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The focus of schizophrenia re-
search has been turning from
studies of structural and func-
tional brain abnormalities to an
increasing emphasis on possible
etiologic factors. One etiologic
hypothesis is that schizophrenia
is the result of an infection
(especially by a virus) or of an
autoimmune reaction (perhaps
following an infection) against
central nervous system (CNS)
tissue. Indirect evidence sup-
porting this hypothesis includes
possible geographic variance in
the prevalence of schizophrenia,
a season-of-birth effect, and
observed associations between
schizophrenia and prenatal ex-
posure to viral epidemics. Sev-
eral studies of cell-based and
humoral immunity, as well as
studies of cytokines, have indi-
cated abnormalities in the im-
mune function of schizophrenia
patients, but many of these find-
ings have not been replicated
consistently. In addition, most
observed alterations in immune
function have been modest in
degree and nonspecific. Attempts
to identify a specific infectious
agent or an antibody directed
against CNS tissue have not pro-
duced a consistently replicable
finding. In summary, no research
evidence to date irrefutably in-
dicates an infectious or auto-
immune etiologic process in
schizophrenia. It is probably
unreasonable, however, to view
schizophrenia as having a single
cause. It is much more likely to
be a heterogeneous disorder re-
sulting from interactions between
multiple factors, including the
person's genetic endowment and
various environmental influences.
Infectious agents or CNS auto-

antibodies may well be among
these environmental variables.
A major current emphasis is on
studying potential interactions
between exposure to an infection
or an autoimmune response and
key early phases of brain de-
velopment. A corresponding pri-
ority in the research agenda will
be the development of animal
models of CNS development that
might elucidate the pathogenic
mechanisms of such an
interaction.

A major accomplishment of recent
schizophrenia research has been to
affirm the neurobiological basis of
the disorder, largely by demon-
strating multiple structural and
functional abnormalities in the cen-
tral nervous system (CNS) of
schizophrenia patients (Kirch and
Weinberger 1986; Gur and Pearl-
son 1993, this issue). Although
these studies have confirmed that
schizophrenia is a brain-based dis-
order, they have done much less,
unfortunately, to reveal the etiol-
ogy, or etiologies, of the schizo-
phrenic syndrome. In terms of
causative factors, there is general
agreement that generic predisposi-
tion plays a significant etiologic
role in schizophrenia (Gottesman
1991; Kendler and Diehl 1993, this
issue). It is equally obvious, how-
ever, that genes are only part of
the explanation. The concordance
rate for schizophrenia in mono-
zygotic twins approaches 50 per-
cent, and this evidence supports a
genetic basis for schizophrenia. But
some explanation is required for
the equally important fact that half
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the monozygotic twins who have a
genetically identical twin with
schizophrenia do not develop the
disorder. In fact, the majority of
cases of schizophrenia are "spo-
radic," having no known history
of the core diagnosis in first- or
second-degree relatives.

Historically, several idiopathic
disorders have ultimately been
shown to be the result of infec-
tion. This includes disorders that
share some clinical features with
schizophrenia. One old and one
very recent example illustrate this
point. Tertiary neurosyphilis, or
dementia paralytica, often pre-
sented with forms of psychosis re-
sembling what we now call schizo-
phrenia. The identification of the
syphilis spirochete as the causative
organism allowed these forms of
"insanity" to be diagnostically sep-
arated out from other psychotic
disorders. Much more recently, it
has become apparent that infection
with the human immunodeficiency
virus (HFV) can (albeit rarely)
present initially with CNS disturb-
ances, including symptoms of psy-
chosis (Jones et al. 1987; Elder and
Sever 1988; Perry 1990). Although
this retrovirus was proved to be
the cause of the acquired immu-
nodeficiency syndrome (AIDS), the
precise pathogenic mechanisms by
which some patients with HTV in-
fection develop dementia, or more
rarely psychosis, remain to be
elucidated.

There has been longstanding in-
terest in infection and the immune
response as possible causative fac-
tors in schizophrenia. Without
specifying a microbial cause,
Esquirol in 1845 described the
appearance of psychotic disorders
in some cases as "epidemic." The
eminent American psychiatrist,
Karl Menninger (1919, 1926,
1928), observed the appearance of

schizophrenia-like psychoses in vic-
tims of the vast influenza pan-
demics after World War I. In the
1930s, Lehmann-Facius (1937) pro-
duced data that suggested an im-
mune reaction against brain tissue
in schizophrenia patients. Shortly
afterward, Molholm (1942) noted
hyposensitivity to foreign proteins
in schizophrenia patients. Thus, the
idea that schizophrenia may in-
volve infection or an abnormal im-
mune response in the CNS is by
no means new (for reviews see:
Torrey and Peterson 1976; van
Kammen and Steinberg 1980; Roos
1984; DeLisi et al. 1985; Knight
1985; DeLisi and Crow 1986; Tor-
rey and Kaufmann 1986; DeLisi
1987; Kaufmann and Ziegler 1988;
Pert et al. 1988; Torrey 1988; Wal-
trip et al. 1990; Rapaport and
McAllister 1991; Kirch and Alex-
ander 1992; Stevens and Hallick
1992; Ganguli et al., in press).
New technical advances in virol-
ogy and immunology, however,
have dramatically enhanced our
ability to test this hypothesis.
Findings about markers of general
immune activation, as well as
studies of specific infectious agents
and tissue-specific antibodies in
schizophrenia patients, are re-
viewed below. This review is fol-
lowed by a critical reappraisal of
the infectious-autoimmune hypothe-
sis of schizophrenia and sugges-
tions for future research directions.

Variations of the Infectious-
Autoimmune Hypothesis

In its simplest form, the hypothe-
sis to be considered is that schizo-
phrenia, in at least some cases, is
the result of an infection of the
CNS (most probably by a virus)
or the result of activity against
CNS tissue by autoantibodies (per-
haps stimulated by a prior infec-

tion). Researchers working in this
area have put forward several
variations on this basic theme. Al-
though not exhaustive, the follow-
ing list summarizes some of the
more specific hypotheses.

1. Schizophrenia may be the di-
rect result of active infection by a
pathogenic agent. This hypothesis
assumes that the infectious agent
is actively disrupting cellular and
molecular function in the brain in
a manner that directly causes the
schizophrenic syndromes. The main
focus of this hypothesis has been
on viruses, as there are no data to
support the involvement of more
readily identified bacterial infec-
tions in schizophrenia. The concept
of a viral infection is especially
attractive because of the known
neurotropism of some viruses, es-
pecially the deoxyribonucleic acid
(DNA) viruses in the herpes virus
family. Similarly, "unconventional"
or "slow" viruses, such as the
agents identified as the causes of
kuru and Creutzfeldt-Jakob disease,
have been shown to cause neuro-
degenerative syndromes. Finally, as
noted above, studies showing that
the newly identified human retro-
viruses also have CNS effects raise
the possibility that a retrovirus is

a causative agent in schizophrenia.
2. Rather than directly causing

overt cytopathic effects, viral pro-
teins may interfere with CNS func-
tion in a more subtle way. Pert
and colleagues (1988) advanced the
hypothesis that viral proteins may
mimic endogenous CNS transmit-
ters or block receptors in a man-
ner that disrupts brain function
and causes the schizophrenic
syndrome.

3. Another variation of the viral
infection hypothesis is that the
causative agent is a latent virus
that is periodically reactivated. A
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scenario presented by Waltrip and
associates (1990) proposed that
stimulation of alpha-interferon by
several different viruses, which
may be latent in the brain and
then reactivated, causes the CNS
pathology in schizophrenia.

4. The ability of retroviral ge-
nomic material to become inte-
grated into host-cell DNA led
Crow (1984) to propose retroviral
sequences as the causative agent
in schizophrenia. His version of
this hypothesis contended that
these integrated retroviral se-
quences may interfere with normal
CNS function—for example, the
development of cerebral dominance
—in a manner that results in
schizophrenia.

5. Another variation emphasizes
the immune response, rather than
an initial infection (DeLisi et al.
1985). Autoimmunity, which may
be the pathogenic result of the im-
mune response to an earlier infec-
tion, may occur against CNS
tissue. Systemic lupus erythema-
tosus is one example of a disorder
in which CNS autoantibodies may
be associated with psychotic symp-
toms. Knight (1982, 1985) has been
a major proponent of the theory
that very low (i.e., difficult to
detect) levels of autoantibodies,

as observed in autoimmune thy-
roiditis and myasthenia gravis,
may interact with endogenous re-
ceptors to disrupt normal CNS
function.

Further refinement of these mul-
tiple variations on the infectious-
autoimmune hypothesis is possible
(Kaufmann and Ziegler 1988). Not
only may several different patho-
genic agents or tissue-specific auto-
antibodies be involved, but the re-
gional specificity of their action in
the brain may be important. One
of the major thrusts of neuro-

pathological and brain-imaging
studies in schizophrenia has been
to anatomically localize the CNS
pathology of the disease. To the
degree that structures such as the
prefrontal cortex and the temporal
lobes are highlighted by these
studies, the specific CNS site of
action of a virus or autoantibody
may be crucial in an infectious-
autoimmune model of schizo-
phrenia. Similarly, the recent
emphasis on "neurodevelopmental"
models of schizophrenia (Murray
and Lewis 1987; Weinberger 1987)
may mean that the timing of an
infectious or autoimmune insult is
the crucial factor. As will be dis-
cussed, several lines of evidence
indicate that prenatal insults may
be especially disruptive to early
CNS development and thus may
be linked to the development
of schizophrenia much later in
life. Obviously, the infectious-
autoimmune hypothesis of schizo-
phrenia is far from a unitary con-
cept. These variations should stim-
ulate the development of more
specific hypotheses and the re-
search paradigms to test them.

Evidence From the Disorder

It is fair to ask which clinical fea-
tures of schizophrenia are consis-
tent with the involvement of in-
fection or autoimmunity in the
disease. At the outset, it is im-
portant to note that these clinical
features in no way directly prove
an infectious or immune cause.
Nevertheless, they are clues that
have stimulated a number of
investigations.

It has already been noted that
some psychotic syndromes with
symptoms similar to schizophrenia
have a known infectious etiology.
Besides tertiary neurosyphilis and

the psychosis that may occur with
HIV infection, herpes simplex vi-
rus type 1 (HSV-1) is often cited
as a known viral cause of psy-
chosis resembling schizophrenia.
Similarly, the postinfluenzal psy-
choses observed by Menninger
(1919, 1926, 1928) are another
model for viral induction of a
schizophrenia-like syndrome.

Recently, some investigators
have noted similarities in
epidemiology and clinical course
between schizophrenia and multi-
ple sclerosis (Stevens 1988; Stevens
and Hallick 1992), a disorder com-
monly thought to involve an infec-
tious or autoimmune process.
These investigators have high-
lighted possible common trends in
geographic distribution (including
an apparent north-south gradient)
and similarities in age-of-onset and
relapsing course between schizo-
phrenia and multiple sclerosis. It
should be noted that, although the
possibility of an infectious-
autoimmune cause is much more
widely accepted for multiple scle-
rosis than for schizophrenia, there
has been no direct proof of a viral
agent or autoantibody as causative
in multiple sclerosis.

It has been noted that schizo-
phrenia patients show an increased
prevalence of minor physical
anomalies and dermatoglyphic
changes (Green et al. 1989; Bracha
et al. 1991). A recent study in
monozygotic twins discordant for
schizophrenia showed the twin af-
fected with schizophrenia to be
significantly more likely to display
hand ectoderm dysmorphological
signs than the unaffected twin
(Bracha et al. 1991). Although sev-
eral factors may contribute to
these physical anomalies or der-
matoglyphic changes, it is known
that prenatal infection may be one
causative factor.
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Although neuropathological
study of the brain in schizophrenia
has revealed no pathognomonic le-
sion in the brain tissue of schizo-
phrenia patients, a number of
neuropathological findings have
been reported (Kirch and Wein-
berger 1986). They include disrup-
tions in cell morphology, number,
and orientation, as well as rare re-
ports of limited gliosis. Although
the finding of gliosis has not been
convincingly replicated, it is im-
portant because it may be a re-
sidual marker of an earlier inflam-
matory insult. In all fairness, it
should be emphasized that there is
no neuropathological evidence of
an acute inflammatory process in
the brain tissue of patients with
schizophrenia, but it is equally im-
portant to note that, in general,
these neuropathological studies are
conducted on tissue from older
patients who have been in the
chronic stage of the illness for
many years.

Thus, although these clinical fea-
tures of schizophrenia are by no
means specific for an infectious-
autoimmune cause, they have stim-
ulated investigators to search for
more specific support for the
hypothesis.

Evidence From Epidemiology

It is reasonable to assume that if
infection is an environmental factor
causing schizophrenia, this should
be reflected in the epidemiology of
the disorder. Several epidemiologic
features have been examined that
may support, albeit indirectly, a
role for infection.

Geographic and Other Varia-
tions. Schizophrenia is typically
cited as having a consistent geo-
graphic distribution throughout the

world, with a prevalence ranging
up to 1 percent (Eaton 1985, 1991;
Torrey 1987). The variance be-
tween regions is often attributed to
differences in the diagnostic crite-
ria used or to socioeconomic fac-
tors affecting the distribution and
recognition of patients with the
disorder. Nevertheless, others have
proposed that this geographic vari-
ation may represent a true under-
lying difference in prevalence (Tor-
rey 1987). In a recent review of
epidemiologic prevalence studies,
Stevens and Hallick (1992) noted a
tenfold to twentyfold variation in
published prevalence data from
around the world, raising the pos-
sibility that differences in preva-
lence may, in fact, reflect dif-
ferences in immunity or exposure
to a pathogenic agent. Similarly, a
recent study of differences in
schizophrenia rates between urban
and rural areas noted a higher
prevalence of schizophrenia among
men raised in urban areas that ap-
pears to be independent of any
socioeconomic drift of patients
from rural to urban areas (Lewis
et al. 1992). One possible explana-
tion for such a distribution, if it
does exist, is greater exposure to a
pathogenic infectious agent in ur-
ban settings. An attempt to test
the contagion hypothesis by study-
ing age at onset for siblings, how-
ever, did not show conclusive evi-
dence for horizontal transmission
(Crow and Done 1986). It should
be emphasized that although these
lines of speculation are intriguing,
the interpretation of putative epi-
demiologic findings must consider
important methodological issues
that might explain differences be-
tween studies (Eaton 1985).

Other epidemiologic variation in
schizophrenia that might be rele-
vant to an infectious-autoimmune
hypothesis has been observed. For

example, the known gender dif-
ferences between male and female
schizophrenia patients, with males
having a significantly younger age-
of-onset and more severe course,
must be taken into account. It is
possible, although by no means
proven, that this may somehow re-
flect underlying differences be-
tween males and females in ex-
posure to infection or in immune
competence. Similarly, the intrigu-
ing observation exists that rheu-
matoid arthritis, an autoimmune
disorder, is significantly less com-
mon in schizophrenia patients
(Eaton et al. 1992). This finding
has been replicated in several
studies and cannot be attributed to
neurolepric exposure. Although this
also raises the question of dif-
ferences in immune competence in
schizophrenia patients, it is equally
important to consider that other
factors may be involved in this
negative association with rheu-
matoid arthritis, including generic
vulnerability and environmental
variables.

Season of Birth. A much-
discussed, and admittedly contro-
versial, finding in schizophrenia re-
search has been the observation of
a significant seasonal effect, with
more persons who later develop
schizophrenia born in the late win-
ter and early spring months (Tor-
rey et al. 1977; Hare 1983; Brad-
bury and Miller 1985; Lewis 1989).
This reported excess is modest,
generally less than 10 percent, but
has been replicated in several re-
cent studies. Other studies have
failed to find the increase. In addi-
tion, methodological issues have
been proposed that could contrib-
ute to the artifacrual finding of a
seasonal excess of births. These
have been reviewed in detail else-
where (Bradbury and Miller 1985;
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Lewis 1989), and the issue must
be clarified by further study.

Studies of Epidemics. Perhaps
the most compelling epidemiologic
evidence implicating infection in
the development of schizophrenia
comes from recent research on the
association between prenatal ex-
posure to epidemics and later de-
velopment of schizophrenia. Med-
nick and colleagues (1988)
undertook an ambitious followup
study of persons exposed in utero
to the influenza epidemic that
swept Helsinki, Finland, in 1957.
Using the extensive clinical records
available for this population, they
were able to identify the relative
risk of developing schizophrenia
for persons exposed during dif-
ferent trimesters in utero. Their
initial finding, which appeared
even stronger in an extension of
the study (Mednick et al. 1990),
noted significantly more subse-
quent schizophrenia among those
exposed to the epidemic during
the second trimester of pregnancy
than among those exposed during
the first or third trimester. Because
the second trimester is a crucial
period of CNS development
marked by extensive cortical
neuronal migration, they proposed
that the disruption of this phase
of brain development leads to a
predisposition for schizophrenia.
Some investigators have reported
similar findings (Kendell and
Kemp 1989; O'Callaghan et al.
1991), but others (Torrey et al.
1988; Bowler and Torrey 1990;
Crow et al. 1991) have failed to
find a second-trimester effect after
prenatal exposure to epidemics.

Although the association be-
tween schizophrenia and prenatal
exposure to viral epidemics is in-
triguing, several points bear con-
sideration. The positive studies

simply indicate that second-
trimester influenza exposure may
be a cause of excess births of fu-
ture schizophrenia patients. The
studies in no way assert that in-
fluenza is the sole cause of schizo-
phrenia. Moreover, it is possible
that factors not directly related to
the virus, such as fever, dehydra-
tion, or analgesic use, may be rele-
vant to the finding. Another point
is that, although the second tri-
mester may be especially crucial
for brain development, insults at
other times may similarly pre-
dispose toward schizophrenia. Sus-
ser and Lin (1992) have recently
reported the interesting finding of
a gender-specific increase of
schizophrenia among women ex-
posed in utero during the first tri-
mester to famine in Europe during
World War II. Therefore, prenatal
exposure to influenza may be sim-
ply one of many environmental
factors contributing to later de-
velopment of schizophrenia.

Markers of Immune
Activation

If a past or current infection or
autoimmune reaction is a patho-
genic element in schizophrenia,
some evidence of immune activa-
tion could be expected in schizo-
phrenia patients. The following is
a brief review of studies in schizo-
phrenia patients of the three major
aspects of the immune response:
cellular components, antibodies,
and the mediation of immunity by
cytokines.

Cellular Components of Immu-
nity. As early as 1903, Bruce and
Peebles (1903, 1904) published ob-
servations on white blood cell
counts in schizophrenia patients.
Their finding of increased leuko-

cyte counts, especially during the
acute phase of the illness, repre-
sents one of the first immunopath-
ological studies of schizophrenia.
Obviously, total white blood cell
count is a crude measure that
may be affected by factors such as
stress and dehydration. Neverthe-
less, these studies paved the way
for later, more sophisticated stud-
ies of cellular immunity. These in-
cluded reports of morphologically
atypical lymphocytes in blood
samples from schizophrenia pa-
tients (Fessel and Hirata-Hibi 1963;
Hirata-Hibi et al. 1982). However,
early research on the effects of
neuroleptics on lymphocyte popu-
lations (Fieve et al. 1966) raised
the possibility that these abnor-
malities were artifactual. Other
cellular immune abnormalities in
schizophrenia patients were re-
ported, including deficient activity
in natural killer cells (DeLisi et al.
1983; SchindleT et al. 1986), re-
duced cell-mediated immunity as
measured by neopterin excretion
in acutely ill patients (Sperner-
Unterweger et al. 1992), decreased
percentages of T lymphocytes (Cof-
fey et al. 1983), and increased per-
centages of B lymphocytes (DeLisi
et al. 1982). Lymphocytes were
also studied to determine the ratio
of helper to suppressor cells
(Nyland et al. 1980; DeLisi et al.
1982), and abnormal ratios were
observed in schizophrenia patients.
Thus, using varied techniques,
abnormalities in both number
and function of circulating lymph-
ocytes have been observed in
schizophrenia.

The study of cell-based immu-
nity has been advanced by using
monoclonal antibodies to label
more specific subsets of lympho-
cytes. The most striking finding by
this technique is that the percent-
age of Differentiation Cluster
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(CD)5-positive B cells, a lympho-
cyte subset thought to be involved
in autoimmunity, appears to be
elevated in patients with schizo-
phrenia (McAllister et al. 1989b).
The elevated CD5-positive percent-
age appears to be maintained both
on and off neuroleptic treatment
(McAllister et al. 1989a), although
we have recent data (unpublished)
that indicate this finding may
be strongly influenced by exposure
to drugs of abuse and may not
be diagnostically specific to
schizophrenia.

Antibodies. Before knowledge
about and assays for specific anti-
bodies were developed, studies of
total proteins in the cerebrospinal
fluid (CSF) demonstrated increased
levels in CNS infections. An early
study by Bruetsch and colleagues
(1942) in a large cohort of schizo-
phrenia subjects showed the pa-
tients, as a group, to have in-
creased CSF total proteins.
Although nonspecific, these eleva-
tions could have been consistent
with increased CNS immuno-
globulin production. Later meth-
odological advances allowing the
measurement of immunoglobulin
subclasses as well as titers of anti-
bodies to specific infectious agents
made it possible to do more
focused studies of antibodies in
both blood and CSF of schizo-
phrenia patients. Multiple studies
have examined both immuno-
globulin concentrations and specific
antibody titers. Immunoglobulin M
(IgM) may be an index of acute
infection; immunoglobulin G (IgG)
titers are more persistently ele-
vated after infection. Whether they
measure overall immunoglobulins
or specific levels of IgM and IgG
in blood, some investigators have
reported increases that might be
consistent with infection or autoim-

munity, while others have noted
normal levels or even decreased
concentrations (Fessel 1962; Pear-
son 1973; Bock and Rafaelson 1974;
Bock 1978; DeLisi et al. 1981).

Early findings from immunoglob-
ulin studies in the CSF of schizo-
phrenia patients were equally var-
ied (Dencker and Malm 1968; Bock
and Rafaelson 1974; Bock 1978;
DeLisi et al. 1981). One potential
problem was the failure of the
studies to rigorously correct for
possible differences in blood-CSF
permeability in schizophrenia pa-
tients. Because the concentrations
of proteins are much higher in
blood than in CSF, increased per-
meability could artifactually elevate
CSF levels of immunoglobulins. In
fact, several studies using quantita-
tive indices have shown increased
blood-CSF permeability in schizo-
phrenia subjects (Axelsson et al.
1982; Kirch et al. 1985, 1992a;
Bauer and Kornhuber 1987). Using
indices that correct for an altered
blood-CSF barrier, however, there
are signs that some patients may
also have increased endogenous
CNS IgG production (Kirch et al.
1985, 1992a), although this was not
seen in at least one other study
(Roos et al. 1985). In addition, de-
spite some reports of oligoclonal
IgG bands in the CSF of schizo-
phrenia patients (Ahokas et al.
1985), this finding also has not
been consistently replicated (Ste-
vens et al. 1990).

The ambiguity in the data on
immunoglobulin levels led many
studies to focus on antibody titers
to specific infectious agents, with
particular emphasis on cytomegalo-
virus (CMV), HSV-1, and Epstein-
Barr virus (EBV), members of the
herpes virus family known for
their neurotropism and their ability
to achieve a latent state with
periodic reactivation. Again, some

investigators found increases in
antibodies to CMV (especially in
the CSF), but others did not repli-
cate the finding (Albrecht et al.
1980; Gotlieb-Stematsky et al. 1981;
Torrey et al. 1982, 1983; Kaufmann
et al. 1983; van Kammen et al.
1984; King et al. 1985; Shrikhande
et al. 1985; DeLisi et al. 1986;
Rimon et al. 1986). Similarly mixed
results have been obtained for
antibodies to HSV-1, and investiga-
tors have also examined specific
antiviral antibody titers for mea-
sles, mumps, vaccinia, and other
viruses known to have CNS
effects, with no consistently repli-
cable increases among schizo-
phrenia patients (Gotlieb-Stematsky
et al. 1981; Libikova 1983; DeLisi
et al. 1986; Ahokas et al. 1987;
Bartova et al. 1987; Rajcani et al.
1987). A problem in interpreting
these analyses of antibody titers is
that they deal with relatively com-
mon viruses for which seroposi-
tivity is the rule, rather than the
exception, among adults.

Another form of antibody re-
sponse relevant to the infectious-
autoimmune hypothesis of schizo-
phrenia is the possibility that
schizophrenia patients have devel-
oped autoantibodies against CNS
tissue. This hypothesis was sup-
ported by very early studies show-
ing that serum proteins from
schizophrenia patients bound to
brain tissue (Lehmann-Facius 1937).
It was popularized by the work of
Heath in the 1960s reporting a
component (taraxein) in serum
from schizophrenia patients, a pro-
tein that appeared to bind to brain
tissue (Heath and Krupp 1967).
Heath and colleagues (1989) con-
tinued this work, recently report-
ing the identification of an IgG
antibody in schizophrenia patients
that binds to the septal region of
the brain. Another group of inves-
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tigators has produced a series of
studies (Ganguli et al., in press)
that identify multiple autoanti-
bodies—including increased anti-
nuclear antibody, anticardiolipin
antibody, and antibodies to hippo-
campal antigens—in some schizo-
phrenia patients. Other groups
have also presented data indicat-
ing possible CNS autoimmunity
in schizophrenia subjects, but the
findings are by no means conclu-
sive (Kuritzky et al. 1976; Baron et
al. 1977; Pandey et al. 1981; Rimon
et al. 1983; DeLisi et al. 1985;
Kirchbach et al. 1987; Pelonero et
al. 1990). A significant considera-
tion in these studies is the pos-
sibility that schizophrenia patients
have a type of CNS degenerative
pathology that stimulates autoan-
tibody formation as a secondary
result of, rather than primary
cause of, their disorder.

Cytokines. Several circulating fac-
tors have been identified that me-
diate immune response. Prominent
among these are the interferons
and the interleukins. These
cytokines have multiple roles, in-
cluding induction of an antiviral
state, and abnormalities in cytokine
concentrations may reflect the
presence of an infectious or im-
mune process.

Several studies of interferon in
schizophrenia patients have re-
ported no change in interferon
concentrations or a decrease in in-
terferon production by cultured
lymphocytes (Rimon et al. 1983,
1985; Moises et al. 1985, 1986; Roy
et al. 1985; Schindler et al. 1986;
Ahokas et al. 1987; Rimon and
Ahokas 1987). There is one report
of increased serum interferon con-
centrations in a subgroup of
schizophrenia patients who ap-
peared to have more prominent
psychotic symptoms (Preble and

Torrey 1985). The findings on in-
terleukins seem to have more con-
sistently demonstrated abnor-
malities. There have been reports
of decreased interleukin-2 produc-
tion (Villemain et al. 1989), and
two groups have cited increased
levels of soluble interleukin-2 re-
ceptors (Ganguli and Rabin 1989;
Rapaport et al. 1989). More re-
cently, an increase in serum inter-
leukin-6 has been noted in some
schizophrenia patients (Ganguli et
al., in press).

There is no shortage of reported
abnormalities of cellular immunity,
antibodies, or cytokines in schizo-
phrenia patients. The problem is
the lack of consistent replicability
of the findings, as well as the rel-
atively modest degree of the ab-
normalities observed. For example,
the level of interferon elevation re-
ported by Preble and Torrey
(1985) is well below that seen in
acute infectious states. Thus, any
critical appraisal of these immu-
nologic findings must acknowledge
that they in no way appear to ex-
tend to all patients and that they
also do not seem to reflect a fully
active infection or autoimmune re-
sponse. In addition, most studies
in the literature involved patients
with considerable neuroleptic ex-
posure. An important element of
future research on immune func-
tion in schizophrenia will be dis-
tinguishing drug effects from a
primary underlying immunologic
abnormality.

The Search for an Infectious
Agent

As noted in the description of
studies searching for virus-specific
antibodies, there are "usual sus-
pects" that have received the most
attention in studies of the viral
hypothesis of schizophrenia. The

neurotiopic viruses, especially the
DNA viruses of the herpes virus
family, as well as other agents
known to have the ability to cause
persistent CNS infection, such as
measles virus, have been studied
most extensively. Another general
class of viruses receiving much re-
cent attention is the retioviruses.
The apparent neurotropism of HTV
and its ability to produce neuro-
psychiatric syndromes strongly
support interest in this class of vi-
ruses. Other characteristics of
retroviruses that make their study
especially attractive in relation to
schizophrenia are their ability to
become incorporated into the germ
cell line and be vertically transmit-
ted, as well as their ability to re-
main latent and then be reacti-
vated years later. The study of the
dementias brought attention to the
so-called unconventional or slow
viruses, such as the agents respon-
sible for kuru and Creutzfeldt-
Jakob disease. There may be here-
tofore undiscovered, unconven-
tional agents associated with other
disorders, including schizophrenia.
Regardless of the specific patho-
genic suspect, however, several
different methodological ap-
proaches may be used to identify
a causative infectious agent in
schizophrenia. These approaches
are outlined below.

Transmission. If an infectious
agent has entered the brain and is
responsible for causing schizo-
phrenia, it may be possible to
transmit the disease by inoculating
research animals with brain tissue
or CSF from schizophrenia pa-
tients. This approach was used
successfully in proving the trans-
missibility of the spongiform en-
cephalopathies caused by uncon-
ventional viruses. Several
transmission experiments have
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been conducted in schizophrenia.
These involve not only the inocu-
lation of animals, but also in vitro
inoculation of tissue cultures. De-
spite some early, encouraging data
on the cytopathic effects on
cultured cells of CSF from schizo-
phrenia patients (Tyrrell et al.
1979) and on the behavioral effects
of CNS injection of patient CSF
into marmosets (Baker et al. 1983),
no definitive neuropathological
changes were subsequently identi-
fied in the brains of the inoculated
animals. Kaufmann and colleagues
(1988) could not demonstrate
neuropathological effects after inoc-
ulating several different species
with brain tissue from schizo-
phrenia patients. Rajcani and asso-
ciates (1987) reported seeing struc-
tures resembling a herpes virus in
brains of animals inoculated with
CSF and with brain tissue from
schizophrenia patients. More re-
cently, Stevens and colleagues in-
oculated neuronal cell cultures
with CSF and brain tissue from
schizophrenia patients. They se-
quentially passaged these cell lines
and observed a transmissible
effect—growth of cells to increased
density—which they were able to
passage by cell-free media
(Schwartz and Stevens 1988; Ste-
vens and Hallick 1992). Work to
confirm and extend this finding is
in progress Q.R. Stevens, personal
communication).

It should be noted that a key
assumption in transmission experi-
ments is that the infectious agent
remains present in brain tissue or
CSF in a form competent for
transmission. In essence, they as-
sume persistent active or latent in-
fection. Obviously, the experiments
would be negative if the causative
process in schizophrenia is an
earlier infection with no residual
infectious particles.

Antigen Hybridization. If viral
proteins are present in the brain
tissue of schizophrenia patients, it
may be possible to identify these
antigenic proteins (even in the ab-
sence of fully competent viral par-
ticles) using antibody-antigen bind-
ing techniques. Antibody specificity
is a crucial methodological issue in
these studies. Such techniques
have been used to search for CMV
and other herpes virus antigens in
the brain tissue of schizophrenia
patients with essentially negative
results (Stevens et al. 1983, 1984).
Once again, the underlying as-
sumption of such studies is the
persistence of some antigenic viral
proteins. Their absence does not
rule out an etiologic role for an
earlier infection that left no re-
sidual viral antigen.

Seeking Genomic Material. An
alternative to looking for viral pro-
teins in the brain is to look for
either ribonucleic acid (RNA) or
DNA (depending upon the agent)
from the viral genome itself. Two
approaches have been used. One
has involved nucleic acid hybrid-
ization techniques in which a nu-
cleic acid probe complementary to
the target viral nucleic acid se-
quence is tagged and used in an
attempt to label genomic viral nu-
cleic acids in brain tissue in situ
or in nucleic acids extracted from
this tissue. This hybridization ap-
proach has been marked by rare
positive findings, although the
technique is very susceptible to
artifactual nonspecific binding
(Aulakh et al. 1981; Taylor et al.
1985; Carter et al. 1987; Moises et
al. 1988).

A more sensitive and specific
method for identifying viral ge-
nomic material in the CNS uses
the recently developed polymerase
chain reaction (PCR) (Saiki et al.

1988). In this method, oligonucleo-
tide primers complementary to
viral nucleic acid sequences will
generate multiple copies of the tar-
get viral sequences if they are
present in the tissue being studied.
The technique has been modified
to amplify either DNA or RNA.
We have used a PCR method to
search for cytomegalovirus DNA
(Alexander et al. 1992i>) and both
HSV-1 and varicella-zoster DNA
(Alexander et al. 1992a) in brain
tissue from schizophrenia patients.
Neither study revealed persistent
viral DNA in the brain. Torrey
and colleagues (E.F. Torrey, per-
sonal communication) have con-
ducted preliminary studies using
PCR amplification of patient RNA
that indicate possible infection in
some schizophrenia patients by a
pestivirus. The power of the PCR
technique is its extreme sensitivity:
it may detect the target viral nu-
cleic acids even if they are present
in only one of several thousand
cells. The technique may be used
not only for specific viruses such
as those described above, but also,
depending on the specificity of
primers used, for a group of
viruses that share nucleic acid
homology.

The Retroviral Challenge. The
discovery of human retroviruses,
including HTV, has caused consid-
erable refinement in our notions of
viral pathogenesis. Of particular
interest is the ability of retro-
viruses to become incorporated
into the host cell genome and be
vertically transmitted as a genomic
element. After their discovery, hu-
man retroviruses quickly became
suspects as etiologic agents in
schizophrenia (Crow 1984).

Initial studies searched either for
antibodies to retroviruses or for
retroviral antigens in schizophrenia
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patients, with negative results (De-
Lisi and Sarin 1985; Robert-C-uroff
et al. 1985). In a more recent se-
ries of experiments (Feenstra et al.
1988, 1989; Coggiano et al. 1991),
we used a series of techniques to
look for reverse transcriptase, the
key enzyme associated with retro-
virus replication. Using varied
stimulation paradigms on lympho-
cyte cultures from schizophrenia
patients, no evidence of reverse
transcriptase activity was observed.
It is important to note, however,
that although this is evidence
against the presence of an active,
replicating retrovirus in chronic
schizophrenia patients, it does not
rule out the presence of a fully in-
corporated, nonreplicating retroviral
genome. In fact, it has become
clear that numerous retroviral se-
quences may have been incorpo-
rated into the human genome long
ago and that these sequences may
now function as endogenous ge-
nomic elements. It is conceivable
that incorporated retroviral se-
quences relevant to schizophrenia
do exist and that their activity
consists of either their own expres-
sion or their regulatory effects on
other genes.

Treatment. Obviously, antiviral
therapies are limited. Given the
possibility of an active viral infec-
tion in schizophrenia, however, the
rationale does exist for therapeutic
trials of antiviral drugs. Once
again, however, an underlying as-
sumption is the presence of an ac-
tive, replicating virus. In such a
trial, Delisi and colleagues (1987)
observed no benefit from treatment
of schizophrenia patients with
acyclovir.

In summary, although several
different methodological ap-
proaches have been used, no spe-
cific infectious agent has been con-

clusively identified as causative in
schizophrenia. It does appear,
however, that new techniques,
especially gene amplification using
PCR, will allow an ongoing search
for viral genomic components in
the brain tissue of schizophrenia
patients with an unprecedented
level of specificity and sensitivity.

Weighing the Evidence

Several pieces of indirect evidence
and research findings point toward
a possible role for an infectious or
autoimmune process in at least
some cases of schizophrenia. As in
many other areas of schizophrenia
research, the problem has been in-
consistent or unreplicated findings.
The lack of overt inflammatory
neuropathology in schizophrenia,
as well as the modest degree of
the reported immunologic abnor-
malities, makes it highly unlikely
that schizophrenia in its typical
chronic adult form involves an ac-
tive, ongoing infection. It is
equally apparent, however, that di-
rect cytopathic infection is only
one form of viral pathogenesis.
Some authors have recently
stressed our need to dramatically
expand our notions about how vi-
ruses and the immune response
cause disease (Oldstone 1984; Co
et al. 1986; Kaufmann and Ziegler
1988). An infectious agent, or auto-
antibodies generated in response to
an infection, may have much more
subtle effects. They may alter the
synthesis of neurotransmitters or
interact with cellular receptors for
neuropeptides and neurotransmit-
ters (Lycke and Roos 1974). In ad-
dition, the subtle effects of viral
pathogenesis may vary according
to host factors, especially the ge-
notype of the infected person, the
location of the infection within
the CNS, and the timing of the

infection in relation to CNS
development.

Immunologic studies of schizo-
phrenia have focused primarily on
patients with a chronic form of
the illness. Because of this focus,
the findings observed may be
epiphenomenal, resulting from
chronicity, exposure to a hospital
environment, use of neuroleptics,
or other factors. The ability of fu-
ture research to rule out such ar-
tifactual causes of immune abnor-
malities is crucial to distinguishing
state from trait findings.

The research to date has cer-
tainly failed to identify a "schizo-
virus" (Torrey 1988). We must se-
riously question at this point
whether it is realistic to assume
that a single pathogenic organism
will be identified as the cause of a
significant number of cases of
schizophrenia. An analogy might
be drawn to the current status of
genetic research in schizophrenia
(Kendler and Diehl 1993, this is-
sue). There was initially great
enthusiasm for the concept of
identifying a single major gene
locus as the cause of schizophrenia
(Sherrington et al. 1988). The
failure to replicate initial evidence
of gene linkage (Kennedy et al.
1988; Kendler and Diehl 1993, this
issue) has led to a much greater
emphasis on the likelihood of
complex genetic mechanisms being
involved. Researchers have become
much more willing to consider the
possibility that schizophrenia in-
volves multiple genetic loci con-
tributing in varying degrees and
with varying penetrance in dif-
ferent individuals to the schizo-
phrenic syndrome through interac-
tions with multiple environmental
factors. Just as mathematical ge-
netics is now emphasizing these
complex models for disorders like
schizophrenia, it seems reasonable
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for proponents of the infectious-
autoimmune hypothesis to ac-
knowledge this complexity. Ul-
timately, it may be that multiple
infectious agents, and even multi-
ple autoantibodies, contribute in
different ways and in different
cases to the development of a
schizophrenic syndrome. The clini-
cal heterogeneity of schizophrenia
is an inescapable fact that must be
acknowledged by accepting the
very real possibility of etiologic
heterogeneity.

A Research Agenda

Given the findings reviewed above
and the weight of the evidence
against identifying a single specific
virus or autoantibody as a pre-
dominant etiologic factor in schizo-
phrenia, it is important to define a
research agenda that takes these
facts into account. The following
would seem to be important
issues in further research on an
infectious-autoimmune hypothesis
of schizophrenia.

It seems that focusing on pa-
tients with chronic schizophrenia
might be counterproductive. As
noted above, there is little to sup-
port the idea of chronic schizo-
phrenia involving an active infec-
tion or autoimmune process. The
chronic disorder is more likely the
long-term result of a much earlier
infectious or autoimmune insult.
Therefore, a strategy of identifying
and focusing primarily on schizo-
phrenia patients with multiple im-
mune abnormalities might be more
productive. Patients who are dys-
functional on multiple immune pa-
rameters might be a high-yield
group for viral-immunologic stud-
ies. In particular, these patients
might be studied longitudinally,
especially on and off neuroleptics,

to determine how much their im-
munologic abnormalities vary over
time and how they relate both to
severity of illness and to neurolep-
tic exposure. A second strategy,
which would probably be even
more productive, is to pay atten-
tion to the earlier stages of the
illness. Studies could focus on chil-
dren at high risk for schizo-
phrenia, including cohorts cur-
rently being followed because of
their genetic "load" for the disor-
der. Another important target pop-
ulation is patients experiencing
their first episode of psychosis;
this group certainly would be best
studied immunologically before
any exposure to neuroleptics.
There has been a recent emphasis
on studies of first-episode psy-
chosis (Kirch et al. 19926), and at
least one group has focused on
immunologic function in these pa-
tients (Ganguli et al., in press).
Other populations that might be
productively studied are groups of
patients known to have had early
exposure to an infection. We have
previously proposed that cohorts
of individuals identified at birth as
seropositive for CMV might be
one group meriting longitudinal
followup regarding their risk for
schizophrenia (Alexander et al.
1992i>).

As our concepts of schizophrenia
become more complex, several re-
searchers have emphasized the
model of a "neurodevelopmental"
disorder (Murray and Lewis 1987;
Weinberger 1987). The combined
evidence regarding possible prena-
tal and perinatal insults in schizo-
phrenia patients, together with the
striking time course of late adoles-
cent and early adult emergence of
symptoms, have led some inves-
tigators to propose that a genetic
predisposition to schizophrenia
combined with an early insult to

brain development may result
much later in disrupted CNS func-
tion expressed as schizophrenia.
As investigators explore in more
detail the effects of early insults
on later CNS maturation, it will
be important to continue to study
the possibility that infection or an
autoantibody response can affect
CNS maturation. Schizophrenia
research has suffered from a lack
of animal models of the syndrome
itself. Nevertheless, the use of
animal models of prenatal and
perinatal insults, which might
replicate some of the neuropatho-
logical and neurochemical deficits
observed in schizophrenia (if not
the symptoms of the disorder)
may be crucial in our expanding
understanding of this illness.

Finally, close coordination is vi-
tal between those studying other
etiologic factors, especially genetic
predisposition, and researchers
interested in viral-immunologic
causes of schizophrenia. The like-
lihood of an interaction between
genes and environment in this dis-
order makes communication be-
tween researchers studying these
two different kinds of etiologic
factors highly important.

History should never be ignored.
A century ago many of those la-
beled as "insane" and institution-
alized in our mental hospitals had
symptoms consistent with schizo-
phrenia but caused by syphilis.
When the infectious organism
causing their psychosis was iden-
tified and treated, a subgroup of
patients who could have been la-
beled as having schizophrenia had
the etiology of their illness solved.
Given the rapid recent advances in
virology and immunology, the
etiologic answers for further sub-
groups of schizophrenia patients
may be at hand.
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findings in maintenance treatment;
a review of the impact of neuro-
leptic treatment on the long-term
course of schizophrenia; and a dis-
cussion of obstacles which must be
overcome to ensure that the prom-
ise of treatment research can be
fully realized.

Readers who wish to receive a
copy of New Developments in the
Pharmacologic Treatment of
Schizophrenia should write to the
Research Projects and Publica-
tions Branch, NIMH, Rm. 18C-06,
5600 Fishers Lane, Rockville, MD
20857.
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