017 / Revised: 1 June 2018 / Accepted: 9 July 2018 / Published online: 16 August 2018
© The Author(s) 2018. This article is published with open access

Abstract

Infections and inflammatory processes have been associated with the development of schizophrenia and affective disorders;
however, no study has yet systematically reviewed all available studies on cerebrospinal fluid (CSF) immune alterations. We
aimed to systematically review the CSF immunological findings in schizophrenia spectrum and affective disorders. We identified
all studies investigating CSF inflammatory markers in persons with schizophrenia or affective disorders published prior to March
23, 2017 searching PubMed, CENTRAL, EMBASE, Psychinfo, and LILACS. Literature search, data extraction and bias
assessment were performed by two independent reviewers. Meta-analyses with standardized mean difference (SMD) including
95% confidence intervals (CI) were performed on case-healthy control studies. We identified 112 CSF studies published between
1942-2016, and 32 case-healthy control studies could be included in meta-analyses. Studies varied regarding gender distribution,
age, disease duration, treatment, investigated biomarkers, and whether recruitment happened consecutively or based on clinical
indication. The CSF/serum albumin ratio was increased in schizophrenia (1 study [54 patients]; SMD = 0.71; 95% CI 0.33-1.09)
and affective disorders (4 studies [298 patients]; SMD = 0.41; 95% CI 0.23-0.60, P= 0%), compared to healthy controls. Total
CSF protein was elevated in both schizophrenia (3 studies [97 patients]; SMD = 0.41; 95% CI1 0.15-0.67, P= 0%) and affective
disorders (2 studies [53 patients]; SMD = 0.80; 95% CI 0.39-1.21, P =0%). The IgG ratio was increased in schizophrenia
(1 study [54 patients]; SMD = 0.68; 95% CI 0.30-1.06), whereas the IgG Albumin ratio was decreased (1 study [32 patients];
SMD = —0.62; 95% CI —1.13 to —0.12). Interleukin-6 (IL-6) levels (7 studies [230 patients]; SMD = 0.55; 95% CI 0.35-0.76;
P= 1%) and IL-8 levels (3 studies [95 patients]; SMD = 0.46; 95% CI 0.17-0.75, P= 0%) were increased in schizophrenia but
not significantly increased in affective disorders. Most of the remaining inflammatory markers were not significantly different
compared to healthy controls in the meta-analyses. However, in the studies which did not include healthy controls, CSF
abnormalities were more common, and two studies found CSF dependent re-diagnosis in 3.2-6%. Current findings suggest that
schizophrenia and affective disorders may have CSF abnormalities including signs of blood-brain barrier impairment and
inflammation. However, the available evidence does not allow any firm conclusion since all studies showed at least some degree
of bias and vastly lacked inclusion of confounding factors. Moreover, only few studies investigated the same parameters with
healthy controls and high-quality longitudinal CSF studies are lacking, including impact of psychotropic medications, lifestyle
factors and potential benefits of anti-inflammatory treatment in subgroups with CSF inflammation.
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an area of significant interest [1], and several studies have
Electronic supplementary material The online version of this article associated infections and autoimmune diseases with an
(https://doi.org/10.1038/s41380-018-0220-4) contains supplementary increased risk of specifically schizophrenia and affective
material, which is available to authorized users. . . .

disorders [2—4]. Studies have also shown increased levels of
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of anti-inflammatory treatment have been found in depression
[13] and subgroups with psychotic disorders [14].

However, knowledge is sparse regarding the prevalence
of abnormal immunological findings in cerebrospinal fluid
(CSF) of people with severe mental disorders. CSF is the
biological material closest to the brain that can be easily
assessed and lumbar puncture is a routine procedure in
neurological but not (yet) in psychiatric practice. None-
theless, CSF studies have revealed increased CSF/serum
albumin ratio in individuals with schizophrenia and affective
disorders [6, 15-25] indicating increased blood—brain barrier
(BBB) permeability. Other studies found elevated CSF cell
count [15, 16, 20, 26, 27], IgG index [16, 21], and the
presence of oligoclonal bands [15, 16, 18, 20, 21] which
could be indicators of inflammation and intrathecal immu-
noglobulin production. Also, a meta-analysis found several
specific infectious agents to be associated with schizo-
phrenia; however, most studies were based on blood and not
CSF, and control groups consisted typically of non-healthy
subjects [28]. Another meta-analysis found increased CSF
levels of interleukin 1B (IL-1p), IL-6, and IL-8 in patients
with severe mental disorders [29]. Despite these intriguing
findings, no systematic review has hitherto gathered all the
knowledge on infectious and inflammatory CSF abnormal-
ities among patients with severe mental disorders.

Hence, most knowledge on the role of the immune system
in mental disorders stems from studies on severe mental
disorders, i.e., schizophrenia and affective disorders. There-
fore, we aimed to conduct the first systematic review of all
CSF studies examining inflammatory markers and infections
in persons with schizophrenia spectrum or affective disorders,
including meta-analyses of studies with healthy controls.
Furthermore, we included the potential clinical implications of
a CSF test, risk of adverse events and risk of bias.

Methods

The study protocol was a priori uploaded on PROSPERO
(ID: CRD42017058938) and is available as online supple-
mentary file.

Study selection and search method

In this systematic review we included studies investigating
inflammatory markers and infections in the CSF of persons
with schizophrenia spectrum disorders or affective dis-
orders, fulfilling the following criteria:

1. Investigation of CSF markers related to inflammation
or infections as defined under our primary outcomes.
2. Inclusion of persons diagnosed with schizophrenia
spectrum or affective disorders according to
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Diagnostic and Statistical Manual of Mental Disorders
(DSM) or International Classification of Diseases
(ICD) or similar classifications that might have been
used before DSM and ICD implementation.

3. Publications in peer-reviewed journals.

4. Publications in English.

Studies from all time periods with study subjects in all ages,
sexes, and races were included. We included both studies
without controls and studies with healthy or non-healthy con-
trol groups, but only studies with healthy controls were used for
the meta-analysis. The search was performed until March 23,
2017 using PubMed, CENTRAL, EMBASE, Psychinfo, and
LILACS with medical subject headings (MESH) or similar
when possible or text word terms: ((psychosis OR psychotic
syndrome OR psychotic OR psychotic symptoms OR schizo-
phrenia OR schizophreniform disorder OR schizoaffective OR
depression OR major depressive disorder OR bipolar disorder)
AND (cerebrospinal fluid OR CSF) AND (blood-brain barrier
OR inflammation OR infection OR albumin OR protein OR cell
count OR immunoglobulin OR IgG OR oligoclonal bands
OR interleukins OR cytokine OR autoimmune disease OR
autoimmunity OR immunology OR immune system OR psy-
choneuroimmunology OR lymphocyte OR macrophage OR
C-reactive protein OR autoantibodies OR T cells OR com-
plement)). Reference lists of relevant reviews were searched for
additional studies. Two investigators (SO and SWB) examined
titles and abstracts to remove irrelevant reports and examined
full texts to determine compliance with inclusion criteria.

Outcomes

Primary outcomes

1. Basic CSF findings: cell count, total protein, albumin,
and albumin ratio.

2. CSF inflammatory markers: immunoglobulins, oligo-
clonal bands, and cytokines.

3. Specific CSF antibodies: antibodies directed against
infectious agents as an indicator of preceding or
current infection and auto-antibodies.

Secondary outcomes

1. Correlation between CSF findings and serum findings,
psychotropic medication, and psychiatric symptoms,
respectively.

2. Change in diagnosis following CSF analyses.

3. Adverse events in relation to lumbar puncture, e.g.,
headache.
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Data extraction and bias assessment

Two authors (SO and OKF) extracted data using a
pre-piloted structured form not blinded to study results,
author names or institutions. This included bibliographical
data and participant description. Authors were contacted by
e-mail in case of missing details with a reminder sent in case
of no response. Two authors (SO and OKF) conducted bias
assessment according to the Newcastle-Ottawa criteria for
case—control studies as suggested by the Cochrane colla-
boration (eMethods).

Statistical analysis

The primary analyses were conducted using RevMan 5.0.
When fixed-effects analysis and the random-effects analysis
resulted in similar results, only findings from the random
effects analysis were reported, but in case of discrepancies
both results were reported. We conducted analysis using the
standardized mean difference (SMD) since we expected
differences in assays. SMD is the mean difference in out-
come between cases and controls divided by the pooled
standard deviation (SD) giving the result of a unit free effect
size. By convention, SMD effect sizes of 0.2, 0.5, and 0.8
are considered small, medium and large effect sizes. Our
conclusions were based on the SMD even though we also
present results from mean difference. The chi-squared test
for heterogeneity will be used to provide an indication of
between-trial heterogeneity. In addition, the degree of
heterogeneity observed in the results was quantified using
the ? statistic, which can be interpreted as the percentage of
variation observed between the trials attributable to
between trial differences rather than sampling error
(chance).

Post-hoc analyses

First, since CSF analysis techniques have improved over
time, we performed sensitivity analyses on studies pub-
lished after the year 2000. Second, we divided patients with
psychosis into acute (inpatient treatment) and chronic
(recruited in an outpatient setting) psychosis and performed
analyses if there were at least two studies in each group, i.e.,
acute versus chronic.

Results
Search results and study characteristics
We identified 6571 studies (Fig. 1), of which 229 were

assessed for full-text inspection. A total of 112 studies
investigated CSF immune-related alterations, out of which

38 studies included control groups consisting solely of
healthy controls. Data from 32 studies had data necessary
for conducting meta-analyses, either published or send to us
by the authors. Study characteristics are described in
Table 1. Briefly, studies varied regarding gender distribu-
tion, age, disease duration, treatment, investigated bio-
markers, and whether recruitment happened consecutively
or based on clinical indication. In the following sections, the
meta-analysis results are presented first (the findings on
each specific CSF marker are shown in Table 2 and eTable
1 with forest plots in Figure 2 and eFigure 1) followed by a
summary of the remaining CSF studies without healthy
controls. Additional analyses only including studies pub-
lished after the year 2000 supported the primary analyses
(eFigure 2). The study characteristics, baseline data, and
results for studies without controls or with non-healthy
controls are shown in eTables 2 and 3, while results from
the studies combining cases with schizophrenia spectrum
and affective disorders are presented in the Results.

Bias assessment

All studies included in the meta-analysis showed at least
some degree of bias (eTable 4). The majority of studies
were biased concerning the actual case definition (16/32),
representativeness of cases (28/32), random selection of
controls (20/32), comparability between cases and controls
(21/32) and ascertainment of exposure (27/32).

Primary outcomes

CSF cell count, total protein, albumin, and albumin
ratio

Schizophrenia spectrum disorders

In the meta-analysis comparing to healthy controls, total
protein (3 studies [97 patients]; SMD: 0.41; 95% CI
0.15-0.67; P = 0%) and albumin ratios (1 study [54 patients];
SMD: 0.71; 95% CI 0.33-1.09) were eclevated, whereas
albumin and cell counts were not significantly increased.
Across all CSF studies, cell counts ranged from normal
[18, 19, 23, 30-36] to increased levels in up to 3.4% of the
cases [20, 26] with no difference comparing to neurological
controls [37]. Total protein levels varied from normal [18, 22,
30, 31] to increased in up to 42.2% of cases [6, 20, 26, 38,
39], with no difference in the studies comparing to neurolo-
gical, psychiatric, surgical or healthy controls [32, 40-43].
Albumin levels ranged from normal [18, 22, 30, 31] to
increased in up to 16% of cases [6, 24, 39], with no difference
in the studies comparing with psychiatric controls [40] or a
combined group of healthy and psychiatric controls [38]. The
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Fig. 1 Flowchart of literature
search and study selection

Records identified through database searching
(n=6563) (n=8)

Additional records identified through other sources
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Total records identified (n=6571) (n=1421)

—

J [ Identification }

Eligibility ] [ Screening

[

Included

albumin ratio ranged from normal [36, 37, 44, 45]
to increased in up to 53% of the cases [6, 19-25],
with no difference in the studies comparing to healthy con-
trols [25] or a combined group of healthy and psychiatric
controls [38].

Affective disorders

In the meta-analysis comparing to healthy controls, cell
count was not significantly increased, whereas total pro-
tein levels (2 studies [53 patients]; SMD: 0.80; 95% CI
0.39-1.21, 12:0%), albumin (4 studies [181 patients];
SMD = 0.28; 95% C10.04-0.52, I*> = 0) and albumin ratio
were increased (4 studies [298 patients]; SMD =0.41;
95% CI 0.23-0.60, I = 0).

Across all CSF studies, cases had normal [18, 46] or
increased cell counts in up to 13.1% [15, 16, 27], with no
difference in the studies comparing to neurological controls
[15, 47]. Total protein ranged from normal [18, 47, 48] to
increased levels in up to 36.6% of cases [16, 27, 49], with
no difference in the studies comparing to psychiatric or
neurological controls [16, 40, 47]. Albumin was not dif-
ferent compared to somatically ill or psychiatric controls
[40, 50]. The albumin ratio was increased in up to 44% of
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cases [15-18] but with no difference in the studies com-
paring with neurological controls [15, 16].

CSF immunoglobulins
Schizophrenia spectrum disorders

In the meta-analysis comparing to healthy controls,
IgG/albumin ratio was decreased (1 study [32 patients];
SMD = —0.62; 95% CI —1.13 to —0.12), IgG ratio was
increased (1 study [54 patients]; SMD =0.68; 95% CI
0.30-1.06), whereas IgG levels and the IgG index were not
significantly increased.

In the other CSF studies, immunoglobulins were
increased in 3% of the cases [51], whereas IgG and the IgG
index were normal [19, 22, 36, 50] or increased in up to
33% [6, 19, 21, 24, 52] of cases, respectively. In the studies
comparing with surgical, neurological or a combined group
of psychiatric and healthy controls, the IgG ratio, IgG, IgA
and IgM were decreased [32, 53] or not different in cases
[22, 38, 50]. Oligoclonal bands were absent in some reports
[18, 36, 54] but present in up to 12.5% of cases in others
[20, 21]. An intrathecal immunoglobulin synthesis was
observed in none [18] to 7.2% of cases [20].
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Affective disorders

In the meta-analysis, IgG levels, the IgG/albumin ratio, the
IgG ratio and the IgG index were not significantly different
compared to healthy controls.

In studies not included in the meta-analysis IgG was
present in all cases [55], with increased levels of IgG [49]
but within normal range IgG ratio [16]; however, the IgG
index was significantly higher in cases in the one study
comparing with neurological controls [16]. IgM was not
present in cases [49, 55] while IgA was present in 23.3%
[49, 55]. Oligoclonal bands were found in up to 12.5% of
cases [15, 16, 18] with no difference in the studies com-
paring to neurological controls [15, 16]. Intrathecal immune
response was present in none [18] to 30% of cases and
significantly increased in the study comparing with neuro-
logical controls [16].

CSF interleukins
Schizophrenia spectrum disorders

In the meta-analysis comparing to healthy controls, IL-8
(3 studies [95 patients]; SMD = 0.46; 95% CI 0.17-0.75;
P= 0%) and IL-6 (7 studies [230 patients]; SMD = 0.55;
95% CI 0.35-0.76; I = 1%) were significantly increased.
In a post-hoc analysis, we found that IL-6 was sig-
nificantly elevated in acute psychosis (SMD = 0.46; 95%
CI 0.22-0.71; P = 1%) and chronic psychosis (SMD =
0.75; 95% CI 0.39 to 1.12; 1220%) with the between-
group difference being not significant (p =0.20) (eFi-
gure 3). The levels of IL-1alpha, IL-1beta and IL-2 were
not statistically different from healthy controls.

In the studies not included in the meta-analysis, the
anti-inflammatory cytokines IL-4 and IL-10 were present
in 64 and 14% of cases, respectively. Concerning pro-
inflammatory cytokines, IL-2 was detected in 95%, IL-5
in 40%, IFN-gamma in 14%, TNF-beta in 41%, and TNF-
alpha in 50% of cases [7]. Other studies found no dif-
ference to neurological controls in levels of IL-2, IL-6,
and TNF alpha [33] or decreased levels of IL-1beta, sIL-
2r [33], and TNF-alpha [56] compared to neurological
and surgical controls. Interferon was reported to be
absent [31] or present in up to 59% of cases [57-60] but
with no difference in the study comparing to psychiatric
controls [60].

Affective disorders
In the meta-analysis comparing to healthy controls, IL-1,

IL-1beta, IL-6, IL-8, and TNF-alpha were not significantly
increased (Table 2, Fig. 2 and eFigure 1).

GAF global assessment of functioning, /L interleukin, /FN interferon, TNF tumor necrosis factor, Ig immunoglobulin, TGF transforming growth factor, GM-CSF granulocyte-macrophage colony-

stimulating factor, MIP macrophage inflammatory protein, MCP monocyte chemoattractant protein, /P inducible protein, CMV cytomegalovirus, HSV Herpes simplex virus

"The cases were included from the same original cohort used in Gudmundsson [89], however with the investigation of other CSF outcomes

®Data on 24 of the 46 cases is presented in Kirch et al. [21], but that study is not included in the meta-analysis
125 patients and 8 controls had >1 medication-free LP and in these cases, mean values were used for most analyses

“The study included both cases with psychosis and affective disorders and is thus shown in the table twice

“Some analyses were performed on a smaller subsample

®Only 13 patients and 8 controls were included in the albumin analyses

Same patients as in Hampel [119], only new results included in the meta-analysis
iSome analyses were only performed in subgroups of the cases

k2 cases from group 1 did not have available CSF samples

dOnly 11 cases and 12 controls underwent LP
Patients were examined after a suicide attempt

SPRINGER NATURE
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Table 2 CSF immune related
markers in patients with
schizophrenia spectrum or
affective disorders compared to
healthy controls

The studies comparing neurological [47, 61] and healthy
[62] controls that were not included in the meta-analysis,
showed that cases had decreased or unchanged levels of IL-
6 [61-63], decreased levels of sIL-6r [62] and sIL-2r [47],
increased levels of IL-1beta [61, 63], and unchanged levels

SPRINGER NATURE

CSF Marker Studies  Cases  Control  SMD 95% CI p-value P
Schizophrenia vs healthy controls

Cell count 1 32 31 0.19 —0.31 to 0.68 0.46 NA
Total protein 3 97 142 0.41 0.15 to 0.67 0.002 0%
Albumin 2 86 91 0.21 —0.29 to 0.70 0.41 62%
Albumin ratio 1 54 60 0.71 0.33 to 1.09 0.0002 NA
IeG 2 86 91 —0.12 —0.93 to 0.69 0.77 85%
IgG Ratio 1 54 60 0.68 0.30 to 1.06 0.0004 NA
IgG/Albumin ratio 1 32 31 —0.62 —1.13 to —0.12 0.02 NA
IgG Index 2 100 80 0.25 —0.07 to 0.56 0.13 7%
IL-1 alpha 3 72 33 —0.16 —0.91 to 0.60 0.68 43%
IL-1 Beta 2 40 39 —0.13 —4.96 to 4.71 0.96 98%
IL-2 3 97 42 0.18 —0.49 to 0.85 0.60 64%
IL-6 7 230 188 0.55 0.35 to 0.76 <0.00001 1%
IL-6R 1 46 35 —0.24 —0.68 to 0.20 0.28 NA
IL-8 3 95 102 0.46 0.17 to 0.75 0.002 0%
Neopterin 1 11 10 —0.05 —0.91 to 0.81 0.91 NA
MIP-1 alfa 1 8 8 —0.70 —1.72 t0 0.32 0.18 NA
C3 1 46 35 0.00 —0.44 to 0.44 1.00 NA
MCP-2 1 46 35 0.26 —0.18 to 0.71 0.24 NA
TNFR2 1 46 35 0.06 —0.38 to 0.50 0.78 NA
TGFB1 1 44 19 0.29 —0.25 to 0.83 0.29 NA
TGFB2 1 44 19 —0.14 —0.68 to 0.40 0.61 NA
Affective Disorders vs healthy controls

CSF Marker Studies  Cases  Control  Mean ES  95% CI p-value P
Cell count 1 29 31 0.40 —0.11 to 0.91 0.13 NA
Total protein 2 53 48 0.80 0.39 to 1.21 0.0001 0%
Albumin 4 181 130 0.28 0.04 to 0.52 0.02 0%
Albumin ratio 4 298 238 0.41 0.23 to 0.60 <0.00001 0%
IgG 2 36 42 —0.22 —0.75 t0 0.32 0.43 0%
IgG Ratio 1 29 11 0.33 —0.37 to 1.02 0.36 NA
IgG/Albumin ratio 1 7 31 —0.56 —1.39 to 0.28 0.19 NA
IgG Index 1 29 11 0.22 —0.48 to 0.91 0.54 NA
IL-1 1 18 25 0.61 —0.01 to 1.23 0.05 NA
IL-1 Beta 2 62 77 0.80 —0.99 to 2.59 0.38 96%
IL-6 7 159 242 0.22 —0.23 to 0.68 0.34 78%
IL-8 5 273 263 0.17 —0.21 to 0.56 0.37 76%
TNF-alpha 2 50 72 0.24 —0.12 to 0.61 0.19 0%
Eotaxin-1 1 75 43 —0.33 —0.71 to 0.04 0.08 NA
IP-10 1 75 43 —0.17 —0.55 to 0.20 0.37 NA
MIP-1B 1 75 43 —0.26 —0.64 to 0.12 0.17 NA
MCP-1 1 75 43 —0.28 —0.65 to 0.10 0.15 NA
MCP-4 1 75 43 —0.76 —1.15 to —0.37 0.0001 NA
TARC 1 75 43 —0.57 —0.95 to —0.19 0.004 NA

chiatric

patients

compared

of TNF-alpha [61] and sgp130 [62]. Moreover, a wide range
of inflammatory markers were found to be similar in psy-
to neurological
(eTable 1) [63]. IL-7, IL-12, or granulocyte-colony stimu-
lating factor (G-CSF) were not detected [63].

controls
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Specific CSF antibodies
Schizophrenia spectrum disorders

One study with healthy controls found increased CMV and
toxoplasma gondii IgG in antipsychotic naive cases [36], but
the data were not suitable for meta-analysis. Other studies
found that CMV antibodies [48, 64—68] were either undetect-
able [48, 64-68] or present (in up to 18.5% of cases; 43,66,67),
but this was not different from surgical [32] or psychiatric and
healthy controls [38, 69]. HSV-1 or 2 antibodies were unde-
tectable in one [19] but detectable in the other studies

(present in up to 69% of cases) [48, 57-59, 64, 67, 70],
but without difference in the studies comparing to
neurological, surgical controls, psychiatric or healthy controls
[30, 32, 36, 38].

Studies found antibodies in cases against mumps in 2.9%
[64] (but decreased compared with surgical controls [32]),
VZV in 5.7% [64], tick-borne encephalitis virus in 7.3%,
orbivirus lipovnik in up to 2.9%, choriomeningitis virus in
5.3% [57], and nucleotide sequences homologous to those
of known retroviruses in 20% of cases [71], whereas
others did not find CSF antibodies against infectious agents
[19, 30, 39, 64, 66, 72, 73]. There was no difference in the

Schizophrenia spectrum disorders vs. healthy controls:

1) Total protein, mg/dL

Patients Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% Cl _Year IV, Rand: 95% CI
Harington 62 22 54 54 18 99 62.0% 0.41[0.07,0.74] 1985 ——
Bendikov 3258 99 12 2983 952 12 107% 0.27 [-0.53,1.08] 2007 e —
Sasayama 4529 1892 31 381 995 31 27.2% 0.47 [-0.04,097) 2013 |
Total (95% CI) 97 142 100.0% 0.41 [0.15,0.67] -
Heterogenelty: Tau*= 0.00; Chi*= 0.16, df= 2 (P = 0.92); F= 0% 42 51 5 1- i

Testfor overall effect: Z= 3.05 (P = 0.002)

2) Albumin, mg/dL

Highestin controls Highestin patients

Patients Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, 95% Cl_Year v, 95%CI
Roos 208 107 32 217 134 31 447% -0.07 [0.57,0.42] 1985
Severance 2385 106 54 1982 77 60 553% 0.44[0.06,081] 2015 -
Total (95% CI) 86 91 100.0% 0.21 [-0.29, 0.70]

Heterogeneity: Tau*= 0.08; Chi*= 2.60, df=1 (P = 0.11), F=62%
Test for overall effect Z=0.82 (P = 0.41)

3) Albumin ratio

4 s 4 i
1 t T 1 t

-2 -1 0 1 2
Higherin controls  Higher in patients

Patients Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Severance 548 2.05 54 416 163 60 100.0% 0.71[0.33,1.09] 2015
Total (95% ClI) 54 60 100.0% 0.71 [0.33,1.09] <~
Heterogeneity: Not applicable 52 51 1* 5
Testfor overall effect: Z= 3.68 (P = 0.0002) Highestin controls Highest in patients

4) IL-6, ng/mL

Patients Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% Cl Year v, 95% CI
Van Kammen 0.53 07 B 0.25 043 25 186% 0.44[-0.03,091) 1999 T
Garver 0.00411 0.00213 N 0003 0.00124 14 100% 057 [-0.07,1.22) 2003 T
Soderlund 0.00387 0.00346 26 0.00308 0.002629 30 148% 0.26-0.27,0.78) 2009 =p—
Sasayama 0.00233 0.00151 32 0.00154 0.0008 35 16.9% 0.65[0.16,1.15) 2013 —
Hayes 0.002165 0.00352 46 000112 0.000644 35 20.8% 0.38-0.06,0.83) 2014 -
Schwieler 0.00321 0.00208 23 0.001791 0.001229 37 139% 0.87[0.33,1.42) 2015 —
Coughlin-ll 0.00105 000054 11 0.00053 000013 12 43% 1.30(0.39,2.22] 2016
Total (95% CI) 230 188 100.0% 0.55[0.35, 0.76] L J
Heterogeneity Tau®= 0.00; Chi*=6.07, df=6 (P=042); F=1% ?2 11 1. })

Testfor overall effect: Z=5.31 (P < 0,00001)

5) IL-8, pg/mL

Highestin controls Highestin patients

Patients Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Sdderlund 1087 627 26 904 181 30 29.2% 0.40[-013,093] 2008 T
Hayes 2989 1859 46 2215 73 35 411% 0.52(0.07,0.96) 2014 ——
Schwieler 1204 3.073 23 1071 3016 37 297% 0.43[-0.09,0.96] 2015 T
Total (95% CI) 95 102 100.0% 0.46 [0.17,0.75] <>
Heterogeneity: Tau*= 0.00; Chi*=0.12, df= 2 (P = 0.94), F= 0% t t %

Test for overall effect: Z= 3.14 (P=0.002)

S

-2 - 0
Highestin controls Highestin patients
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Affective disorders vs. healthy controls:

1) Total protein, mg/dL

Patients Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Rand 95% CI
Pitts 4467 1804 24 3151 6 17 391% 0.90[0.24,1.55] 1990 —
Sasayama 4676 1328 29 381 995 31 60.9% 0.73[0.21,1.26) 2013 ——
Total (95% Cl) 53 48 100.0% 0.80 [0.39, 1.21] <>
Heterogeneity: Tau*= 0.00; Chi*=0.15, df=1 (P = 0.70);, F= 0% -2 .1 S 1. i
Testfor overall effect: Z= 3.82 (P = 0.0001) Highestin controls Highest n patients
2) Albumin, mg/dL
Patients Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, 95% Cl_Year IV, Rand: 95% CI
Roos 235 1217 7 217 1336 N 8.5% 0.13[-0.69,0.95] 1985 —
Pitts 2844 1423 24 2096 685 17 14.0% 0.62[-0.01,1.26) 1990
Hampel 221 11 29 227 71 1 11.8% -0.06 [-0.75, 0.64] 1997 —r—
Isgren 2476 1117 121 211.81 8 71 B65.7% 0.29 [-0.00,0.58] 2015 Hil-
Total (95% CI) 181 130 100.0% 0.28 [0.04, 0.52] R s
Heterogeneity: Tau*= 0.00; Chi*= 2.15, df= 3 (P = 0.54), *= 0% ) 5 g L3
Test for overall effect: Z= 2.32 (P =0.02) Highestin controls Highest in patients
3) Albumin ratio
Patients Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% Cl Year IV, Rand 95% CI
Hampel 59 28 29 56 22 11 7.0% 0.11[0.58,0.81) 1997 =
Gudmundsson 67 26 14 54 17 70 99% 0.69[0.10,1.27) 2007 —
Zefterberg 589 222 134 497 204 86 44.8% 0.43[0.15,0.70) 2014 -
Isgren 59 264 121 498 183 71 384% 0.39[0.09,0.68] 2015 =
Total (95% CI) 298 238 100.0% 0.41[0.23, 0.60] &
Heterogeneity: Tau®= 0.00; Chi*=1.62, df= 3 (P = 0.65); F=0% -2 #1 1‘ 2
Test for overall effect: Z= 4.44 (P < 0.00001) Highestin controls Highestin patients
4) IL-6, pg/mL
Patients Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, R: 95% CI
Carpenter 22 1 18 24 19 26 140% -0.12[-0.72,0.48] 2004 ——
Lindgvist 3.02 9.1 32 064 062 47 157% 0.40 [-0.05, 0.86) 2009 '
Pélhagen 754 856 12 434 634 12 117% 0.41[-0.40,1.22) 2010 e
Sdderlund 15 11 30 26 14 30 147% -0.99 [-1.53,-0.45) 2011 —
Martinez 0.066 0.01 18 006 0007 25 137% 0.70(0.08,1.33] 2012 —_—
Sasayama 214 122 30 154 08 35 152% 0.58(0.09,1.08] 2013 —
Kemn 34 43 19 19 18 67 150% 0.58(0.07,1.10] 2014 —
Total (95% Cl) 159 242 100.0% 0.22 [-0.23, 0.68] ?
Heterogeneity. Tau®= 0.29; Chi*= 27.64, df= 6 (P = 0.0001), #= 78% 2 1 ) 15 é
Testfor overall effect Z= 0.95 (P = 0.34) Highestin controls Highest in patients
5) IL-8, pg/mL
Patients Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl Year IV, Rand 95% CI
Lindgvist 2429 724 32 231 665 47 19.5% 0.17[-0.28,0.62) 2009 -1
Sdderlund 75 548 30 90 164 30 18.1% -0.37 [0.88,0.14] 2011 =
Kem 455 144 19 364 95 67 17.8% 0.84[0.31,1.37] 2014 Tl
Janelidze-ll 2279 878 71 243 65 48 21.5% -0.19[-0.56,0.18] 2015 b i
Isgren 373 211 121 299 83 71 231% 042[0.12,0.72) 2015 —-
Total (95% CI) 273 263 100.0% 0.17 [-0.21, 0.56] ?
0

Heterogeneity: Tau*= 0.14, Chi*= 16.87, df= 4 (P = 0.002); F= 76%
Test for overall effect: Z= 0.89 (P = 0.37)

Highestin controls Highestin patients

Fig. 2 Forest plots on selected results from studies investigating immune-related CSF markers in schizophrenia spectrum and affective disorders
(the remaining forest plots are shown in eFigure 1)

levels of antibodies towards measles [32], rubella [30, 32],
VZV [32], adenovirus [32], vaccinia [38], or influenza [38]
between cases and surgical [30, 32], psychiatric or healthy

controls [38].

Antibodies against neuronal cell surface antigens were
detected in up to 2.4% and against intracellular onconeural
antigens in up to 2.1% of cases but none against
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intracellular synaptic antigens in cases [20]. Others found
anti-brain antibodies in 48.1% of cases [74], with a study
finding dopamine IgG in 100% of cases and significantly

elevated compared to the 41% of neurological controls [22].

No difference of antibodies against myelin basic protein and
glial fibrillary acidic protein was observed compared to
surgical controls [31].
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Affective disorders

Studies found CSF antibodies against toxoplasma gondii in
52.5% [16], HSV in up to 85%, EBV in up to 60% [16, 48],
CMV in 3% [72] and BDV in up to 50% [16, 45] of cases.
Others found no antibodies against measles [48], CMV
[48], or treponema pallidum [73] in cases. There were no
antibodies against intracellular antigens or neuronal cell
surface antigens [75, 76].

Secondary outcomes

Correlation between CSF findings and psychiatric
symptoms

Correlations have been found between albumin and IgG
with SANS scores [6], and higher IL-8 levels with higher
MADRS scores [77]. However, most authors reported no
correlation between psychiatric symptoms and the follow-
ing CSF findings: total protein [27, 46], impairment of the
BBB [51], IL-1alpha [78], IL-1beta [61], IL-2 [78, 79], IL-6
[80-85], sIL-6r [24], IL-8 [85-87], IL-10 [83], IL-15 [63],
TNF-alpha [56], neopterin [44], MIP-1alpha [44], MCP-1
[63], and lymphocyte activational stage [40].

Correlation between CSF findings and psychotropic
medication

A total of 17 studies investigated the association between
medication and CSF findings. CSF analysis in patients
on antipsychotic medication revealed a tendency towards
normalization of the CSF cytological alterations [37].
There was a correlation between higher albumin ratio
and IL-1alpha with antipsychotic treatment [78, 88], IL-8
and the use of lithium or antipsychotics but not the use of
other psychotropic medication [86]. However, most
studies found no correlation between antipsychotic or
antidepressant medication and CSF levels of IgG, IgM,
IgA [53], IgG index [25], total protein [73], albumin
ratio [88, 89], CMV IgM [45], lymphocytic profile [23],
IL-1 beta, IL-2, sIL-2r, IL-6, IL-8, and TNF alpha
[33, 78, 84, 85, 90], or impairment of the BBB [19, 21,
25, 51, 91].

Change of diagnosis after CSF analyses

Two studies reported that 3.2% (N =5/155) [92], respec-
tively, 6% (N =4/63) [93] of patients with initial diagnoses
of affective [93] or schizophrenia spectrum disorders [92, 93]
received a revised diagnosis following CSF analyses,
including infections and autoimmune disorders.

Adverse events after lumbar puncture

Only one study reported on adverse events related to the
lumbar puncture and found that mild to moderate adverse
events (mostly headaches or local pain at the puncture site)
occurred in 10.3% of the cases; 1.3% experienced severe
post-lumbar puncture headache with nausea [92].

Discussion

This is the first systematic review and meta-analysis of the
available evidence from eight decades on immune-related
CSF investigations in schizophrenia and affective disorders,
including previously unpublished data acquired from con-
tacts to the study authors. Our meta-analysis pointed
towards BBB impairment with increased albumin ratio and
total protein in schizophrenia and affective disorders, and
increased levels of albumin in affective disorders. The
increased IgG CSF/serum ratio (and a non-significantly
increased IgG index) in schizophrenia might suggest intra-
thecal IgG production. Moreover, IL-6 and IL-8 levels were
increased in schizophrenia but not significantly increased in
affective disorders. However, all studies included in the
meta-analysis showed at least some degree of bias, speci-
fically concerning representativeness of cases and ascer-
tainment of exposure.

The major limitation was the small number of studies
with healthy controls; hence, the largest meta-analysis
included 4 studies with 302 cases. Several meta-analyses
were based on one study. The remaining part of the sys-
tematic review consisted of studies with non-healthy control
groups or without a control group lowering the reliability.
Second, detailed study protocols were commonly unavail-
able, case groups were often unsystematically identified and
consisted of various diagnostic categories with variable
disease duration, severity and age of onset, making it dif-
ficult to apply the results to specific patient groups. Third,
CSF analysis varied according to sampling time points and
sensitivity of the cytokine assays, and many studies did not
disclose the number of samples above the detection limit. In
addition, assays have developed over time and hence
studies used different techniques, and particularly the broad
spectrum of new and more sensitive methods has been
emphasized by several studies [94, 95]. Fourth, the majority
of studies were cross-sectional. Fifth, we could not perform
meta-analyses on studies investigating the importance of
psychotropic medication nor could we identify longitudinal
studies investigating psychotropic medication. Furthermore,
studies with healthy controls examining a broad range of
immune-related CSF markers were lacking. Sixth, we only
included articles written in English and geographic biases
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might occur as clinicians may be more likely to perform
lumbar punctures in areas where infections with treatable
infectious agents are prevalent. Seventh, several studies did
not match on important factors such as age or gender
(eTable 4) and did not control for important confounders
such as BMI, smoking or diet. These confounding factors
have been shown to largely influence the associations
between at least peripheral inflammatory markers and
depression [96], which need to be considered in future
studies also for CSF inflammatory markers. Finally, we had
no knowledge regarding longitudinal data relating to clin-
ical state and severity of the disorder or response to
medications.

The major findings in our meta-analysis were increased
albumin ratios and total protein suggestive of BBB leakage
or dysfunction. Supporting this, studies have found an
increased albumin ratio in up to 53% with schizophrenia
spectrum disorders [6, 19-25] and 44% with affective dis-
orders [15-18]. An impaired BBB may leave the brain more
vulnerable to harmful substances in the blood, including
immune components. It might also be an indicator of
inflammation within the central nervous system (CNS),
which is also indicated by the non-significantly increased
CSF cell counts.

Our meta-analysis reveals evidence for intrathecal IgG
production in a subset of psychiatric patients [20, 93] and
oligoclonal bands were increased in up to 12.5% of cases
[15, 16, 18, 20, 21], which may indicate acute or chronic
inflammation, an “immunological scar” from previous
inflammation of brain tissue, immunoglobulin production or
a local B cell immune response in certain subgroups of
patients [97].

Interleukins are produced by the immune system and
regulate many aspects of inflammation and the immune
response. The present meta-analyses showed increased levels
of IL-6 and IL-8 in schizophrenia spectrum disorders,
whereas in affective disorders all cytokines levels were non-
significantly increased. Other recent meta-analyses revealed
evidence of increased CSF levels of IL-1p in schizophrenia
and bipolar disorders and increased levels of IL-6 and IL-8 in
schizophrenia and depression [29, 98]. IL-6 stimulates CRP
production by hepatocytes, and IL-8 primarily induces
chemotaxis and phagocytosis. Increased levels of several
peripheral cytokines have also been reported for schizo-
phrenia, bipolar disorder and depression [99-101]. Although
CSF cytokine levels reflect CNS inflammation more pre-
cisely, peripheral IL-6 can reach the CNS through the choroid
plexus or because of increased BBB permeability [102].

The studies on CSF antibodies could not be included in
meta-analyses. Nonetheless, studies found antibodies
against CNS tissue in up to 100% [20, 22, 74] and HSV-1
antibodies in up to 69% of cases with schizophrenia spec-
trum disorders [48, 57-59, 64, 70], but the results for most
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of the other infectious agents were rather conflicting.
Antibodies against HSV [16, 48], Toxoplasma gondii [16]
and EBV [16, 48] had the strongest associations with
affective disorders. Furthermore, studies without healthy
controls have found signs of CNS pathology in up to 41%
of cases [93].

Antipsychotic medication has been found to increase
BBB permeability in animal studies [103] and affect
immune cells in the CNS [23, 104-106], highlighting the
importance of evaluating the effect of psychotropic medi-
cation when analyzing CSF; however, the evidence for
antidepressants is conflicting [107, 108]. Cross-sectional
studies mostly found no association between CSF para-
meters and psychotropic medication apart from a correlation
between a higher albumin ratio [88], higher IL-1alpha [78],
and IL-8 [86] with antipsychotic treatment, and none of the
studies investigating this aspect longitudinally.

Concerning associations with clinical symptomatology,
the only CSF parameters that correlated with symptom
scores were IL-8 (depression) [77], respectively albumin
and IgG (schizophrenia) [6]. Increased inflammatory blood
markers (e.g., CRP and IL-6) correlated with greater overall
symptom severity in patients with depression, in particular
with neuro-vegetative symptoms (e.g., sleep, appetite)
[109-111]. However, only few studies explored associa-
tions between CSF markers and symptom severity or
correlations between immune markers in serum vs. CSF,
and we found conflicting results regarding correlation
between IL-6 levels in CSF and serum [84, 102].

Conclusion and perspectives

The present systematic review and meta-analysis suggests
that subgroups of patients with schizophrenia spectrum or
affective disorders may have CSF pathology with signs of
BBB impairment, intrathecal antibody synthesis and ele-
vated levels of inflammatory markers, autoantibodies and
immunoglobulins. However, CSF findings varied greatly
and important confounders were often not accounted for
limiting any firm conclusions regarding CSF pathology in
patients with depression or schizophrenia. Therefore, future
studies should be longitudinal with systematic and stan-
dardized collection of CSF samples over time in larger
study populations with healthy control subjects. Preferably,
these studies should include newly diagnosed patients who
are naive to psychotropic drugs, with CSF measurements
prior to and at several time points after psychotropic drug
initiation, with adjustments for variables that can affect the
immune-related markers, e.g., smoking and BMI. CSF and
peripheral immune markers, in combination with peripheral
blood tests and brain scans, might aid in future trials on
immune-modulating add-on treatment for subgroups of
mental disorders. Finally, the emerging role of the immune
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system and CNS inflammation in mental disorders neces-
sitates improved imaging methods, better methods for
sampling small amounts of CSF using small needles and
guided insertions and identification of brain derived pro-
teins in blood. Adverse events after lumbar puncture was
rare and 3.2-6% of patients received a revised (somatic)
diagnosis following CSF analysis, suggesting that lumbar
puncture can be an important supplemental diagnostic
examination in psychiatric patient’s potentially influencing
treatment.
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