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Abstract Until now, the risk of HEV infection in

schizophrenia was unknown. The present results showed

that the seroprevalence of anti-HEV IgG and anti-HEV

IgM in schizophrenia were significantly higher than that

in healthy controls. Anti-HEV IgG positivity increased

with age and with the duration of disease in schizophrenia

patients. Moreover, schizophrenia patients with increased

CD4?/CD8? T-cell ratios ([2.03) had higher anti-HEV

IgG detection rates than those with normal ratios (1.05-

2.03). Compared with the schizophrenia patients who

tested anti-HEV IgG negative, the levels of interleukin-4

and interleukin-10 (Th2 cytokines) were significantly

higher, while the interleukin-12 (Th1 cytokine) level was

significantly lower, in those with anti-HEV IgG positivity.

Of five schizophrenia patients who were anti-HEV IgM

positive, four had elevated CD4?/CD8? T-cell ratios.

HEV RNA was isolated from one of these four patients

and classified as genotype 4. Anti-HEV IgM positivity

was not detected among healthy controls. Therefore,

schizophrenia patients exhibited a higher risk of HEV

infection than controls.

Introduction

Hepatitis E virus (HEV) is a non-enveloped, single posi-

tive-strand RNA virus in the family Hepeviridae with a

worldwide distribution [9]. Hepatitis E, caused by HEV, is

an important public-health problem in many developing

countries and is the cause of sporadic acute hepatitis in

developed countries. Although the overall mortality of

hepatitis E is less than 1 % in the general population, it can

reach up to 19 % in pregnant women in the third trimester

[19]. HEV infection has four documented routes of trans-

mission: waterborne, foodborne, bloodborne and vertical

transmission from mother to child [1, 2, 12, 33]. Epide-

miological studies indicate that a higher prevalence of

HEV antibodies is observed in the elderly and people who

live in rural areas with poor sanitation [4, 24]. Moreover,

isolation of animal strains of HEV and the existence of

other animal species that tested seropositive for anti-HEV

IgG and IgM indicate that hepatitis E is a zoonotic disease

[6, 27].

Schizophrenia is a complex mental disease that is highly

heritable, and it involves interplay between genetic and

environmental factors. Immune system abnormalities have

been reported in patients with schizophrenia, as evidenced

by increased expression of proinflammatory cytokines,

T-cell activation and high levels of autoantibodies [23].

The alterations of circulating inflammatory cytokines, such

as interleukin-2 (IL-2), interleukin-12 (IL-12) and inter-

feron–c (IFN-c), reflecting the functions of T help type 1

(Th1), and interleukin-4 (IL-4), interleukin-5 (IL-5) and

interleukin-10 (IL-10), reflecting the functions of T help

type 2 (Th2), were also observed in previous studies [23,

30]. Moreover, the previous results suggested there was an

imbalance between Th1 and Th2 with a shift toward the

Th2 system in schizophrenia [30]. Epidemiological studies
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have already shown that the rates of hepatitis B and hep-

atitis C virus infection in patients with schizophrenia were

five and 11 times higher, respectively, than the estimated

general population rates [26]. However, the risk of hepatitis

E virus infection in schizophrenia is still unknown. In the

current study, we found that the detection rates for HEV

antibodies in schizophrenia patients were much higher than

those in healthy controls. Anti-HEV IgG positivity

increased with age and with the duration of schizophrenia.

Moreover, schizophrenic patients with increased ratios of

CD4?/CD8? T cells had higher anti-HEV IgG detection

rates than those with normal ratios. Compared with patients

who tested anti-HEV IgG negative, the levels of IL-4 and

IL-10 were significantly higher, while the IL-12 level was

significantly lower in those with anti-HEV IgG positivity.

Material and methods

Study population

This study was carried out between August 2011 and

March 2012. Two hundred sixty-nine individuals with

schizophrenia (SZ) were enrolled in the present study. The

diagnosis of schizophrenia was based on criteria defined by

the Diagnostic and Statistical Manual of Mental Disorders

(Fourth Edition, Text Revision) (DSM-IV TR). The Mini

International Neuropsychiatric Interview (MINI) version

6.0.0 DSM was used for screening patients for schizo-

phrenia during data collection. All of the patients who were

enrolled were inpatients and were diagnosed by the

Department of Psychiatry, Huai’an Third Hospital in

Jiangsu, China. Moreover, all of the patients were free of

acute infections and allergic reactions for at least two

weeks prior to the collection of serum samples.

Two hundred sixty healthy controls (HC) were ran-

domly recruited for age (±2 years) and gender matching

from the annual health examination population (1,608

subjects) living in the same region. All of the healthy

controls were found to be free of schizophrenia by

screening using the MINI test. Moreover, the inclusion

criteria for the healthy controls were the absence of any

psychiatric and autoimmune disorders and the lack of a

history of these disorders among immediate family mem-

bers. Additionally, healthy controls had to declare them-

selves free of acute infections and allergic reactions for at

least two weeks prior to the collection of serum samples.

This study conformed to the 1975 Declaration of Helsinki,

and it was approved by the Research Ethics Committee of the

Huaian Third Hospital, following established guidelines. All

participants provided written informed consent after the

study procedures were explained.

HEV IgG and IgM antibody detection

Anti-HEV IgG and IgM were assayed using commercial

immunoassay ELISA kits (Wantai Biopharmaceutical, Inc.,

Beijing, China) as described previously [35]. The sensi-

tivity and specificity of the present assays were 97.8 % and

99.9 % for anti-HEV IgG detection, and 96.1 % and

99.4 % for anti-HEV IgM detection, respectively. In brief,

plates precoated with recombinant HEV ORF2 proteins

were incubated with test sera, as well as reactive and non-

reactive controls at 37 �C for 30 min, washed five times

and incubated with 100 lL of human anti-IgG- or anti-

IgM-horseradish peroxidase conjugate. After incubation at

37 �C for 30 min, the plates were washed and incubated at

room temperature for 15 min with enzyme substrate.

Absorbance was read at 492 nm, and the cutoff value was

determined according to the manufacturer’s instructions.

T-cell subtypes and flow cytometry analysis

Heparinized whole blood (100 ll) was incubated with anti-

CD4 (FITC), anti-CD8 (PE) and anti-CD3 (PerCP) and

analyzed by four-color flow cytometry using a fluorescence-

activated cell sorter FACSCalibur (Becton-Dickinson,

Mountain View, CA) as described elsewhere [34]. A total of

10,000 events were collected in the lymphocyte gate using

morphological parameters. Data were processed using

CellQuest Pro Software (Becton-Dickinson) and analyzed

using the Summit Software. The CD3? T-cell, CD4? T-cell

and CD8? T-cell counts were expressed as the proportion of

all PBMCs.

Cytokine measurements

The levels of serum IL-4, IL-10, IL-12 and IFN-c were

assayed using commercially available ELISA kits

(Yuanxiang Biotech Inc., Shanghai, China). Each cytokine

assay was optimized, and a standard curve was established

using standard procedures. In brief, plates were precoated

with anti-IL-4, anti-IL-10, anti-IL-12 or anti-IFN-c capture

antibody. Plates were washed and incubated with serial

dilutions of standards and with test specimens for 2 h at

37 �C. Plates were washed five times, incubated with

appropriate biotinylated detection antibody for 2 h at

37 �C, and then washed and incubated for 20 min with

streptavidin-conjugated horseradish peroxidase. The reac-

tion was developed with tetramethylbenzidine-H2O2 sub-

strate after the final wash. In all assays, the samples were

analyzed in duplicate, and the case-control pairs were

analyzed on the same plate. The lower limits of detection

for IL-4 and IFN-c were 15 pg/mL, and for IL-10 and

IL-12, they were 20 pg/mL, respectively.
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HEV RNA isolation, sequencing and analysis

Total RNA from five anti-HEV IgM-positive samples as

well as negative and positive controls was extracted from

100 lL of serum using TRIzol-LS Reagent (Invitrogen,

Shanghai, China), reverse-transcribed and subjected to

nested PCR to amplify the ORF2 region as described

previously [6]. The limit of HEV-RNA detection in the

present assay was 1000 copies/mL (5 copies/reaction).

After purification using a QIAquick Gel Extraction Kit

(QIAGEN, Valencia, CA, USA), the PCR products were

sent to Invitrogen and sequenced using an ABI 3130

Genetic Analyzer. Genetic analysis was performed with

MEGA Version 4.0 (Tempe, AZ, USA).

Statistical analysis

An unpaired Student’s t-test was used to test for differences

between SZ and HC groups of continuous variables. Dif-

ferences in qualitative variables were compared using v2 or

trend v2 tests. A two-sided P-value of \0.05 was set to

denote statistical significance. All statistical analysis was

performed using Statistical Product and Service Solutions

13.0 (SPSS; SPSS Inc, Chicago, USA).

Results

Demographic, clinical and immune activation

characteristics

Demographic and clinical characteristics for patients and

controls are shown in Table 1. There were no age or gender

differences between schizophrenia patients and controls.

Increased levels of alanine aminotransferase (ALT) and

aspartate aminotransferase (AST) were detected in 39 and

15 schizophrenia patients, respectively. Six patients had

elevated levels of both ALT and AST. In the HC group,

only two and eight individuals had elevated levels of ALT

and AST, respectively. None of the controls had abnormal

levels of both ALT and AST.

In the SZ group, 142 of 269 (52.8 %) patients showed

activation of T cells and increased ratios of CD4?/CD8? T

cells ([2.03), while only eight people in HC group had

increased ratios of CD4?/CD8? T cells (Table 2). A sig-

nificant difference was found between the SZ group and the

control.

HEV antibody detection in the study population

Correlations between the detection rates, gender and

duration of illness are summarized in Table 2. Ninety-four

out of 269 (34.9 %) in the SZ group were positive for

anti-HEV IgG, while 70 out of 260 people (26.9 %) in the

HC group were positive (P \ 0.05). Patients with a longer

course of disease ([10 years) tended to show higher rates

of positivity than did patients with less than 10 years of

disease (P \ 0.05). The detection rates of HEV IgG anti-

body increased with age in the SZ group but not in the

healthy population. There was no significant difference

between males and females in either the SZ or the HC

group. Additionally, five cases, four males and one female,

were HEV IgM antibody positive in the SZ group, but no

individuals were anti-HEV IgM positive in the HC group

(P \ 0.05).

Relationship of the ratio of CD4?/CD8? T cells

to the anti-HEV antibody detection rate

Out of 142 schizophrenia patients with increased CD4?/

CD8? T cell ratios ([2.03), 72 (50.7 %) were anti-HEV

IgG antibody positive, while 22 of the 127 patients

(17.3 %) with normal CD4?/CD8? T cell ratios (1.05-

2.03) were anti-HEV IgG positive (P \ 0.001) (Table 2).

In five cases with anti-HEV IgM antibody positivity, four

patients had elevated ratios of CD4?/CD8? T cells. There

was no difference in anti-HEV IgM antibody detection

rates in the patients with or without an elevated ratio of

CD4?/CD8? T-cells (4/142 vs. 1/127).

Analysis of cytokine levels

The levels of serum IL-12, IFN-c, IL-4 and IL-10 were

measured by ELISA. Significant differences were observed

in serum IL-4, IL-10 and IL-12 levels between the

schizophrenia patients with higher values of CD4?/CD8?

T-cell ratios ([2.03) and those with normal values

(47.41 ± 6.43 vs. 35.55 ± 6.87 for IL-4, 49.25 ± 7.13 vs.

35.13 ± 6.60 for IL-10 and 29.51 ± 4.32 vs. 39.2 ± 5.80

for IL-12), while no difference in serum IFN-c level was

observed (49.25 ± 7.13 vs. 35.13 ± 6.60 for IFN-c). In

comparison with schizophrenia patients who tested HEV

IgG negative, HEV-IgG-positive patients had levels of

serum IL-4 and IL-10 that were significantly higher, while

the level of serum IL-12 was significantly lower (P \ 0.01,

P \ 0.01 and P \ 0.01, respectively) (Table 3). There was

no difference in the level of serum IFN-c between HEV-

IgG-positive and negative patients. Moreover, differences

in cytokine levels were not observed within the HC group

regardless of the HEV IgG status (data not shown).

Analysis of HEV RNA isolated from schizophrenia

Of five anti-HEV-IgM-positive samples, one sample with

increased levels of ALT and AST, and an elevated CD4?/

CD8? T-cell ratio was positive for HEV RNA. The 552-nt

Hepatitis E virus infection and schizophrenia 361

123



ORF2 sequence of the PCR product was sequenced and

compared with those of known HEV isolates. The isolate

was 81.9-97.9 %, similar to the genotype 4 isolates, but

only 69.5-73.6 %, 69.2 % and 71.2-80.7 %, similar to the

genotype 1, 2 and 3 HEV strains, respectively. Therefore,

this HEV isolate, named HEV-HuaianSZ (GenBank no.

JX013638) was classified as genotype 4, which was widely

distributed in China.

Table 1 Demographic and clinical characteristics of study populations

SZ (n = 269) HC (n = 260) v2/t P-value

Age (years) 38.06 ± 13.11 38.30 ± 13.03 0.205 NS

Gender

Male 148 (55.0 %) 149 (57.3 %) 0.281 NS

Female 121 (45.0 %) 111 (42.7 %)

Duration of illness (years) 1-36

Lab test (normal range)

ALT (8-40 IU/L) 29.98 ± 36.96 24.08 ± 7.76 2.560 \0.05

AST (8-40 IU/L) 24.22 ± 18.66 19.81 ± 15.68 2.941 \0.01

T cells (normal range)

CD3? T cells (60.8-75.4 %) 76.66 ± 9.75 70.81 ± 7.60 5.466 \0.01

CD4? T cells (29.4-45.8 %) 47.68 ± 9.048 39.21 ± 5.66 9.820 \0.01

CD8? T cells (18.2-32.8 %) 24.92 ± 3.65 26.00 ± 5.00 2.070 \0.05

CD4?/CD8? ratio (1.05-2.03) 1.95 ± 4.35 1.56 ± 4.27 6.802 \0.01

Table 2 Anti-HEV IgG detection rates in study populations

SZ (n = 269) HC (n = 260)

Positive Negative Positive Negative

Total 94 (34.9 %) 175 (65.1 %) 70 (26.9 %) 190 (73.1 %)

P-value v2 = 3.977, P = 0.046

Gender

Male 50 (33.8 %) 98 (66.2 %) 43 (28.9 %) 106 (71.1 %)

Female 44 (36.4 %) 77 (63.6 %) 27 (24.3 %) 84 (75.7 %)

P-value v2 = 0.195, P = 0.659 v2 = 0.665, P = 0.415

Duration of illness (years)

\10 years 47 (29.7 %) 111 (70.3 %)

C10 years 47 (42.3 %) 64 (57.7 %)

P-value v2 = 4.550, P = 0.033

Age (years)

15 years- 4 (25.0 %) 12 (75.0 %) 6 (40.0 %) 9 (60.0 %)

20 years- 16 (23.9 %) 51 (76.1 %) 12 (18.5 %) 53 (81.5 %)

30 years- 21 (35.0 %) 39 (65.0 %) 16 (28.1 %) 41 (71.9 %)

40 years- 31 (41.9 %) 43 (58.1 %) 22 (31.0 %) 49 (69.0 %)

50 years- 15 (41.7 %) 21 (58.3 %) 10 (27.8 %) 26 (72.2 %)

60-77 years 7 (43.8 %) 9 (56.2 %) 4 (25.0 %) 12 (75.0 %)

P-value Trend v2 = 5.86, P = 0.015 Trend v2 = 0.195, P = 0.659

CD4?/CD8?

1.05-2.03 22 (17.3 %) 105 (82.7 %) 68 (27.0 %) 184 (73.0 %)

[2.03 72 (50.7 %) 70 (49.3 %) 2 (25.0 %) 6 (75.0 %)

P-value v2 = 32.86, P \ 0.001 v2 = 0.016, P = 0.901
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Discussion

Our study contributes to the sparse literature on HEV

seropositivity in schizophrenia patients. In previous stud-

ies, higher prevalence of antibodies to HBV nucleocapsid

protein was seen in patients with psychiatric disorders [26].

Epidemiological studies also proved that patients with

schizophrenia were significantly more likely to be infected

with HCV than those without schizophrenia [13, 26].

Moreover, higher seroprevalence of antibodies to cyto-

megalovirus, herpes simplex virus, human immunodefi-

ciency virus, influenza virus and coronaviruses were found

in psychotic patients compared to the general population

[3, 8, 18, 21, 25, 28, 29]. Therefore, it was reasonable for

us to carry out the present study to evaluate the risk of HEV

infection in patients with schizophrenia. The results con-

firmed our hypothesis that anti-HEV IgG and IgM detec-

tion rates in schizophrenia were significantly higher than in

healthy controls. Several factors could contribute to higher

detection rates of HEV antibody in schizophrenia patients.

First, some symptoms of schizophrenia, in particular, the

symptoms of cognitive impairment, may contribute directly

to an inability to safeguard against the transmission of

waterborne, foodborne or bloodborne infection [10]. Sec-

ond, schizophrenia patients usually reside in settings such

as psychiatric facilities, where they often forge social

relationships with other higher-risk individuals [8, 25].

Third, financial instability and poverty are also associated

with increased risks of HEV infection [4].

The clinical symptoms of hepatitis E are typical of self-

limiting, acute viral hepatitis in general [16, 31]. Severe

hepatitis E can occur in the elderly, pregnant women and

people with chronic hepatitis B and chronic hepatitis C [11,

17, 32]. Chronic hepatitis E infection has also been docu-

mented in patients receiving immunosuppressive therapy

following organ transplantation and those infected with

HIV [15]. The immune responses to HEV involve anti-

body-mediated immunity, cell-mediated immunity, inter-

feron and other host defenses [5, 7, 14, 22]. Data from

cellular immune responses to HEV suggest that the CD8?

T-cell count is significantly higher in recovered HEV-

infected individuals than in acutely infected HEV patients

and the general population, but the levels of CD4? T-cells

are similar in these groups [14, 22, 34]. In schizophrenia,

increased levels of CD4? T cells and higher CD4?/CD8?

T-cell ratios were documented previously [30]. In the

present study, the detection rate of anti-HEV IgG in

schizophrenia patients with increased CD4?/CD8? T-cell

ratios ([2.03) was significantly higher than in patients with

normal ratios (1.05 * 2.03). Thus, further well-designed

studies should be carried out to analyze the relationships

between CD4?/CD8? T-cell levels and the increased risk

of HEV infection in schizophrenia patients.

Cellular immune responses to infections can be either of

the Th1 type, which is characterized by cytokines such as

IL-2, IFN-c and IL-12, or the Th2 type, which is charac-

terized by cytokines such as IL-4, IL-5, IL-10 and IL-13. In

hepatitis B and C virus infections, the predominant immune

response, which is Th1, is activated during liver trauma

[20]. According to Pal et al. [22], IFN-c, a Th1 cytokine,

was lower in HEV-infected pregnant women than in

healthy people. Furthermore, the production of IL-4, a Th2

cytokine, was higher in HEV-infected pregnant women

than in controls [22]. These results suggest that pregnant

women with acute HEV infection show a shift in the Th1/

Th2 balance towards a Th2 response. This shift might play

a role in the particularly severe clinical course and mor-

tality of the HEV infection during late pregnancy. It should

be noted that schizophrenia might also be associated with

an imbalance in Th1/Th2 cytokines, and also with a shift

toward the Th2 system [30]. In the present study, the Th2

bias was observed in schizophrenia patients, as evidenced

by the increased production of IL-4 and IL-10 and lower

IL-12 production. Moreover, significant differences of the

serum IL-4, IL-10 and IL-12 levels were observed

among schizophrenia patients with and without HEV IgG

antibodies.

The major implication of this study is that there may

be more potential risk factors in schizophrenia patients,

which may be responsible for the increased transmission

of HEV. Also, there are several limitations in our present

study. First, the various drugs used in schizophrenia may

affect the immune system, and virtually all our schizo-

phrenia patients were on this type of medication. Rela-

tionships between drugs and immune bias, and the effect

of this relationship on the risk of HEV infection in

schizophrenia should be assessed in the future. Second,

we did not include inflammatory markers other than

serum IL-4, IL-10, IL-12 and IFN-c, and thus, future

work should be carefully interpreted in the light of this.

Third, larger numbers of schizophrenia patients and con-

trols as well as long-term follow-up will be required to

further analyze the increased risk of HEV infection in

schizophrenia.

Table 3 Cytokine levels in schizophrenic patients with or without

anti-HEV IgG positivity

Anti-HEV IgG t P

Positive

(n = 94)

Negative

(n = 175)

IL-4 (pg/mL) 45.75 ± 7.89 39.70 ± 8.70 5.780 \0.01

IL-10 (pg/mL) 46.85 ± 8.91 40.30 ± 9.59 5.471 \0.01

IFN-c (pg/mL) 42.93 ± 7.50 41.46 ± 7.98 1.471 NS

IL-12 (pg/mL) 30.78 ± 5.35 35.92 ± 7.19 6.637 \0.01
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Taken together, schizophrenia patients exhibited higher

risk of HEV infection than controls in the present study.

Anti-HEV IgG seropositivity increased with age and with

the duration of illness. Moreover, schizophrenia patients

with increased CD4?/CD8? T-cell ratios had higher anti-

HEV IgG detection rates than those with normal ratios. The

levels of IL-4 and IL-10 were significantly higher, while

the IL-12 level was significantly lower in schizophrenia

patients with anti-HEV IgG positivity than in those who

were antibody negative. In order to understand the ques-

tions behind the observed associations, further work is

needed, with larger samples and longitudinal follow-ups.
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