
ORIGINAL PAPER

Acute schizophrenia is accompanied by reduced T cell
and increased B cell immunity

Johann Steiner • Roland Jacobs • Benjamin Panteli • Mareike Brauner • Kolja Schiltz •

Sabine Bahn • Marlis Herberth • Sabine Westphal • Tomasz Gos • Martin Walter •

Hans-Gert Bernstein • Aye Mu Myint • Bernhard Bogerts

Received: 1 August 2009 / Accepted: 8 January 2010 / Published online: 27 January 2010

� Springer-Verlag 2010

Abstract Previous studies of lymphocyte distribution in

schizophrenia have yielded inconsistent results, as sum-

marized in the present study. Based on our own original

data, potential confounds that might explain these varia-

tions are analyzed and discussed. Blood samples from 26

patients with acute paranoid schizophrenia were investi-

gated in comparison with 32 matched healthy controls by

flow cytometry (CD3, CD4, CD8, CD19, and CD56 phe-

notyping). A subgroup of drug-free patients was followed

up after 6 weeks of treatment. Cotinine levels and the free

cortisol index (FCI) were provided in order to control

for medication, smoking, and stress. Cotinine levels cor-

related with natural killer (NK) cell counts (CD3-/CD56?:

r = -0.383, P = 0.003) while the FCI was related to B

cell numbers (CD19?: r = 0.390, P = 0.003). Considering

these covariates, a lower level of T helper cells

(P = 0.010), a reduced CD4/CD8 ratio (P = 0.029), and

elevated B cells (P = 0.008) were found during acute

psychosis. After 6 weeks of medication, an inverse pattern

was observed in initially drug-free patients: total T cell

(P = 0.005), T helper (P = 0.003), and T suppressor/

cytotoxic cells (P = 0.005) increased, while B cell counts

declined (P = 0.049). In conclusion, acute paranoid

schizophrenia may be accompanied by a reduced T cell

defense and a shift towards B cell immunity, which nor-

malizes in response to treatment. In addition to disease

stage or subtype and medication, cigarette smoking and

stress are important co-factors.
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Introduction

Apart from hypotheses of impaired neurodevelopment and

neurogenesis [6, 27], the complexity of schizophrenia has

blossomed into countless theories attempting to explain the

pathophysiology of the disorder. Among these etiological

explanations, several immune-related hypotheses have

been proposed implying infectious as well as autoimmune-

related mechanisms [7, 12, 37, 49, 50, 56]. Mediators of the

immune system, especially cytokines, are known to be in

close communication with the central nervous system via

the hypothalamo-pituitary–adrenal axis (HPA), which in

turn activates the release of neurotransmitters and hor-

mones [36]. There is indeed evidence for schizophrenia-

related alterations in cytokine expression, as recently
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reviewed by Potvin et al. [38], but cellular components of

the immune response may be likewise affected. Therefore,

several studies have focused on studying the numerical

distribution of lymphocyte subsets in schizophrenia by flow

cytometry [2, 14, 18, 30–33, 39, 42–45, 47]. However, the

results were quite inconsistent, as summarized in the

‘‘Discussion’’ and Table 1.

Part of this variation might be explained by different

methodological approaches (e.g., the analysis of Ficoll-

separated peripheral blood mononuclear cells versus

whole-blood assays, or the usage of different surface

markers for phenotyping) and the inclusion of subjects with

different schizophrenia subtypes or disease stages. How-

ever, studies should also account for additional confound-

ing factors such as medication, cigarette smoking, cannabis

abuse, or stress. Several lines of evidence suggest that

antipsychotic drug treatment has an impact on the immune

system. Sperner-Unterweger et al. [47] and Maino et al.

[30] observed a normalization of all measured alterations in

lymphocyte distribution after successful treatment of psy-

chotic episodes. The effect of antipsychotic medication on

cytokine levels in schizophrenia has been reviewed by

Drzyzga et al. [11]. The effect of smoking appears to be

important as well because nicotine abuse among schizo-

phrenia patients is approximately three times that of the

general population, reaching a prevalence of about 80%

[24]. Cigarette smoking has suppressive effects on the

immune system [20, 23]. Nicotine, the major active

chemical in cigarettes, has been shown to impair the anti-

gen-driven T cell response and inhibit proliferation in

rodents as well as humans [13, 15, 16, 25]. Stress-associ-

ated changes in immunity are another possible explanation

for changes in lymphocyte distribution in acutely ill

schizophrenic patients. Two large meta-analyses revealed

an association of naturally occurring chronic stressors with

an overall leukocytosis, which manifests as a relative

neutrophilia with reduced numbers of T helper, T cyto-

toxic/suppressor cells, natural killer (NK) cells and B cells

[19, 59]. In addition, diminished antibody production has

been observed in chronic stress [52].

Different methods to assess the confounding effects of

nicotine intake and stress in clinical studies have been

described. Self-reported information about smoking (e.g.,

number of cigarettes per day) or stress [documented by

visual analog scales (VAS)] is often imprecise and subject

to bias, with accuracy varying according to circumstances.

The trier inventory for the assessment of chronic stress

(TICS) may be helpful for assessing chronic lifetime

stressors in more detail [46]. However, neither the TICS

nor other stress inventories have been validated yet for use

in schizophrenic subjects. A biochemical assessment gives

a much clearer indication of the effects of tobacco intake

and stress. Previous studies indicate that cotinine levels

serve as a useful biomarker of tobacco exposure [5].

Cotinine is a metabolite of nicotine and has an in vivo half

life of approximately 20 h. Nicotine from food products is

not expected to impact assay sensitivity or to be clinically

relevant. A blood cotinine concentration of 10 ng mL-1 is

employed as a cutoff for non-smokers versus smokers.

Other non-invasive alternatives are collection of urine,

saliva, or hair (with suggested cutoffs of 200, 5, and

0.3 ng mL-1, respectively). A rough assessment of HPA

activity can be performed by collecting single blood or

saliva samples for analysis of total or free cortisol in the

early morning hours, and the resulting hormone value is

interpreted as an index of unstimulated HPA activity [55].

In blood samples, the free cortisol index (FCI) is a reliable

surrogate marker for free cortisol, which is the biologically

active component and has an in vivo half life of 60–90 min

[28]. It is calculated by dividing the serum total cortisol

[nmol/L] by the cortisol-binding globulin (CBG) level [mg/

L]. Although easy to assess, single basal cortisol measures

are reported to have a rather low intraindividual stability;

and peak levels of plasma cortisol, and ACTH after direct

stimulation [by corticotropin releasing hormone (CRH)

application] are more reliable for the assessment of the

HPA axis [9, 22]. However, CRH tests are quite expensive

and may be difficult to perform in acutely psychotic

patients, because the procedure is more time consuming

than a single blood or saliva sampling. Another stress

component, the acute stress response with sympathetic

activation of the adrenal medulla, can be assessed by the

measurement of catecholamines and metanephrines in

urine. This can be done by collecting urine for 24 h or by

expressing the measures as ratios to urine creatinine con-

centration [57]. However, several types of drugs and food

can alter urine catecholamine levels, e.g., theophylline,

erythromycin, lithium, salicylates, coffee, tea, bananas,

chocolate, citrus fruits, and vanilla. Moreover, it is some-

times difficult to perform 24 h urine collection, or to get

urine from acutely psychotic patients at a time point which

is close to the blood collection.

Our study aimed to examine T and B cell immunity

while controlling for important confounding factors: (1)

Only acutely ill patients with paranoid subtype schizo-

phrenia were included. (2) Medication effects were asses-

sed by including a subgroup of drug-free cases that was

followed for 6 weeks of drug treatment. Furthermore,

cumulative drug dosage was included as a covariate in the

statistical analysis. (3) Subjects with substance abuse (e.g.,

alcohol or cannabis) were excluded. (4) Nicotine con-

sumption was assessed using cotinine blood levels, which

were included as a covariate in the statistical analysis. (5)

To control for prevailing hypothalamo-pituitary–adrenal

stress axis activation, we chose the FCI as a simple but

quite reliable and objective estimate.
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Materials and methods

Blood samples

Serum and heparinized peripheral blood were obtained

from 26 patients with an acute episode of paranoid

schizophrenia and 32 age- and sex-matched healthy control

subjects (students and staff from the University of Mag-

deburg). Demographic data are summarized in Table 2.

Eleven patients were unmedicated for at least 6 weeks

before admission, and 15 had already been taking atypical

antipsychotics (amisulpride, aripiprazole, clozapine, olan-

zapine, quetiapine, risperidone, or ziprasidone) for

26 ± 21 days, but still suffered from acute psychosis. Only

benzodiazepines were allowed as additional psychotropic

medication (for 6 days before T0). All patients fulfilled the

DSM-IV criteria for paranoid schizophrenia, as diagnosed

by two independent psychiatrists (JS, HB) using all avail-

able information from structured clinical interviews for

DSM-IV (SCID) and clinical records [1, 53].

Serum and heparinized peripheral blood were collected

between 9:00 and 11:00 a.m. The blood specimens from

schizophrenic patients were taken on admission to the

hospital (T0); a second sample was obtained from initially

drug-free patients after 6 weeks of antipsychotic treatment

(T6). In all subjects a complete differential blood cell count

with differential, high-sensitivity C-reactive protein (CRP),

and liver enzymes were measured. In addition, a urine drug

screen was performed. For statistical purposes, the dose of

antipsychotic drugs was converted into cumulative chlor-

promazine-equivalent doses (R CPZe) [40, 54]. Psycho-

pathology was monitored using the positive and negative

syndrome scale (PANSS) for schizophrenia [26].

Blood samples were obtained in accordance with Ger-

man laws and the guidelines of the local institutional

review board. Patients and control subjects gave written

informed consent. Subjects with a previous medical history

of allergy, (auto)immune disease, cancer, chronic terminal

disease, coronary heart disease, diabetes/metabolic disor-

der, hypertension, infections, neurological illness, sub-

stance abuse, or severe trauma were excluded. Elevated

CRP levels, treatment with corticosteroids or immuno-

suppressive and immunomodulating agents were also

exclusion criteria. Only control cases without a past or

family history of neuropsychiatric disorders were included.

Flow cytometry

Phenotypic analyses were performed by multicolor flow

cytometry. Ficoll-Hypaque-separated cell samples were sur-

face-stained utilizing directly labeled monoclonal antibodies

with the following specificities: CD3 peridinin chlorophyll

protein, CD4 allophycocyanin, CD8 phycoerythrin, CD19T
a
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phycoerythrin, CD56 allophycocyanin (Becton–Dickinson,

Heidelberg, Germany). The procedure was performed in 96-

well U-bottom plates by incubating 3 9 105 cells well-1

with the appropriate antibodies for 20 min at 4�C. Anti-

bodies were used at concentrations as recommended by the

manufacturer. Nonspecific binding was eliminated by mix-

ing the samples with a 1:5 solution of commercial human IgG

(Octagam, Octapharma, Langenfeld, Germany). Samples

were washed three times in phosphate-buffered saline/0.1%

bovine serum albumin at 3009g for 3 min by exchanging

200 lL buffer between each of the centrifuging steps. After

the last removal of supernatants, cells were resuspended in

50 lL 4% paraformaldehyde solution. The plates were

incubated at room temperature in the dark for 10 min.

Finally, the cells were washed three times as described ear-

lier and subjected to flow cytometry. At least 10,000 cells per

sample were analyzed using a dual-laser cytometer (FACS

Calibur, Becton–Dickinson, Heidelberg, Germany) with

Cell Quest Pro 3.0 or Summit 4.3 (Dako, Hamburg, Ger-

many) software.

Table 2 a Demographic data and T0 measures of comparison subjects and patients with paranoid schizophrenia, b the subgroup of initially drug-

free patients was followed up after 6 weeks of treatment (T0 and T6)

(a) Diagnosis Comparison group T0 Schizophrenia group T0

(n = 32) (n = 26)

Age (year) 34.4 ± 10.8 34.7 ± 11.3

Duration of disease (year) – 8 ± 9

Males/females (n) 20/12 17/9

Smokers/non-smokers (n) 14/18 16/10

Measures T0 T0

PANSS total score – 84.8 ± 11.2

PANSS positive score – 20.1 ± 4.9

PANSS negative score – 22.1 ± 6.5

PANSS general score – 42.7 ± 5.6

T cells: CD3? (cells/lL) 1,396 ± 532 1,211 ± 503

T helper cells: CD3?/CD4? (cells/lL) 973 ± 396 710 ± 295

T suppressor/cytotoxic cells:

CD3?/CD8? (cells/lL)

410 ± 177 332 ± 199

NK cells: CD3-/CD56? (cells/lL) 396 ± 170 540 ± 221

B cells: CD19? (cells/lL) 195 ± 109 300 ± 238

(b) Diagnosis Schizophrenia group, drug-free T0 Schizophrenia group T6

(n = 11) (n = 11)

Age (year) 35.1 ± 13.2

Duration of disease (year) 8 ± 10

Males/females (n) 7/4

Smokers/non-smokers (n) 6/5

Measures T0 T6

PANSS total score 90.8 ± 10.8 64.2 ± 21.0

PANSS positive score 24.3 ± 5.4 13.6 ± 4.2

PANSS negative score 21.7 ± 5.6 16.5 ± 8.2

PANSS general score 44.8 ± 6.0 34.0 ± 9.1

T cells: CD3? (cells/lL) 1,063 ± 612 1,425 ± 608

T helper cells: CD3?/CD4? (cells/lL) 621 ± 358 956 ± 392

T suppressor/cytotoxic cells: CD3?/CD8?

(cells/lL)

280 ± 254 492 ± 259

NK cells: CD3-/CD56? (cells/lL) 461 ± 261 496 ± 314

B cells: CD19? (cells/lL) 364 ± 257 218 ± 121

Values are given as mean ± standard deviation
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Biochemical analysis

Cotinine was quantified by direct enzyme-linked absorbent

assay (Calbiotech, Spring Valley, CA, USA) following the

manufacturer’s protocol. The inter- and intra-assay coeffi-

cient of variation was\15%. In brief, 10 lL of serum and

cotinine standard were added in duplicate to each well and

incubated with 100 lL cotinine enzyme conjugate for 1 h

at room temperature. Wells were washed with distilled

water before addition of 100 lL tetramethylbenzidine

(TMB) substrate solution. This was incubated for 30 min at

room temperature before the reaction was stopped with

stop solution. Plates were read at dual wavelengths of 450

and 650 nm on a plate reader (Bio-Rad Laboratories,

Hercules, CA, USA).

Measurement of cortisol was performed with the Im-

mulite-System (DPC Diagnostic Products Corporation, Los

Angeles, CA, USA), a fully automatic random access

chemiluminescence enhanced enzyme immunoassay sys-

tem. CBG was determined by a commercial radioimmu-

noassay (ZenTech S.A., Angleur, Belgium).

Statistical analysis

Statistical analyses were performed with the SPSS 15.0

package (Statistical Product and Service Solutions, Chi-

cago, USA). Parametric tests were applied due to a normal

distribution of the data, as indicated by Kolmogorov–

Smirnov-tests. Cumulative drug dosage (R CPZe), cotinine

levels, and the FCI were included as covariates in the

following analysis of variance (ANCOVA). We explored

changes in T and B cell immunity at T0. The Holm–

Bonferroni correction was used for multiple comparisons.

Based on these results, we expected a normalization of (1)

diminished T helper cell counts and (2) elevated B cell

counts during reconvalescence (T6). A repeated measures

ANCOVA was conducted for the comparison of T0 and T6

measures. T-tests were applied, if no influence of the

covariates was observed in the ANCOVA (P of covariates

[0.1). All statistical tests were two-tailed, with signifi-

cance defined as P \ 0.05.

For a systematic meta-analysis, effect sizes were cal-

culated according to Cohen [8]. Cohen’s d is defined as the

difference between two means divided by the pooled

standard deviation for those means.

Results

Results at T0

No significant differences were observed between the diag-

nostic groups regarding age (T(1,56) = 0.109, P = 0.914),

gender (v2(1,58) = 0.052, P = 0.820), and smoking habits

(v2(1,58) = 1.818, P = 0.178).

The numerical distribution of lymphocyte subsets at T0

was not related to age, sex, duration of disease, or severity

of clinical symptoms (PANSS). However, cotinine levels

correlated with NK cell numbers (CD3-/CD56?: r =

-0.383, P = 0.003), and the FCI was related to B cell

counts (CD19?: r = 0.390, P = 0.003). ANCOVA also

revealed an influence of smoking on NK cell numbers

(cotinine: F(1,56) = -4.262, P = 0.044), while B cell

numbers were associated with stress level (FCI: F(1,56) =

7.799, P = 0.007). No further influence of the covariates R
CPZe, cotinine, and FCI was observed.

The numerical distribution of total T cells and T sup-

pressor/cytotoxic cells was not significantly diagnosis-

dependent on admission (CD3?: F(1,53) = -3.388,

P = 0.071; CD3?/CD8?: F(1,53) = -1.002, P = 0.321),

but T helper cell counts were lower in the schizophrenia

group (CD3?/CD4?: F(1,53) = -7.172, P = 0.010,

Cohen’s d = -0.74; Fig. 1a). Moreover, the CD4/CD8

ratio was significantly decreased (ratio in controls:

1.45 ± 0.56; ratio in schizophrenic patients: 1.03 ± 0.60;

F(1,53) = -5.054, P = 0.029). The number of NK cells

was not significantly different on admission (CD3-/

CD56?: F(1,53) = 3.277, P = 0.076), but B cells were

significantly increased (CD19?: F(1,53) = 7.597, P =

0.008, Cohen’s d = 0.87; Fig. 1a).

These changes in lymphocyte distribution during acute

psychosis were confirmed by analyzing the subgroup

of drug-free patients (reduced T helper cell counts:

F(1,38) = -4.959, P = 0.032; increased B cell counts in

the schizophrenia group: F(1,38) = 3.956, P = 0.045).

ANCOVA revealed an influence of smoking on NK cell

numbers (cotinine: F(1,38) = -4.513, P = 0.040), while

B cell counts were associated with the stress level (FCI:

F(1,38) = 9.114, P = 0.005).

Changes between T0 and T6

The numerical distribution of lymphocyte subsets at T6

was not significantly related to the improvement of clinical

symptoms (PANSS), nor was any correlation observed with

cotinine or FCI. Similarly, ANCOVA revealed no influence

of these covariates.

Psychopathology improved significantly from T0 to T6

(PANSS total: T(1,25) = 3.946, P = 0.001; PANSS posi-

tive: T(1,25) = 3.842, P = 0.001; PANSS negative:

T(1,25) = 2.965, P = 0.007; PANSS general: T(1,25) =

3.169, P = 0.004; Table 2). Several changes were observed

over the time course of patients who were untreated at T0:

Total T cell, T helper and T suppressor/cytotoxic cell counts

were increased (CD3?, T(1,10) = 3.567, P = 0.005;

CD3?/CD4?, T(1,10) = 3.821, P = 0.003; CD3?/CD8?,
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T(1,10) = 3.610, P = 0.005; Fig. 1b), while B cell

counts decreased (CD19?, T(1,10) = -2.238, P = 0.049;

Fig. 1b). The CD4/CD8 ratio was not significantly altered.

Discussion

The aim of this study was to investigate the distribution of

lymphocyte subsets in acute paranoid schizophrenia, con-

trolling for a set of important confounding factors, namely

medication, cigarette smoking, and hypothalamo-pituitary–

adrenal stress axis activation. In summary, lower T helper

cell numbers were evident during acute psychosis when

controlling for the aforementioned confounding factors.

They were accompanied by a reduced CD4/CD8 ratio and a

psychosis-related increase in B cell counts. Acutely ill

medicated schizophrenia cases (T0) showed T- and B-cell

counts which were intermediate between those of

unmedicated schizophrenia cases and controls (data not

shown). This finding may speak in favor of a normalizing

effect of treatment. Indeed, after 6 weeks of antipsychotic

treatment (T6), a normalized pattern was observed in ini-

tially drug-free patients: total T cell as well as T helper and

T suppressor/cytotoxic cell numbers were increased while

B cell counts decreased. Nicotine consumption correlated

negatively with NK cell counts, while stress was related to

elevated B cell numbers.

As mentioned in the introduction, results of previous

flow cytometric studies have been quite heterogeneous (see

Table 1). Some studies are in accordance with our results

and describe reduced T cell numbers [2, 30, 32, 42].

Nevertheless, other groups reported unchanged T cell

numbers [31, 33, 39, 43–45], and some investigators

observed even higher T cell counts in the peripheral blood

of acutely ill schizophrenic patients [18, 47].

The present evidence of increased total B cell numbers

in acutely ill schizophrenic patients supports the reports of

Maino et al. [30] and Rothermundt et al. [42]. Other

studies, which describe unchanged or lower total B cell

counts in schizophrenia, had investigated patients on

medication in stable disease phases [14, 32, 33, 39, 43],

similar to our results after 6 weeks of successful antipsy-

chotic treatment. This indicates that in previous studies the

inclusion of patients in different disease stages and medi-

cation status contributed to the inconsistent results. Fur-

thermore, including subjects with different schizophrenia

subtypes and using different surface markers for lympho-

cyte phenotyping have probably contributed to the heter-

ogeneity of the previous findings (Table 1). Over and

above the aforementioned influences, neuroleptic medica-

tion may have interfered with the results, e.g., via lym-

phocytic D2, D3, D4 and D5, muscarinic, and nicotinic

acetylcholine, 5-HT1A, 5-HT2, or 5-HT5A serotonin

receptors [17]. Interaction of dopamine with D2 and D3

dopamine receptors is known to activate the adhesion of T

cells via b1-integrin, promoting the extravasation of blast-

like T cells into the central nervous system [21, 29, 51].

This mechanism can be suppressed by neuroleptic drugs,

which seem to contribute to a normalization of schizo-

phrenia-related changes in peripheral blood T and B cell

distribution [3, 29, 30].

Our results support the findings of Riedel et al. [41],

who observed a reduced type-IV (T cell dependent)

delayed skin hypersensitivity reaction after intracutaneous

application of antigens in drug-free schizophrenic patients.

Moreover, Craddock et al. [10] showed lower proliferative

responses in T cells in both unmedicated and minimally

medicated schizophrenia patients as compared with con-

trols. Analogous to HIV infections and in line with the

infectious theory of schizophrenia, a reduced CD4/CD8

ratio, as we found it in acutely ill schizophrenic patients,

Fig. 1 a Differences in numerical distribution of lymphocyte subsets

in healthy subjects and individuals with acute paranoid schizophrenia

at T0. b The subgroup of initially drug-free patients was followed up

after 6 weeks of treatment (T0 and T6). Annotation: Data are given as

mean ± SEM (Standard error of mean), *P \ 0.05, **P \ 0.01
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may promote the reactivation of Herpes virus and Toxo-

plasma gondii infections [56]. Furthermore, there is evi-

dence for a shift from the cellular toward the humoral

immune system in schizophrenia, arising from studies that

document an increased prevalence of antiviral antibodies

and autoantibodies in schizophrenia, e.g., against CMV or

cholinergic muscarinic receptors [4, 48, 56]. The increased

B cell numbers during acute psychosis in the present and

previous studies [30, 42] distinctly support a link between

acute schizophrenia and increased B cell immune activity.

Apart from disease stage/subtype and medication, con-

founding factors such as cigarette smoking stress are

probably partially responsible for the heterogeneity of

previous results: We observed an influence of nicotine

consumption on NK cell numbers. This is in line with

previous reports of alterations in NK cell number and

activity due to cigarette smoking [34, 35, 58]. With respect

to the effects of stress, our study yielded a positive corre-

lation between the current stress level (as assessed by the

FCI) and B cell counts. In contrast, publications on chronic

stress found reduced numbers of T helper cells, T cyto-

toxic/suppressor cells, NK cells, and B cells along with a

diminished antibody production [19, 52, 59].

The present study has certain limitations that need to be

taken into account: (1) Even though we observed strong

effects in the patient group, the findings should be repro-

duced in larger clinical samples, particularly focusing on

drug-naı̈ve schizophrenia cases. (2) The specificity of the

observed immunological changes has to be evaluated by

future investigations, including cases with other neuro-

psychiatric disorders.

In conclusion, acute paranoid schizophrenia may be

accompanied by a reduced T cell defense and a shift

towards B cell immunity. These changes normalize in

response to treatment. Apart from disease stage/subtype

and medication, confounding factors such as cigarette

smoking, cannabis abuse, and stress have to be considered

because they probably account for a major part of the

heterogeneity of previous flow cytometric studies on lym-

phocyte distribution in schizophrenia.
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55. Wüst S, Federenko IS, van Rossum EF, Koper JW, Hellhammer

DH (2005) Habituation of cortisol responses to repeated psy-

chosocial stress-further characterization and impact of genetic

factors. Psychoneuroendocrinology 30:199–211

56. Yolken RH, Torrey EF (2008) Are some cases of psychosis

caused by microbial agents? A review of the evidence. Mol

Psychiatry 13:470–479

57. Young WF (2007) Adrenal medulla, catecholamines, and pheo-

chromocytoma. In: Goldman L, Ausiello D (eds) Cecil medicine,

chap 246. Saunders Elsevier, Philadelphia

58. Yovel G, Sirota P, Mazeh D, Shakhar G, Rosenne E, Ben-Eliyahu

S (2000) Higher natural killer cell activity in schizophrenic

patients: the impact of serum factors, medication, and smoking.

Brain Behav Immun 14:153–169

59. Zorrilla EP, Luborsky L, McKay JR, Rosenthal R, Houldin A,

Tax A, McCorkle R, Seligman DA, Schmidt K (2001) The

relationship of depression and stressors to immunological assays:

a meta-analytic review. Brain Behav Immun 15:199–226

518 Eur Arch Psychiatry Clin Neurosci (2010) 260:509–518

123


	Acute schizophrenia is accompanied by reduced T cell and increased B cell immunity
	Abstract
	Introduction
	Materials and methods
	Blood samples
	Flow cytometry
	Biochemical analysis
	Statistical analysis

	Results
	Results at T0
	Changes between T0 and T6

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


