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Schizophrenia is a highly disabling and limiting disorder for patients and the possibility that infections by some
microorganisms may be associated to its development may allow prevention and recovery. In the current study
we have done a meta-analysis of studies that have assessed the possible association between detection of
different infectious agents and schizophrenia. We report results that support the idea that there is a statis-
tically significant association between schizophrenia and infection by Human Herpesvirus 2 (OR=1.34; CI
95%: 1.09–1.70; p=0.05), Borna Disease Virus (OR=2.03; CI 95%: 1.35–3.06; pb0.01), Human Endogenous
Retrovirus W (OR=19.31; CI 95%: 6.74–55.29; pb0.001), Chlamydophila pneumoniae (OR=6.34; CI 95%:
2.83–14.19; pb0.001), Chlamydophila psittaci (OR=29.05; CI 95%: 8.91–94.70; pb0.001) and Toxoplasma
gondii (OR=2.70; CI 95%: 1.34–4.42; p=0.005). The implications of these findings are discussed and further
research options are also explicated.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Schizophrenia is considered a neurodevelopmental disorder, with
an important genetic component (Jones and Murray, 1991; Tsuang,
2000), as proven by a higher incidence among patients' first degree
family members (McGuffin et al., 1995). Recent studies have stated
the implication of several genes in the development of psychiatric
disorders (Fatemi and Folsom, 2009), although there is no single ge-
netic alteration that has been replicated in all studies (Levitt et al.,
2006). On the other hand, many studies indicate that there must be
other environmental factors that interact with genetic ones. Among
these factors we may find exposure to toxic factors, stress or infec-
tions (Sullivan et al., 2003; Arseneault et al., 2004; Moore et al.,
2007; Fatemi and Folsom, 2009). Thus, some authors suggest that
schizophrenia might be caused, at least in a subgroup of patients, by
congenital alterations which take place during neurodevelopment
(Tandon et al., 2008). These alterations could result from possible en-
vironmental factors, particularly infections occurring during prenatal
and perinatal stages whichmay, in turn, have neuropsychiatric conse-
quences, including irreversible neurological lesions, behavioural
problems, mental retardation, learning disabilities, mood alterations
or psychotic symptoms (Brown, 2008). This hypothesis is based on
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epidemiological evidence showing that prenatal or perinatal expo-
sure to different infectious agents, including Toxoplasma gondii, Cyto-
megalovirus, Chlamydia spp., and all types of Human Herpes Virus or
Influenza, is associated to an increased risk for adult schizophrenia
(Brown et al., 2004; Fellerhoff et al., 2005; Brown, 2006; Fellerhoff
et al., 2007; Hammond and Hobbs, 2007; Dalman et al., 2008;
Niebuhr et al., 2008). Certain genes associated with schizophrenia, in-
cluding those also concerned with neurophysiology, are intimately
related to the life cycles of these pathogens (Carter, 2009).

The possibility that there is an association between some microor-
ganisms and the development of schizophrenia could provide means
to improve both prevention and treatment.

In spite of the great variety of studies, results have been in most
cases contradictory (Coffey and Jessop, 1955; Leck, 1963; Selten
et al., 1999; Brown et al., 2000; Limosin et al., 2003). Hence, this
study sets out to thoroughly analyse and systematically up-to-date
evidence for significant associations between a variety of infections
and schizophrenia.

2. Method

The meta-analysis has a qualitative (systematic review) and a
quantitative component. The systematic review is an epidemiologic
description of the papers that regards the individual studies as
study “subjects”. Thus, we performed a systematic search of all arti-
cles published in English, Spanish or French in journals indexed on
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MEDLINE, Psychinfo, Isi Web of Knowledge and Cochrane Library up to
December 2010. The search terms used were “Schizophrenia” or
Schizophrenia*, “Viruses” or Virus*, “Bacteria” or Bacteria*, “Fungi”
or Fungi*, and “Parasites” or Parasites*. After that search, we excluded
from our study sample a group of papers including non-controlled co-
hort studies, reviews, studies which did not present their results in a
correct and/or explicit manner, animal studies, studies where the
control group was made up of patients with other psychiatric or neu-
rological disorders, and those that did not assess the infectious pro-
cesses and risk factors for the disorder were excluded from our
meta-analysis. On the other hand, studies included were those that
examined patients and healthy controls (characterized by absence
of psychiatric disorders or any neurological disease), cohort studies
of patients and controls, and case series. It was required that schizo-
phrenic patients were included in the studies, and that the aim of
the study was the direct or indirect search of some microorganism
trying to establish a possible association between infection and
schizophrenia.

The quantitative component of the meta-analysis refers to the sta-
tistical grouping of the results, in which we obtain a single-effect es-
timate combining the observed effects in the different individual
studies. The following data were obtained for each serologic or mo-
lecular determination in each publication: odds ratios (OR) and
their 95% confidence intervals (CI), population weights and statistical
significance of the analyses.

The DerSimonian and Laird (1986) method was used as it pro-
duces overall estimates that are less affected by heterogeneity
among studies. Heterogeneity among studies was determined using
Cochran's Q statistic method when the number of papers included
was equal or more than five. Additionally, Higgins I2 was also used
as a measure of total OR variability given heterogeneity among stud-
ies. Hence, very high values of the latter measure, above 75%, would
indicate a strong heterogeneity suggesting the need to carry out an
additional meta-regression using the Restricted Maximum Likeli-
hood (REML) method. In such cases, we also performed a more de-
tailed sub-analysis of the different subgroups, when the number of
studies to be included in each subgroup was big enough (equal to
or greater than three). As a whole, we considered that no relation-
ship existed between exposure to microorganisms and the presence
of schizophrenia when the CI at 95% included the one unit value
(Egger et al., 1995).

Begg's (Begg and Mazumbar, 1994) and Egger's (Egger et al.,
1997) tests were used when the number of studies included was
equal to or larger than five, in order to check for any particular publi-
cation biases and their magnitude. Studies' quality was assessed using
the Newcastle-Ottawa Quality Assessment Scale (Available from:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm;
updated 10 February 2010). Data obtained from the various studies
were analysed using the STATA Release 10.1 statistical package.

3. Results

Table 1 shows the results of the meta-analysis that finally included
56 studies after taking into account the above-described inclusion
criteria.

3.1. Herpesviridae family

The combined OR estimation of the eleven studies that compared
detection of different markers for infection by Human Herpesvirus-1
(HHV-1) between schizophrenic patients and healthy controls was
1.37 (CI 95%: 0.78–2.39; p=0.273). When heterogeneity tests were
done on the results, we obtained a value of χ2

exp=11.69, with 10 de-
grees of freedom and p=0.306, after which we could state that the
differences found between the studies were due to randomness.
This was also corroborated by coefficient I2=14.5%, which indicated
that only 14.5% of the variability of the ORs was due to the heteroge-
neity of the studies. In spite of the absence of important and non-
significant heterogeneity (b75%), a detailed study using meta-
regression was carried out on the effect of some factors on the overall
OR value. Hence, it was concluded that the technique used to detect
HHV-1 infection did not seem to affect OR value (p=0.897); thus,
there was no reason to state that the OR values obtained from studies
that detected DNA using brain tissue (OR=1.15, CI 95%: 0.23–5.80)
were significantly different from the OR values coming from studies
in which serum antibodies were used (OR=1.14, CI 95%: 0.73–
1.79). Begg's test was not significant (p=1.000) and this indicated
that there was a potential publishing bias. A similar result was
obtained after Egger's test (p=0.774). The quality of the studies exam-
ined was medium-high, and it was higher in the more recent studies
due to the introduction of quality validation scales, a fact that favoured
the control of the data included in the articles.

Six studies compared the exposure to Human Herpesvirus-2
(HHV-2) in schizophrenic patients versus healthy controls. Studies
were heterogeneous and the most relevant ones were those by
Mortensen et al. (2010) and by Buka et al. (2008) due to their com-
paratively large sample size which confers them a higher weight
and importance. When all six studies were combined, we obtained
an overall OR of 1.34 (CI 95%: 1.09–1.70; p=0.05) for the association
betweenHHV-2 and schizophrenia. Whenwe performed heterogeneity
tests on the results, we obtained a χ2

exp=4.27 value, with 5 degrees of
freedom and p=0.511, which allowed us to confirm that the differ-
ences found between the studies could be due to randomness. There
was no evident publishing bias, as the Begg's and Egger's tests were
not significant (p=0.452 and p=0.341, respectively).

There were four studies that compared infection by Varicella Zoster
Virus (VZV), through IgG or viral DNA, in schizophrenia patients versus
healthy controls. The weight of the studies was very similar (ranging
from 24.66% to 25.36%), with a small sample size in all four studies
and an acceptable quality. Significant OR values were not found for
any of the studies or, indeed, after calculating combined OR estimations
(OR=1.17; CI 95%: 0.16–8.58; p=0.877).

No significant global estimation was found (OR=1.67; CI 95%:
0.57–4.94; p=0.352) when we analysed the five studies that com-
pared the infection by Epstein-Barr Virus (EBV) in schizophrenia pa-
tients versus healthy controls. The absence of positive results was
remarkable, both in cases as in controls, in the studies done with
brain tissue samples, as also observed in all previous studies. The
study with the highest weight was that by DeLisi et al. (1986).
When we performed heterogeneity tests, we obtained a value of
χ2exp=4.29, with 4 degrees of freedom and p=0.306, which sug-
gests that the differences found between the studies could be due to
randomness, as further corroborated by an I2 coefficient of 31.6%. Begg's
and Egger's tests were not significant (p=0.865 and p=0.324, respec-
tively) indicating no evidence of publication bias.

We included in our meta-analysis fifteen studies that considered
infection by Cytomegalovirus (CMV) as a risk factor for schizophrenia.
The studies that stood out the most, due to their weight, were those
by Brown et al. (2006) and Albrecht et al. (1980), representing
26.58% and 22.11% of the total sample. Additionally, the highest qual-
ity was found on the following studies: Brown et al. (2006), Fukuda
et al. (1999) and Taller et al. (1996). After combining all fifteen stud-
ies no significant overall association between infections by CMV and
schizophrenia (p=0.544) was found (OR=0.86; CI 95%: 0.54–
1.38). After heterogeneity tests, a value of χ2

exp=12.81 with 14 de-
grees of freedom, and p=0.541, suggested that the differences
found between the studies could be due to randomness. It was strik-
ing to find that seven of the studies were performed on post mortem
brain tissue samples and that none of them found positive results, ex-
cept for the study by Moises et al. (1988). In spite of the absence of
heterogeneity, a detailed study of the effect of some factors on the
value of the OR via meta-regression was carried out, and it was
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Table 1
Analysis and evaluation of studies included in the meta-analysis.

Microorganism Study Sample Technique Determination Descriptive statistics Inferential statistics Quality Global OR

Cases Controls OR 95% CI Weight
(%)

S C E

Pos Neg Pos Neg (95% CI;
p value)

HHV-1 Prasad et al. (2007) SE ELISA IgG 15 15 8 36 4.50 1.58–12.84 22.57 *** ** * 1.37
(0.78–2.39;
p=0.273)

Brown et al. (2006) SE ELISA IgG 41 19 70 40 1.23 0.63–2.41 27.18 **** ** *
Conejero-Goldberg et al.
(2003)

BR N-PCR DNA 0 14 0 26 1.83 0.03–97.01 1.69 *** *

Fukuda et al. (1999) SE ELISA IgG 7 4 3 6 3.50 0.55–22.30 14.05 *** ** *
Taller et al. (1996) BR N-PCR DNA 0 30 0 23 0.77 0.01–40.28 1.71 *** ** *
Alexander et al. (1992a) BR PCR DNA 0 8 0 16 1.94 0.03–106.66 1.67 *** *
Carter et al. (1987) BR HIB DNA 0 20 0 21 1.05 0.02–55.36 1.70 **** *
DeLisi et al. (1986) SE IFA IgG 18 20 27 14 0.47 0.19–1.16 24.32 **** *
Taylor and Crow (1986) BR HIB DNA 0 25 0 31 1.24 0.02–64.45 1.71 *** *
Stevens et al. (1984) BR IPA Ag 0 25 0 16 0.65 0.01–34.23 1.70 ***
Gotlieb-Stematsky et al.
(1981)

SE IFA Ab 41 0 25 0 1.63 0.03–84.59 1.71 ** *

HHV-2 Mortensen et al. (2010) SE ELISA IgG 97 505 67 535 1.53 1.10–2.14 44.67 **** ** ** 1.34
(1,09–1.70;
p=0.05)

Buka et al. (2008) SE ELISA IgG 62 138 134 410 1.37 0.96–1.96 39.04 *** ** **
Brown et al. (2006) SE ELISA IgG 16 44 24 86 1.30 0.63–2.70 9.38 **** ** *
Conejero-Goldberg et al.
(2003)

BR N-PCR DNA 0 14 0 26 1.83 0.03–97.01 0.32 *** *

DeLisi et al. (1986) SE IFA IgG 17 21 24 17 0.57 0.23–1.40 6.28 **** *
Stevens et al. (1984) BR IPA Ag 0 25 0 16 0.65 0.01–34.23 0.32 ***

VZV Fukuda et al. (1999) SE ELISA IgG 11 0 9 0 1.21 0.02–66.96 24.66 *** ** ** 1.17
(0.16–8.58;
p=0.877)

Taller et al. (1996) BR N-PCR DNA 0 30 0 23 0.77 0.01–40.28 25.36 *** ** **
Alexander et al. (1992a) BR PCR DNA 0 8 0 16 1.94 0.03–106.66 24.74 *** *
Carter et al. (1987) BR HIB DNA 0 20 0 21 1.05 0.02–55.36 25.24 **** *

EBV Conejero-Goldberg et al.
(2003)

BR N-PCR DNA 0 14 0 26 1.83 0.03–97.01 6.48 *** * 1.67
(0.57–4.94;
p=0.352)Fukuda et al. (1999) SE ELISA IgG 11 0 8 1 4.06 0.15–112.39 10.89 *** ** **

Taller et al. (1996) BR N-PCR DNA 0 30 0 23 0.77 0.01–40.28 6.52 *** ** **
DeLisi et al. (1986) SE IFA IgG 35 3 35 6 2.00 0.46–8.64 56.15 **** *
Gotlieb-Stematsky et al.
(1981)

SE IFA Ab 39 2 24 1 0.81 0.07–9.45 19.96 ** **

CMV Brown et al. (2006) SE ELISA IgG 43 17 73 37 1.28 0.64–2.55 26.58 **** ** * 0.86
(0.54–1.38;
p=0.544)

Conejero-Goldberg et al.
(2003)

BR N-PCR DNA 0 14 0 26 1.83 0.03–97.01 1.27 *** *

Fukuda et al. (1999) SE ELISA IgG 8 3 7 2 0.76 0.10–5.96 9.31 *** ** **
Taller et al. (1996) BR N-PCR DNA 0 30 0 23 0.77 0.01–40.28 1.28 *** ** **
Sierra-Honigmann et al.
(1995)

BR N-PCR DNA 0 3 0 3 1.0 0.01–66.06 1.14 * *

Alexander et al. (1992b) BR PCR DNA 0 8 0 16 1.94 0.03–106.66 1.24 *** *
Moises et al. (1988) BR HIB DNA 1 11 0 9 2.48 0.10–68.14 4.29 ** **
Carter et al. (1987) BR HIB DNA 0 20 0 21 1.05 0.02–55.37 1.27 **** *
Rimon et al. (1986) SE ELISA IgM 0 40 1 39 0.32 0.01–8.22 4.50 **** *
Shrikhande et al. (1985) CSF ELISA IgG 0 20 4 6 0.03 0.00–0.74 4.96 *** *
Shrikhande et al. (1985) CSF ELISA IgG 1 11 4 6 0.14 0.01–1.51 7.34 *** *
Stevens et al. (1984) BR IPA Ag 0 25 0 16 0.65 0.01–34.23 1.27 ***
Torrey et al. (1982) CSF ELISA Ab 20 158 0 41 10.73 0.64–181.21 5.65 ***
Albrecht et al. (1980) CSF ELISA IgG 28 32 16 10 0.55 0.21–1.40 22.11 ** *
Albrecht et al. (1980) SE ELISA IgG 57 3 15 1 0.76 0.07–7.67 7.81 ** *

HHV-6 Conejero-Goldberg et al.
(2003)

BR N-PCR DNA 0 14 1 25 0.59 0.02–15.34 38.16 *** * 0.34
(0.49–2.42;
p=0.283)Fukuda et al. (1999) SE ELISA IgG 8 3 9 0 0.13 0.01–2.85 42.21 *** ** **

Taller et al. (1996) BR N-PCR DNA 0 30 0 23 0.77 0.01–40.28 19.63 *** ** **
BDV Na et al. (2009) SE IFA Ab 0 60 0 60 1.00 0.02–51.22 1.04 **** ** ** 2.03

(1.35–3.06;
pb0.01)

Na et al. (2009) BL RT-PCR RNA 0 60 0 60 1.00 0.02–51.22 1.04 **** ** **
Nunes et al. (2008) BL RT-PCR RNA 12 15 4 23 4.60 1.25–16.97 6.46 ** ** **
Terayama et al. (2003) SE WB Ab 7 25 1 24 6.72 0.77–58.79 3.02 * *
Lebain et al. (2002) SE IFA Ab 8 55 45 245 0.79 0.35–1.77 10.74 *** **
Fukuda et al. (2001) BL RT-PCR RNA 0 45 0 45 1.0 0.02–51.49 1.04 ** *
Fukuda et al. (2001) SE WB Ab 18 27 5 40 5.33 1.77–16.10 7.91 ** *
Fukuda et al. (2001) SE ECLIA Ab 0 45 1 44 0.33 0.01–8.22 1.50 ** *
Nakamura et al. (2000) BR RT-PCR RNA 1 3 0 2 2.14 0.06–77.54 1.23 ** *
Selten et al. (2000) SE IFA Ab 3 26 6 20 0.38 0.09–1.73 5.33 ** **
Selten et al. (2000) BL RT-PCR RNA 4 25 9 17 0.30 0.08–1.14 6.30 ** **
Chen et al. (1999a) SE WB Ab 38 276 16 343 2.95 1.61–5.40 13.09 *** ** **
Chen et al. (1999b) BL RT-PCR RNA 11 63 7 127 3.17 1.17–8.56 8.85 *** ** **
Czygan et al. (1999) BR RT-PCR RNA 0 13 0 52 3.89 0.07–205.08 1.03 ** * **
Yamaguchi et al. (1999) SE ECLIA Ab 26 819 10 907 2.88 1.30–3.14 11.54 **** ** **
Iwata et al. (1998) BL RT-PCR RNA 3 74 2 82 1.66 0.27–10.22 4.02 ** ** **
Kubo et al. (1997) SE WB Ab 2 177 0 70 1.99 0.09–41.89 1.81 **** **
Iwahashi et al. (1997) BL RT-PCR RNA 6 61 0 26 5.60 0.30–103.06 1.87 ** **
Iwahashi et al. (1997) SE WB Ab 12 55 0 26 11.94 0.68–209.34 1.66 ** **
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Table 1 (continued)

Microorganism Study Sample Technique Determination Descriptive statistics Inferential statistics Quality Global OR

Cases Controls OR 95% CI Weight
(%)

S C E

Pos Neg Pos Neg (95% CI;
p value)

Richt et al. (1997) SE WB Ab 2 8 0 10 6.18 0.26–146.77 1.55 ** ** **
Sierra-Honigmann et al.
(1995)

BR RT-PCR RNA 0 3 0 3 1.00 0.01–66.06 0.92 * *

Waltrip et al. (1995) SE IFA Ab 13 75 3 17 1.13 0.29–4.36 6.19 **** *
Waltrip et al. (1995) SE WB Ab 13 77 0 20 7.14 0.41–125.25 1.87 **** *

HERV Huang et al. (2006) BL RT-PCR RNA 20 38 0 38 41.0 2.39–702.27 20.78 **** ** ** 3.66
(0.79–16.95;
p=0.097)

Lillehoj et al. (2000) SE ELISA Ab 25 13 10 17 3.27 1.17–9.15 54.79 *** *
Coggiano et al. (1991) BL CO-C RT-A 0 15 0 9 0.61 0.01–33.54 12.19 **** **
Feenstra et al. (1989) BL CO-C RT-A 0 17 0 10 0.60 0.01–32.56 12.24 ** **

HERV-W Huang et al. (2010) BL RT-PCR RNA 42 76 0 106 118.33 7.17–1952.77 11.90 *** ** ** 19.31
(6.74–55.29;
pb0.001)

Perron et al. (2008) SE ELISA Ag (env) 23 26 1 45 39.81 5.08–312.18 19.47 *** ** *
Perron et al. (2008) SE ELISA Ag (gag) 24 25 2 44 21.12 4.60–96.93 29.39 *** ** *
Karlsson et al. (2004) SE RT-PCR RNA 9 45 2 44 4.40 0.90–21.52 27.92 * *
Karlsson et al. (2001) CSF RT-PCR RNA 10 25 0 30 25.12 1.40–449.86 11.33 **** ** *

HTLV-1 Kubo et al. (1997) SE HA Ab 9 170 6 64 0.56 0.19–1.65 93.16 **** ** 0.58
(0.20–1.62;
p=0.297)

Taller et al. (1996) BR RT-PCR RNA 0 30 0 23 0.77 0.01–40.28 6.84 *** ** **

Influenza virus Taller et al. (1996) BR RT-PCR RNA 0 30 0 23 0.77 0.01–40.28 12.11 *** ** ** 1.01
(0.26–4.01;
p=0.986)

Sierra-Honigmann et al.
(1995)

BR RT-PCR RNA 0 3 0 3 1.0 0.01–66.06 10.79 * *

Albrecht et al. (1980) CSF ELISA Ab 55 5 24 2 0.92 0.17–5.06 64.93 ** **
Albrecht et al. (1980) CSF ELISA Ab 60 0 26 0 2.28 0.04–118.15 12.17 ** **

C. trachomatis Fellerhoff et al. (2007) BL PCR DNA 0 72 4 221 0.34 0.02–6.38 48.47 ** ** ** 4.39
(0.03–571.24;
p=0.551)

Fellerhoff et al. (2005) BL PCR DNA 3 7 1 114 48.86 4.48–532.35 51.53 ** ** **

C. pneumoniae Fellerhoff et al. (2007) BL PCR DNA 11 61 8 217 4.89 1.88–12.70 71.44 ** ** ** 6.34
(2.83–14.19;
pb0.001)

Fellerhoff et al. (2005) BL PCR DNA 4 6 6 109 12.11 2.68–54.75 28.56 ** ** **

C. psittaci Fellerhoff et al. (2007) BL PCR DNA 13 59 2 223 24.57 5.39–111.89 60.73 ** ** ** 29.05
(8.91–94.70;
pb0.001)

Fellerhoff et al. (2005) BL PCR DNA 4 6 2 113 37.67 5.72–248.22 39.27 ** ** **

T. gondii Tamer et al. (2008) SE ELISA Ab 16 24 5 32 4.27 1.37–13.28 12.55 ** ** * 2.70
(1.34–4.42;
p=0.005)

Niebuhr et al. (2008) SE ELISA Ab 15 165 37 495 1.22 0.65–2.27 16.15 **** ** ***
Mortensen et al. (2007) SE ELISA Ab 60 197 171 511 0.91 0.65–1.27 17.73 **** ** **
Cetinkaya et al. (2007) SE ELISA Ab 66 34 11 39 6.88 3.13–15.11 15.05 ** * **
Alvarado-Esquivel et al. (2006) SE ELISA Ab 5 15 16 164 3.42 1.10–10.63 12.55 *** ** *
Alvarado-Esquivel et al. (2006) SE ELISA Ab 5 13 16 164 3.94 1.25–12.48 12.43 *** ** *
Conejero-Goldberg et al.
(2003)

BR N-PCR DNA 0 14 0 26 1.83 0.03–97.01 2.58 *** *

Yolken et al. (2001) SE ELISA Ab 14 24 3 24 4.67 1.19–18.35 10.95 **** ** **
Parvovirus B19 Hobbs (2006) BR N-PCR DNA 3 32 5 30 0.56 0.12–2.56 ** ** p=0.457
Parvovirus
AAV-2

Hobbs (2006) BR PCR DNA 1 34 5 30 0.18 0.02–1.58 ** ** p=0.123

JC virus Carter et al. (1987) BR PCR DNA 0 20 0 21 1.05 0.02–55.37 **** * p=0.987
BK virus Carter et al. (1987) BR PCR DNA 0 20 0 21 1.05 0.02–55.37 **** * p=0.987
HERV-K115 Otowa et al. (2006) BL PCR DNA 15 163 17 164 0.89 0.43–1.84 *** ** * p=0.748
HIV Hart et al. (1999) SE WB Ab 19 22 4 12 3.47 0.96–12.59 *** ** p=0.058
Toxocara spp. Kaplan et al. (2008) SE ELISA Ab 45 53 2 98 41.60 9.71–178.30 *** ** * pb0.0001

SE: serum; BR: biopsy of brain tissue; CSF: cerebrospinal fluid; BL: blood; PCR: polymerase chain reaction; N-PCR: nested-polymerase chain reaction; RT-PCR: reverse transcriptase
polymerase chain reaction; HIB: hybridization; ELISA: enzyme-linked immunoSorbent assay; WB: western blot; ECLIA: electrochemiluminescence immunoassay; IFA: immunoflu-
orescence assay; IPA: immunoperoxidase assay; RT-A: RT activity; HA: hemagglutination; DNA: deoxyribonucleic acid; RNA: ribonucleic acid; IgG: immunoglobulin G; IgM: immu-
noglobulin M; Ag: antigen; Ab: antibody; Pos: positive; Neg: negative; S: Selection; C: Comparability; E: Exposur.
Asterisks indicate the level of study quality: from low quality (*) to (****) high quality.
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found that the technique used to detect CMV infection did not
seem to affect the value of OR (p=0.728). Therefore, we found
no reason to state that OR obtained from studies using DNA from
brain tissue (OR=1.30, CI 95%: 0.30–5.62) was significantly differ-
ent from the OR obtained using the studies in which antibodies
were detected using serum or cerebrospinal fluid (OR=1.55, CI
95%: 0.32–2.28). Begg's and Egger's tests were not significant
(p=0.428 and p=0.628, respectively), indicating that there was
no publishing bias.

Finally, three studies comparing infection by Human Herpesvirus-6
(HHV-6) were included, all of them of acceptable quality. The statistical
analysis could not confirm the existence of a significant association be-
tween infection by this virus and schizophrenia (OR=0.34; CI 95%:
0.49–2.42; p=0.283).
3.2. Borna Disease Virus (BDV)

This is the most widely studied relationship between an infectious
agent and schizophrenia. We included 23 studies in the present meta-
analysis, 3 of which stood out as those of highest weight and quality:
Yamaguchi et al., 1999; Chen et al., 1999a, 1999b. The estimated com-
bined OR was 2.03 (CI 95%: 1.35–3.06; pb0.01), indicating a true as-
sociation between schizophrenia and BDV infection. Having
performed heterogeneity studies between the studies, the result
was χ2

exp=32.70 with 22 degrees of freedom (p=0.086) indicating
that there is a trend for significant heterogeneity among OR values
obtained from different studies. This was also suggested by a I2 coef-
ficient value of 29.7%, which indicates that 29.7% of the variability be-
tween the OR values obtained from different studies was due to the
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heterogeneity between them, i.e., there is some heterogeneity, al-
though not too high. We also performed here a detailed study of
the effect of some factors on the overall OR value using meta-
regression. Hence, we found that the technique used to detect
BDV infection did not seem to influence OR value (p=0.812).
Thus, there was no reason to state that OR of the studies that
detected RNA from blood or brain tissue (OR=1.99, CI 95%:
0.96–4.13) was significantly different from the OR values obtained
in studies in which serum antibodies were detected (OR=2.11, CI
95%: 0.95–4.79). Begg's and Egger's tests were also performed and
they were not significant (p=0.130 and p=0.941, respectively),
indicating no publication bias.
3.3. Human Endogenous Retroviruses (HERVs)

Four studies compared infection by HERVs in patients with schizo-
phrenia versus healthy controls. Among them, the study by Huang
et al. (2006) was the one with the highest quality, also presenting
the most significant estimated OR, although its CI 95% was wide.
The study with the heaviest weight (54.79%) was the one by Lillehoj
et al. (2000), which also presented a significant OR, indicating associ-
ation between gene activation or protein expression of HERVs and
disorder. In spite of these results, having combined all the articles,
we only found a marginal significance between HERVs and schizo-
phrenia (p=0.097), with a combined OR of 3.66, with a CI 95% of
0.79–16.95.

The association between HERV-W and schizophrenia was assessed
in five studies with similar sample sizes. With the exception of the
study by Karlsson et al. (2004), which was the one with the lowest
quality according to the NOS scale, the other four presented a signif-
icantly positive estimated OR. The combined OR was significant
(OR=19.31; CI 95%: 6.74–55.29; pb0.001), which allowed us to
state that gene activation or protein expression of HERV-W could
be a risk factor for schizophrenia.Whenwe performed heterogeneity
tests we obtained a value of χ2

exp=5.42, with 4 degrees of freedom
and p=0.247, which allows us to say that the differences found
between the studies could be due to randomness; this was corrob-
orated by a I2 coefficient of 26.2%. Begg's and Egger's tests were not
significant (p=0.806 and p=0.245, respectively) indicating no
publication bias.
3.4. Human T-cell Lymphotropic Virus (HTLV-1)

Only two studies with acceptable quality were found about the
possible relationship between HTLV-1 and schizophrenia. The indi-
vidual ORs of the studies were not significant, and neither was the
combined OR (OR=0.58, CI 95%: 0.20–1.62; p=0.297).
3.5. Influenza virus

None of the four studies included in the meta-analysis found a sig-
nificant association.
3.6. Chlamydiaceae family

Both studies included (Fellerhoff et al., 2005, 2007) are of similar
quality and used blood samples to detect bacterial DNA through poly-
merase chain reaction (PCR). In the case of C. trachomatis, no statisti-
cal association was observed between the infection and the disorder
(OR=4.39; CI 95%: 0.03–571.24; p=0.551), although an association
was found for Chlamydophila pneumoniae (OR=6.34; CI 95%: 2.83–
14.19; pb0.001) and for Chlamydophila psittaci (OR=29.05; CI 95%:
8.91–94.70; pb0.001).
3.7. Toxoplasma gondii

Eight studies centred on the possible relationship between T. gon-
dii and schizophrenia, comparing the detection of infection markers
by this protozoon in a sample of patients and healthy controls. All
these studies had similar weights, except for the one by Conejero-
Goldberg et al. (2003) that used post-mortem brain tissue samples
and included, because of this, a smaller number of cases and controls;
this study was also of lower quality according to the NOS scale. Due to
their large sample size the studies by Niebuhr et al. (2008) and
Mortensen et al. (2007) stood out, the former being of the highest
quality. The latter obtained the narrowest CI 95% range due to the
large amount of participants included. After combining the different
studies, we found a significant association between parasitation by
T. gondii and schizophrenia (p=0.005); the combined OR was 2.70,
with a CI 95% of 1.34–4.42. We can therefore state that schizophrenia
was 2.7 times more frequent in people in whom themarker for T. gon-
diiwas found than in people in whom it was not detected. When only
studies that used the T. gondii infection marker in serum antibodies
were included, the result continued to be statistically significant
with an OR=2.74 (CI 95%: 1.33–5.62; p=0.006). When heterogene-
ity tests were performed between the studies, a significant value was
obtained: χ2

exp=33.89 with 7 degrees of freedom, pb0.001. This re-
sult is in accordance with the coefficient I2=79.3%, which indicates
that 79.3% of the variability of the ORs is due to the heterogeneity of
the studies analysed. The heterogeneity of the studies (>75%) was
due to the fact that the OR reported in the only publication that
detected T. gondii DNA in brain biopsies (OR=1.83, CI 95%: 0.03–
97.01) was significantly different (pb0.001) from that of research
that detected serum antibodies (OR=2.74, CI 95%: 1.33–5.62). Final-
ly, even though Begg's test was not significant (p=0.711), Egger's
test was (p=0.045), which indicated a tendency to publish studies
where results were significant, according to this last test.

3.8. Other infectious agents

Finally, Table 1 also shows the results for diverse individual stud-
ies that analysed the relationship between different infectious agents
(parvovirus B19, parvovirus AAV-2, JC virus, BK virus, HERV-K115,
HIV and Toxocara spp.) and schizophrenia.

4. Discussion

Despite numerous studies analysing the association between
HHV-1 and schizophrenia, only one reported significant results
(Prasad et al., 2007). In general, studies about this viral infection
based on serological tests are just descriptive studies showing
the prevalence of IgG in cases and controls, while studies using
brain tissue samples have tried to determine whether the pres-
ence of the virus in the brain cells is associated with schizophre-
nia. However, no conclusive results on the potential association
have been obtained. This can be due to some limitations of studies
using brain tissue samples: the infection may reside in brain areas
different to those assessed, the virus may be found in amounts too
small to be detected by current techniques or conservation liquids
may alter the brain tissue, because the samples used are frequent-
ly provided by tissue banks (Carter et al., 1987; Taller et al., 1996;
Conejero-Goldberg et al., 2003).

Two of the studies exploring the association between infection by
HHV-2 and schizophrenia were prospective cohort studies with preg-
nant women (Brown et al., 2006; Buka et al., 2008) assessing the
presence of IgG in maternal serum. Genital infection with this virus
may favour the infection of the newly born child during birth (Buka
et al., 2001), a very severe infection, due to the immaturity of the
child's immune system. Resulting brain lesions may explain the de-
velopment of schizophrenia. Another possible hypothesis is that the
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presence of anti-HHV-2 antibodies in the placenta could also indirect-
ly cause damage to the developing brain, with no need for direct brain
infection. Mortensen et al. (2010) used blood from newly born babies
in the 4th to 7th days after birth and assumed that the antibodies
found came from the mother, through the placenta. Our reported
combined significant association between this virus and schizophre-
nia is strongly dependent of the association reported by Mortensen
et al. (2010), the study with the largest sample size and the only
one to report a positive association among the ones included in our
analysis. This points out toward a small, yet significant, effect of the
virus which is detectable only if a sufficiently large sample is used.

Regarding VZV, chickenpox in children has been shown to pro-
duce neurological damage as viral encephalitis (Riaza Gómez et al.,
1999; Ziebold et al., 2001). The transmission of the infection through
the placenta is rarely associated to defects in the newly born (Dufour
et al., 1996), and the biggest risk for developing a severe clinical man-
ifestation occurs when the mother is infected around four days before
giving birth (Smith and Arvin, 2009). We interpret that the lack of as-
sociation between schizophrenia and this virus could partly be due to
the use of brain tissue samples for the detection of viral DNA which
has provided negative results in all participants assessed by such
method, as shown in Table 1. To have definite results, a prospective
follow-up study should be carried out on newly born children whose
mothers contracted chickenpox a few days before giving birth or in par-
ticipants who have suffered viral encephalitis, with the aim of testing
whether that associates with later development of schizophrenia.

Neurological complications due to EBV-infection are rare and usu-
ally benign; none of the studies that considered its association with
schizophrenia obtained significant results.

Cytomegalovirus is a ubiquitous virus, with a very high preva-
lence, especially in low socio-economic populations (Cannon and
Davis, 2005); therefore, it is not unusual to find significant differences
between healthy controls and patients (Albrecht et al., 1980; Rimon
et al., 1986; Fukuda et al., 1999; Brown et al., 2006). It is one of the
main viruses involved in the appearance of brain lesions in foetuses
and newly born children (Malm and Engman, 2007). Infection by
CMV in the first stages of gestation is potentially teratogenic, because
it interferes with the migration of brain cells (McCarthy et al., 2000).
The affinity of CMV for the CNS reduces after birth, so if there was a
relationship between schizophrenia and this virus, it would probably
be due to a congenital infection. We did not find an association be-
tween this virus and schizophrenia. In any case, none of the studies
included in this meta-analysis was a prospective cohort study which
would be, in our opinion, the most adequate design to assess the de-
velopment of schizophrenia in participants whose mothers suffered
infection by CMV during pregnancy causing lesions to the baby's CNS.

Borna Disease Virus is an RNA virus exclusive to mammals in Cen-
tral Europe, North America and some regions in Asia, but its extension
is thought to be broader (Hatalski et al., 1997). BDVmainly infects the
limbic system and the cerebellum, which play an important role in
psychiatric disease. In animals, the infection produces behavioural
disorders, which resemble certain neuropsychiatric disorders found
in humans, like bipolar disorder or schizophrenia (de la Torre,
1994). The possible relationship between an infection by this virus
and the appearance of mental disorders in humans has turned it
into a particularly interesting infectious agent. There is certain con-
troversy about the pathogenicity of BDV, which some authors have
tried to clarify in numerous studies using different populations and
diverse techniques (Ludwig et al., 1988; Bode et al., 2001; Bode,
2008; Scholbach and Bode, 2008). According to these authors, BDV
is scarcely pathogenic, possibly producing subclinical or latent infec-
tions that could generate alterations in neurotransmitters. It should
be noted that some authors have recently proven persistent seropos-
itivity of this virus in a high percentage of psychiatric patients, which
would suggest the possibility of a chronic infection with this virus in
this type of patients (Heinrich and Adamaszek, 2010). Yamaguchi et
al. (1999) used an electroluminescent technique to detect proteins
p40 and p24 in human serum and concluded that infection by this
virus was significantly more frequent among schizophrenic patients.
This technique is highly sensitive, but not without its limitations, as
Fukuda et al. (2001) were not able to detect any positivity using it
but could detect them using Western blot technique. The studies by
Chen's group also obtained positive results, using both Western blot
techniques (Chen et al., 1999a) and RT-PCR (Chen et al., 1999b), al-
though a negative report also exist (Na et al., 2009).

It is estimated that 8% of the human genome is made up of
sequences of retroviral origin very different among them, which
remains of infections that occurred early in human evolution
(Blikstada et al., 2008). These are known as Human Endogenous Retro-
viruses (HERVs), which are part of the human genome and exhibit
gene-like behaviour participating in some routine cell functions.
However, their potential association with certain diseases such as
multiple sclerosis, systemic lupus erythematosus or schizophrenia, has
also been posed (Voisset et al., 2008). Its pathogenicity has been
suggested as determined by interactions between hereditary and
environmental factors (Christensen, 2010). Both Coggiano et al.
(1991) and Feenstra et al. (1989) based their studies about the relation-
ship of these retroviruses and schizophrenia on the demonstration of
the activity of the reverse transcriptase in the lymphocytes of peripheral
blood, with no success. Some years later, Lillehoj et al. (2000) consid-
ered these viruses capable of integrating and replicating alongside
genomic DNA and able to exist as an exogenous form outside the
accommodating cell. The most complete study, with highest quality
among the ones included in this meta-analysis, was that by Huang
et al. (2006), where they used RT-PCR to prove the presence of HERV
RNA (gen pol) in peripheral blood of subjects recently diagnosed with
schizophrenia. The combined analysis of all these studies did not,
though, provide significant evidence of the relationship between the
infection and the disorder.

HERV-W retroviruses are characterized by integration in the
human genome, although they present inter- and intra-individual dif-
ferences. Perron et al. (2008) obtained a statistically significant result,
i.e., that viral antigens were foundmore often in schizophrenic partic-
ipants (gag and env types). Karlsson et al. (2001, 2004) used PCR to
detect the presence of HERV-W sequences in healthy controls and
in first-episode schizophrenia patients. In their 2004 study, they
used serum samples and no statistically significant differences were
found, although significant ORs had been found in the 2001 study
using CSF. We should highlight the study by Huang et al. (2010)
that demonstrates that HERV-W transcriptional activation is associat-
ed with the development of schizophrenia in some patients and indi-
cated that the expression of HERV-W env proteins regulates the
expression of schizophrenia-associated genes such as BDNF, NTRK2,
and DRD3. This is further supported by our finding of a global, yet
modest, increase of risk for schizophrenia.

No study to date has proven a significant association between in-
fection by HTLV-1 and psychiatric disorders including schizophrenia
(DeLisi and Sarin, 1985; Robert-Guroff et al., 1985; Rodgers-Johnson
et al., 1996; Taller et al., 1996; Kubo et al., 1997). Studies performed
on populations with a high prevalence of this infection, like Japan
(Kubo et al., 1997) or Jamaica (Rodgers-Johnson et al., 1996), have
not shown significant associations either. Therefore, an association
would be even less likely in populations with low prevalence, like
the Spanish (Toro et al., 2005). Our results guide us to conclude that
this retrovirus does not seem to be a risk factor for schizophrenia.

Maternal exposure to influenza virus during pregnancy has been
posed as a potential risk factor for schizophrenia among the offspring.
The most accepted pathogenic hypothesis is that this virus may exert
deleterious effects on foetal brain in interaction with other environ-
mental and possibly genetic factors (Ellman et al., 2009). Studies per-
formed on brain tissue samples (Sierra-Honigmann et al., 1995; Taller
et al., 1996) and CSF (Albrecht et al., 1980) have not reported
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statistically significant results, i.e., there is no conclusive data indi-
cating that the influenza virus could be found in schizophrenic pa-
tients' brains or CSF. The recent pandemic with a novel influenza A
(H1N1) virus may provide some opportunities for future research in
this field (Manjunatha, 2010). The study by Mednick et al. (1988) was
the first to prove an increased risk for schizophrenia after exposure to
Influenza virus A2 during the second term of pregnancy. This result
was later confirmed by other studies (Barr et al., 1990; Sham et al.,
1992; Brown et al., 2000; Limosin et al., 2003). We should note that
all these studies are ecological, therefore, limited, because they do
not assess the real presence of infection, neither in the mother or
the foetus. Finally, two other studies (Crow and Done, 1992; Cannon
et al., 1996) analysed infection markers of influenza virus in mothers,
but found no causal relationship. The present meta-analysis included
four studies and we also report no association between influenza virus
and risk for schizophrenia.

Fellerhoff et al. (2005, 2007) state that it is not possible to prove
that bacteria from the Chlamydiaceae family are pathogenic agents
for schizophrenia, or that they affect the duration or severity of the
disorder. However, it is true that bacterial DNA can be found more
often in schizophrenic patients than in controls. The combined result
indicates a potential association between schizophrenia and some
members of this family but new studies with more participants are
needed to optimally explore these associations.

Due to T. gondii's well known neurotropism, there has also been
a classical interest in discovering a possible causal relationship be-
tween this parasite and schizophrenia. The first study in psychiatric
patients was published in 1953 (Kozar et al., 1953) but from then
on many other studies have been performed. The most likely
mechanism by which T. gondii could cause schizophrenia is by af-
fecting neurotransmitters in brain areas known to be involved in
this disorder (Yolken et al., 2009). Thus, astrocyte activation during
toxoplasma infections increases kynurenic acid production in the
brain, an effect which is greater in subjects that have high trypto-
phan dioxygenase activity, which, in turn, has been posed as linked
to schizophrenia. Increased kynurenic acid levels in the brain cause
excessive inhibition of glutamine and nicotine neurotransmitter re-
ceptors, which is believed to cause cognitive symptoms of schizo-
phrenia (Schwarcz and Hunter, 2007; Costa da Silva and Langoni,
2009). All studies included in the present meta-analysis, except
for one (Conejero-Goldberg et al., 2003), are based on the detection
of antibodies. Considering all the studies together we obtained a
significant result, with values very similar to those found by a pre-
vious meta-analysis by Torrey et al. (2007). Some authors consider
that the association might be spurious as, in some cases, the infec-
tion could have occurred after the first episode as a limitation to
the positive results or because the presence of IgG versus T. gondii
could be due to bad hygienic habits in some patients. Nonetheless,
according to the data obtained in our and other meta-analyses, it
seems plausible that there is a causal relationship between infec-
tion by T. gondii and schizophrenia. However, some cautions have
to be taken into account: (i) these studies detect antibodies, not
DNA or T. gondii cysts directly, (ii) T. gondii antibodies are not
detected in most patients with schizophrenia and (iii) if results
are adjusted depending on the quality of the studies, there might
be an overestimation of the combined OR values: i.e., studies with
non significant ORs seemed to be of higher quality.

Finally, there are seven micro-organisms for which there is only
one study that has addressed the possible association with schizo-
phrenia (parvovirus B19, parvovirus AAV-2, JC virus, BK virus, HERV-
K115, HIV and Toxocara spp.). These studies cannot be addressed in
a meta-analysis. Considering that these studies are anecdotal, we
were unable to draw definitive conclusions about their association
with schizophrenia.

In conclusion, our systematic review and meta-analysis show that
viruses have been the most frequently assessed infectious agents in
relation to the development of schizophrenia. Among these, we
found significant associations between schizophrenia and Human
Herpesvirus 2, Borna Disease Virus and HERV-W. Among the bacteria
examined, the detection of DNA in blood of C. pneumoniae and C. psittaci
was also significantlymore frequent among schizophrenic patients than
in the control group, although this did not hold true for C. trachomatis.
According to our methodology, there was also a statistically significant
association between schizophrenia and T. gondii, although we found
that there might be publication bias. As a whole, though, from the
immunological point of view, it may be concluded that we found
evidence that the detection of serum IgG antibodies versus T. gondii
could be a factor significantly associated to schizophrenia. We rec-
ommend that new prospective and comparative studies, with suffi-
cient sample power, should be undertaken to obtain more definite
results. Such studies should use a combination of various microbi-
ological techniques (simultaneously analysing blood, cerebrospinal
fluid and brain tissue using standardized techniques and with an
adequate sensitivity) and take into account whether the patient is
undergoing an acute bout or a stable phase of the disorder.
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