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Summary. Using highly sensitive nucleic acids hybrid-
ization techniques, which allow the detection of 0.1-
0.5 single copy gene equivalents per cell, DNA from
the temporal cortex of seven definite schizophrenics,
five persons with schizophrenia-like psychoses, three
patients with Huntington’s chorea and nine mentally
normal individuals were probed with human cyto-
megalovirus (HCMV) DNA. A clear hybridization
signal was obtained with DNA from the temporal
lobe of a young schizophrenic patient, whereas DNA
from the temporal cortex of controls did not hyb-
ridize to the HCMYV probe. This finding is in agree-
ment with the cytomegalovirus hypothesis of schizo-
phrenia and hints at the possibility that viral infection
of the temporal cortex may in some sporadic cases be
a contributing factor to the development of schizo-
phrenic psychoses. There is no indication, however,
that infection of the central nervous system with
HCMYV is an aetiological factor in the great majority
of schizophrenic disorders. Clearly further studies,
preferably in situ hybridizations of whole brains, are
needed to prove or disprove the cytomegalovirus
hypothesis of schizophrenia.
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Introduction

It has been suspected for several years that viruses —
particularly human cytomegalovirus (HCMV) — may
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play a role in the aetiology of schizophrenic psycho-
ses (Torrey 1973; Torrey et al. 1983; Crow 1983).
Serum, blood, cerebrospinal fluid and postmortem
brain tissues have been investigated for traces of
HCMY infection.

Gotlieb-Stematzky et al. (1981) described ele-
vated levels of HCMV antibodies in the serum of
schizophrenic patients; other groups were unable to
confirm this finding (Torrey 1973; Lacke et al. 1974;
Schindler et al. 1986). Some studies indicated that ce-
rebrospinal fluids contained raised antibody levels
against HCMV (Albrecht et al. 1980; Torrey et al.
1982; Kaufmann et al. 1983); others could not sup-
port these findings (Gotlieb-Stematsky et al. 1981;
Rimon 1985; Shrikhande et al. 1985).

Furthermore, the search for HCMYV in brain au-
topsy materials from schizophrenic patients has re-
mained unsuccessful (Aulakh et al. 1981; Stevens et
al. 1984; Taylor et al. 1985; Taylor and Crow 1986).

In search of HCMV DNA in brain tissue, the aim
of our study was to use highly sensitive Southern blot
hybridization techniques allowing the detection of
0.1-0.5 single copy gene equivalents per cell by
employing a series of viral DNA fragments without
virus-human DNA homologies cloned in plasmid and
cosmid vectors.

Materials and Methods

Brain tissue from seven definite schizophrenics, five persons
with schizophrenia-like psychoses, three patients with Hun-
tington’s chorea and nine mentally normal individuals (Table
1) were obtained under standard conditions soon after death,
collected in the Cambridge Brain Bank Laboratory and kept
frozen at —70°C until the isolation of the DNA. About 250 mg
of mixed temporal cortex tissue, mainly from Brodmann Area
38 temporal pole, was processed and DNA was prepared as de-
scribed by Saldanha et al. (1984). Previous experiments had
shown that five regions of the HCMV genome contain DNA
sequences that hybridize with intermediate repetitive DNA of



Table 1. Schizophrenia, Huntington’s chorea and control post-
mortem temporal cortex samples used in hybridization studies

Age Sex Post-  Cause of death
(years) mortem
delay
(months)
Schizophrenia
1 63 M 26 Coronary atherosclerosis
Acute pyelitis
2 23 M 64 Asphyxia — hanging
3 27 F 28 Drowning
4 53 M 34 Congestive heart failure
5 62 F 35 Bronchopneumonia
Cancer of oesophagus
6 56 F 23 Cardiac arrest
Myocardial infarction
7 65 F 78 Myocardial fibrosis
8 62 F 26 Probable Gram negative
Bacteraemia
9 80 M 54 Bronchopneumonia
10 77 F 43 Pelvic tumour
Pulmonary embolism
11 56 M NK Myocardial infarction
12 23 F 48 Overdose
Huntington’s chorea
1 46 M 36 Bronchial asthma
Coronary atherosclerosis
2 25 M NK Bronchopneumonia
3 4?2 F 23 Bronchopneumonia,
sarcoidosis
Controls
1 65 M 19 Lobar pneumonia
2 42 M 46 Acute heart failure
3 38 M 13 Coronary thrombosis
4 81 M 63 Not known
5 75 M 46 Not known
6 60 M 51 Acute ventricular
dysrhythmia
7 60 F 36 Inhalation of faeculent
vomit
8 59 M 50 Acute left ventricular
Failure
9 60 M 71 Acute heart failure

Coronary atherosclerosis

NK = Not known

normal human cells (Riiger et al. 1984). A pool of cosmid and
plasmid clones (pCM3-5018, pGHS2-4, pRR3-7) without virus-
cell homologies (Riiger and Fleckenstein 1985) was used as
radioactive labelled probes.

32p_labelled HCMV probes (> 600 Ci/mmol) (New Eng-
land Nuclear) were prepared by the nick-repair method (Rigby
et al. 1977). Cellular DNA was digested with EcoRI and the
restriction fragments separated on 0.8% agarose gels. To
achieve an optimal transfer, the cellular DNA was fragmented
by exposure to UV light and treatment with 0.3 N HCL. After
alkali denaturation, the cellular DNA fragments were trans-
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ferred to nitrocellulose filters in 20 X SSC (SSC = 0.15 M NaCl,
0.015 M sodium citrate) by Southern blotting (Southern 1975).
The filters were dried at 80°C for 4 h. They were preincubated
twice with 10 X SSC and 5 X SSC, respectively. Overnight in-
cubation of the filters with nick-repair labelled HCMV DNA
and washing were carried out as described previously (Riiger
et al. 1984). The hybridization temperatures were chosen 18.0°-
21.5°C below average Tm of HCMV DNA (Ebeling et al.
1983; Riiger and Fleckenstein 1985). These conditions allow
detection of 0.1-0.5 single copy gene equivalents per cell.
Experiments were performed blindly with regard to clinical
diagnoses.

Results

Figure 2 shows the results of a Southern blot experi-
ment with DNA from six brains of schizophrenic pa-
tients and seven samples of the various other groups.
The DNA from the temporal cortex of controls did
not hybridize to the HCMYV probe. However, a clear
hybridization signal was detected with DNA from the
temporal cortex of a young man with the full picture
of schizophrenia; he committed suicide at the age of
23 years (hanging). It is notable that this patient was
first hospitalized at the age of 20 years with an acute
psychotic disturbance which was difficult to control
with neuroleptic treatment. No history of herpes in-
fection, glandular fever, or other severe viral diseases
was known for this patient, nor was a family history
of psychiatric disorders recorded in the case notes,
although such a possibility cannot be excluded. The
intensity of the autoradiogram suggested approxi-
mately one genome copy per average diploid brain
cell. The restriction pattern was distinct from DNA
of the HCMYV laboratory strain Adl69, and apprecia-
ble genetic complexity of hybridizing viral DNA frag-
ments was lower than the molecular weight of DNA
probes, indicating substantial sequence divergence.
The brain DNA sample did not hybridize with the
pure prokaryotic vector. None of the other brain
DNA specimens appreciably hybridized with cloned
HCMV DNA.

Discussion

Human cytomegalovirus DNA was found in the tem-
poral lobe of a young schizophrenic patient. This
finding could be the result of (1) chance, (2) activa-
tion of latent virus infection by immunosuppression,
or (3) a causal relationship between viral infection
and schizophrenic psychosis.

Chance could play a role in the detection of
HMCYV DNA in the brains of patients and controls.
In line with this interpretation would be the fact that
Taylor and Crow (1986) found HCMV sequences in
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Fig. 1. Schematic drawing of the linear double stranded genome of human cytomegalovirus (HCMYV). The virus cell homologous
regions are shown as hatched boxes. Horizontal brackets indicate the plasmid and cosmid clones used as hybridization probes. They
contained the HindIII fragments R (pCMS5009) and T (pCM5007) and the EcoRI fragments P (pRR3), V (pRR6), A (pCM3),
D (pCM3), d (pGHS4), e (pGHS2), J (pCM5019) and a (pPRR7) of HCMYV strain Adl69
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Fig.2. Southern blot hybridization of EcoRI cleaved DNA
from the temporal cortex of several patients with cloned radio-
active 2P-labelled HCMV DNA fragments. Lanes I-6: DNA
from schizophrenic patients; lane 1 shows a clear hybridization
signal; lanes 7-9: DNA from normat individuals; lanes 10-13:
DNA from chorea Huntington patients

the brain of one control case. However, their finding
might be also explained by immunosuppression, since
their control case had received immunosuppressive
therapy as treatment for rheumatoid arthritis.

Minor immunosuppression with increasing age or
neuroleptic therapies could contribute to virus reacti-
vation and should be considered as a possible expla-

nation. Considering the young age of the patient and
the fact that most schizophrenic patients were treated
with neuroleptics, these factors were unlikely to con-
tribute in the present case. Unfortunately, reactiva-
tion by other forms of immunosuppression or coin-
ciding primary infection cannot be ruled out.

The suicide of the patient might indicate that he
was suffering from an acute psychotic episode which
could have been caused by an activation of HCMV in
the temporal cortex.

Neurotropic viruses have been reported occasion-
ally in the temporal lobe of patients with endogenous
psychoses (Tayler et al. 1985; Gannicliffe et al.
1985). Adenoviruses have been found in an elderly
schizophrenic (Lord et al. 1975) and DNA of herpes
simplex viruses in a depressive woman (Gannicliffe et
al. 1985). Furthermore, herpes simplex DNA se-
quences were detected by molecular hybridization in
temporal lobe tissues form from five to six patients
with severe epilepsy (Gannicliffe et al. 1985). This
finding might be relevant for schizophrenia, since left
temporal lobe dysfunction has been long suspected in
schizophrenia (Flor-Henry 1969) and psychoses in
temporal lobe epilepsy are sometimes clinically indis-
tinguishable from schizophrenic psychoses (Trimble
and Perez 1982).

Positive findings can easily be missed in analyses
of small amounts of brain specimens because of the
focal nature of CNS infections from herpes simplex
and other viruses (Fraser et al. 1981; Haase et al.
1984). This might explain previous negative results of
searches for viruses in schizophrenic brain tissue. In
situ hybridization of larger parts of the brain may
overcome these shortcomings.

In summary, the demonstration of HCMV DNA
in the temporal cortex of a young schizophrenic male
hints at the possibility that viral infection of the tem-



poral lobe may in some sporadic cases be a contribut-
ing factor to the development of schizophrenic disor-
ders. There is no indication, however, that infection
of the central nervous system with HCMYV is an aeti-
ological factor in the great majority of schizophrenic
psychoses. Clearly more studies, preferably in situ
hybridizations of whole brains, are needed to prove
or disprove the cytomegalovirus hypothesis of schizo-
phrenia.

Acknowledgements. We thank Professor E.Paykel and
Dr.C. M. Wischik from the Cambridge Brain Bank Laboratory
for generously providing the brain tissue.

References

Albrecht P, Torrey EF, Boone E, Hicks JT, Daniel N (1980)
Raised cytomegalovirus-antibody level in cerebrospinal
fluid of schizophrenic patients. Lancet I1: 769-772

Aulakh GS, Kleinman JE, Aulakh HS, Albrecht P, Torrey
EF, Wyatt RJ (1981) Search for cytomegalovirus in schizo-
phrenic brain tissue. Proc Soc Exp Biol Med 167:172-174

Crow TJ (1983) Is schizophrenia an infectious disease? Lancet
1:173-175

Ebeling A, Keil G, Nowak B, Fleckenstein B, Berthelot N,
Sheldrick P (1983) Genome structure and virion polypep-
tides of the primate herpesvirus Herpesvirus aotus types 1
and 3: comparison with human cytomegalovirus. J Virol
45:715-726

Flor-Henry P (1969) Psychosis and temporal lobe epilepsy.
Epilepsia 10:363-395

Fraser NW, Lawrence WC, Wroblewska Z, Gilden DH, Kop-
rowski H (1981) Herpes simplex type 1 DNA in human
brain tissue. Proc Natl Acad Sci USA 78:6461-6465

Gannicliffe A, Saldanha JA, Itzhaki RF, Sutton RNP (1985)
Herpes simplex viral DNA in temporal lobe epilepsy. Lan-
cet 1:214-215

Gotlieb-Stematsky T, Zonis J, Arlazoroff A, Mozes T, Sigal
M, Szekely AG (1981) Antibodies to Epstein-Barr virus
herpes simplex type 1, cytomegalovirus and measles virus
in psychiatric patients. Arch Virol 67:333-339

Haase AT, Stowring L, Ventura P, Burks J, Ebers G, Tourtel-
lotte W, Warren K (1984) Detection by hybridization of
viral infection of the human central nervous system. Ann
NY Acad Sci 436:103-108

Kaufmann CA, Weinberger DR, Yolken RH, Torrey EF, Pof-
kin SG (1983) Viruses and Schizophrenia. Lancet IT: 1136—
1137

Lacke E, Norby R, Ross BE (1974) A serological study on
mental ITI patients. With particular reference to the preva-
lence of herpes virus infections. Br J Psychiatry 124:273—
279

Lord A, Sutton RNP, Corsellis JAN (1975) Recovery of
adenovirus type 7 from human brain cell cultures. J Neurol
Neurosurg Psychiatry 38:710-712

113

Rigby PW, Dieckmann M, Rhodes C, Berg P (1977) Labelling
deoxyribonucleic acid to high specific activity in vitro by
nick translation with DNA polymerase I. J Mol Biol 113:
237-251

Rimon RH (1985) Serum and cerebrospinal antibodies to cyto-
megalovirus in schizophrenia. In: Shagass C, Josiassen
RC, Bridger WH, Weiss KJ, Stoff D, Simpson GM (eds)
Biological psychiatry 1985 — developments in psychiatry,
vol 7. Elsevier, New York, pp 1077-1079

Riiger R, Fleckenstein B (1985) Cytomegalovirus DNA in col-
orectal carcinoma tissues. Klin Wochenschr 63 :405-408

Riiger R, Bornkamm GW, Fleckenstein B (1984) Human cyto-
megalovirus DNA sequences with homologies to the cellu-
lar genome. J Gen Virol 65:1351-1364

Saldanha J, Gannicliffe A, Itzhaki RF (1984) An improved
method for preparing DNA from human brain. J Neurosci
Methods 11:275-279

Schindler L, Leroux M, Beck J, Moises HW, Kirchner H
(1986) Studies of cellular immunity, of serum interferon
titers, and of natural killer cell activity in schizophrenic pa-
tients. Acta Psychiatr Scand 73:651-657

Shrikhande S, Hirsch SR, Cleman JC, Reveley MA, Dayton R
(1985) Cytomegalovirus and schizophrenia. A test of a
viral hypothesis. Br J Psychiatry 146:503-506

Southern EM (1975) Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J Mol
Biol 98:503-517

Stevens JR, Langloss JM, Albrecht P, Volken R, Wang YN
(1984) A search for cytomegalovirus and herpes viral anti-
gen in brains of schizophrenic patients. Arch Gen Psychia-
try 41:795-801

Taylor GR, Crow TJ (1986) Viruses in human brains: a search
for cytomegalovirus and herpes virus 1 DNA in necropsy
tissue from normal and neuropsychiatric cases. Psychol
Med 16:289-295

Taylor GR, Crow TJ, Higgins T, Reynolds GP (1985) Search
for cytomegalovirus in postmortem brain tissue from pa-
tients with Huntington’s chorea and other psychiatric dis-
ease by molecular hybridization using cloned DNA. J
Neuropathol Exp Neurol 44:176-184

Torrey EF, Peterson MR (1973) Slow and latent viruses in
schizophrenia. Lancet I1:22-24

Torrey EF, Yolken RH, Winfrey CJ (1982) Cytomegalovirus
antibody in CSF of schizophrenic patients detected by en-
zyme immunoassay. Science 216:892-894

Torrey EF, Yolken RH, Albrecht P (1983) Cytomegalovirus a
possible etiological agent in schizophrenia. Research on
the viral hypothesis of mental disorders. Adv Biol Psy-
chiatr 12:150-160

Trimble MR, Perez MM (1982) The phenomenology of the
chronic psychoses of epilepsy. Temporal lobe epilepsy,
mania, and schizophrenia and the limbic system. Adv Biol
Psychiatr 8:98-105

Received March 3, 1988



